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What starled modeslly enough in 
November of 1983 wilh the launch of 
Borland's first program, Turbo Pascal• 
1 0. became a revolution and it's been 
going like arockel ever since 
We've changed the way you program. 
We invented integrated environments 
with Turbo Pascal and we brought them 
to all our languages. Borland continues 
to br ing you the best programming tools 
in the world. 

New! Turbo Assembler & 
Turbo Debugger 
Two state-ol-lhe-art development lools 
in one package lor only $149.95. 

New Turbo Debuggers 

debugs all sizes 

With EMS support, remote debugging, 

and 386 virtual machine debugging, 

there's no limit to the size ol program 

you can debug. In fact with 386 vi rtual 

mach ine mode. debugging takes zero, 

bytes of conventional memory! 


See what's happening 

Overlappi ng windows give you multiple 

views of the program you're debugging: 

source code, variables, CPU registers, 

call stack. watches. breakpoints. memory 

dump, and more. And a new "session

logging" feature tracks and records your 

every move. 


You're in control 

Our breakpoints give you more control 

than anyone else's. Ordinary debuggers 

only gel you lo a slop, then they stop. 

Whenour breakpoints are tr iggered 

you can simply stop, or you can print 

expressions, run code, send messages 

to the session log. or even evaluate an 

expression with user ·delined Iunction 

ca lls. And all our breakpoints are 

conditional. 


Turbo Assembler,Turbo [ 

Shown he re are views of source code, CPU registers, watch expressions, and a session log. 

TURBO DEBUGGER 

FEATURE COMPARISON 
Mul1iple OYerlapping Yiews 
386 Yirtuat-86 mode debugging 
Remo1e debuggi11{1 
Oa1a debugging 
Generalized breallpoinls 
Session tooo ina 

TURBO 

DEBUGGER 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


Convenlional memory used-80386 Zero K 

Cooventional memor yused- remote 15K 
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Unique Data Debugging 
Plain Vanilla debuggers can only give 
you code debugging. Our new Turbo 
Debugger give you data debugging too. 
You can browse through your data from 
the simplest byte to the hair iest data 
structure, inspect arrays, and walk 
through linked lists. All by point 
and shool. 

Feature high lights 
Breakpoints 
• Aclions: stop. run code. log expression 
• Break on condition, memory changed 
• Soltware ICE capabililes 
• 386 debug register support 
• Support for hardware debuggers 

Debug any program 
• Turbo Pascal. Turbo C. Turbo Assembler 
• EMS supporl 
• 386 virtual machine and remote machine 

debugging 
• Supports CodeVieW" and .MAP-compalible 

programs 
Data Debugger 
• Follow pointers through linked lists 
• Browse lhrough arrays and data structures 
• Change data values 

New Turbo Assembler9 

lets you write the tightest, 
fastest code 
Turbo Assembler is laster than other 
assemblers. and you can use ii on your 
existing code. ll's lully MASM compat 
ible, 4.0, 5.0, and 5. 1: even MASM can't 
say that. Turbo Assembler takes you 
beyond MASM, with significant new 
Assembly language extensions. more 
complete error checking, and lull 
386 support. 

Turbo Assembler is designed for easy 
interlacing with high-level languages like 
Turbo Pascal and Turbo C. We use Tu rbo 
Assembler on Quattro,• our best-selling 
spreadsheet program: now you can write 
your own best-se ller with Turbo 
Assembler1 

Feature highlights 
• Faster than olher assemblers 
• MASM compatible (4 .0, 5.0, and 5.1) 
• Significant newassembly language 

extensions 
• Easy interfac ing wilh high-level languages 

including Turbo Cand Turbo Pascal 
• Full 306 supporl 

TURBO ASSEMBLER 

BGIDEMO BENCHMARK 
Assembly lime (seconds) 

CodeVieW" 
No 

Link lime (seconds)No 
No FEATURE COMPARISON 


Partial 
 MASM compalible (4.0. 50, 5.1) 
No Tl1010ugh rype checking 

No 
 Nes1ed str l!Ctures ana U11ions 

230K Mullimodule cross 1elere11ee 
NIA Assemble multiple 1iles 

TURBO Microso11· 
ASSEMBLER Assembler 

9.34 27.46 
U5 10.51 

Yes No 
Yes No 
Yes No 
Yes No 
Yes No 

Rtll on lllM PS12 mxltl 60 ~ l.lllO ~ 'ltfll(lfl Io. Ubo Loe< 'ltf!.IOO 20. 
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tebugger, Turbo Pascal 5.0 

Debugging in the Turbo environment: shown here an express ion is being added to the Watch 
window in Turbo C. The Execution Bar hi ghlights the next line the debugger will execute. 

New! Turbo C" 2.0 with 
integrated source·level 
debugger 
New Turbo C 2.0 is the one C compiler 
that does it all; nothing is hall done or not 
done al all - inslead, your every program
ming need is met. We wrote our best 
sell ing word processor Sprint• with Turbo 
C; nowyou can write your own besl sel ler 
with Turbo C 2.0. 

Al better than 16,000 lines aminute,' 
Turbo C2.0 compiles your code 20-30% 
laster lhan its predecessor Turbo C 1.5 
which was already faster than any other C 
compiler. 

Make bugs bug off 
Nice bugs are dead bugs, and Turbo C 
2.0's integrated source-level debugger 
lets you find them and llalten them in a 
!lash. You can set multiple breakpoints. 
watch variables and evaluate expres
sions- all lrom inside your integraled C 
enviro nment. 

ll'Ull l)'Slem 1~cme.-s- F0< ~ IBM PSt2- nl lflo IBM• 
larntr OI perstrQI ConlMe<S .w>l all IOO'J' ~oOles PC-DOS 
(MS·DOSI 2 0 0< li!Of l.ttlO ildlug9er ITVUIU1l llllX Tu-bo....-e1 11W1U11 2lOK \rbo C Wld 1'lbo Puca! ..... ,,..,, 
4"8K (2Sif< COITV'ltt"I Wit <tll>On] 

~~---~' liJ-,...,..181111 .... lr*Ml ... flllf• · 
~ .. l9'ICt <MC9'!la.raOt1~W11U....,,...1M " ll'""OI• ...... 

~.._...~ ., .-~••1ft111"4J~rlW"""...W.l'C 
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TURBO C 2.0 
HEAPSOAT BENCHMARK TURBO C 2.0 M1croso 11· C 5.1 
OBJ size (byles) 843 945 
.EXE size (bytes) 6896 7731 
Execurion time {seconds) 81 12.2 

FEATURE COMPARISO 
lntegra!ed debugger Yes 
l nli~e assembly Yes 
Aulo dependency chec ing Yes 
EMSsupporl lor edit buller Ves 
Device -independenl graphics Yes 0 

Number or memo1y models 6 5 
Price $149 95 $450.00 
H•JW>M CM1)tle<I witll !gf O()lilRl•IJOO ~ndVNJ\ Iii> Oil iW1 IBM PSl2 M<lllfll 60 
" 1111•11"'-'~ <l!lluQOer ldJ(le~.., Que c 

~ 1111 regsl!ted Ti.fbo c 111'11 Ullo ?zeal OYll'lll'S SUgqesled UJ)(Jl:MleTurbo Cand Turbo Pascal owners, upgrade now! Ftetai Prict 
CALL (800) 543-7543 	 "'"- c:rm OOJ(O:lj 

I 0 ltbo C 7 0 PtOlessicnll (Q:lOl! IXfl \J1Jo ~ n! \JOO 250.00 99.95II yotfJe a regislered b'bo Cand/or bllo Pascal owner, yoo c:ri upgrade and ge1 !tie 
~ lillesl ve!SIOO Ot \'00' lavorite ~. plus botll li.tbo Asserrtler cm bbo OetJugger, 

2 D llllOP;iscai50l'l-(l'rt.(JO:lldllll>O~anc! 25000 9995all al special \W"ade pnces. Vv'hetller l'OO order by pOOrie lX rrnil. be Stte 10 include 
llllO~)

yrn okl boo Pascal and!OI Ttlbo Cserial rurbefs cm the code Pl 02 
3 0 lltll1"""'11M1150'-(>lll...UOn!~ WA 49.95 

Mail ccq>0n 10: Borl<ro. Ann: OepL PL02. 1800 Gr een HiDs Rood. • o \tboC 2 0 iW>OI! mrual rd ~ NIA 49.95 
P0. Box 660005, Scotts l,\llley, CA 95066-0005. 

UPGRADE OFFERS For r~istered Turbo Pascal" and Turbo C• owners! Please specify diskene size: Eilllet o 5'11' OR o 3\'i" 
(UnregiStere<I OW11efS, see below') s ____

Tool ~ocll:I m:u1 
$ ___ _ 
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$ ____
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$ ____
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and Turbo C2.0 I 

Turbo C 2.0 has the best 
of everything 
• Includes lhe compiler, editor, and 

debugger, all rolled into one 
• lnlegrated source-level debugger 

lets you step code. watch variables. 
and set breakpoints 

• Develop and debug product ion-quality 
code in au six memory models 

• lnline assembler supporl 
• Support for Turbo Assembler 

and Turbo Debugger 
• Make facility with automatic 

dependency checking 
• Over 430 library !unctions. including 

a complete graphics library 
• Only $1 49.95 

New Turbo CProfessional 
Turbo C 2.0 plus bolh Turbo Assembler 
& Turbo Debugger: all three programs It's completely integrated and bullet-last. 
ro lled into one- the one Cpackage that Turbo Pascal's new inlegraled 
has everything. A complete set of tools debugger takes you inside your code 
that caters to every level of program  for last fixes. You step, trace. set multi 
ming expertise. Tur bo C Prolessional: ple breakpoints. You modify variables as 
$250. Includes coupon for free T-shirt you debug and walch full expressions 
(while supplies last) at runtime. 

New! Turbo Pascale 5.0 with 	 Separate Compilation 
integrated source-level Break your code into units. Your separ
debugger ately compiled units can be shared by 
Turbo Pascal , the worldwide lavorite with multiple programs and linked in a flash 
over a million copies in use, just got with Turbo Pascal's built-in Make utilily 
even smarter. The best got better. Meet and smart linker. We give you a powerful 
Version 5.0. In a word. il's revolutionary. 	 library of standard unils including lhe 

spectacular Borland Graphic InterfaceNot only do you go code-racing at 
and our slale-of -the-arl overlaymore than 34,000 lines a minute,· you 
manager. also now go into a sophisticated debug 

ging environment- right al source level. 

TURBO PASCAL 5.0 TURBO Turl:lo 
SIEVE BENCHMARK PASCAL 5.0 Pasc;il 4.0 
.EXE size (byles) 1440 1504 
Execution time (seconds) 6.15 7.25 

FEATURE CO MPARISON 
lnlegiated debugger 
Overlays, including EMS support 
8087 floo ting-poinl errolation 
Turbo Debugger supporl 
Procedural lypes. variables, paramelers 
Smart linking 01 code and dala 
Conslant expressions 
EMS suppon lor edilor 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
No 
No 
No 
No 
No 
No 

~ [25 ~allom) llJl m ..i IBM PSn MO<lel 60 

Shown here is the Evaluate/Modify window of Turbo Pascal: rook at expressions. examine 
struc tured data lypes, change variables on lhe lly. 

Feature highlights 
• loclucles the compiler. edilor. 

and debugger, all rolled into one 
• lntegraled source-level debugger 

lets you step code, watch variables. 
and set breakpoints 

• Overlays, including EMS supporl 
• 8087 l!oating-poinl emulation 
• Support lor Turbo Assembler 

and Turbo Debugger 
• Procedural types. variabl es. 

and parameters 
• Smaller. tighter programs: Smart Linker 

slr ips both unused code and data 
• Constant expressions 
• EMS support for editor 
• Only $149.95 

Debugging: The inside story 
Turbo Pascal 's new integrated source
level debugger lakes you inside your 
code lo fix errors fas!. Don't worry 
about errors. everyone makes them: 
but wi lh lhe right debugger, lhis one, 
it's a fas! lix. 

Turbo Pascal Professional 8 

Turbo Pascal 5.0 plus both Turbo 
Assembler & Turbo Debugger: all three 
programs rolled into one- the one 
Pascal package that has everything. A 
complete set ol tools that caters to 
every level of programming expertise. 
Turbo Pascal Professional: $250. 
Includes coupon for free T-shirt 
(while supplies last). 

For the dealer nearest you 
60-day money-back guaranteet BORLAND Call (800) 543-7543 
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PRODUCTS IN PERSPECTIVE 

67 What's New 

89 Short Takes 

NEC Ultralite, an incredible 
shrinking machine 
NEC ProSpeed 386, 
a 386 portable 
The Norton Commander, 
a useful product is now 
nearly indispensable 
Compaq Deskpro 386/20E, 
going head-to-head with the PS/2 
Personal Measure, 
performance analysis from 
a real-world perspective 

FIRST IMPRESSIO'.'IS 

158 	 The NeXT Computer 
by Tom Thompson 
and Nick Baran 
This power user's dream includes 
a 25-MHz 68030, 8 megabytes 
of RAM, Unix, and more. 

REVIEWS 

180 	 Product Focus: 
The Promise of Project 
Management 
by Lamont Wood 
Project management software 
has both poiential and pitfalls. 

197 	 SX Appeal 
by Jeff Holtzman 
The Compaq 386s- the first 
system based on Intel's new 
80386SX microprocessor. 

205 	 ALR Improves on a Winner 
by Marie L. Van Name 
ALR's FlexCache 25386 
sets a new speed record 
for 80386 systems . 

213 	 Parallel Processing 
Comes to PCs 
by Pete Wilson 
The Levco TransLink and CSA 
PART boards can provide 
parallel processing and boost 
the power of your system. 
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EXPERT ADVICE 

105 	 Computing at Chaos Manor: 
The Revenge 
of the File Formats 
by Jerry Pournelle 
It was a frantic month 
of unfinished business 
at Chaos Manor . 

U7 	 Applications Plus: 
Portable Software 
by Eua Shapiro 
Ezra looks at programs 
packed in ROM and compares 
OS/2 and Spuds MacKenzie . 

135 	 Down to Business; 
Do Productivity Tools 
Help Productivity? 
by Wayne Rash Jr. 
Buying software productivity 
tools may be pointle s if you 
haven' t analyzed your needs . 

139 	 Macinations: 
Hot Stuff 
by Don Crabb 
The products that 
outshined the rest at the 
recent MacWorld Expo. 

147 	 OS/2 Notebook: 
OS/2's Multitasking 
Dashboard 
by Marie Mina.ri 
Some new tuning 
parameters are important 
in multitaskers. 

153 	 COMl: 
You Can't Get There 
from Here-Or Can You? 
by Brock N. Meeks 
Today's gateway experiments 
could pave the way for 
a nationwide network . 

223 	 AC++ Toolk it 
by Jon Udell 
Zortech's C + + 1.0-everything 

· you need to get started with C + + . 

229 	 Lint for the PC 
by Alex Lane 
PC-Lint 2.15 is an MS-DOS 
version of the Unix tool. 

237 	 SpinRite 
by Richard Grehan 
Recover bad sectors 
and tracks of data on your 
hard di sk drive. 

241 	 Features vs. Speed 
by Diana Gabaldon 
FullWrite Professional combines 
word processing and desktop 
publishing capabilities. 

249 	 Remote-Control 
Communications 
by Rick Cook and Paul Schauble 
Remote2's R2Call/R2Host 
let you control another 
computer via your modem. 

254 	 Review Update 

IN DEPTH 

272 	 Introduction: 
Parallel Processing 

275 	 Side by Side 
by Klaus K. Obermeier 
Parallel-proc.essing capabilities 
for personal computers 
are slowly emerging. 

287 	 1'800 and Counting 
by Richard M. Stein 
The T800 transputer 
and the Occam language 
are a hardware/software team 
designed to work together . 

301 	 Getting the Job Done 
by David Gelernter 
The Linda language can help 
parallelize existing software 
and develop new program 
structures . 

COVER PHOTOGRAPHY : PAUL AVIS © 1988 
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311 	 The Third Dimension 409 8-0me Assembly Required: 
by Michael J_ li11/e Embedded Languages 
and Jan Grinberg by David Betz 
The massively parallel ExTalk extends 

architecture of the the capabilities 

3-D Computer ensures of your application . 

high throughput. 


419 	 Programming Insight: 
320 	 Boa~ and Boxes Adding Dimension 

Currently available by Christopher J. Batory 
transputer boards and A technique that provides 
parallel-processing desktop . the fastest possible access 

to an array element in C. 
Parallel Processing/272 

FEATURES 

DEPARTMENTS 


340 	 Recursiv: 
An Object-Oriented CPU 6 Editorial : BYTEweek, BYTE 
by Dick Pountain on Di k, and Be t of BIX 
The Linn Rekursiv CPU 11 Microbytes 

is de-signed to run object 
 24 Letters
oriented languages faster 

33 Chaos Manor Mail than conventional machines. 
38 Ask BYTE 

353 	 PC Power, Part 2: 51 Book Reviews 
Backup Power 467 	 Coming Up in BYTE 
by Mark Waller 
How to provide reliable backup 

power for your computer 
 READER SERVICE 
without creating 

new electrical problems. 
 466 Editorial Index by Company 

468 Alphabetical Index to Advertisers 
363 	 Multiple Regression with Excel 

470 	 Index to Advertisers by Productby Charles W. Kyd 
CategoryMicrosoft Excel lets you do 

powerful regression analysis. Inquiry Reply Cards: after 472 

375 	 It's APT to Write 
by Pe1er Wayner PROGRAM LISTINGS 
The Abstract Planning Tool 
makes logical connections From BIX: see 396 
from your thoughts and ideas . Rekursiv/340 From BYTEnet: 

call (617) 861-9764 
387 Parallelizing Prolog On di k or in print: 

by Dick Pounrain see card after 288 

Three approaches to running 

Prolog programs on 

multiprocessor machines. 
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Integrated Software for 
Schematics & PCB Artwork 

Introducing HiWIRE'!Plus 

Wintek's smARTWORK 
pioneered low-cost printed
circuit-board CAD. Then HiWIRE 
set the standard for productivity 
and ease-of-use in schematic 
capture. Now Wintek introduces 
HiWIRE-Plus, integrating 
HiWIRE's schematic features 
with a powerful printed-circuit 
design facility. 

Creating Schematics 

With HiWIRE-Plus, simply 
connect library symbols with 
wires and buses. Creating and 
changing symbols is fast and 

· painless. Produce your drawing 
using a dot-matrix printer, laser 
printer, or pen plotter. 

Circuit-Board Design 

HiWIRE-Plus gives you all the 
design freedom you want: you 
choose the grid size, trace widths, 
and pad shapes. The board size 
and number of layers are vir
tually unlimited. HiWIRE-Plus is 
perfect for surface-mount, micro
strip, and ECL applications. 

ICURRENT VERSIONS I
-E. Vl.1r4: ll11Nn'WORll. Vl .4t l 

Cirelt 360 on ~a41r~rvietCatd 

HiWIRE-Plus Advantages 

0 	 One tool for schematics and 
printed-circuit artwork 

D 	Easy-to-learn menu-driven 
operation; complete docu
mentation and tutorial 

0 	 Schematic libraries with TTL, 
CMOS, ECL, ladder, micro
processor, and discrete 
components 

D 	Netlist and bill-of-materials 
utilities included 

0 	 Circuit boards up to 60x60 
inches and 256 layers 

D 	Variable grid size, trace width, 
and pad size (.001 " resolution) 

0 	 PCB library with DIPs, SIPs, 
SMOs, PGAs, TOs, and edge 
and D connectors 

D Schematic-to-layout cross
checking 

D Design-rule checker 

D 800 number for free support 

"tiWflF. ~- -·.ll'IO!N-logo.. 

·~--- ·· Co<..... 

System Requirements 

0 	 IBM PC, XT, AT, or PS/2 with 
512K RAM, printer port, color 
monitor, and CGA, EGA, or 
VGA graphics card 

0 Microsoft Mouse 
D IBM ProPrinter or Epson 

dot-matrix printer, and/or 

D Houston Instrument or 
Hewlett-Packard pen plotter 

Higher Performance 
Better Value 

Still only $895, HiWIRE-Plus 
del ivers quality schematics and 
PCB artwork. You don't need to 
guess if HiWIRE-Plus is right for 
you-we guarantee it! Try it for 
30 days at absolutely no risk. 
Call toll free today and put 
HiWIRE-Plus to work for you. 

Wintek Corporation 
1801 South Street 
Lafayette, Indiana 47904-2993 
(800) 742-6809 or 
(317) 742-8428 
FAX: (317) 448-4823 
Telex: 70-9079 

Europe: RrvA Ltd., England, 
Phone: 0420 22666, FAX: 0420 23700 
Australia : Entertainment Audio Ply, Lid.. 
Phone: (08) 363-0454 
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EDITORIAL • Fred Langa 

BYTEWEEK, 
BYTE ON DISK, AND 
BESTOFBIX 

New tools from BYTE 
to help you manage 
information overload 

I 
nformation overload is something 
we all struggle with-especially in 
the computer press, which seems to 
suffer from a disappointingly low 

signal-to-noise ratio. Not onJy are there 
more and more publications deaJing with 
this or that niche, but the quality of re
porting frequently proves to be less than 
stellar. 

For example, several of the large 
weekly publications have well-deserved 
reputations for low accuracy. 

Others (the "Reviews 'R' Us" sort of 
publications) take a notoriously short
sighted approach to microcomputing. 
Yes, "state-of-the-market" reviews are 
important , but the "state of the art" is 
equally important. Unlike BYTE, a 
here-and-now, mostly reviews publica
tion can't give you the information you 
need to prepare for tomorrow. That's 
why we strive to give you an accurate, 
balanced, useful-today and useful 
tomorrow magazine. 

BYTE week 
Even so, BYTE's staff learns of far more 
interesting and useful information than 
we can fit into a magazine, even the size 
of the one you're now holding. Much of 
this "extra" information goes into our 
popular Microbytes Daily news service 
on BIX (BYTE's on-line conferencing 
system), where it has earned a reputation 
for being a fast, reliable source for re
ports and analysis of significant micro
computing news. 

But Mkrobytes Daily is still a lot of 
reading . So, several months ago, we 
asked our News and Technology depart
ment to design a weekly newsletter that 
would, in a compact and readable form, 
give readers 100 percent factual , unbi
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ased, ex.pert analysis of significant de
velopments in the personal computer in
dustry. It was a tall order-no other 
rnicrocomputing weekly places so high a 
premium on accuracy, for example. But, 
using the resources ofour award-winning 
Microbytes news team, the technical ex
pertise of the BYTE staff, and the re
sources of the BYTE Lab, Associate 
Managing Editor Rich Malloy and his 
staff has succeeded. 

The first issues of BYTEweek rolled 
off the press in October. Now, each 
week , Rich, Nick Baran, D. Barker, and 
the rest of the News and Technology de
partment sort through the week's events 
(including information provided exclu
sively to BYTEweek, BYTE, and Micro
bytes), distill the most significant news, 
and add expert interpretation and evalua
tion to tell you not just what happened, 
but why, and what it means. The results 
are desktop-published for utmost speed 
and mailed to arrive at readers' desks on 
Monday mornings. (BYTEweek sub
scribers also can download each issue 
from BIX for even faster access.) 

If you need the most accurate and 
timely information available-especially 
if you're suffering from information 
overload - our concise, precise 
BYTEweek newsletter can help. For 
more information, please see page 271. 

BYTE on Disk 
There's a shelf in my office that I worry 
about. It's the one with the full collection 
of BYTES. In part, I worry about folks 
borrowing some of those old, irreplace
able issues for re.search. Mostly, I worry 
about the shelf being able to support all 
that weight. It's a literal case of informa
tion overload . 

One alternative to paper archives is to 
use BIX to keyword-search and down
load BYTE articles; another alternative 
is to build your own electronic archives 
with the BYTE on Disk service . 

BYTE on Disk offers the full text of 
each issue of BYTE in a variety of disk 

formats. The files are plain-vanilla 
ASCII (no graphics), so they can be 
searched, read, or imported into almost 
any word processor, database, or text-re
trieval utility you might have . Because 
it's full text, you're not locked into any
one else's keywords or index-you can 
search for any occurrence of any word in 
any article. 

It's great for research and reference
instead of manually thumbing through an 
issue, trying to remember where you saw 
that mention of the TechnoWidget 999 
coprocessor, you just use something like 
Norton's Text Search or your word pro
cessor to search for "widget," "techno," 
"999," or "coprocessor," and voila
you've found it! For more information, 
please see the card following page 288. 

BestofBIX 
We're also now producing disks with the 
highlights of each months' activity on 
BIX. Like BYTE on Disk, Best of BIX on 
Disk is plain ASCII, so you can read and 
search the text with almost any word pro
cessor, database, or text utility. Each 
disk contains the most interesting and in
formative recent discussions specific to 
the machine you own. For ex.ample , 
order the IBM disk, and you ' ll get high
lights from IBM-specific conferences. 
Please see the card following page 288 
for additional information. 

A monthly magazine that gives you a 
thorough, in-depth, one-stop briefing on 
important developments across the entire 
field of personal computing; a weekly 
newsletter that gives you accurate, con
ci e reporting and evaluation of micro
computing news; compact, machine
readable/searchable versions of BYTE 
and Best of BIX. We're proud to be the 
first publication to offer these tools to 
help you find and use the information 
you need, when you need it, in the format 
you prefer. 

-Fredl.Anga 
EdiJor in Chief 

(BIX name "Jlanga ") 



Two kinds of people buy the award-wirming 
AST Premium~ /286: those who live for today 
and those concerned abom the furure. 

People who live for today buy the AST 
Premiwn/286 because it's the hottest 286 on 
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D<skJ>so 286•Prmdum.'2116 fodd !!OZ 

Model 140X OJI lodd40 

10 12.8O'lJ spttd ~\Utz) l0,8.6 

0\\'.altSUta 0 I 

M>LOWalt· I.rt• 
16.\ill 2MB 0 IB

M~ 

ID1SIMS4.0 E.lrrdCns.1 Extra CastEltpmdcd Memory lnduded 

Hml obk Size Speed 4D~m2sms 30MS ll'ms "° ~!Bl2.Bms 
DOS 3.3 .and GW.JIASK: trcl~ ExtrJCalt E>:tr• Cast 

f.<1SY386Cl'U Yes ~ NoUpgr.ide.llJjljty 
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is the '13e t of 'ST" award given by PC Magazine. 
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demands of the next generation of application 
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something different Security. 
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ystem benchmarks, AST Premiw1v286 
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UserSoft/C is the 	 SCREEN is a superset of UNIX Why do C programmers buy? 
curses; suppons large window II reduces coding, debugging,Business C 
buffer with scroll, wrop, hori 	 testing and programme moinUserSoft Business C is the finon
zontal scroll etc.; hos multiple 	 tenonce time. It provides easycial C compiler thot makes sense 
windows & sub-windows, direcl 	 portabil ity and convers ion tolo both dienls and programmers. 
screen recd/write ond oulo 	 other syslems. II is the most comIt is not iusf another C compiler. 
CGA/monochrome copobililies. p lele, powerful ond flexible sel of 
Optimized for developing tools ever required for software

Business C Development Tools'", 
spreadsheet and word pro 	 development_

consists of SCREEN'", S/AM •· 
cessing programs. 

and SUPERIOR'", regulor price 
Why do educotionol insti tutes

al USS299.95. Comdex '88 SUPERIOR - the world's first 	 buy? II is the world's most ver
specia l at US$199.95. System breakthrough in making C ' 'The 	 sati le Doto Management system
Requirements for the IBM PS/2" language for developing busi	yet proclicol and easy to be
and the IBM"' fam ily of personal ness application programs". II is 	 taught. UserSoft Development
compulers and all 100% com capable lo manipulate lhe format 	 Tool is the possible replacement
polibles. PC-DOS (MS-DOS) 2.0 

for inputing or oulpuling values 	 of COBOL, PL/l, FORTRAN, 
or later. 384K RAM. with iust one statement which 	 BASIC. It prepares studenl to be
Compiler Library Models could not be done by any of the 	 high ly productive and compeli
SMALL lo HUGE. other languages from BASIC, tive in the industry. 

conventional C, COBOL, 
Commercial C Development FORTRAN, SNOBOL to 4GL. Can you afford lo wait? Many 
Tools ••, consists of S/AM •• and It includes functions for strings with no computer experience 
SUPERIOR '", regular price ronge manipulation, conversion, busi· hove already clo imed to hove 
from USS499.95 to USS999. ness calculation such as regres acquired C programming $kills 
Comdex '88 special at sion, standard deviation, innova in just one week. Business C 
US$399.95. Commercial t ive complex matrix operations, Development Tools ·· could make 
Development Too ls ore currenlly and most built-in functions com· you more compelilive increasing 
availab le for UNIX (Sun, VAX), potible to those of WANG '• producl ivity mcnyfolds. 
and other systems. Versions for BASIC/2, IBM"' PUl subset G 
Macintosh ··, IBM/VS •• ond 	 ond THEOS'" BASIC. o' • o I I'' I' o •' • • •'' '' • o' • ' ' ' ' '• • •O • 0' • •' 

XENIX"' will be released early 	 This spm:iol offer mutt be posted belON 
in 1989. See the September/October 	 Nov•mber 19, 198ll. 

ns ' ' . Pleo•O Rush me -- <Opie• of lheissue of BYTE, a detai led com 
following product1. 

SIAM - the revolutionary data	 parison ol lhe functi ons, porl · llusinHs C Drtelopm.nt Tool • US$ 199.9S 
base management system thot ability, documenlalion, product jinclude• SIMI, SUPERIOR ond SCREEN 

PCfXT/AT only)gives you unlimited growth and 	 and price in deta il. 
Comm•rekil C o.....lopment Tool ease al usage. There ore no lindudM SIMI and SUPE ~IOR)

limitations on any of the follow 	 Why do project managers buy? For non-PC producl please earl (800) 663 -0322 
ing features: key types (alpha  UserSoff's Tools minim iie 	 UNIX [reg. $499-$1999}• US$399.95 

0 Apollo 0 HoneywAll 0 Sun 0 VA:J,numeric, integer, float&. image), 	 training costs, increase pro
0 UNISYS 0 Wons/INEX

II of key ports, II of data fie lds, 	 duc1ivity, reduce stress ond WANG/_VS (reg . $1499) • USS399.95 
size of any key and/or data, ond development time; ond eliminate OTHER (reg. S999-S1999l • USS999.95 
#of alternative keys. Other complexit ies of proiect through O VMS O MVS O Pl!tMOS O VS/VSl 

lndividoo t Tools for PC onlyofeatures includes automatic " programming comprunion '" " , 0 SIAM USS99.99 0 SUPERIOR US$99.99 
management of a lternative key 	 also provides privacy lo 0 SCREEN US$69.9'1 
files (virluol lobles); encryption informotion. Circle for my' M<eroSofl-C/Turbo-Cllottico· 

ClA<f...onced-C + + / _on file, record, dotofield or even 
0 5 11<" disk (360k/l.2M) or 0 311'1'" disk o byte; privacy prevention option 	 Why do COBOL programmers I' ll like to have morn informo•ion for 

(in the even! of three or more buy? Uhos superpowerful ___________ sysiem. 

i llegal ottempls to occess the file, routines for screen handl ing, 
fu ture access lo that level wil l be flexible and unique input/ output NAME 
prohibited until reset); high formatt ing, easy-to-use BASIC 

ADORESSlonguoge access for non -image and Pll lunclions. II, increases 

dato; mixed (fixed and variable) project performance ond soft OTYISTATE 


dote f ield/key length for storage ware portability, makes C easier ZJP-ONE 


compression & for specia l to use lhan COBOL & other 

applications. languages. 


. . . . . .. . .......... . UHrSoft Splem1 Limil..f To order Ca ll: 1-800/ 663--0322 .......·.····• USER SOFT S<J ile 1512, 40'/ Gronville St We have r:hanged location al••••••••••••• 	 Voncouver, BC. Conodo V6C IT2 Comde1t 88. See us now a'I the··:·:·:·· Tolophon<> 6041681.8872 
Riviera Hotel, Booth R8630. 
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WINDOWS FOR DATA® 

Il f you program in C , take a few 
moments to learn how W indows for 
Data can help you build a state-of-the
art user interface. 

01' C reate and manage menus, data-entry forms, context· 
sensitive help, and text displays - all within windows. 

[i'J D evelop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage
ment. Run the same source code in PCDOS and OS/2 
protected mode. 

~Build a better front end for any DBMS that has a C· 
language interface (most popular ones do). 

FROM END TO BEGINNING 
Windows for Data begins 

where other screen packages end, 
VJith special features like nested 
pop-up forms and menus, field en· 
try from lists of choices, scroUable 
regions for the entry of variable 
numbers of line items, and an ex
clusive built-in debugging system. 

YOU ARE ALWAYS IN CHARGE 
Control functions that you write and attach to fields 

andbr keys can read, compare., validate., and change the 
data values in aU fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 

OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
new markets for your software. 
High·performance, source·code· 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2 , X ENIX, 

UNIX, and VMS. PCDOS 


versions are fully compatible with Microsoft Windows. 

No royalties. 

MONEY BACK GUARANTEE 
You owe it to yourself and your programs to try 

Windows for Data. If not satisfied, you can return it for 
a full refund. 

Prices: PCDOS $295, Source $295. OS/2 $395. 
XENIX $795. UNIX, VMS, please caU. 

NO WALLS 
Call: (802) 848-7731 ext. 51If you've been frustrated by the limitations of other 

screen utilities, don't be discouraged. You won't run into Telex: 510-601-4160 VCSOFf FAX 802·848·3502 

walls with Windows for Data. Our customers repeated· 
ly tell us how they've used our system in ways we never Vermont 21 Elm Ave. 
imagined - but which VJe anticipated by designing Win Creative Rich ford,dows for Data for unprecedented adapatability. You will 
be amazed at what you can do VJith Windows for Data. • Software VT 05476 
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Staff-written highlights ofdevelopments 
in technology and the microcomputer industry 

Is Software Complexity Slowing the Computer Industry? 

T he next version of 
Lotus l -2-3: late . The 

forthcoming dBASE IV: 
late. FullWrite Professional : 
finally shipped after being 
famously late. As programs 
get more feature-bedecked 
and more powerful, an
nounced shipping dates 
keep going askew. But 
there's more to the problem 
than software houses missing 
ship dates and users having 
to wait and wait and the trade 
press having to write an
other story about vaporware. 
Software just isn't keeping 
up with hardware . While 
dramatic advances in com
puter hardware s~m almost 
commonplace, progress in 
software development is hav
ing a hard time keeping up; 
in fact , it may be going in re 
verse. Software companies 
a.re having more trouble de
livering their products, 
which become increasingly 

complex as they offer better 
performance. 

Artificial intelligence is 
a good ex.ample of very 
complex software, software 
that's very smart and hence 
very hard to code ...Al is 
software, " said Dr. Philip 
London of Cognition, Inc. 
(Billerica , MA), "and the 
general pace of software ad 
vancement will be slow. 
There's a big difference 
between research projects 
and commercial products." 
While acknowledging that 
hardware advancements 
certainly help software 
technology, London said 
that software designers need 
to learn how to write soft
ware for advanced hardware 
systems, like massively 
parallel architectures, which 
he said are poorly under
stood by software 
developers . 

Big advances are needed 

in software productivity , too. 
" Converting good ideas 
into software products is ex
tremely difficult," London 
sajd . While engineers are 
learning how to manage 
complex engineering proj 
ects, complex software 
projects "resist the ·efforts of 
traditional management 
techniques," he added. Pro
grammers also have to fol
low rules set by hardware en
gineers . " Software must 
interface to external, arbi 
trary specifications." 

London cautioned that 
"no magical solution exists ," 
and he doesn't expect revo
lutionary advances in soft
ware development. The best 
thing that can be done is to 
require "discipline and 
cleanliness" of computer 
programmers. "The top 5 
percent of software engineers 
produce most of the best 
code," London said. 

Zenith Implements Multiprocessing in AT-Compatible 
Unix System; New Bus Links Cards 


Z enith Data Systems 
(Glenview, IL) has im

plemented mu ltiprocessing 
in a new Unix-running IBM
compatible machine that 
can be charged with as many 
as six Intel 80386 proces
sors and can handle as many 
as 64 users . The multi
processor technology con
sists of both hardware and 
software innovations. The 
hardware component cen
ters on a new proprietary 
multiprocessing bus . The 
software component consists 
of a modified Xenix operat
ing system. BYTE was given 
an early look at a hand-built 
production prototype of Ze
nith's first high-end sys-

tern, called the Z- 1000. 
The Z-1000, housed in a 

castored case about the siz.e 
of a one-drawer filing cabi
net, is a dual-bus computer: 
one bus for the CPUs and 
memory , and one bus for pe
ripherals . The peripherals 
bus is a standard 20-MHz PC 
AT bus , which allows the 
machine to work with the va
riety of low-cost periph
erals avai lable for the AT. 
Connecting the two buses is 
a "bridge card" that contains 
another 80386 CPU. This 
CPU actually supports the 
operation of Xenix and 
serves as the communications 
path for the CPU cards on 
their dedicated bus and the 

peripherals on the AT bus. 
The system designers de
cided not to use IBM's 
Micro Channel bus because it 
would not operate reliably 
at the speeds required of the 
Z-1000, an engineer said. 

The Z- lOOO's CPU bus , 
called the C-Bus, is electron
ically similar to the NuBus 
in the Apple Macintosh and 
Texas Instruments 1500 but 
uses different connectors , 
Zenith engineers said . The 
CPU cards use this bus to 
communicate with each 
other and with the Z-lOOO's 
fast 32-bit memory. The 
machine can ta.ke as many as 
five of these CPU cards, 

continued 
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• Despite all the talk 
about erasable optical 
disks, such media 
doesn't scare Paul 
Schroeder, president of 
WORM-maker Maxi
mum Storage (Colorado 
Springs, CO). Compar
ing erasable and noneras
able media is the pro
verbial apples and 
oranges, Schroeder 
says. Erasable is certainly 
remarkable, but there 
are some situations in 
which you don't want 
the information to be sus
ceptible to obliteration, 
deliberate or accidentaJ, 
he points out. Perma
nent archives is where 
WORM (write once, 
read many times) tech
nology shines. "Let ' s 
not put write-once in the 
hands of someone who 
needs a Winchester," 
says Schroeder. "That' s 
dumb. " Maximum re
cently brought out its 
APX-4000 optical disk 
subsystem, which puts 
500 permanent megabytes 
on a 5 1A-inch cartridge. 
• Apple (Cupertino, 
CA) said at SIGGRAPH 
that it will be shipping 
X-Wlndows software to 
go with A/UX by the 
end of the year. The ldt 
will include X-Windows 
execution software , dis
play managers, and both 
end-user and programmer 
documentation. 
• If you think you see a 
difference in picture 
quality between compa
rable color monitors from 
different companies, 
look closer or call a doc
tor. These days, a select 
few manufacturers make 

con1inued 
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the color picture tubes 

for all those different 

brand names, says Am

non Rosen of monitor

vendor Relisys. So 

chanc~s are the monitor 

made by Company X 

has the same picture tube 

as the monitor made by 

Company Z. Three com

panies in the Far East 

make everybody's tubes 

except Zenith's, he says. 

Zenith makes its own. 

Rosen says he likes to 

set up a Relisys multis

can monitor next to an 

NEC multiscan monitor 

and ask people which 

monitor is better. " Peo

ple tell us they don't 

think our picture is any 

better," he says. "Of 

course not- our picture 

tubes come from NEC." 

• The biggest barrier to 

using computers in Japa

nese schools is a short

age of computers, ac

cording to a report 

released by Japan's Com

puter Education Devel

opment Center. About 

half of the schools sur

veyed said a lack of com

puters, insufficient 

funds for buying soft

ware, and a shortage of 

teachers who can develop 

computer-based pro

grams are holding back 

computer use in educa

tion. About 50 percent of 

the high schools sur

veyed teach programming 

classes, particularly 

BASIC, Logo, FOR

TRAN, and COBOL. 

• While neural net

works are still largely in 

the realm of exotica, 

several companies are 

mixing neural net

works and image pro

cessing, according to 

reports from a recent 

conference. An official 

of Nestor (Providenre, 

Rf) said firms have in

tegrated the neural-based 

Nestor Development 
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which are used to support re
mote users . The cards, C 
Bus, and modified Xenix 
kernel were developed by 
Corollary, Inc . (Irvine , CA), 
in cooperation with Zenith. 

According to George P. 
White, president of Corol
lary , the new C-Bus has an 
advantage over the NuBus be
cause it supports "cache co
herency." Cache coherency 
ensures that the contents of 
each 80386 processor's 
memory cache are updated 
correctly. The C-bus is also 
significantly faster, run 
ning at 16 MHz versus the 10 
MHz of the NuBu.s . The 
difficulties of promoting a 
new, proprietary bus can be 
avoided ifthe bus can be 
linked to a standard bus, 
White said. Thus , Corollary 
developed the bridge card 
that connects to both the C
Bus and the AT bus. 

Each CPU card will sup
port four serial ports, and 
each serial port will work 
with a concentrator to sup
port eight serial devices. 

The Z-1000 wil I support a 
total of 160 serial devices, 
but the practical upper limit 
for users is 64, a spokesper
son said. In all, 20 expansion 
slots are available on the Z
1000's backplane. The de
sign for the backplane was 
developed from the similar 
structure in the Zenith z
248, one engine.er said. 

The base model of the Z-
l000 will sell for about 
$19,000, a company offi
cial said. Zenith credits the 
relatively low price to bas
ing the machine on readily 
available personal computer 
components . The Z-1000 is 
meant to work with any 
drive that uses a SCSI hook
up . The drives a.re remov
able; they mount in carriers 
that slide into the machine 
and attach to a matching con
nector in the rear of the 
bay. The drive bays will hold 
full-height 5 lA-inch disk, 
tape, or optical disk drives. 

One disadvantage of 
multiprocessing systems is 
that they spend a lot of time 

coordinating the variou pro
cessors compa.red to the 
time spent doing real work. 
When asked about the pro
cessing overhead of the Cor
ollary system, White said 
that it depends on how you 
~st it. In one test using four 
80386 processors , the system 
performed three times 
faster than a system with one 
processor. 

The new technology 
could give Zenith a signifi
cant advantage over com
peting manufacturers (e.g., 
TI with its 68020-based 
1500), especially in the gov
ernment and Uni;ic; markets . 
One advantage of the Zenith 
system is that it could u~ 
16-MHz 80386 processors 
rather than expensive and 
scarce 20- and 25-MHz 
chips. Also , the 80386 
chips allow for DOS com
patibility. Theoretically, 
DOS applications can be run 
under Xenix and thus take 
advantage of the high speed 
offered by the multipro
cessing capabilities. 

Database Servers Seen as Key to Unix Success 

U nix might never over
take DOS or the Macin

tosh Finder as the leading 
operating system for personal 
computers, but it could do 
very well as an operating sys
tem for database servers in 
networks connected to PCs. 
Leading Unix database de
velopers predict that the 
powerful operating system 
will become more important 
in the commercial database 
market. 

A new database market is 
emerging in which high-end 
Unix-based computers act 
as database servers for client 
machines running MS
DOS, OS/2, or the Macin
tosh OS, said Mark Hoff
man, president of Sybase 
(Berkeley , CA). In this 
model, the large relational 
database operates on the 
Unix. server, while connected 
personal computers run a 
graphics-based interface for 

accessing and updating the 
server's database. One of the 
advantages of the client/ 
server model, said Hoffman , 
is that you can upgrade and 
update the server without 
making any changes to the 
client systems. Hoffman pre
dicted that Unix. will com
pete favorably with OS/2 at 
the low end and VMS at the 
high end as the operating sys
tem of choice for database 
networks. 

Informix (Lenexa , KS) 
chairman Roger Sippl agreed 
that personal computers are 
"taking over the desktop 
from character-based ter 
minals" and will provide 
"novice u~r interfares" to 
get output from database 
servers . 

Unix-based database 
servers also threaten the do
main of the corporate main
frame. According to Larry 
Ellison, CEO at Oracle 

(Belmont, CA), "We can per
form 120 transactions per 
second on a $1 million 
[Unix.] machine versus 256 
transactions per second on a 
$10 million IBM main
frame. Unix. is fast ap
proaching mainframe 
performance. " 

However, there are some 
major problems to be solved 
before Unix systems will 
displace corporate main
frames . Probably the most 
difficult task is providing 
transparent access to nonre
lational databases from the 
Unix. relational database 
server. As Gary Morgen
thaler of Relational Tech
nology (Alameda, CA) point
ed out, most of the existing 
data on corporate main
frames is not in relational 
format. 

The Open Systems Inter
connect (OSl) committee is 

continued 
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Twoworld1....,~..... 
develop~·

explosive material. 

Hewlett-Packard and Nlicrosoft 

just took the simple act of commu
nication and tun1ed it into some· 

· 

thing abit more 
powerful. 

illwnination. 
Because to 

us, anything 
worth presenting 
inaspreadsheet 

is worth presenting more clearly 
more concisely, and more forcefully. 
Vihich is exactl) what l\llicrosoft® 
Excel and the Hewlett-Packard~ 
LaserJetSeries Irprinter let you do. 

\Vith this powerful combina
tion ofsoftware and printer, now it's 

facts, figures and ideas mean more. 
And of course, HP desktop 

plotters and printers, from the 
ColorPro~ plotter to the PaintJet 
Desk.Jet"' and LaserJet Series II 
printers, can unleash the potential 
power inside eveIJ box of ilicrosoft 
Excel. And \~ce versa. 

To witness a whole new \\ orld 
of spreadsheet output, call us at 
(800) 541-1261, Dept. 156 for a 
fr e copy of OW' booklet, "Of 
Power And Printers.' Or simply~ 
to your dealer. And see firsthand 
what happens \vhen two explosive 
elements get together. 

And the chemistr,) just iight. 
easier to take common data and 
make it look anything butcommon. 
\7\ ith incredibly flexible font styles 
font sizes, borders and shading. 
Incorporated into spreadsheets, 
charts tablesandforms that instant
ly make your data say more.Your 
numbers add up to more. Your HPLaserJet Series ii !tinter 

Mietosott® 
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System and the Datacube 
(Peabody, MA) MaxVi
sion image-processing 
workstation to build an 
"interngent" system that 
will learn, from exam
ples, to recognize ob
jects, characters, and 
other images. AdapHve 
pattern-recognition 
techniques enable the sys
tem to correctly identify 
objects in situations 
where other systems 
fail, Nestor says. 
• A proposed massive 
cut in the budget for the 
Ada Technology Inser
tion Program, planned 
as part of the Depart
ment of Defense budget 
slash for next year, has 
some Ada proponents 
concerned. The pro
gram, which is set to be 
cut from $13 million to 
$1 miJlion, makes grants 
10 companies that might 
help establish Ada as a 
standard programming 
language. But an exec 
with Alsys (Waltham, 
MA), one of the major 
Ada houses, isn't wor
ried. Most of the funding 
has been used to get 
people to switch from 
COBOL to Ada, said vice 
president Jerry Rudisin, 
and it's now too late to 
top Ada's momentum, 

he said. Ada is "already 
making inroads into the 
classic COBOL world. 
It's being used to write 
database systems and 
banking applications," 
he said. Alsys recently 
signed a deal to develop 
Ada compilers for the 
INMOS transputer. 
• The European Com
munity Commission, the 
administrative arm of 
the Common Market, has 
recommended a special 
category of copyrights for 
computer software that 
would protect programs 
from copying or transla
tion for 25 years after 

cominuw 

working on remote data
base transfer protocols for 
nonrelational databases, 
uch as IMS , BSAM, and 

RMS, Morgenthaler said. 
"Half the world's data is in 
IMS databases, " he said. 
"The real challenge is not 
connectivity to SQL data, 
but providing gateways to 
older, nonrelational 
databases." 

Another problem facing 

Unix is the lack of software 
applications, said Oracle's 
Ellison. "Application devel 
opment tools are not 
enough," he said. "Unix is 
rich in DBMS software, but 
very poor in applications like 
electronic mail and basic 
accounting software.." Elli
son said application soft
ware is essential to the suc
cess of Unix . However, 
others are skeptical that com-

parries specializing in data
base applications could pro
vide the necessary office 
automation applications. Elli
son countered that " E-mail 
is fundamentally a relational 
database problem. People 
want to transmit objects from 
databases," he said. How
ever, Sippl argued that word 
processing and spread
sheets are also key 
applications. 

"Floptical" Drive Matches Hard Disk Capacity and Price 

T hinking about a 20
megabyte hard disk 

drive? Maybe you should 
think again. Insite Periph
erals (Santa Clara, CA) 
claims you ' II soon be able to 
get the same capacity on a 
floppy disk drive- and at the 
same price. The company 
hopes to start selling its 
Floptical disk drive, de
signed to combine the advan
tages of optical storage and 
magnetic floppy -disk tech
nologies, early next year. 

Insite's Jim Adkisson, 
who worked on the original 
5 \4-inch floppy disk while 
at Shugart Associates, says 
floppy disk technology has 
been stagnant ever since Jap
anese companies took over 
that market in the early 
1980s. "We' re not exactly 
trying to take on Japan," he 
told Microbytes Daily , "but 
we're bringing back the tech
nology leadership." 

The Insite 1325 drive 
will be a plug-and-play sub
stitute for a SCSI-equipped 
Seagate 225 bard drive, Ad
kisson said . The difference 
is that the Insite drive uses 
removable 3 ~-inch disks 

that are like IBM's 2-mega
byte floppy disks but with 
optical tracking guides en
graved on the disks by 
laser, pushing the capacity to 
just over 20 megabytes. 

Magnetic floppy disks 
have a much higher inherent 
capacity than current flop
py disk drives offer. The 
problem, according to Ad
kisson, is floppy disk insta
bility : a typical floppy disk 
has a lot of wobble, which 
makes it tough for the mag
netic heads to track the data 
on the disk, which thus 
limits track densities. (A 
conventional 3 1h -inch flop-
PY disk has only 135 tracks 
per inch; an optical disk 
drive, which uses much more 
stable media, can have as 
many as 15,000 tracks per 
inch.) 

Insite 's drives solve the 
wobble problem by tracking 
the laser-etched track 
marker with a closed-loop 
optical servo system. Since 
the tracks are laser-etched, 
they can't be accidentally 
erased- and, unlike some 
high-capacity floppies, the 
tracks are soft-formatted, so 

the disks aren't limited to 
one kind of magnetic encod
ing. But Insite says its big 
breakthrough is the low cost 
of the tracking head-using 
an infrared LED instead of a 
laser to follow the tracks, 
the head carriage assembly is 
much less expensive than 
any of its competitors (about 
the same as a 20-megabyte 
hard disk, the company says). 

The company designed 
the drive, Adkisson said , to 
have the same average seek 
time (65 milliseconds), ca
pacity (20 megabytes), and 
price as a SCSI-equipped 
Seagate 225. His plan is to 
compete head-to-head with 
20-megabyte hard disk 
drives . 

lnsite has already signed 
up Kodak and Xidex to 
manufacture the 1250
track-per-inch (tpi) floppy 
di ks (for about $8 each), 
Adkisson said. The company 
plans to initially sell the 
drives to OEMs. Quantity 
prices are "expected to be 
under $250," Adkisson said, 
but the final price will de
pend on the price of the 
Seagate 225 . 

Silicon Graphics Brings Down Cost of 3-D Graphics 

R eal-time, three-dimen
sional graphics has been 

the domain of high-priced 
machines costing $50,000 
and up. Repainting three
dimensional images on the 
screen 20 or 30 time per 

second takes a lot of compu
tational power and also 
some very sophisticated 
graphics processing 
hardware. 

However , the price of 
three-dimensional graphics i 

dropping, as indicated by 
systems like the new Per
sonal IRIS workstation 
from Silicon Graphics 
(Mountain View, CA). The 
Unix-based Personal IRIS 

continued 
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TAKE THE THREE-VOLUME 


CPROGRAMMER'S LIBRARY 

A$74.85 value-Yours for only $495 


as your introduction to 
the Library of Computer 
and Information 
Sciences. 

----------·- ----  ·- --- - .. -·-- ........ -... ......__.._ 

~--=--:-:·~=--~-.--:.:-:-.?; 

------------.----........... .,__,..............,~ ... ----.- -·------ -----·....... ·-·- ..... -- ... --.- ........ 

._ .. ___________ _______ .. ,........._ ............. 


PROGRAMMING IN ANSI C 
Stephen G. Kodum. 

This revised edition of Kochan·s highly ac· 

claimed Programming in C focuses on the 

newly established A SI standard. Learn 

how to wri te. compile, and execute pro

grams in C. Includes 90 complete programs. 

each one with fully documenled source 

ccxles. and step-by-step explanations. 

Publisher' price: $24.95 


THE LIBRARY OF COMPUTER AND INFOR
MATION SCIE 'CES is the oldes1, larges1 book 
club especially designed for computer profos· 
sionals. In the incredibly fast-moving world of 
d:na pn:icess ing. where up-m-the-moment knowl 
edge is ~ntial. we make it easy co keep totally 
infornl<Xl on all areas o the information sci
ences, Whal 's more. our selections offer you 
discounts of up 10 305': or more off publisher 's 
prices. 

You never have to buy another book! 
Keep up with the A I 


standard, apply undocumentoo 

tip , trick , and hortcuts. Take ad


vantage of the powerful ad a need concepts 

with the C PROGRAM.MER' LIBRARY. 


r: r: 1• 
r 
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TOPICS IN CPROGRAMMING 
S1ephe11 G. Kochan and Pmrick H. Wood. 
Beginning with trucrures and pointers. this 
advanced-level book provide, you with a 
complete. detailed explanation of the most 
difficult concepts in C programming. Filled 
with working programs and end--0f--chaptcr 
exercises. i1 explore.s character 
testing. siring handling. encryption, table 
and tree manipulalion. random number 
generation. and a range of other functions. 
Publi~hcr 's price: $24 .95 

4 Good Reasons to Join 
I. The flnrsl Books. Oflhc hundreds of books •ubm1t · 
Ced co us each year. only !he very finest arc selected and 
offered . Morcm"Cr, ou r book.• arc al ways of equal qual 
i1y 10 publishe rs cdici on.•. nc>(r econ om)' C<luion.•. 

2. Ri.g Sa"ings. In addition to getcing lhc C Program· 
mcr's Library for only S4 .9 when you join. you keep 
"'"'ng ubstam inlly. up 10 30':' and occ ionally C\'Cn 
more. (For eumple. your lllml >-aving~ s a tr llll ~lem
l>e r- 1ncl ud1ng 1his m1roduc1ory offe r-can eas ily be 
over . O ~ Thal'< like ge1t1ng every other book frcc!l 

3. ll<m U5 Books. Al><>. you will immediaccly become 
eligible "' Jl'lr11cipa1e in ourBonus Boo k Pi on. " '1th sav
ings of 65~ off che publisher>. prices 

ADVANCED C: TIPS AND 
TECHNIQUES 
Paul A11denor1 a11d Cail A11dason 
This how-to guide details hundreds of pre· 
viously undocllmcmcd tric ks for creating 
jJ<)Werful. portable C programs in all envi
ronments. Ra1 hcr than illust ra1ing how w 
port tech niques from other languages. the 
author~ develop techniques which take ad· 
\'antage of the strengths and quirks of th1.: C 
language. 
Publisher's price : S24 .95 

4. Conven i~ nt Sen-kc. At 3- 4 week interval! (16 
trrne> per yea r). you will rece ive the Library of Com
pulcr and Information Scie nce• ' cw•. desc ribing 1hc 
Main Selection and Alternate Sdcction.s, mgethc:r with 
a <laced repl y c.ard . If ycu "'•nl the Mam Sclcccion. do 
no1hing, and II will be scni 10 you au toma llcal ly. I f you 
prefer another >tkction. or no book a l all. simply incli
ca tc your choice on chc canl and rciurn 11 by IM dace 
•pt:dficd. You "ill hasc ~I lea.s1 10 days to <1c.-1Jc . If. 
bccou>C of liltC rruul dch''Cf'f' of the NcW> , YOU hould 
recer"'C a book you do oot '1.ant, we gwirnDu:c ~turn 
postage. 

If reply canl L\ nms1ng. pka>C_wr ilc lo T he Ltbrary 
of Compule r and lnfornu11on Scoclll·c,. DcJJ1 
7· Fll8.()(1919 . R1vcn1dc. J_08075. for mcmbc r<h1p 
mformauo n and an •wl1ca tion B)l< 111 8 
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MICROBYTES 


NANOBYTES 

they are created. The 
group also proposed pro
tection, in the form of 
"exclusive rights," for 
semiconductor designs. 

In other news from 
the Continent, the ECC 
has accused Japanese 
compute:r printer 
makers of selling their 
wares at unfairly low 
prices. According to the 
commission, Japanese 
vendors dominate the 
printer scene, with as 
much as 75 percent of 
the dot-matrix market. 
The group wants puni
tive tariffs of about 40 
percent . 
• Cirrus Logjc (Milpi 
tas, CA) has two new 
chips designed to in
crease the speed and de
crease the cost of laser 

co111i11ued 

starts at about $20,000, 
which includes a 32-bit re
duced-instruction-set-com
puter (RISC) processor, 8 
megabytes of dynamic 
memory, 8 megabytes of 
video memory, a 170
megabyte hard disk drive, 
and a 19-inch, 1280-pixel 
by 1024-piicel color monitor. 
That price might sound 
steep, but if you examine the 
machine's capabilities and 
consider outfitting a PS/2 
Model 80 or a Mac II with 
similar memory and storage 
capacities, the Personal 
IRIS may be a viable alterna
tive for mechanical and 
graphics designers. 

In addition to Unix and 
the third-party applicat ions 
available for other Silicon 
Graphics workstations, the 
new IRIS can run MS-DOS 
applications using Insignia 
Solutions' SoftPC software 
emulator . 

The heart of the Personal 

IRIS consists of a million-
in truction-per-second 
(MIPS) R2000 32-bit RISC 
processor running at 12.5 
MHz and coupled to a Silicon 
Graphics proprietary Ge
ometry Engine graphics pro
cessor. The graphics pro
cessor and CPU fit on single 
boards and are connected 
back-to-back. Silicon Graph
ic engineers claim that 
new application-specific inte
grated circuit designs al
lowed them to fit on one 
boa.rd what used to take up 
four boards. The system has 
an BK-byte data cache and a 
16K-byte instr uction cache. 
Silicon Graphics claims a 
performance of 10 VAX 
MIPS for its CPU (about 
three times the performance 
of most 80386 systems). 
The Personal IRIS l/O bus 
runs asynchronously to the 
CPU bus at IO MHz. Accord
ing to Silicon Graphics en
gineers , this design allows 

upgrading to higher-clock
speed version of the MIPS 
processor without affecting 
the rest of the sy tern. 

The system has an Ether
net port , two RS-232C ports , 
one Centronics port, one 
SCSI port, an audio port, and 
a single VME-bus slot. 
Two half-height slots are 
available for a second hard 
disk drive or a tape drive. 
(Silicon Graphics is work
ing on an internal floppy disk 
drive .) The floppy connects 
to the SCSI interface and can 
read and write MS-DOS 
5 1.4-inchdisks. The ystem 
comes with a high-resolu 
tion optical mouse and pad as 
well as a 101-key keyboard . 

The entry-level model 
provides 8 color bit planes 
and 4 bit planes for window 
management, overlay and un
derlay, and pop-up menus. 
A "super" version of the Per
sonal IRIS features 24

co111inutd 

Ever Really See. Your Data? 


"I'm discovering ·1 optimized my 
patterns and sales territories 
trends I never with Maplnlo's 
knew existed in automatic 
my dBASE shading 
records." capability: 

·1 can't 
believe I got 
all this power 
on my PC: 

See us at 

COMDEX/Fall 
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•Maplnfo linds 
addresses and 
helps me with 
dispatching.' 

"The vanety of maps 
available from Maplnfo 
Corp. is ou1standing... 

"With 
MapCodeTh1, 
I'm creating 
custom 
applications 

"Now for the first llme, that link 
I can manage my databases with 
databases visually: maps."' 

To Order, call 1·518-274-8673or1-800-FASTMAP toll 
free. FAX 1-518-274-0510 
'Maplnfo costs $750 Maps for hundreds ol metropoitan areas across the U.S . compl9!e Wl1l1 
street names and addresses aH; also available slartJJ1g lrom $250 MapCode poogramm1ng lan
g.iage-plus maps of counties, ZlP cooas. highways. evlll'f lown. and Ille wOOd-aVilllable sepa· 
rately. star11rw,i a! S95 

~loU1Sonanl8MPCor~"'1Jll~rTIOll!IOrY ah.l!UOS..and~ 
MacJ11110an<!l""'1Code.,.,,~ot1.13Cllnlo Corp BM • lradlim4fl< ol ~ 0<.rsiness Mad'hnl!S 
Cop dBASE IS a Ir~ ol Ashlon-T 

You can with 

Maplnfo 3.0! 


Maplnfo answers the question 
'Where?" From streel level to world
wide.Maplnfo allows you to play visual 
"What if?" You'll be amazed by how 
much more valuable your dala becomes 
when you see ~ on a map. 

You can easily locale addresses on 
our street maps. Or, take it further
draw boundaries, searcti wrthin territo
ries, determine spatial relationships-
and see patterns and trends material· 
ize belore your eyes. Use your existing 
files (in dBASE or ASCII), or create 
new ones in Maplnlo. Analyze your 
sales territories. optimize deliveries. 
canvass areas,plan cable routes, iden· 
Illy new markets, track the competition. 
plan for land use, zoning,roadwork. So 
much more. 

Over 85% ol all databases contain 
location infonnation. With Maplnfo, lhis 
data comes 10 life before your eyes. 

Order your copy today. 

MapUmJ(l@ Corp. 
200 Broadway 

Troy, N.Y. 12180 


Desktop Mapping 

For The Massesrn 
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RELIANT 


0 en tape backup systems are so reliable 

we'll back up your data with dollars. Here's how: 


Two Year Data Loss Recovery
Contract. 

Can you really tru t your backup if 
a failure occurs? 

Yes-ifyou're using Sysgentv Reliant 
treaming tape backup for your PC/XT" 

I AT"' and PS/2"' systems. Only Reliant 
offers you added assuranceagainst 
data loss. We' ll gua.rantee you this: if 
you're unable to retrieve your data from 
a Reliant tape we'll pay your data 
recovery costs up to $1500 if you're 
under our Data Loss Recovery 
Contract• (2 years: $50, l year: $25). 

o other tape backup manufacturer 
offers you this extra protection. 

Sy gens rugged de ign and 
excellent price/perfonnance will give 
you peace of mind-and to give you 
maximum flexibHity, all Reliant 
backups are available in both external 
and internal versions. 

But RELIABILITY is what backup
and Sysgen-are ultimately au about. 

Series 300: Streaming data wiU be ecure-at your 
backup on industry convenience. 
standard 114 II 
cartridge. 

Advanced features make 
Serie 500 compact, fast and 
quiet. The external system has 
a small footprint and is truly portable. 
The internal system fits perfectJy into 
the 3 'h." drive slot of the PS/2. Series 
SOO's unique servo-tracking bead 
mechanism ensures reliable tape 
interchange between PC and PS/2 
configurations. 

Series 500: Latest technology 72 
Systems are available at MB streaming backup in a 

60 and 125 MB capacity levels. 
Menu-driven software includes Reliant's 
exclusive Autoveri/Y feature. Compre
hensive backup features for NoveU~ 
IBM: and 3COM• make Series 300 ideal 
for network use. 

Series 200: Cost

etfective streaming 

backup OD digital ~-~
::;..~~~ 
cassette. 

Series 200 offers 60 
MB capacity in a small 
6" x8" footprint. Data is stored on a 
compact casrette-you'U never struggle 
with a pile oftloppy disks aga.in. You 
can pre-set your backup times for 
automatic operation, while fast 5 MB 
per minute performance assures your 

3¥2'' drive. 

Back up Your Data With Dollars. 
Call the Sysgen Hotline for the 
name of your nearest dealer: 
1-800-821-2151. 

SYSGEN 

INCORPORAT E D 

•AU dlum; oulpl IO U1t ICmlS llld o:indiullru !el ronh Jn Ille S~ Dml l.llll5 ~'CO' Corma.SNCn Is a 1'lllcmlitol'SY'F'\. loo:. 

X1: J'.l'Sl211l:> t~ofl11M c:..p. lllM, oY'Clland 3COM atetcPieiedtnlClemerts. 556 Gibraltar Drive, Milpitas, CA 95035 
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MICROBYTES 


Travel 

With 

Afast Crowd. 

Whereveryour business takes )'OU, take along that go far beyond costlyinternal uni ts. such as the orfi.ce. On the road. Or at home. For more 
the \\~ rldPo rt. 24oon• Portab le Modem. Leaving Bell and CCln' slandards, direcl connect and information about our full li ne ofWorldPort 
the orfice doesn' t have lo mean leavingbehind acoustic interface (300 and 1200 bps). battery modems. or the nameof your nearest dealer. 
the worldof high- peed, 2400 bps communica power, hirt pocket size, and a tinyprice. call us at 800-5-i 1-0345. (Jn New \Ork. 516
tions. 'M>rldwide, in virtuallyC\'CI)' situation, 261-0423.)

In fact. the \~brldPort modems are the ultimateincluding hotel rooms and phone booths, your 
for both portable and desktop applications. Andabil ity tocommunicate clearlyand efficiently 
theWo rldPort 2400 comes with Carbon Copyremains inl3ct. 
PWS'" communications soft\Y.ire, fo r even 

Representing the cutting edge of modem tech  TOU<:hbase Systems. Inc..••••[fgreatervalue. • • • • • • • 160 Lau rel Avenue
0 0nology, the WorldPort line of portable modems • • •: .•:. Northport. NY 11768 ..... ·. .:·1 (516) 261 ·0423combine a broad range or fea tures that bring If you want a modem tl1at works where )'Ou do. 

• • • • ••• TELEX· 6502848020 
you the best value in modems today. Features put the WorldPort Series towork for you. In •••• ••••••=• FAX: (516) 754-3491 

NANOBYTES 

printer controller 
boar&. The very-large
scale-integration co
processors, called the 
Raster Printer Accelerator 
CL-OP315 and CL
GP340, will work with 
the Motorola 68000 and 
other processors used in 
laser printers; they can 
be used on a board in the 
printer or on an add-in 
card in the computer. The 
GP315 is rated at 15 
pages per minute; the 
GP340 is rated at 40 
ppm. They speed things 
up by taking over basic 
page imaging and page 
printing tasks, such as 
shading, pattern filling, 
and clipping. Page 
printing parameters are 
passed to the coproces
sors instead of to soft
ware subroutines. 

color bit planes , 8 bit planes 
for window management, 
and an additional 24-bit "Z 
buffer," which provides 
automatic hidden-surface re
moval. The Z-buffer deter
mines the distance from the 
viewer of each Z-coordinate 
of the image and computes in 
hardware the necessary hid 
den-line and hidden-surface 
removal. The speed of the 
Z-buffer is really what 
makes real-time three-di
mensional imaging possible 
on the Personal IRIS. 
Without the Z-buffer, you 
can still have hidden-line 

TECHNOLOGY NEWS WANTED. The news staffat BYTE is 
interested in hearing about new technological and scientific de
velopments that might have an impact on microcomputers and 
the people wJw use them. If you know of advances or projects 
relevant to microcomputing. please contact the Microbytes staff 
at (603) 924-9281, send mail on BIX to Microbytes , or write to 
us at One PJweni.x Mill Lane, Peterborough, NH 03458. An 
electronic version ofMicrobytes. which offers a wider variety of 
computer-related news on a daily basis, is available on BIX. 

and hidden-surface removal , 
but it must be computed in 
software, which is considera
bly slower. 

The workstation runs Sil 
icon Graphics' implementa
tion of Unix Sy tern V.3. 
On top of the operating sys
tem, Silicon Graphics pro
vides an icon-based window
ing system called 4SIGHT, 
which allows click, point, 
and drag operations on the 
Unix file structure. In addi
tion to supporting Silicon 
Graphics' Graphics and Dis
tributed Graphics Librar
ies, 4SIGHT supports the 

X-Windows and NeWS 
windowing environments. 

The system can a lso run 
MS-DOS programs, although 
somewhat slowly , by using 
Insignia Solutions ' SoftPC 
emulator for MS-DOS, 
which is available as an op
tion . Using SoftPC, you can 
connect a PC to the Personal 
IRIS via an RS-232C port 
and run MS-DOS applica
t ions from the PC or attach 
the optional floppy drive di
rectly to the Personal IRIS. 

The Personal IRIS is an 
indication of one direction 
the industry is heading in . 
"The Mac Ill or Mac IV will 
eventually use this kind of 
man-machine interface ," 
said Silicon Graphics CEO 
Ed McCracken. " We have a 
2- or 3-year window before 
Apple jumps into [the three 
dimensional graphics] mar
ketplace. We need enough 
applications by 1991 to 
withstand the competition." 

Wor1dl'or12400 •Sa tradomarl< ot Touehbase Systems. Inc. Carbon Copy PLUS is a ua<lemark ol Mend1an Technology, Ir><: 
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------------------

MEET THE GUYS WHO CHEATED 

DIGITAL EQUIPMENT CORPORATION 


OUT OF $60,000,000. 


With their software. you can do ei·erything a $1000 DEC terminal does-on _vow· PC-for a mere $245. 

The suave and debonair gentlemen bandits who si t 
before you virtually invented DEC terminal emulation 
for the IBM per. onal computer. 

To lhe uninitiated. what that means is this. 
With their software, you can do everything a$ I .000 

DEC terminal can do - right on your own PC- for the 
paltry sum ofon ly $245. 

Has business been good for our heroes? 
You bet: to the tuneof60,000 users. who would 

otherwise have blithely gone out and bought DEC 
terminals. 

Does this make DEC happy? What do you think. 

Heavy DEC Experience+ Heavy IBM 
Experience= Perfect Emulation. 

The product these wizard invented is VTERM/220. 
And lhe reason it 's so good. frankly, is tharnobody has 
more experience than they do in DEC em ulation on a PC. 

With VTERM/220, you can emulate DEC's VT220, 
VT I 02, VT I 0 I , VT I 00, and VT52 tem1inals. 

Ofcourse, there's emulation and then there's 
EMULATION. This is TRU£EMULATION. Com
plete! Comprehen ·ivet Thorough! Fast! Accurate! 

Install ation 's a snap. Setup is a s imple full- screen op
eration. You can toggle between DOS and thetem1inal 
creen and put rnai nframc data direct! y into PC spread

sheet and data base products such as Lotus 1-2-3TM, 
dBa en.i, and Muhiplan™. And fo r file transfer, there's 
XMODEM, ASCII, Kennit or VTRA S,ourown 
high-speed, error-correcting protocol. 

One last word from the Robin Hoods ofsoftware. 

Are there other terminal emulators? 

Ofcour. e there are. 

But, we invented DEC terminal em ul at ion at 


oefficicnl. We know the subtleties. the little features 
(and the big ones) thafmake an emulator a joy to use. 
And we 've incorporated them all into VTERM/220. 

Just ask any ofour 60.000 users. 

They paid us Lhe highest compliment ofall. 

They chose our software over the real thing. 


r------------------
A free working copy of their soflware. Free? Yes, free. 
There's only one way lo c .~pcricncc th<: speed. power. and 
simplici ty of VTERMn2o. Try it. 
.J Send me a free, time-limited. fl.Ill -blown working copy of 

TERM/220. which is mine to keep. 
:J Send me ;1 free. tirnc -li rn i1ed full -blown working copy of your 

new ':IVTERM/410.5 or CJVTERM/420 Tektronix graphics 
term ina l emulators. 

ame 

Ti1Ie ----------------- 
Company~---------------
Address~---------------

Telephone(_) ______________ 
I am a use r dealer_ 

Coefficient Svstems Corporation 
611 Broadway, New York, New York 10012 

Voice: (212) 777-6707, ext. 422 Fax: (212) 228-3137 
Tele){: 6503156498 MCI Mailbm : CSC BYT 111ss 
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The Ultimate 

Business Machines 


In just three yea rs, CL B American Technologies 
has grown into a multi-milHon doll<1r computer 
manufacturer. What's the secret to our success? The 
answer is simple, CLUB delivers solid ly designed 
systems wh ich are famous for high performance and 
!>Uperior quality. That's why so many fortune 500 
companies depend on us. Additionally, CLUB's 
on-line engineers are available to support you every 
business day wi th optional on-site service available. 

CLUB Model 200 Series 
The Model 200 Series are O S/2 compatib le, 80286 
based systems. They are available in either 8 or 10 
MHz versions to fit your specific needs. These 
economical, yet full featured AT compatibles are 
perfect fo r any applications such as spreadsheets 
and word p rocessing. 

- Model 200 Series Feil.hues &: Pricing 

tntel 80286CPU ·208/206S-6/8Mliz. 210/21(6-8/ IOMHz. 2lHl/ lOMHz '1T 
wait stllr,S12K DRAM. l.2MB Aoppy Disk Drive, 802B7 Math Coprocessor 
Socket, HD/FL Controller (controller built-on motherboard for ·Models) 
l<eyboo>rd Speed Switchability ('S' Modcls), 2 Serial/ I Paro Uel Ports !211). 192 
W~tt Power Supply. 101 Key Enhanced Keyboo>rd, Dorumel!!ation aJld more. 

200Serlcs with Molfitor And A.dDptrer 

Model with Han:! !Mk Mono ! EGA _ vc~ 

2.08 or 2085 with 20MIJ $1275 $162S $18'/5 

208 or 208S wllh 40MB $1420 S177U $2020 

210or 2105 wilh 20MB $(705 52065 $2305 

210 or 2105 with 40MB $1850 522.10 $2450 -
211 wilh 20MB $1805 S216S $2405 

211 wllh40MB $1950 S2ll0 S255Q 

CLUB Model 212 Series 
With an effective throughput of 16 MHz, the Model 
212 Series is as fast as many 386 machines at a 
fraction of the price. Compatibility wi th the existing 
AT standard ensures that the Model 212 will run your 
large databases, and complica ted financia l software 
today, as well as OS/2 applications tomorrow. 

. - - - ---- ---- --- \- _... 
. 

- - - -~ ~ -- ~ 

Model 212 Series Features &c Pricing 

lnrel 80286-8/12. IMBo!ORAM.. l.2MB Floppy Oislc Drive, 1:1 lnlttt.eive 
HD/FL Controller, 80287 Math Cop~rSockel. Clock/Calenda•/ 
Configuration wilh Baucry Baclrup, Redwied Chassis (212.0), 192 Walt Po""'r 
Supply, 101 Key Enhnna.od Keytio.ird, Complete Doaimenta;tion, nd mote 

212 Sttlt:4 with /l.fanitar iillld AdDpln 

Model with Hard Disk Mono EGA VGA 

212wllh40MB $2250 $2615 $2850 

212w1th 70MB S250S $2810 !3105 

2120 with 40MB $2190 S2550 $2790 

2120 with 70MB 5l+45 $2805 $»15 
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CLUB Model 300 Series 
The Model 300 Series 80386 microprocessor's state of the art design 
brings mainframe capability to the desktop at a vastly lower cost per 
seat. Complete compatibili ty with OS/2 and Unix give the Model 300 
Series the ability to meet the most demanding multi-user and 
multi-tasking applications. Let CLUB give you the key to increased 
productivity in todays complex office and engineering environments. 

Model 300 Series Features &: Pricing____, 

Intel 80386 CPU-8/20 (320). 8/16 (316$). IMB32-blt DRAM (320). IMB DRAM (316), 1.2 '-•fB Odk Dri~e. 
1:1 11'!.lmrave HD/FL Contmll..-(32fl), HD/FL Controller (3165), 80087M lh Coprott9ol0t Sockt!t Cl20), 
Weitcl: Support 02fl), ~Math Copl'OQ'SS()rSocket (316), 8 expinsion slots, Oock/C..terulat/ Con
figuration w /baltery backup, 192 Wall PowerSupply, 101 Key Keyboilrd, Dcoaunenlalion,and more. 

JOO!imn with Mo•ilor """Auptv 

Model with Hard Disk Mono EGA VGA 
3165 with 40MB $2690 $3050 S342C 
3165 wl1h !30MB $4(){,() $4420 s.17'90 
320 with 70Mll $4005 $43.111 $4675 

320 wilh 130MB $5120 ~.. $5790 

CLUB Model 110 
The Model 110 is an affordable entry level 
computer. It's perfect fo r general business 
appHcations and for low cost network nodes. 

Model 110 Features &: Pricing 

ln~l11®! CPU-4.77/lO MIU. 756X RAM M.ludmum 640X. Flop
py Disk Drive and Contt0Uer. 8 Elcpan&lonSI~. 150 W11.lt 
Power Supply, 101 Key Kl!yboart:I, Oocwn"llliltlonand more 

too ~rln with M01tilor udAd11pta

S & Hard Disk Mono EGA VCA 
110with20MB $895 $12SS $1495 
110with40MB $1080 1440 Sl68Cl 

Peripherals 
For your convenil'!nce, we offer the late.I 
periphemls tQ enhana! your sy terns. Our 
ll'lllllufuduring flldlities "re gellred to build 
y.>tems the way you want !hem. Qill nd 

teJl Uj what you need. Here's a llst of J1.ISt 
some of the products we catty. 

Storose. 
Floppy Driv .5.25" - I .2MB • . ..... $95 

sz;--360K ......... $8.> 
3..S- • 1.44.MB ... , .••• $120 
3..5"-720K ..........$105 

Tape Backups: lnlemal: 40MB •• ••.• $580 
tillMB ......$650 
12SMB ..... $995 

External:40MB ••.... S620 
60MB ......S690 

Multiflmction Et Memory 
(all pr;",, wW1 OKJ 
384K memoryard foy XI .......... S99 
5?6K memory card for XT .......... st2 
2MB multifunction card for AT ••.• . $110 
3MB e>(tendoo memory card for AT . $110 
101...mEMScard(orAT ............5150 
2MB EMS card for Ai .. • . .. ..... $110 
Miml /OlorXTand AT ..... ......$75 
Mini I/0 w / floppy mntroll r for XT S8S 
80'286 aettl...,,tor card for X'T ••••••• $299 

Modl!nlS 
1200/300 Baud ra1e lntemaI . . • . • . . 599 
2400/1200/JOO&ud rllteinlernal •.. $175 
2400/ 1200/300 Baud rate extem.nL .$210 
1200/300 Baud pocket Mtni Modem .$139 
•All modems com with Bltcom soflW re 

Pri11ttT$ 
Stir Micronix NX 10009 pin .. ..... .$199 
Siar Micronix NB-2+10 24 pin ••...•S493 
Epson FX 1050 ................. , .s.s95 
HP LaserJet ..... . .. . . .. ..........51815 
Products for PS/2 
RAM 4000 (EMS) card OK .......... $399 
60MB T11pe backup inlernal ..••..• .51095 
60MBTapebackupexblmal •.••.... $12.85 
120MB Tape backup eitl!!mal • . •.... $1595 
f'S/2 modem 2400 baud inlernal .... 5299 

Otlius 
80281-8 ............ . .............$230 

80287-10 ... ......................$279 

80381 ...........................Call 

Ram chiP5 . .. • .•• .. •.•..••.••..... Call 
Logltech Mechanical mou.'I(? .....•. .S79 
Optic.ti mow;e • • • • • • • • • .......... $15 

0053.3 .......................... $95 


To Order: 

Continental USA, Hawaii, Alaska: 


Call (415) 490-2201 
In Canada Call PC Centre, 
Call (416) 470-0560 
International 
Call (415) 683.-6623 
Customer Support&:: 
Technical Hotline 
Call (415) 683-6580 
Corporate, University and 
Government P.O.' Welcome 

~~~=~=·~"k:=:;~~~av. 
tl..MSDOSU...,IBM 12..P\t.XT.AT,-Sl.n 

MKmnl-c~~f;\"'l"JliT&HF'=fft. 
~tkoO<ttg..._ ,,..,,,,.._""'°'' ]>«11"< 
"""'J>Onl6 

Cl..Ull v •.I lllJJU 

,......._., .-.~........ 

• - 1 
- · - • I - -.. --.J .!!.JI!' 
Amtttcan Tcchnoll)gl~. Inc. 
WOI '\\' .. ilfKn ,~ .. Ftm10nl C'""A9.f'i\? 
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http:Optic.ti
http:extem.nL
http:CPU-4.77


Circle 217 011 &ader Serviu Clll'd 

Save Money on 
Quality Software 
$1.99 
Membershi ial 
For only $19.95 (reg. $34.95/year) become 
a MicroCom Sys/ems member and receive: 
• 'The Shareware Boole". a 300+ page 

guide to shareware for the IBM PC. In· 
eludes helpful information for the new PC 
user! $12.95 if ordered separately. 

• A one year subscription (6 issues) to 
"Shareware Review", each issue featur· 
ing a free new-release diskette from The 
MicroCom Collection. 

• Reduced member prices! 
• Any disks below tor only $1.99 each, 

($2.99 for 3.5") w/money back guarantee! 

Hundreds ol disks available. 
Free catalog with any order! 

LJ BUSINESS 1-Easi~ etea1e, fl in and J:t'1t business lomls. 
0 BUSINESS 2--0la/I dala on bar, pie ~ Fl'l(f ll'eflds! * 
[l] CAO la,b-{2 dsks) Paint draw, OOsign wlFrigerpainL * 
ill CAD 211,b-{2 dsks) Draw 20/30 desigr15. Hm li5JtJ640K. * 
0 CAD 3-Q:nera1a )OOr own OJS1om l1oYochans wtii PC-Fbw 
0 COMM 1a.b,c.0-<4 OOks) Log rt> buiebn board systems. 
rrl DATABASE 1aH2 di9<s)Thi File~ dalabase mgr. 
0 EDUCATlON 1-New PC US181S mn painlmt)i learn DOS. 
0 EDUCATION ~Id dazzJilg !)Ping speed wlf'C.F~. 
0 EDUCATION 8--lmp-cwe '{()$ Sparisli wlfJ dty, cU bOO\sl 
0 EDUCATION 9-leam Frlll'ldl sPills W/O tx:mg eadl(J$! 

0 EDUCATION 1~a:ti::8 GQ-man 'Mttl !llese ~y clrillS . 
[2J ANANCE 1a,b-l2 dl!;i!s) Apwsoml ~manager. 
[i) ANANCES 3a,~2 cisks) F'rep<re fW\ancial sp~. 
0 GAMES 1-3-0 Pa<:mall. Kong, Spacewar, missiles. etc. * 
0 GAMES 2--0Jbe<t. Pargo. CMipede. Hopper (Fro<J98f}. * 
0 GAMES ~ ()'OU Se1 n..1$s). Annchair Q6, Empire. 
0 GAMES 4--Slar Tn;k, the orig COossal C<N!IS A¢.'ere, mo'e. 
0 GAMES 5-Hacil. )'OU and 'f).$ lnJSly dog in a wid advertur. 
0 GAMES 6-f'ir011~ Otdlo. Drag)nS. ~ (11y one!) . * 
0 GAMES &-8lasl eoonles WJStn1'BI. i'.XlrQl9t' WOlld wlffsk.* 
0 GAMES 11-High r9S Aldo's adveraire. MallJorooo. EGA. 
0 GAMES 12-Backganmon. Wtt<t>Jay (& whool Clf tom.ne) 
CiJ GAMES 131,b,c,d,e-{5 disl<sJMab yr °"'1 advem g;mes! 
0 GRAPHICS 1--Mal<e oolor side sh<JNs k:t ~ 
ffi GRAPHICS 28,b,o-13 dslls) ProdJce gtea1 30 grai:flics. * 
0 HUMOR 1-Aroose wllun laces, unfrilJldfy DOS &rrore! 
[I] INFO 1a,b-{2 disl<s) 1SO+ gt cxxmg racipas. Md yr a;,nl 
[1) INFO 28,b-{2 dsks) Seardl lor ackJresses w1Z4>-Phcnl Xllll 
[!) INFO 38,b,c.d-(4 Otsks) Ao:iess tamous qucies !rem l'islor;. 
[I) LANGUAGE 3a,b-{2 iisksl 1186 macro assenillef~r. 
[I) MUSIC 1a,b-(2 dislosJ Play lllnes or use ediulal!rpOser. * 
[!] MUSIC 24,b-{2 dislosJRecord or play IUres wif'iano Man! 
0 ORGAHZER I-DeskTeam (SOe!Odo. dale) & btfcalnder. 
D PRINTER 1-Pad<ed wMils '°1 print spooling. barv'i«s, et:. 
0 SHELL 1-A sirrple, fasl inl easy DOS meru prog for PCs. 
0 SIMULATION 1 -Fi~. maze rrID:sr, roWig eye. Ille! * 
0 SIMULATION ~. ~m wi'tisll. Slals. more. * 
0 S™Ul.ATION 4-H1!111es lbYels. landscapes. fish. EGA. 
0 lmUTIES 1-A oolledlon ol inv<luable genl DOS~ 
0 llTIUTIES 2-More 91ea! DOS ulis. rd btJrrW p-Oleelion. 
aJ LITIUTIES 3a,b-{2 dS<s) TOlal ~/diagno'>li:: ?"OQS. 
0 UTIUTIES H1aJd dSI\ uds 10 \.'9flfy, loonat, pall< dS< dlM!S. 
0 IJTIUTIES 7-More ~ urj$: 1.l10eleie files lrom hariJ ~sr.s . 
[1] WORD la,l>-{2 di5~) POW!ll1tJI PC·Wri a won:! procl3S.50!.

* ~ so ma/l'.lld aboie ~ aoolor grapncs ad;lplef. 

I l'.al4 I (408) 737-9000 -
Clllll!. ..:;s Mon-Fn 7atn· , S....-S..naam BV·ll /$8 
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way, the data per se is always available, 
and imporling it into a new package is a 
simple matter of shoving the ASCII daia 
around, rather than programming export 
pipes right into the old package' data 
files. 

Lindsay Gillies 
New York, NY 

The Last Word on BYTE 
I've been a regular reader of BYTE for 
the past 5 years. I've watched it change 
over the las1 18 months, and I'm happy 10 
say that it has emerged as the viable 
source for reliable, up-to-date informa
tion aboul what 's happening in the com
puter industry today. 

Not only does the magazine cover a 
broad base of computer types and manu
facturers, but the eva luations and repor ts 
are more accurate and technically sound , 
emanating as they do from people with a 
history of involvement. insight, knowl
edge, and train ing in computer sciences. 

BYTE is sti ll lhe last word in uoder 
slanding the real lruth of keyboard 1ech· 
nology. Keep up lhe good work~ 

Wendell Anderson 
Hamil/on , Bermuda 

Hartley vs. Fourier 

We enjoyed the enthusiastic article enli

tled "Faster Than Fast Fourier" by Mark 

O 'Neill (April). From the August Let· 

ters, it seems that the article has stimu

lated some lively correspondence. 


First, regarding John C. Polasek's let
ter, the hazard he refers 10 is explained in 
R. N. 	 Bracewell 's The Hanley Trans

conrinued 

WE WANT TO HEAR FROM YOU . Please 
double-space your letter on one side ofa pase 
and In.elude your name and addrt.sS. Wt can 
print Li.stings and tables along with a letter if 
they art! short and legible. A.ddrt!ss corre
spondence to Le11ers Editor, BYTE, One 
Phoenix Mill Lane. Peterborough , 
NH03458. 

Bee= of space limitations, we ~rw 
the right 10 edit letters. Generally, It takes 
four moruh.s from the tiTM we receiw: a lt:11er 
w11/l iw publish it. 

Does Data Need Liberating? 
The Jetter from Evan Provisor ("Data 
Liberation," August) proposed a Free
dom of Information Act relating to the 
data structures used in proprietary soft 
ware. As a consultant , I can sympathize 
with his dudgeon, but as a systems devel 
oper, I'd like to make a few lempering 
points and offer a different suggestion to 
purchasers of packages than that they re
quire information about a package 's data 
structures. 

Some data tructures of packages are 
avajJable-there are two volumes of Jeff 
Walden's formalS books , for example. 
(File Formars , published by John Wiley 
& Sons , New York, 1986, is the first.) 
These open up Lotus 1-2-3, MultiMate, 
dBASE, Multiplan, SuperCalc, and 
Symphony, among others. Of course, 
these were released for a good commer
cial reason: to enable the creation of add 
ons that leverage sales of the original 
product. 

But the distinction between data and 
program code is not as rigid as Provisor 
seems to think . I can imagine applica
tions where the data structures in effect 
embody 75 percent of the algorithmic in
telligence in a program. 

This is particularly likely in the areas 
of sophisticated data storage software 
and in applications that gajn speed by 
precruoching input (like satelli1e 
images) into an intermediate form for 
quicker end processing. When the pro
gram as a whole gains significantly 
through the ingenuity and originality of 
its data structures, these are respectably 
regarded as proprietary. 

Such inventiveness is unlikely to have 
been used in a medical office accounting 
package, so I can understand Provisor' s 
irritation. There is a better criterion for 
package selection, however , than avail 
ability of internal file formalS. After all, 
cross-loading based on internal file for 
mats requires a programmer, which 
should not be necessary even if consulta
tion is . 

I always check that a package can ex
port and import ils data in a standard for
mat, such as quoted BASIC or DIF. This 

http:addrt.sS


Who Says FoxBASE-P 

is Better than dBASE"? 


The Experts! 
The Best just Got Better- Now Shipping New FoxBASE+ Version 2.10! 


Nicholas Petreleyt lrifoWorld Review Board: 
"FoxBASE + has outdone itself. Once again, FoxBASE+ earn 
an "excellent" in performance, with kudos for responding to 
user ·uggestions. For sheer productivity, there is no other 
choice." hifoWorld "Editor's Choice" for 1987 and 1988! 
P.L. Olympiat Founder & President, National Dbase Users 
Group I Government Computer News: 
"FoxBASE + is a supercharged dBASE, with all the features 
Ashton-Tate forgot. If you 're into serious dBASE development 
and have not tr ied FoxBASE + , you are living in the dark ages 
and wasting your company's money. " 
George F. Goley 'Vi Cont. Editor, Data Based Advisor: 
"The product is fast , very compatible, fast, easy lo use, fast, 
relatively inexpensive, and very fast. In every test, Fox.BASE+ 
outperformed the other products. And people who answer the 
phone at Fox know what they are talking about." 
David Irwin, Fonner President/CEO, Data Based Advisor: 
"From the dBASE compatibili ty standpoint , FoxBASE+ is flaw· 

Jess. From the speed standpoint, FoxBASE + is unbelievable. 

From the "lazy factor" standpoint, FoxBASE + is perfect." 

Glenn Hart, Contributing Editor, PC Magazine: 

"Initial tests of FoxBASE+ were simply stunning. In many 

ways, FoxBASE gives you the best of both worlds: all the ben· 

efits of interactive development and debugging, plus the speed 

and code protection of a compiler." 


Adam Green, Contrilmting Editm; Dala Based Advisor, 
dBASE Author: 
~For the PC, FoxBASE + ha consistently set the performance 
standard for dBASE compatible languages. For the Macintosh, 
FoxBASE + /Mac will set standards for innovation and leader
ship in a new dBASE implementation. " 

Don Crabbt Contributi ng Editor, l nfoWorld: 
"You can expect blazing speed on the Mac. FoxBASE +/Mac 
breezes past tests that have proven stumbling blocks for 
Macintosh databa es in the past. FoxBASE +/Mac combines 
complete dBASE compatibili ty with a genu ine Macintosh 
user interface. " 

This is what they said about Version 2.00 of FoxBASE + . 
Imagine what The Experts will say about New Version 
2.10 with these added features: Menu-Driven Interface, Pro· 
gram Documentor, Screen Painter and Template-Based 
Application Generator . . . and Version 2.lO Is even faster 
than 2.00! 

Join The Experts. Get your copy of the New FoxBASE + Ver
sion 2.10 today! Now available at your nearest, quality soft
ware retaiJer, or directly from us by calling ( 419) 874·0162 
Ext. 320. 

Because, when it comes to speed, compatibility and value, 
nothing runs like the New FOX-Version 2.10! 

=======~~~~~~~§Fax Software~~§ 
Nothing Runs Like a Fox. 
Fox Sortware (419) 874-0162 Ex t. 320.Circle 134 on &adtr Servin Card 

fox8ASE •nd Fo1 BASE + ore trademuk ol Fo1 Sort"'""· 118 W. South Boundary FAX: (419) 874·8678 
dflASE 111<1 dM-'lE Ill l'Ll"S Ort tndc mirb or Mhlan·T•«
M•dntoJb I~ l lradem nrk or Apple Computer-s, Inc . Perrysburg, OH 43551 TELEX: 6503040827 FOX 
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Al S!eel frame 00'1$/ll.l';flOn 
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Portland, OR 97210 
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form (Oxford University Press, New 
York, 1986) in a way that would satisfy 
him. The answer is that the kernel 
cos(21r/T) + sin(2irt/T) preserves all 
the original information, just as the com
plex Fourier kernel does, because the 
first term works on the even part of the 
data and the second part works on the 
odd part. That's why the plain sine func
tion would not serve just as well. 

B. D. Ripley's letter cites a letter by 
Gary Bold in which the fast Hartley 
transform (FHn is compared with "so
phisticated FFT algorithms," also re
ferred to as "existing FFT methods ," 
which are found to give "the same speed
up factor ." In other words, Bold accepts 
the factor-of-2 speedup relative to the 
complex FFT, and he certainly does not 
support Ripley's notion that Bold' FFT 
is "considerably fast.er." In fact, Bold is 
comparing two things that, he says, have 
the same speedup factor. 

What is being compared? Ripley gives 
a list of times, but he doesn't say what al 
gorithm he used or who wrote them. He 
may have written the HartJey version for 
the numerous computers he mentions 
himself, which requires particular cau
tion when one has an ax to grind. 

However, Bold does say what he did. 
We recognize the "sophisticated FFT al
gorithm" as the well-known unilateral 
Fourier transforms. They are indeed ex
actly as fast as the Hartley, but they can
not retransform their own output. In 
other words, they should not be called 
Fourier transforms at all , because the 
Fourier transform is a reciprocal trans 
form . The trouble is easi ly understood . 
A unilateral Fourier transform of Type l, 
or a right-handed Fourier, takes real in
put and gives out the correct complex re
sult. After you operate on that complex 
Fourier transform, for example, by ap
plying a little low-pass filtering, and 
wish to return to the original function 
domain, you cannot use that program 
anymore . It take only real inputs. You 
must supplement it with a left-handed 
unilateral transform algor ithm. You 
wind up with a combination of two uni
lateral Fouriers plus a management pro
gram constituting a software package. 
The totality is equaled by just one Hart
ley program. Whenever you call the 
Hartley, you go straight to the other do
main, regardless of whether you are in 
the time or in the frequency domain at 
the moment. 

The sophisticated Fourier pack.ages, 
of which there are several versions, re
gain the factor of 2 gained by the Hart 
ley- but at the expense of a factor of 2 in 
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Step 286/12 _ _ _ 2.45 MIPS 

Step 286/16___ _ 3.27 MIPS 

Step 386/16_ ____ 3.93 MIPS 

Step 286/20______ 4.24 MIPS 

Step 386/20_______ 4.91 MIPS 

Srep386/25 ________ 6.l3MIPS 


Source: Power Meter MIPS Version 1.3. The Dotobose Group, Inc.. "l'IJ be right over." 

The most incredible 
collection ofpeople'1 sed to be afraid of 
find their way to mymonsters. Now Ican't get 
door. Students.without them." 
Aero pace engineers.

Janet Johnson, President Genealogists. 
Coordinoted Digitol Systems 

They come bec.auseDayton, Ohio 
they hear we do more 
than sell computers 
out ofa box. We try 
to make everything 
very personal. 

We know our 
products backward 
and forwards 
because we use them 
ourselves. We write 
custom software. 

We're writing a lot 
of business. 

We work almo t 
exclusively with one 
computer company. 
Everex. 

Because every oneof 
their six computers i 
at the head ofits class. 

And becau · e they 
take care ofme the 
way I like to take 
care ofmy customers. 

Find out more 
aboutEverex 
Step computers. 
Call 1-800-356-4283. 
Everex Computer 
System Divi ion, 
48431 Milmont 
Drive, Fremont. 
CA94538. 
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quantity of code and memory storage and 
a small management penalty. 

R. N. Bracewell 
John Villasenor 

Dept. ofElectrical Engineering 
Stanford University 

Stanford, CA 

"Executivitis" Blues 
How long has VGA been out now? A year 
at least, wouldn't you say? Yet, as nearly 
as I can determine , there is not a single 

programming language available to IBM 
clone users that supports even the lowest 
resolution of the true VGA modes-not to 
mention the 1024-pixel by 768-pixel 
high-resolution mode for which Orchid, 
Genoa, and a number of other manufac
turers now provide off-the-shelf adapter 
hardware (albeit for 16 colors, not 256) 
and for which at least a half-dozen outfits 
offer suitable color monitors. 

Let 's carry this one st.ep further: As 
nearly as I can determine, not one of the 

major U.S . commercial software houses 
has yet so much as faced the perilous ex
ecutive decision to attack the crushing 
technical problem of providing to the 
user a valid option of maximum-resolu
tion, ma.ximum-color video output from 
their products to keep pace with avail
able hardware capabilities. (I leave aside 
a few special-purpose programs, such as 
CAD and spreadsheets. And I remark 
that though Microsoft has an older ver
sion of Windows that supports 1024

-------------------------------.. pixel by 768-pixel resolution, its latest 

The Practical Union 
_ 	 of C and SmalltalkC talkTM 

Add a new dimension to your C compiler. 

from C: 
• 	 Ease of apphcation delivery 

por1ablllty 

• 	 Per1orrnance - speed and elhciency ol C 
• 	 Famllia rlly of C- use all your e~1sting 

C code 

From Smalltalk : 
• 	 Data abstraction - data 

hiding I encapsulalion 

• 	 Full ob1ect inheritance 
• 	 Polymorph1sm - message sending 

wtlh dynamic binding 

Boost Your Productivi(J•! C talk 's prat:lical approach ro obj ect-oriented program· 
ming in C alJo,.·s you to reali;;.e substantial producti,.il)' gains u ing tllese rooLr.· 

• 	 C_ talk's BrO'Nser - a powertul 
Smal ltalk-like browser for budding 
software objects 

--
~ _._. 
,,. ..... ___ .. ___ ·--·-·.. - . 
' ~·-- ~ 

·---· ~ -·-~-·---..-.. ,. ' ·~--·-........ _ _ ----- " 


··~--
' ·-··--'-' 

Why C talk? 
C talk has been proven successful In 
delivenng several large-scale systems in 
demanding realllme environments_It's 
concise. easy 10 learn and use It is 
programming in C (not a new language) , 
while adhering lo the Smalltalk paradigm 

c_ talk 1s the practical. and allordable . 
union 

C_ Ill deSl<lnecl 10 cperato wilh MSOOS on 18M Of 

"""l"bllit comptJIOIS ~ leas1 512K 01 memO<)' . a llilrO 
OtSk an<l mtl<J~ are~ 

• 	 An automatic Make ulll1ty - for 
building appl1ca t1ons 

• 	 A Preprocessor - lor convening 
ob1ec1s inlo C source code. 

• 	 A set of Foundarwn Classes - lo use 
as basic building blocks . 

s1499s 
Order today! 
Call or wnle 
CNS, Inc. 
Software PrOducts Dept. 
7090 Shady Oak Rd _ 
Eden Prairie. MN 55344 
Tel (612) 944·0170 
Fax _ [612) 944.og23 

Add for shipping $5 US. $25 lnll 

(JO·day money-back guarantee) 


..•providing and advancing 
object-oriented methodologJ. 

C_!Alk Is a trademark ot CNS 	 CNS is a reg1s1e1~ 1tademar1< or CtlS. lne 
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80386 version apparently does not.) 
Do their programs have to stop selling 

entirely before the executive brains in 
question bestir themselves to begin con
sidering the matter? I hope I have this all 
wrong. 

Am I doing an entire "industry" an in
justice? Or are we seeing here in micro
cosm the same "executivitis" that sank 
Detroit? 

ThomasE. PhippsJr. 
Urbana , IL 

IBM and Licensing 
Bruce F. Webster ("Macintosh Redux," 
August) refers to "[IBM 's] subtle hints 
about landing with both feet on anyone 
cloning PS/2s without a license." But 
that is precisely the point. IBM is pre
pare<! to sell licenses, and at reasonable 
prices, too . It should be possible to pay 
the license fee and still undersell IBM on 
all but the largest orders. IBM is not 
using its patents, which in any case are 
much less dubious than visual copyright, 
to secure a legal monopoly on a large sec
tor of the business of putting chips in 
boards and the boards in boxes and mar
keting the boxes. There is a difference 
between collecting royalties and using 
intellectual property rights to restrain 
trade, as a number of the young Turks of 
the personal computer industry have 
done . 

Note that this applies to separately sold 
software, as well. A large part of the ex 
pense of a typical program is for market
ing. Cloning generally means that the 
original vendor has to face facts about its 
marketing operation. 

Andrew D. Todd 
Springfiel.d, OR 

YAPL: Yech! 

I had gone through the article entitled" A 

Better C?" by Bjame Stroustrup (Au

gust) and was reading "HyperCard: How 

Does It Work?" by Laurence H. Loeb 

(August Macintosh Special Edition) 

when a feeling of impending doom set

tled upon me- sensory overload from 


continued 
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Software Developers 

Nalural selecliu" f'rm·ide .r 1111iq11e 

poni•·e pm1ec1io11 for rhe poffupinc. 

The Block -- Natural Selection 

For Software Protection 


Ill veil/or and entrepreneur 
Dick Ere/I explai11.S how 
"The Ac1ivaror" prm•ide.~ 

sane protectio11for your i11

1ellect11al pro/Jerry. 

"Jn any indus1ry. jus1 as in nature. the 
prcx:ess of natural ·elec1ion raises one 

' solution above anolher. atura l . elec1ion i~ 

the mo t elegan t of engi neers. 

In 1he area of software protection The 

Block has been se lec ted by the market
place as 1hc so lu1ion 1hat works. Over 

500.000 packages are pro1ected by our 

device . 


For the past 4 years our philosophy has 

been; 'You have rhe right and obl(r:a1io1110 
protect ynur intellectual property.· 

A ew Ethic For Software 

Protection 


In allowing end-users unlimited copie 

of a software package and uninhibited hard 

disk and LAN operation. The Block has 

created a new eth ic for software protec
tion. 

By removing prolec tion from the 

magne1ic media we remove lhe constra inls 
tha t ha\•e plagued legitimate users. 

They simply auach our key 10 1he 

parallel poll and forge1 it. II i totally 
lransparen t. but 1he soflwarc wi ll not run 
withoul it. 

A New Technology For 

Software Protection 


Our newest model. The Ac ti vator. builds 

on our curren1 pa tented design. and 

establishes an unprecedented class of 
. oftwarc pro1c<:tion. 

We have migrated and enhanced the 
c ircuitry of The Block !Cl an ASIC (Appl i

caiion-Spec ifie lnicgratcd Circuit) 
imbedded in The Activator. 

This greatly im proves speed and 

performance. while reducing overall size . 

Data protection can also be provided. 

Programmable Option 

The Ac1ivator a llows 1hc soflware 

devch,pcr the option to program serial 

numbers. versions. or other pert inent data 

known only to the developer. into 1he 

circuit. and access it from the program. 

Once you program your pan of the 
chip. even we have no w, y to access 

your informaiion. 

The ASIC makes em ulation of the dev ice 

vinually impossibk. It also presents 

an as tronomical number of access 

combination s. 

Full 100% Disclosure 

Since The Activator is protected by our 
paten! we ful!y disclo. e how it works . 

Once you under.1 tand it. endless methods 
of protection become evident. 

Jusl a.~ no 1wo 
snownakes are the 

amc. no two im
plcmcniation, of 

The Activator arc 

ident ical. And like 

the snowflake the 

simplicity o f The 

Activa tor is its 

greatest beauty. 

We never cramp your programming style 

or ingenuity. Make it as simple or compli 
cated as you desire. 

Let us help safeguard what's rightfully 

yours. Please call today for add it ional 

information or a demo unit. Ir's only 
natural to protect your software." 

1-800-333-0407 
In Conn~clicllt ZOJ-329-8870 


Fax 203-329-7428 


S~11re

.5 i_curihjinc. 

870 High Ridge Road 
S111mford, CT 06905 

Un limited Copies • Programmable • Small Size • Fast • Patented • Data Protection 
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LETTERS 

YAPL (yet another programming 
language). 

In the 30 years after the Mark I com
puter switched on in 1945, I estimate that 
some three dozen programming lan
guages kept computers humming. When 
dBASE II introduced the microcomputer 
user to a programming language, it also 
created an entire industry to teach the 
hapless user the art of programming in 
dBASE II. Unfortunately, the power of 
this technique wasn't lost on other pro

gram developers. So, in the past 3 years 
especially, nearly every major applica
tion has a programming language. Oh, 
you don't have to call it a programming 
language, you can call it a script, a stack, 
or a complex macro. All different. Even 
having applications developed by one 
company doesn't lead to uniform ity. 
Look at Borland's Sprint, Paragon, Re
flex, and Quanro. All have languages; 
all are different. 

At one time, you could get familiar 

Power. Speed. ParfDfTllllnce . 
\l:c liste1x-d myou and added 

hundrcd~of fe:uun~ to l'C·Writc. 

larger Fi les- Bll'ak the 60K fde 
Umi11 llse all a,':Jibh]e DOS memory 
co edi t large documcms. Rapidl)' 
search and ~'\\i lch belwet>n related 
filcl.. Lock files on a network. 

More Formats - Edh mullipk: 
colum ns on·scn:cn.Or mark te~I as 
abox, then posiuon:iml fonna1it 
Cn-:11r l:lhlrs and scripts f~1rr. 

Easier To Use-Siayon1r.ick with 
on·SCrt.'Cll "reminder"' lines.Seim 
p;1ge la)'OU Iand fonts "i th new 
llM\us. FLx ll'jlirJ!I rn~ " ith our 
imprmw ~pclling ch1tlcr. 

New catalog adds vaJue. 
W·offer populu produru that 

workwclJ ;1i lh PC.Wriw. 

New Capabi li1ies - Choose 
produclS sudl as InSc1"' grJphic:s. 
Wordflndrr"' thesaurus. or popular 
soft fon~ ~ramnrnr checker, foreign 
l311guage, and scientific paOO&f'S. 

Special Discounts - Registered 
PC·Write users get phone suppon and 
n'<luced prices for :Ill products. 

StlU only $89. 
The S89 rt'gislmion fee gh"eS you 

softw re. user's i;uide 1<i lh tutorial. 
phone suppor1 . rwo free upda1es. :111d 
our f'll"'':>leuer. PC-Write 3.0 is still 
shareware, so )'UUcan gi1-e C'Oflies lo 

others to try. fret'! 

Order PC-Write 3.0 today. 
Call 1-800-888-8088 BYTY 

9D·dsy money·back gueranlee 

PC·Wflft It '-'Cl sl\.art'• ltt D11nlcSt rh US. •nd 
C.n.cf1. PC·W.ri11 ""' 0u· 10tt. Wa1dfind1r• 
M.c:ralru« lf\$11 ... JnStt Sts.1e•1. Owicktol• . 
tnc.• 219 llat A..,~ 1224-B~H. Soarllo. WA 
99169 206·282·0452 

Quicksqft 


with a language or two and do wonderful 
things . Now simply picking up the nor
mal complement of applications will 
make you a victim ofYAPL. 

Walter J. Rottenkolber 
Visalia. CA 

Seek and Ye Shall Find 
I am trying to find a supplier or the au
thor of a program called FABS/86M 
(Fast Access B-tree Structure). It is an 
assembly language program to enable 
high-level languages, BASIC (interpreter 
and compiler), Pascal, FORTRAN, and 
COBOL to retrieve data using B-trees. 

The only information I have is from 
the copyright notice , which reads as 
follows: 

FABS86M Version 1.06 12-13-82 (13 
Dec 82) Computer Control Systems Inc. 

This program has many advantages, 
such as duplicate keys, multiple keys, 
ASCII or integer keys, fast access, and 
ease of use . Its main disadvantage is that 
it does not support path names or more 
than six. open files at a time. 

I'd appreciate any informalion you can 
provide. 

Ian Sidebottom 
Sowh Humberside, UK 

According to Data Sources, you can 
contact Computer Control Systems, Inc. 
at Route 3. P. 0. Box 168, Lake City, FL 
32055, (904) 752-0912. 

Ackerman Exercise 
I noted with interest the letters regarding 
recursion (August). 

Your readers may be interested in the 
"Ackerman function ," to which I was in
troduced in 1970 by Dr. R. S. North
cote , director of the ICL Software Devel
opment Centre in Adelaide, South 
Australia. 

I regularly challenge my students to 
deliver to me the value of Acker 
man(5,5). 

Ack(m,n) "'if m" O 
then n + 1 

else 
if'n,,Q 
then Ack (m -1 , l ) 

el se 
Ack(m -1,Ack(m,n -1)) 

endif 
end if 

Test this by finding that 1 is Ack(0,0) ; 3 
is Ack(l , l) ; and 9 is Ack(2,3) . 

Christopher Greaves 
lsling1011 , Ontario, Canada • 
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of business, too. 

Introducing the OOMPAQ D~KPRO 386/20e. 20-MHz 386 performance 

designed to fit the increasingly sophisticated needs of 286 users. 

People who work with 386 personal computers multitasking operating systems such as Microsoft• 
used to be called rocket scientists. Now they're Windows/386, MS- OS/2, XENIX9 and UNIX. 
also called accountants, engi You'll find that a long list of 
neers, managers and CEO's. high·performance features is built 
Thanks to the new COMPAQ in. One megabyte of memory. 
DESKPRO 386/20e. Sharp, high-speed VGA graphics. 

It delivers 386 power to Support for 51/4" and 31'2" diskette 
people whose demanding needs drives. And standard interfaces 
have outgrown the capabilities of to connect a printer, mouse and 

lbu're in 

their 286 PC's. Better communications devices. 
yet, it packs all Of course you have growth

Higb.speed VGA graphics are built in.
this power · 

into a design that fits neatly on 
your credema. 

business w.i11ra 
zo.MHz 386 microprocessor. 

Start with speed. Every
thing in the new COMPAQ 

DESKPRO 386/ZOe is optimized to go faster. 
Its 20-MHz Intel 38fiTM microprocessor with 

cache memory is surrounded by the exclusiye 
COMPAQ FJexible Advanced Systems !Flex) Ar
chitecture. This high-speed combinatfon runs the 

potential. Five expansion slots are 
available: four for a network card, mainframe 
communications board, modem or other devices, 
and one high-speed 32-bit slot that allows you to 
expand memory up to 16 megabytes. 

cated engineering 
50% faster than non-cache 

You have options, too. There's room to add 
two high-speed fixed disk drives, with 110 or 40 
megabytes of storage. You can 
choose a 135-or 40-megabyte 
tape backup. Or match 

world's largest library of software the numbe.r-crunching 
25% faster than non-cache 20- power of a decil
MHz 386-based PC's. And 

workstation by adding a powerful Intel 
16-MHz 386-based PC's. 38'71'"' or Weitek 3167 coprocessor. 

Its optimized 32-bit de- With its integrated design and per
signalso enables you to take full Choose s1i.· and J11a· diskette drives. formance, the COMPAQ DESKPRO 38&'20e 
advantage of powerful 386 software and represents the ultimate space vehicle. 

lt simply works better. 



s 
ormance 
Sbusiness. 

COMPAQ DESKPRO 386121Jt 
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Whether you use a personal computer for launch
ing rockets or corporate acquisitions, Compaq de
livetS the highest·performing solution. 

For those who want everything, now, the 
COMPAQDESKPRO 386/25 is the most powerful 
PC available. For growing performance require· 
.ments, the new COMPAQ DESKPRO 386/20e is a 
move into the power structure. And for users con
sidering 286 PC's, the COMPAQ DESKPRO 386s 
is an affordable route to the fast track. 

These PC's are simply the highest-performing 
in the world. That's one reason PC experts rate 
COMPAQ highest overall. And why for the past 
four years COMPAQ has been added by more 
FORTUNE 1000 corporations than any other brand. 

To make this performance part of your busi
ness, call 1-800-231-0900, Operator 70. ln Canada, 
1-800-263-5868, Operator 70. We'll give you the lo
cationof your nearest Authorized COMPAQ Com
puter Dealer and a ftee brochure. 
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Jerry Pournelle answers questions about his column 
and related computer topics 

An "MIS Type" Speaks 
Dear Jerry, 

Alas, I and my profession have been 
defamed in that most hallowed of docu
ments, BYTE, and by-of all folks-Jer
ry Poumelle! 

In your June column, you twice took 
misguided swipes at "MIS types" as if 
we were some variant of power-hungry 
czars. By using the collective phrase , 
you have lumped the evil and the saintly 
together into one unrecognizable mass. I 
know that I don't fit this unwholesome 
description. 

A number of factors are retarding the 
u.se of personal computers in the office 
environment. Few, if any, result from 
self-centered management. By far the 
biggest problems arise from the current 
state of technology (or lack thereof) and 
the user community itself. 

Take the user (please). My experience 
leads me to classify users into three dis 
tinct categories; the CRT-Shy, or folks 
who simply won't go near a computer; 
the Grumblers, those who will eventual
ly learn and use a computer only after 
receiving threats of physical violence; 
and the Office of One. 

The last category includes users like 
you-people who have seen the potential 
of small systems and take the time to in
vestigate their power. Such users are in 
effect becoming one-person offices, pro 
ducing their own numerical analysis, 
graphics, and prose. Only the most ma 
lignant of managerial attitudes could 
keep these people from using small 
systems. 

The other problem is technology and 
the historical path information has taken. 
When a megabyte of memory carried the 
same price as a new automobile, central
ized systems made the greatest sense. So , 
for decades, information was entered 
into, processe.d by, and dumpe.d from 
large centralized computers. And there 
lies the rub. All that current, relevant , 
and sometimes critica l information is 
still there , in the centralized computer
not the micros! 

The technology for making all that 
centra lize.d data available to all those de

centralized computers is just now devel 
oping. Loca l-area networks (LANs) of
fer a path. as do trusty serial 
connections, but developing a olution 
that pleases everyone is still a dream. 
Limits on data throughput, not to men
tion the software problems inherent in 
meshing microcomputer programs with 
a central DBMS , are nontrivial. 

There lies my point. "MIS types" are 
still confronted with the same problem a 
always, just in a different form: !-!ow do 
we get all pertinent data to all users 
across exi ting platforms, without invest
ing every dollar of corporate profit? The 
answer is, we don't. We have to wait on 
third-party developers and primary ven
dors to create the tools we need before we 
can give them to the user. 

There is hope . The IBM PC standard 
went far in taking the risk out of such de
velopment. DEC and Apple have formed 
an alliance that is causing quite a ruckus. 
ANSI and OSI are clearing the way for 
cohesive LANs . And MIS directors are 
watching all of the above, carefully. 

Guy Smith 
Titusville, FL 

P.S . BYTE is a lough markel for a free 
lance writer like myself to break into . Do 
you have any advice? 

I can hardly disagree with that' My 
quarrel, probably overstaied, is with peo
ple who want centralization for its own 
sake and who keep insisting that only 
centraliwtion can get the job done. 

Your classifications aren't bad, al
though I don 't think they are either mutu
ally exclusive or collectively exhaustive. 

P. S. l fear that BYTE. like any other 
magazine , requires thar you have some
thing interesting to say, that it 's well said, 

continued 

Jerry Poumelle holds a doctorate in psy
chology and is a scie11ce fiction w1 iter 
who also earns a comfortable living writ
i11g about compu1ers present and f uture. 
He can be reached clo BYTE, One Phoe
nix Mill Lane, Peterborough, NH 03458, 
or on BIX as ''jerryp. " 
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and that you have the luck 10 get i1 in f rom 
ofthe ediIOr when he is looking for it. 

As to howlgor into BYTE, l didjus11he 
above, but long ago, when they needed 
more from outsiders. 

I wish you well , but I don't hold out a 
lot ofencouragement. - Jerry 

Editor's note: Jerry's right, in that we re
ceive a daunting rwmber of freelance 
submissions each month. But you 'll never 
know until you try: If you'd like IO write 
for BYTE, drop a note to Editor, One 
Phoenix Mill Lane, Peterborough, NH 
03458. Tell me what you propose to 
write, why ii 's right for BYTE. and why 
you 're the best auJhor for the topic. In 
clude a writing sample, if you have one. 
And if you include a stamped, self
addressed envelope, I'll ship you a copy 
ofour Writer's Guidelines.-F.S.L. 

Translating CBASIC S<mrce Files 
Dear Jerry, 

Like you, I started to use CBASIC 
many years ago, when it was the best 
thing around by far for writing useful 
and flexible program in BASIC, and 
when it had yet to be abandoned by Digi
tal Research. I , too, have a number of 
useful programs that were written in this 
language and that are now orphans. 

What we both need is a way to trans
late the CBASIC source files into source 
for Quick.BASIC, so that they can be re
compiled and maintained using this lan
guage. This shouldn't be too hard to do 
in BASIC, or even in the VEDIT macro 
programming language, but it would cer
tainly take time to do and to debug. 

Do you know whether anybody has 
done this already, and where I might find 
such a translation utility? 

Peter R. Maggs 
Cambridge, MA 

I just dug out the sources ofall my ac
counting programs- all in CBASJC. 
While I had no trouble getting them to 
compile and link on the Cheetah 386
where they run awfully fast-I did miss a 
lot ofthefeaJures ofQuick.BASIC 4.0. 

Minnow Bear used lo do a lot ofadd-on 
June! ions for CBAS!C, but now that Digi
tal Research has thoroughly abandoned 
the language, I don 't hear from them any 
m1Jre. Pity: They did good work. 

One thing CBASIC had that I wish 
they 'd add IO QB4 is the toggle that finds 
all undeclared variables. The XREF fea
ture of CBAS!C was nice, too. All in all. 
CBASJC had the potential to be a better 
language than either TURBO or QB4. 
Whal a pity it was abandoned! 

Alas, I don 't know ofa good program 
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that would translate CBAS!C inro QB4. It 
wouldn't be that hard lo write, ofcourse. 
Maybe one of the readers knows of one. 
- Jerry 

Word Processor Roundup 
Dear Jerry , 

I have come to many of the same con
clusions as you about word processors. 

I gave up MultiMate long ago because 
it devoured chunks of text on certain 
kind of document scrolling. That has 
probably been corrected, but I don ' t like 
it well enough to find out. 

Of the command-driven programs , 
PC-Write is far and away my favorite . 
Although it is a "text-in-memory" sys
tem, it has a neat command for chopping 
up longer texts so they can be processed. 
I like to have an unlimited length option 
if it does not reduce speed. I'll probably 
be tempted back to PC-Write this spring 
if its promised new unlimited text-length 
version manages to maintain speed ofop
eration. However, PC-Write is counter
intuitive, and a littJe absence from it re
quires a good deal of refresher time. 

Textra is a simple, quick, transparent , 
and intuitive menu text-in-memory y 
tern. For me, this makes it too awkward 
for long documents. Moreover, it lacks 
the more complex operations. However, 
it' neat for correspondence. 

WordPerfect, to which I constantly re
turn, is, as you say, simply too cumber
some. It takes seven operations to cut and 
paste a fragment of text that Textra does 
in three. The segmented manual is frus
trating . WordPerfect was salvaged for 
me by Karen Acerson ' s WordPerfect: 
The Complete Reference. But I cannot re
member to always do tbe requisite exit
ing in every file manipulation. You have 
to do that to keep it from autocloning text 
copies within a file . I find this annoying. 
I also don't like the bugs. 

Somewhat worse is the tedium of sav
ing a text to ASCII. Some of Word
Perfect 's ASCII texts seem to lose col 
umns if the column size of the target 
system is shorter. On many other word 
processors, this is quick , effortless, and 
readily transitive. 

I haven't tried Microsoft Word yet be
cause of its reputation for being slow. I 
understand this has been corrected, and, 
if so, I suppose I shall have to try it. I 
hear that it refuses to read from any other 
word processor, not even in ASCII. I'll 
look forward to your next report on it. 

But this highlights another problem. I 
am now semifluent in five word proces
sors. Even though one can quickJy start 
using the basic functions of any new 
word processor, real sati sfaction involves 

a learning period of several hours . This , 
along with its reputation for slowness , 
has kept me from trying ota Bene. 

On top of this, the hypertext knowl
edge processors are beginning to appear. 
I'll probably have to try out three or four 
of them before settling down with one , 
and I am very grudging about the learn
ing time they will steal away from me. 
Here's my proposal: 

We are at a sufficiently sophisticated 
juncture to enter the QWERTY stage of 
word processing. QWERTY is not per
fect, but the mere fact that it exists is a 
great boon. The product developers can
not produce standardized codes for the 
main command-, menu- , and icon-<lriven 
approaches to word, text, and knowledge 
processing. 

I suspect you could pull it off. It is an 
ideaJ project. Start a "TextCode" work
shop on BIX or on the USC Virtual Acad
emy. Membership hould include leading 
writers and developers . 

The first task would be to work up a 
comparative survey of all the essential 
functions, manipulations, formats, 
fonts, and utilities of 10 leading word 
processor . Then an analytical compara
tive display could be made. This would 
produce a set of the codes for their com
mands, menus, and icons . Start with the 
command codes; they're the most basic. 
There will be some duplication . It 
shouldn't be hard to agree upon a stan
dard set. Menuing systems can be consid
ered as macros for commands. These 
also could be reduced to a single set in 
the same way. Icon systems can be con
sidered as pictograms and symbols of 
macros . They could also be compare<! 
and reduced to a single set. 

Then have all the developers , plus a 
few others, try it out for 6 months before 
certifying the final version . 

lt's not l.ikely that developers will 
troop to such standards automatically. 
However, a transparent shell could be 
produced without much trouble . It would 
be a general-purpose TextCode utility. 
customizable for any word processor . 
The developers would soon write to its 
codes and develop programs using its 
features. 

Harvey Wheeler 
Carpimeria. CA 

Sounds like a greaJ idea; it's possible 
that we could do it on BIX. I completely 
agree: Karen Acersor1 's WordPerfect 
book is the best way to learn that one. 
WordPerfect is an editor that 's more than 
good enough. and those who really get 
used to it do11 '1 wam anything else. 
-Jerry • 
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db_VISTA 11r Delivers High Performance 
With No Hidden Costs. 
For datnbnsc npplicntio ns d evel 
opment, you w nnt ;i -ys te m w ith 
performa nce, porta bil ity , and full 

e. 

clb...Yl.ST,a, Ill delivers 
continuous hi h erformance 

Relauonal • 
DBMS 

db...YISTJ. Ill provides 
consistent develo ment sc hedu les 

T housa nd s of 

db_\/IST/. Illg 

chose n l~ a im<1 ' s db_ 

He re a re the reasons why : 
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0 /2, MS-DOS .rnd 
Macintosh 

a ppl icat io n d e \·elopme nt, o r 
wo rse yet, in produ ct io n. 

W ith db VIST 11 1 from Ra ima, 
th re a rc no surprises. It p rovid es 
powerfu l J a tabase Cilpa bi lity with 

treme ndou s nvc mll cos t sa vings. 
The hccirt of th1..· sysh:m is 
db_ lSTA, a hig h perfo rma nce 
DBM tha t u ses B-tree indexi ng 

a nd then ' two rk d <t t<t b<ts1.: m odd 
fi le s tructu re to m inim ize over 
head and prov id e fas t dat<l a ccess. 
Our SQ L·bns1.:d db _Q UE RY 
provides n rc lil tionnl view o f the 
ne twork s tructure, w ithout sacri 

fi cing performa n e. And 
db_REVISE le ts you en il y 
red esig n your d a ta ba e . T he 
cntir , db_ ISTA Ill system is 
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• rroicss ionil 1 serv ices 
• SupL' rior su pport 

Mil ybe it's time thil t you checked 
oul db_VI STt\ 11 1. Considcrol/ the 
cos ts . It could be the eas ies t choi ·c 

you VL'r made. 

CALL: 

1-800-db-RAIMA 
(that's 1-800-327-2462) 

As k abou t the many other products 
and service Ra ima Corpora tio n 
o ffe rs, incl uding cons u ltin g, .ippli 
rn tion d evelopment , a nd trnini ng . 
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Orafix 1nlroduces CAD for the eal world_The first inexpens1 eCAD 
sottware package that can lurn our drawings mlo usable 
database and spreadsheet informalion_ 

ew Drafix CAD Ultra wilh CAOapull_'" 

CADAPULT YOUR DRAWING INTO 
LOTUS 1-2-3 OR DBASE. 

Any CAD package lets you crea edrawings. 
Dralix CAD Ullra's CADapull utility lels you 1um 

them rnto lacs and figures. 
Firs l. you can give every element in your drawing 

specihc atl111:>u1es-------a name, apart number, aprice for 
example.Then. you can transfer Iha data into o1her formals. 

With little more than apush ol aburton. you can 
convert the data into aspreadshee . move ii into adatabase 
or inser 1t into your drawing. a<>:t am/Jase ~JQl'()fls 

Suddenly your concep1 becomes abill o materials. a componentpricing lis . an order form. aJOb eslimate 
Orafix CAD Ultra even lets you transfer files trom WORD. WordPerfect and other popular word processing 

programs or lets you move your HPGL tiles to Ventura, Aldus and avariely of other desk-top publishing programs 
Whether you·re designing adee or askyscraper, a gear or the Space Shuttle. new ••II~! 

Dralix CAO Ultra gives you all the tools you need. 
And it's still the best value in inexpensive CAD pac ges. 

DRAFlX. THE EASIEST CAD PACKAGE YOU'LL EVER USE. 
"Easy o leJrn and use. " That's howPC Magazinedescribed Draf1x and our 

inc1edibly simple user interface. II is still one of the unique features you'll lind in new 
Draltx CAD Ultra. 

We've elim1na ed the need for memorization b leavingour menus on the screen 
all of the time. 

In minutes you'll crea es etches and drawings naturally and eflortlessly
drawings that would reQu1re weeks ol training on other CAD systems 

DRAFIX CAD ULTRA. YOU'LL GROW INTO IT, NOT OUT OF It O!JrO-,mnic 
ScJeiYI Menu'~ Sr;.'1)71 '" 

Unlike other low cost CAD programs we've taken no shortcuts ·-es ara'"X 11 :-e 1~rSJ ~-
Drafrx oflers amazing power and sophis1ication tor !Is price. All of thP. dra ~ing . designing Mn ' 

11 
rs1 •>me u= 

and editing !unctions demanded by architects. engineers.draflers. conlrac ors and other serious CAD users are i eluded. 
• Create your own symbol libraries ~ilh attributes or use our pre-attributed. predrawn symbols supplied wilh 

I e package. 
• Draw lines. arcs. polygons. splines and bezier curves or freehand sketch. 
• Access our full complement o ilem and grid snaps lor superior accu acy 
• Use our PQWerful and 11exible automatic dimensioning system and crosshatching and 

sohd li ll for complex drawings. 
• Take advantage of luncllon kf!I/ macros lor even greater performance. 
• Use the revolutionary word processing window ror adding and editing 

lex! in drawings. 
Plus much. much more. 
And. it has deplh lhatwill le! you continually expand your drawing capability 
Feature tor leJture. no other package costing less than SSOO deliv

ers the capabilities of Drafix CAD Ultra. 

EVERYTHING YOU NEED IN ASINGLE PACKAGE. 
Olher low-cost packages require expensi e add-on modules. There's 

nothing missing from Dralix CAD Ultra. 
It now comes complete with DotPlotler. a General Symbols Library. 

Large Plotter capability and CADapult, our conversion ulility lhal allows you 
lo move inlormation to Lo us 1-2-3, dBase and other spreadsheet and data
base programs It even pro ides avariety ol standard reports lor easy ou put 01 
Bills of Materials or pans lists At no extra cost' 

Or. as an added reature. you can also et our special report w iting option, 

Drat•1oilers l6llures me mM SO(Jlt.s/ica:oo 
1JSe1 " 11 aro1er:i.ite 

Dralix CAD Report.'" For just 150 Drafix CAD Report·· alloy ou to design your o report 101ma and lhen sort, 
group, or summarize your drawing mlormation in the layout lha best meets your needs 

DRAFIX CAD ULTRA. DON1 LET OUR LOW-COST FOOL YOU. 
Drahx CAD Ullra rs aserious CAD tool. Nol atoy. A sol1ware package that. 

as one reviewer said, "yo ·1 1grow into. not out ot .. 
It olfers all of lhe 2-0 capab1Jilies and features you 'll need 1nlhe 

fulure, ~I aprice you can Ii e wilh today 
Drafrx CAD Ultra including DotPlol er. our Symbols library 

and CADapult 1s available lor jus $395 
You can spend a linle less lor CAD soHware But you·11 

be buying alol less performance 

CALL US TODAY FOR YOUR FREE DEMO! FORESIGHT RESOURCES CORP. 
Fill in the gap in your CAD capability with Draf1x CAO UUra 10725 Ambassador Or 
For afree demo dis efle and the name of your nearest Dratix Kansas City. MO 64153 

dealer call us loday al 1-800-231-8574 Ci~lt 132 on Reader Suvict Card (DEALERS: 133) 816-891-1040 



ASK BYTE 

Circuit Cellar's Steve Ciarcia answers your questions on microcomputing 

The High Cost or a UPS 
Dear Steve, 

I have been musing for a long time 
about the high cost of an uninterrupt
ible power supply (UPS) for micro
computers. 

It seems that much engineering (or 
marketing hype) is spent on making a 
quick switch from AC to inverted battery 
power. Why switch? Why don't the 
manufacturers just run the inverters all 
the time? They al ready have a battery
charging circwt designed in. 

I also think it would be much better to 
replace the original power supplies en
tirely. The UPS replacement supply does 
not have to be the same size as the origi
nal power supply, although that would be 
nice. The internal UPS just needs to be 
able to run off batterie that get charged 
by the AC line. Why not just have a large 
plug on the back for heavy cables to run 
to some suitable batteries? 

Those who think saving their work 
"blind" isn't acceptable could buy an ad
ditional car-battery-driven AC inverter 
to be used to power CRTs. 

This leads me to realize that between 
the rectification and regulation stage of 
all power supplies, even switching ones, 
there is always a capacitor bank. It seems 
to me that the proper number of gel-cell
style batteries wouJd provide an excellent 
number of extra farads. Can't batteries 
be kept charged by the ex.isting supply 
circuitry, and wouldn't their current be 
used instantly if the AC power went off 
for short periods? The batteries might 
also provide some protection against 
power spikes. 

Could you publish a short article that 
would detail the ex.act kind ofbaneries to 
use and where to connect to existing 
IBM PC or Macintosh power-supply cir
cuitry? Since there may be a power-up 
timing sequence to the multiple voltages, 
a delaying relay might be used to bring 
the batteries into the circuit after the 
power supply establishes the proper 
voltages. 

A companion project could be a car
batte ry-to-AC inverter for a CRT . 
Couldn't two high-current field-effect 

38 BYTE • OVEMBER 1988 

transistors (FETs) be used to produce a 
modified square-wave supply? 

K. Kenneth Clark 
Garden Gro11e. CA 

Complete answers to all the questions 
you '11e raised couldfill at least one good
size textbook. With UPSes, there are 
trade-offs piled upon trade-offs in each 
design. Given certain goals, the engi
neers do the best they can with the design. 
There are few, ifany, ideal solutions; the 
real world is a place ofcompromises, and 
UPS design is no exception. 

IN ASK BYTE, Steve Ciarcia, a computer con
sultant and electronics engineer. answers 
quesrion.s on any arta ofmicro<.'ompwing and 
his Circuit C'.ellar projects. The most rt1prt1
sentati~ questioru will be answelld andpub
lished. Send yoor inquiry w 

A.skBYTE 
One PluMnix Mill lAne 
Ptttrbo1"()l;gh, NH 03458 

Diu to the high volume of inqwries, we 
canrwt guaranttt a penonal n1ply. All letren 
and photographs become the property of 
Sieve Ciarcia and cannot be returned. 

The Ask BYTE sr<iff includes manager 
Harv Weiner and researchers Eric Albert, 
Tom Cantrell , Bill Cu,rlew, Ken Davidson, 
Jeanne/le Dojan, Jon Elson, Frank KM«h
mann, Trm McDonough, Ediwrd Nisley. Vicic 
Sawyer, Robert Sttk, and Marie Voorhtts. 

It is useful to divide UPSes into two 
types-part-time andfull-time-and dis
cuss them in tlu:it context. A part-time 
UPS consists essentially of a battery, a 
clu:irging circuit,, an in11erter to convert 
DC 10 ersatz AC, and a switching circuit 
to detect powerfailure in the supply line. 
The bartery is kept charged, and in the 
even.r ofpower failure on the line, it sup
plies backup power to the system 11ia the 
in11erter. A full-rime UPS always powers 
the compwer. Main power serves only to 
charge the baueries, which, in turn. al
ways power the compwer. 

Most of the currently available UPSes 
are of the parr-time variety. Part-time 

systems are more efficient than full-time 
systems , requiring fewer conversions in 
normal use. A full-time UPS also re
quires more robust components , better 
cooling, and more careful design than a 
part-time unit. 

Your suggestion thaJ the backup batter
ies supply DC power directly, withOUJ the 
DC-to-AC-to-DC roundaboUI, isa sound 
one, and it's by far the most efficien.r 
method, since it avoids multiple conver
sions. Installation and use ofsuch a unit, 
however, is another story. You'd need 
either aspecial connector or cable to sup
ply system power, or else some board sur
gery, and perhaps both. In a world that is 
dominated by appliance users who think 
anything more complex than a toaster is 
too difficult to use, a marketable UPS is 
one that computer users can just plug the 
computer into and run. That means AC 
power, just as ifit were coming out ofthe 
wall. The January 1988 issue of Radio
Electronics fearures a construction arti
cle for a 40-wau UPS ofthis type. 

/fthe capacity ofthe computer's built
in power supply were great enough 10 

power the computer under worst-case 
conditions and clu:irge the batteries, your 
proposalfor a backup system could work. 
The biggest problems are where to put the 
battery or batteries, and the modifica
tioM that would need to be made to the 
compwer. A separate small PC board 
mighr reduce the second problem. 

A minimum homebrew DC-only UPS 
could consist ofa car or motorcycle bat
tery and float-charger , a few regulators, 
and a means of detecting power failure 
and switching on the backup battery. The 
switching circuit could be as simple as a 
few diodes and capacitors (similar 10 

what is u.sed i11 the battery backup cir
cuits for clock/calendar circuits) or 
something more elaborate , such as a 
series -pass transistor switched by a 
compararor. 

A simple square-wa11e inverter, as you 
suggest , should be capable of faking 
squared-up AC for a monitor, but the 
monitor should agree 10 the deal in ad
vance. I'd want to hear-sink rhe FETs 

continued 



These tmretouchetfprint 
samples show the superior 
print quality ofQMS.PS 810 
OIJ€r prinll!rs using first

generation print engines. 

ntroducing the Postscript laser printer
that blacks out at high speeds. 
The new QM~PS· 810 can compose and print 
the most complex pages in record times, with 
richer, more saturated blacks than ever before. 
All with the desktop publishing power of Adobe 
PostScript•, and the superior print know-how of 
QMS, an industry leader. 

Under the hood QMS ASAP"' (Advanced Sys
tem Architecture for PostScript) is proprietary 
technology that helps eliminate the hardware 
bottlenecks that hinder other PostScript printers. 
As a result. QM~PS 810 boasts proces.sing ~ 
remarkably faster than other PostScript printers 
in its class. And raster output means greater pro
ductivity. In addition, the QMS..PS 810 laser 

printer's new Canon" 
sx· print engine 
covers solid areas and 
prints fme detail 
better than previous
generation engines. 

Fut start, stronll finish You can adorn your 
documents with one or all of the 35 Adobe 
typefaces. 'I'hanks to PostScript, there's an 
infinite number of font variations available. You 
can also make type as large or as small as you 
want And put it anywhere on the page. In fact. 
with PostScript yOu enjoy total control over the 
design of your page. It gives you the complete 
desktop publishing power to do things that 
would otherwise be virtually impossible. So you 
get high-quality output exactly how you want it 

Along with PostScript, the HP LaserJet+": 
Diablo• 630 and HP-CL"' printer emulations 
are added for your non-PostScript software. 

The QM&PS 810 laser printer is easy to 
use, maintain, and comes with a one-year war
ranty. It's available from Laser Connection 
dealers. Laser Connection is a sales and 
marketing subsidiary of QMS. For the dealer 
nearest you call 1-800-523-2696 . 

llELASER 
~connecT1onTll 

A QMS- company 

T'h< rou.-ng ._re Lradcmarl.s (JI. 0-~~Q~ QM,S.PS, ASAP. 
LucrCmm•dion riQMS. Inc. PoslScrilJ( mAdGbc ~ IJlC. Canon,~ 
SXdCuion, U A. f.;i..,.JICI +, Hf>.Cl.dHc.lcl!ol'Kkinl. ~Ol'XWll< Corp. 
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The new 
8-page/minute 
QMS-PS 810 
laaer 
printer 

1u.r ConiwctlOn I 



Circle 163 on Reader Sen•U:t Card 

Integrand's new Chassis/System is not another 
ASK BYTEIBM mechanical aoo electrical clone. An 

entirely fresh packaging design approach has 
been taken using mcxlular construction. At 
prescn~ over 40 optional stack mod ul e5 allow 
you to customiu our saandard ch~ to nearly 
any requiremenLIntegrand offers high quality, 
advanced design hardware along with 
applica tions and lechnical uppm1 al/ al prices 
compelilivr wi1h imports. Why seuJe lor ies."l? 

AcceplS PC. X7: AT Motherboards and 
Passi"e Backplanes 

Doesn't Look like IBM 

Rugged. Modular Con.nrucrion 

E.m:lfent Air Flow & Coolin~ 

Op1io11a/ Card Cage Fan 

Designed lo meet FCC 

204 Waif Supply. UL Recognized 

145W & 85W also available 

Reasonabl>• Priced 

Call or write for descriptive brochure an<I prices: 

&620 ROOIC\·elt A~·e. • Visa.lia, CA 93291 


2091651·1203 

TF.Lf..X Sl06012S30 (INTEGRAND UDJ 


EZLINK 629265n 
We a=pl BankAmaica.rd/ \'ISA aod MasterCard 

I Tl. ~t . PC. XT. AT tt'lldou.uU ..it l1MJ-n.;e-onil ~ Midwina.. 
Orr~n .lbd oomp,iw;r b..,.,l.b ~ ID(lwdcd. 
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well and have a fan blowing air across the 
heal sink(s) . though. It would be simpler 
to use a monitor that runs directly from 
DC power. Owfits like B. G. Micro ad
Yertise such monitors regularly in publi
cations like Computer Shopper. 

I'll keep your ideas in mind for f urure 
Circuit Cellar projects both in BYTE and 
Circuit Cellar INK. Over the years I've 
gotten much good inspiration and many 
interesting ideas from readers and fans 
such as you. Ifonly I had the time to pur
sue them all!-Steve 

Acer in the Hole 
Dear Steve, 

I have a problem that I can't seem to 
resolve. It concerns addressing the 128K 
bytes of RAM used on the IBM bus to ad 
dress ROM on the IJO boards. 

My system is an Acer 1100 (an 80386 
machine) with I megabyte of RAM on 
the motherboard, an Acer MFB -AT 
memory expansion card with I . 5 mega
bytes of RAM, a Franklin 60-megabyte 
internal tape backup, a Micro Display 
Systems Genius full -page display, a 
LaserMaster CAPCard printer card for 
the Hewlett-Packard LaserJet Series II 
printer, a Western Digital WA-2 floppy/ 
hard disk controller card, and an HP 
ScanJet Scanner. As you can see , I have 
been trying to put together a usable desk
top publishing system to run Ventura 
Publisher. 

The problem I'm having is that the sys
tem locks up occasionally. 

To date, I have verified that the power 
supply and cooling systems are adequate. 
The computer is connected to a constant
voltage conditioned power loop specifi 
c.ally dedicated to our data processing 
equipment , grounding (I'm using a 4
wire separate chassis ground system), 
static protection, static mats, and so on. 
For cooling, I've installed an external 
auxiliary cooling fan. Nothing has 
solved the problem. 

At this point, Xerox says it must be the 
hardware; the hardware people say it 
must be the software . I have determined 
that the machine has no conflicting ad
dresses in the 1/0 address area, and there 
are no conflicting interrupts. 

As I have gotten deeper into this issue, 
on occasion I have noticed mention of the 
128K-byte expansion ROM area. Hew
lett-Packard discusses this at some length 
in its ScanJet Scanner manual . The MOS 
Genius Display manual also talks about 
it. Unfortunately, no one else (ACER, 
Franklin, etc.) has been able to tell me if 
they use this memory and, if so, what ad
dresses they use. If this is an area of po
tential conflict between expansion de

vices, I would think that anyone who 
makes an expansion card would discuss it 
in the manual; at least, the technical sup
port people should be informed . Do you 
know where I can get this information? 
I'd like to be sure I have no conflicts with 
these devices . Evidently, this type of 
problem can be very subtle. I know I've 
spent untold hours of frustration and still 
don't know what to do . 

Herald S. Harrington 
Jerome , AZ 

l don 't have any technical data on the 
Acer, so all I can do is make an assump
tion that things are put in the same places 
as they are in an IBM PC or AT. If you 
had two active ROMs installed with over
lapping addresses, your problems would 
not be occasional; the most likely effeet 
would be a failure to boot. Incidentally. 
one address you should investigate is the 
hard disk BIOS. This starts at segment 
C800h. just above the display-board 
BIOS area. 

If you have a hardware problem, it 
could be a slow memory chip or periph
eral board that occasionally gets out of 
sync. This can cause intermittent prob
lems ofthe type you describe . Sometimes 
you get a parity check message with this 
type of problem , and sometimes you 
don't . The 1ype ofproblem you describe 
could be caused by software with a bug 
that causes it to write to memory that is 
being used by DOS or other resident 
programs. 

One 1hing tha1 bothers me is your use of 
a 16-bit memory-expansion board in the 
32-bit Acer I JOO. The Acer uses an inter
leaved memory scheme of some type, 
probably for speed, and it's probably sim· 
ilar to that used in some models of rhe 
Compaq 386. 

I suggest you perform some diagnostic 
1ests to isolate the problem. First, tempo
rarily delete any resident programs
SideKick, keyboard enhancers , pop-up 
calculators, and so on. Revise your 
AUTOEXEC.BATand CONF/G.SYSfiles 
so that you boot with only the drivers and 
resident programs that are absolutely 
needed. If the problem goes away, start 
adding the things you removed, one aJ a 
time, until tJre problem reappears. 

If eliminating 1he unnecessary sofl
ware doesn 't solve the problem, you 'Ii 
have to start removing hardware. Start 
by removing the memory chips on the AT 
expansion card and setting the swi1ches 
(ifa11y) 10 indicate zero memory. The out
put pons on this board should not cause 
problems unless one is defec1ive, so you 
shouldn '1have10 remove the board yet. 

continued 
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Screen stars -with The Visible Edge. 


What gives Princeton's new generation of screen scars the Visible Edge i a screen 
image of incomparable clarity and resolution. Where brill iant colors and infinite 
shades of gray, with striking contrast and dimension, are commonplace. 
The versatility of the Princeton family of monitors give the new generalion (and 
present generation) of computers, the greatest autosynchronous horizontal/verti
cal scan range combinalion available {ULTRASYNC and MAX-15). The clarity of .28mm 
dot pitch (ULTRASYNC and P C·28). 1024x750 display resolution (MAX-15). And the 
entire spectrum of color, with the ease and comfort that can only accompany an 
ergonomically designed monitor. 
Experience a world of unlimited vision. And the technology that's made our high 
level of quality, ervice, value and performance, econd nature. Experience the Visible 
Edge. And see what we do best. For more information call (609) 683-1660x 100. 

PSC-28 PSM-0 3 MAX-15 

COm(>>libll il )' LttM PC. XT. AT. PS/2. Apple Maci nlC'-' h SL! Com pa1i b iht)' : iflM PC. XT, AT. PS/2, App le M;iumo.1 h II , Sf. 

GRAPH I C SYSTEMS 

THE V ISIBL · E DG E 
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Thanks to PageStyler, the 
add-on board that lets you 
print Macintosh-quality 
graphics on your 
HP LaserJet printer. 

Now you can make your 
newsletters more attractive, 
your reports more professional 
and your presentations more 
powerful just by installing 
PageStyler• on your IBM 
PC/AT or compatible. 

It works by adding a fully 
compatible implementation of 
the PostSoipt• language used 
by the most advanced software 
and laser printers to deliver 
their amazing graphics. 

You can print finer lines, 
smoother curves and more 
detailed gradations than ever 
before on your HP LaserJet, 
Acer LP76, and Canon LBP 
printers. You can handle full



page graphics, change fonts, 
expand and contract characters, 
and take advantage of all the 
capabilities of PostSaipt-driven 
software. And PageStyler 
works as well on a network 
as it does on a single PC. 

Use it with all the most 
popular programs, likeVentura 
Publisher, PageMake.r, Harvard 
Graphics, WordPerfect 5.0, 
Microsoft Word, Excel, Manu
script, The Office Publisher, 
and AutoCad Release 9. 

When the new 
Adobe Illustrator~ 
Xerox Cricket 
Draw; and Aldus Freehand pro
grams are available, PageStyler 
will give you everything you 
need to use all their capabilities. 

And when you don't need 
graphics, it automatically 

Cirde 101 on RauluServiu Card 

See us at Comdex Booth W272. 

switches your laser printer 
back to printing letters and 

numbers the same sharp, fast, 
quiet way it always has. 

PageStyler comes com
plete with 13 type fonts (with 
22 more available), 2.5MB 
ofmemory (upgradeableto 
4.5MB), a very helpful user 
utility, and a comprehensive 
set of user manuals. 

All at a very affordable 
pnce. 

Ifyou'd like to see how much 
your image will 
improve when 
you slip Page

Styler into your PC, call today 
for our very graphic brochure. 
We'll send it in a plain brown 
wrapper. 1-800-874-5553 (in 

California, call 415-537-9044). 

"* 
DESTINY 

w 

Destiny Tuchnology Corporation 

300 Montague E.'Cpres.sway, Suite 150 


Milpitas, CA 95035 

FAX (408) 2'62·0221 



ASK BYTE 

Listing 1: Reading the joystick port in GWBASJC. 

100 'Joys~ick STICK function demo 

110 LOCATE 9, 1: PRINT "JOYSTICK A"; 

120 LOCATE io.1: PRINT ·xA - H; 

130 LOCATE 11,1: PRINT "YA• H; 

140 LOCATE 9,20: PRINT "JOYSTICK B"; 

150 LOCATE 10.20: PRINT "XB" ": 

160 LOCATE 11,20: PRINT "YB• "; 

170 TEMP • STICK(O) 'READ JOYSTICK 

180 XA .. TEMP 'COPY THE FOUR VALUES 

190 YA• STICK(ll 'INTO FOUR VARIABLES 

200 XB • STICK(2) 'ANO PRINT THEM 

210 YB • STICK(3) 

220 LOCATE 10.15: PRINT USING "Ill"; XA; 

230 LOCATE ll.15: PRINT USING "Ill"; YA; 

240 LOCATE 10,35: PRINT USING "flt"; XB; 

250 LOCATE ll,35: PRINT USING "Ill"; YB; 

260 AS•INKEYS 'LOOP UNTIL A KEY 

270 IF AS - INKEYS GOTO 178 'IS PRESSED 

290 END 

The next thing ro remove is the Laser
master card. Not th(Jt you diJn 't need it, 
but it is a possible source ofconflict until 
)OU know more about it, and you can at 
least nm the computer without it. 

if you foflow this procedure far 
enough, you should find the problem. It's 
time-consuming and not much fun, but in 
the absence ofseveral kilobucks · worrh of 
diagMStic equipment, it is usually the 
only way rofind the culprit.-Steve 

A Sticky Questi-0n 
Dear Steve, 

I have a question concerning program
ming in GWBASlC. How do you use !he 
STICK( ) function to access the joystick? 
Ifyou ca.n, please provide me with a sam
ple program. 

Garth H. Brantley 
Baltimore, MD 

The program in listing 1 reads an x,y 
coordinate pair from each of two joy
sticks and prints the results in a table on 
the screen as the program continuously 
1racks the positions of both sticks. There 
is really only one tricky feature to this: 
It's in line 170, where STICK(O) is read. 
This returns all four stick values to the 
variables STICK( 1) for i = 0 to 3, so all 
four values are determined simul
taneously. - Steve 

Game-Playing Junkie 
Dear Steve, 

I'm a game-playing junkie. I want to 
learn how to write game programs-not 
to ell, but as a personal challenge. I'm 
also a novice programmer. The only lan
guage I own is Microsoft QuickBASIC 
4.0. My interest in games ranges from 
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Stargate (Alari public domain) to Sesame 
Street Pals Around Town (Hi Tech Ex
pressions) for the kids. Whal can I read 
that will give me good infonnation on 
how to write game programs? 

Gail Nolf 
Hellertown, PA 

Get The Art of Computer Game De
sign by Chris Crawford (Osborne! 
McGraw-Hill, 1984). It will give you in
sight into how to design a game, as dis
ti11ct from the acwal gritty details of im
plementing one 011 any particular system. 
You 'II find that there's more 10 a simple 
game than meets the eye. 

Once you 've decided what the game 
should do, it's time to write the code that 
makes it work. For that , you'll need de
tailed infonnmion on the particular com
puter system that you 're 1LSing. A good 
game will stretch the system, particularly 
the video hardware , to its limits. Get all 
the books you can find on the system and 
read all of them, because knowing just 
one fact can often make the difference 
between success and failure. 

IBM PCs, unfortllnately, don't have 
good built-in support for arcade-quality 
video or audio. Unlike the Ataris and 
Amigas, the IBM has rw hardware for 
manipulating graphics images; and un
Uke the Mac, it has no Toolbo.x routines to 
help you our. You '// have ro do it all by 
hand. 

I/you 're tackling an IBM PC, be sure 
to get Richard Wilron 's Programmer's 
Guide 10 PC and PS/2 Video Systems 
(Microsoft Press. 1987), which will tell 
you everything you need to know about 
writing serious down-and-dirty code to 
make the best of the video hardware. 

Apart from that , pick up any ofthe belier 
books that delve into hardware details. 
You may pick the wrong ones, but if you 
get enough, you 'II be able to glean the es
semials. Skip the junk that tells you how 
to use DOS. - Steve 

Hi-Res on Hercules 
Dear Steve, 

I am involved in research that requires 
high-resolution graphics, so I plan to 
write assembly language routine for the 
Hercules monochrome graphics card. 

What are !he commands to turn on the 
720-pixel by 348-pixel graphics mode? I 
understand the card has 32K bytes of 
video RAM starting at BOOOh. My guess 
is that it is divided into four banks of 8K 
bytes each. 

I've heard !hat through special pro
gramming techniques, you can get a 720
pixel by 350-pixel graph ics display . Is 
this possible? 

Meng Heng 
Penang, Malaysia 

On a Hercules card (or compatible) , 
these 808818086110 ports are used: 

• 384-6845 address register 
• 385-6845 data register 
• 3B8-Display mode control port 
• 3BA-Display status port 
• 3BF-Configuration switch 

There are other ports used for a printer 
imerface and serial interface (ifpresent). 
but they have no effeet on the display. 

To understand the card's operation, 
consider the two operating modes: text 
and graphics. In text mode, the video 
comes from the 6845 display controller, 
a character-generator ROM, and an at· 
tribute circuit (for controlling blinking, 
underlining, and nom1al and reverse video 
modes). In graphics mode, the pixels 
come directly from the video buffer. 

There are two pages of32K bytes each. 
for a total of 64K bytes of display mem
ory. In the graphics mode, each horizon
tal line of720 pi.xels is stored in the buffer 
as 90 consecutive byres, with bit 7 as the 
leftmost bit on the screen. Each page is 
divided into one line from field 0 and 
then goes to fields 1, 2, and 3. This se
quence continues for the emire screen, so 
adjacent lines from the same field are 
displayed four lines apart on the screen. 

The offset (into the page) of the byre 
containing pixel x.,y in each page is ex
pressed as follows: 

2000H * ( YMOD 4 ) + 90 *INTEGER(Y/4) 
+ INTEGER (XJ8) 

continued 



We've goc a whole new family 
of tape backup systems. 
Whether you\ e got an CBM. a compat
ible. or a Macimosh . you can cotmt on 
Tullgrass. We back you with all the 
storage capacity )-OU cottld ask for. plus 
all the fearures. all the suppon. and all 
the speed yott"ll ever need. And we 
make it easy co protea your valuable 
data. Since all operations are automatic 

and tmancnded. you can just sec it. 
and forget it. 

Be.st of all , we stand behind 
our products wich che industry's 
only 3-year warranty. 
But there's one other reason why so 
many more people are asking for 
Tullgrass. It· because the competition is 
asking so much more for chcir produas. 

7ll.llgro.ss maJrs 
inlemal and t..lTml(l/ 
tape bacJ:up .v&<'"IS 

far the Ill.If Ftl.>.T.{T. 
/'SIJ or a>rrlp(llllJkS. 

and an c.aemal 
1u1ilfar Joor Mac 

Plus. SE or II 

Let Tallgrass scan backing you up. 
Call 1-800-Tt\L-GRAS. Or wrice ro: 
Tallgrass "Technologies. Inc. 
11100 \ \est 82nd St. 
Overland Park. KS 66214 

TALLGRASS 
TECHNOLOGIES 

When it's wor1 sovmg, it's wort Tollgross 
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Cirde 350 on Reader Strvice Ca.rd 

COME SEE US AT COMDEX FALL BOOTH W1068 

Finally ... a low cost, high speed 
copier for 5 1/4 and 31/2 inch diskettes! 

."\r tach a Vicrory V3000 
Autoloader 10 1•our 
IBM/PC or Apple/ 
Macintosh. enter one 
or more cop1 jobs. and 
walk away' The sys· 
tern automatically 
copies 5V. or 3~ inch 
disket1es-up lo 180 
per hour. Switching 
lhe copy drive takes 
less than two minutes. 

Copy Formats 
Flawlessly. 
Victory"s !\ulo-Dup •• 
software copies differ
ent formats or you can 

build vour own fo rmal. 
Auto."Oup tests the 
quality of each copy. 
sortin;i diskcucs into 
one of t wo output bins. 

lJo-lt-Yourself 
ServicinJ!. 
The Autolooder's 
simple component de
sign and diagnostics fo r 
checking dri1•e align· 
ment and speed allow 
you lo ma in t< in the 
system without outside 
service. 

Call (800) 421·0103. 
And ask abou t Victory's 
family of affo rdab!c Au
tolo.1ders !Mt suppon 

Hard Drive Back-Up. 
Serialization, and Cus· 
tom Label Printing. 

VICTOY 

ENTERPRISES 
l1;d mology, Inc. 

Vk:tory Plua 
1011 E. 53 11? Street 
r\ustm. TX 78751- 1728 
(5 12) 150·0801 

~w.= o:~ p~~!: 
?1'05 1. ~!ft. C4-4-lt ~J-4r.b6. 
:'ioW&rl f'B-2'1 Dt~ ~ 
rcfi..8. 1 7S-1740J, ~~ d4 h 
~ 

PERMA POWER FIGHTS SURGES TWO WAYS. 

ORWE 
PULL THE PLUG 


Penna Power Su~e Suppressors give you 
peac.e or mind, knowing 11\at your computer Is 

protec1ed against power llne su~es and 
against suppression element failure. 

PROTECTION FROM POWER LINE SURGES 
Our unique 2-stage circuit uses heavy-duty 
metal oxide varistors to protect you against 
high-voltage lightning-induced surges. and 

high-speed semiconductor devices 10 protect 
against frequent fast surges. Only this kind of 
hybrid circuit can provide the necessary high 

power dissipation while still providing fast 
response time and low let-through voltage . 

PROTECTION EVEN IF WORN OR BURNED OUT 
Any surge suppressor can wear or burn out. 

With Perma Power you can relax! Power to 
your system is stopped . . . as completely as if 

the plug was disconnected. Other surge 
suppressors may use a light or buzzer 

" warning ,'' whilethey continue to let raw , 
unprotected power feed directly into the 

computer. Only with Perma Power's patented 
Automatic Shutdown· feature is your 
equipment kept safe from damaging 

raw power . 
Ask for Perma Power Extended Life Surge 

Suppressors . in 2. 4. or 6 outlets and Power 
Control Center models to insure your computer 

is being protected. At office. computer or 
electronics dealers nationwide. 
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' Patent 1 4,578,579 

PERMA POWERe
Electronics inc. 
5601 Wost Howard Avenue • Chicago. llt.nols eo648 

T91ephone (312) 647·94 14 
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ASK BYTE 


The bit in the bytes that stores th e dot is at 
position 

7 - ( X MOD 8) . 

You select the mode by writing a 1 into 
bit position l of the display mode control 
port (3B8). Bit 3 gates the video on and 
off, bit 5 enables blinking characters in 
text mode, and bit 7 selects the memory 
page. Bits 0, 2, 4, and 6 are not used. 

While you can fool some boards into 
displaying the last two lines (349 and 
350) , you can't fool them all. Therefore , I 
suggest thar , given the marginal utility of 
two additional pixels in the vertical inter
val, it 's really not worth attempting to use 
them. 

A number of public donwin packages 
interface to the Hercules card quite nice
ly, but I don't know wha.t 's available in 
Malaysia . If there is an IBM PC user 's 
group nearby, you might inquire there. 
- Steve 

Racehorse or Relic? 
Dear Steve, 

Recently, I was given an old computer 
system gratis. I received a huge 132-c.ol
umn printer, a Bell-compatible modem, 
several disks that appear to contain util
ities, and the main system . The main sys
tem consists of a case containing an 8
inch green-phosphor monitor and two 
8-inch disk drives. The keyboard plugs 
into a card inside the case, as do the 
modem and the printer. The name on all 
the equipment is Sycor, Inc., and the 
date st.amped inside the computer case is 
12/23178. 

My problem is twofold. First, I have 
no idea what this thing that takes up floor 
space is; and second, I don't have the 
documentation . Consequently, I can ' t 
tell whether it is junk or usable. 

Man.hew Lunsford 
Russell Springs , KY 

One of rhe more obvious fealures of a 
field like microcomputers is the never
ending obsolescence of otherwise useful 
equipment. 

Older items from obscure manufac
tllrers are especially prone to fall victim 
because of lack of support and software 
development. While you may be able to 
obtain information or documentation for 
your system by advertising in or writing 
letters to publications like Computer 
Shopper, the system you have is likely to 
be hopelessly our ofdare. 

At best, it is probably an interesting cu
riosity (or a large paperweighJ), rather 
than a genuinely useful computer system. 
Sorry.- Steve • 
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"An exceptionatJ! Ip~/~ " • 

"This program h 
and capabilities ~~mall the features

"I ~as irnpre sect program . on ey ma s costing 1 o ti nagement 
L 	 mes as much "It wm: the cost 

eonard Hyre, PCM . . 
Magazme effec ti ve award." 

John Dvorak. p · Maga:inc 

We appreciated those kind words. They helped 
make MONEYCOUNTS 4.0 one of today's most popu
lar accounting/money management programs 
tor home and business. But we couldn'1 leave well 
enough alone. So we're introducing new 

MONEYCOUNTS 5.0 

... an unbelievable buy 

at just $29! 

MONEYCOUNTS 5.0 balances your checkbook ... 
prepares your budget... manages your cash . 
checking. savings. credit cards ... prints 5 types of 
financial statements including net worth ...3 types of 
inquiry reports ... general ledger. accountant's trial 
balance. and graphics. Its fas t financial data base 
handles up to 999 accounts and 100.000 transac
tions a year. 

MONEYCOUNTS ~ 5.0 is a CPA-designed money man
agemen accounting system you can use for home or 
business. It's easy to use. requ ires no accounting 
knowledge. is menu-driven with on-l ine help. has a 
fast financial calculator . works with monochrome or 
color monitors. comes with a printed manual and is 
not copy pro1ected. 

SAME DAY SHIPPING. Order today and own 
MONEYCOUNTS" 5.0 for only $29! Add $5 shipping/ 
handling (outside North America . add $10). Iowa 
residents please add 4% sales tax . 

---... 
~ . -

-:~ 

375 Collins Road NE 

MONEYCOUNT. ·s.o 
now also ... 
• 	 prints any type of pin-feed 

check and updates your 
records automatically 

• 	 estimates your 1988 
income tax 

• 	 analyzes linancing options . 
savings programs ...computes 
interest rates , loan payments .. . prints 
amortization schedules 

• 	 manages mai l lisls- zip and alpha sorts-and 
prints labels and index cards 

• 	 provides password protection, fiscal year support. 
and pop-up notepad. 

VISA, MASTERCARD & COD ORDERS CALL 

1-800-223-6925 

(In Canada. call 319/395-7300) 

1:------------ 
: - -
.. 
~~--

~~'(!llms Road NE 

Cedar Rapids. IA 52402 

NAME 

ADDRESS 

CITY 

CHECK .J M()NEYORDEA .J VISA u MASTEACARO ..J I 
I 
I 
I 
I 
I 
I 
I 

,
MONEY 

COUNTS" 1 

1 

VERSION5.0 I 
S29 + $5 shipping I 

I 
I 
I 
I 

PHONE I 

CARO• EXP DATE 


No. or 
 Product Prlo11 Tolal 
Copie~ Each 

s 	 5 00 
Cedar Rapids. IA 52402 L ___ _ _ __ ___ _ __ ::!JTOTAL AMOUNT .!..___ 

MONEYCOU111S • 5.0 ( oo<ls 18M"' 
compa11bfe compu1e1. ~1 l<Ja..'<1 2 

' memory. DOS 2 0 or more twtJ disk 
drrves 01 h..lld d Soll. ) 

Sh>PP<"ll & Handl•ng 

S29 00 

s 5 00 
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• wor 
us_~now. 

\~ 've ahl\ ays thought that one of 
the biggest problems with personal 
computing is that a computer doesn't 
process infonnation the same way that 
aperson processes infonnation. 

And in the struggle betveen the 
two the cmnputer usually wins. 

Enter the l.Dtus•Agenda·p rsonal 
information n1anager. 

Agenda's flexible design lets you 
dump facts and ideas into your PC with
out structuring them in advance. 

You can arrange the information 
any way you want. So you can gain 
insight} ""_ . ~ _ _, ..,_.. 
formulate :::;----u.: _ 
new ideas, 
and find 
answ rs 
you need. 
And as a 
result, f."I-" ll<'" "'"' m)""'"" "'" "'"" "lll/y. rm/•·<1 IJ,.·m dnon""<'ln,I manage ""'"Y 1fu l"'I""l"''f"l"l"y "l,t!, "'dllUl.h··' ;.ri:nnw1 

projects, peopleand information better. 
How does Agenda 'Nork? First, 

enter iten1S of information into Agenda. 
Then create categories where 

you want all the inforn1ation to be filed. 

IntroducingLotus Agenda 


"=-""""""'__,, ·- -~~ 

:::::..-..:-- :: :::-_ 
.-:·--. ·- ·:::.
~----=~ ~ 

·~-=~:.: ·~ ·.im..o.-.. 

Voila.Agenda '"rill do all your filing 
auton1atically. And if an ite1n is rele\ ant 
in more than one place, Agenda will pu 
it in several categories a once. 

\Vhat's more ifJou change an itern 

....c - IUS ISSlJ;S °""21a ·~ 
...____
·- ·==;..,,. · Hg> · 

· °""-~ .:.:::__.,.....,, ..,,. .01_. 

·- · :;~:::m~ · ~ · IWZ2.a 

............ ·~--::.. ·-· 
1,,wJa,,,,,,,....,,.,.,JJo, ,i., 11••,.,,.,,,,.1.. ,.,.,., r."·Y"""' 
n,,.,, rr"• cuo n,..., "Vom.ur"" ·'"'"' .f,Wn"' l""I•"' " 

This makes it easyto viev\ evolving 
data in different waysso Jou can discover 
new relationships and pinpoint infonna
tion that's important to you. 

For $15, we'll send you an Agenda 
demokitorvideotap .Justcall l-800
345-1043 and ask for demo kit AGV-3058 
for the 3.5" version or AGV
3053 for th 5.25 11 

version, or you 
can ask for AGV
3063 for the 
videotape version. 

i 
! 
; 

anywhere in 
your fil , 
all othercat
egrnies that 
have he 
same item 
vvill also 
change auto
n1ati allJ'. 
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©~@rn:~
1024X768 


plus: VGA EGA MDA HERCULES on: STANDARD MULTISYNC monitors 

Yestthe Phenomenal VGAWONOERdoes it all at IBM 
HardwarelewlCOf11)i1ti>ility withautomatic monitcx' 

detect and no dip switches or jumpers to set. A HOT 
CARD for the 2861386 PCM'ER USER with AUTO BUS 
DETECT for 8 or 16 bit slots, running with a 16 bit data
pathwith 1:1int~100% IBM HARDWARE LEVEL 
COMPATIBILITY means that ALL software and 
operating systems designed for IBM 
systems will run. 1024 WILL BE 
DISPlAYED IN COIDR 
ON STANDARD 
MULTI FREQUENCY 
MONITORS. 

See us at 

®~~m~~~~~7Fall '88 
November 14-18, 1988 
Las Vegas Hilton Hotel 
las Vegas , Nevada 
Booth 7050 

Although these features are expected from ATJ they are 
NOT AVAILABLE from other manufacturers. EGA on alJ 
monitors including RG B& TTL means a perfect card for 
networi<s. MOUSE ON 80\ROIATI built the mouse right 
in to this one, why not? No extra charge! 16-bit datapath 

for those FAST speeds required at high resolu
tions. VGAWONDER is available in both 

512K and 256K ~rsions. Ask )'OUr 
dealer for more information. 

-· .....-...- - ·-- -· - ~. 

- -
CM -- --.-0111n 

-· --
-

._....CANNOf •Dt5l'V«ID 
ON DIM>O ATI TllChnologl!l!lln~ 

3761 V1e1011a Park Ave.. Scarborough, 
Ontario, Canada MIW3S2 

Telex·06-966640 (ATI TOR! Tel. (4161756-0718 
Frut · (416} 756-0720 



BOOK REVIEWS 


Program mer' s 
Introduction 
to the Macintosh 
Family 
Apple Computer, Inc. 

Addison-Wesley, Reading, 
MA: 1988. I97pages. $26.95. 

Reviewed by Dong H. Kim 

B y now , everyone in the 
Macintosh programming 

community knows what it 's 
like to wade through the five 
volumes of Inside Macintosh . 
The roind-numbing effect of 
thousands of pages in such 
official documents must have 
turned away many would-be 
programmers. 

An American philosopher I 
knew once said that trying to 
read Being and Time by Mar
t,j n Heidegger , a renowned 
German philosopher, is some
what akin to trying to swim in 
sand. Wading through most 
technical computer manuals i 
at least that bad-perhaps 
closer to swimming in mud. 
Since official documents tend 
to present all information as 
being of equal importance, lit
tle room is left for providjng an 
insightful perspective on a 
computing system or pro
gramming environment as a 
whole . Consequently, there is 
an inevi table information 
"overload." 

I wish l 'd had Program 
mer's Introduction to the Mac
intosh Family in my hands a 
couple of years ago. Certain
ly, my encounter with Inside 
Macintosh would have been 
easier and more immediately 
productive. A very concise in
troduction to th.e basic theories 
and techrucal operations un
dergird ing the Macinto sh 
computer, loaded with nu
merous insightful program
ming sugge tion , this book 
would have saved me a lot of 
head-scratching and page-

flipping through these earlier ier to understand . 
volumes. In shon , this book Wriuen by an anonymous 
greatly deepens the reader's team of Apple programmers , 
knowledge of the Macintosh thi Macintosh family portrait 
programming framework by is divided into nine well
providing an illuminati ng organized chapters and three 
background that makes indexes. The first index takes 
Apple's previous documenta up important issues of com
tion comprehen ible and eas- pat i bi I it y aero s Macinto h 

ALSO REVIEWED 

The C Programming Language, 2nd ed. 

Advanced C Tips and Techniques 

lntroducticn to Object-Oriented Progrwns and Smalltalk 

What Every Engineer Should Knew About Artificial 
Intelligence 

Principles ofDatabase Systems 

computers and gives us the lat
est "official" guidelines for 
ensu ring compatibility with 
future systems. The second 
index presents the mo 1 fre
quently used Toolbox routines 
in an easy-to-find format. The 
information on APDA (Apple 
Programmer's and Develop
er's Association) is given in 
the third index. 

The first chapter, "An 
Overview of the Macintosh , .. 
provides the answers to the 
question, "Why program for 
the Macintosh? " Here you 'II 
find clear explanations of the 
key programming ideas that 
made the Macintosh such a 
revolutionary computer . A 
brief discussion of "event
driven" programming is also 
provided . 

The econd chapter , "The 
SoftwareAnatomyofthe Mac
intosh ," deals with such vital 
topics as Resources, Quick
Draw, Toolbox, and the Find
er. After a good discussion of 
the hierarchical nature of 
Toolbox routines, we are ad
vised: "Working around the 
Toolbox routines to write your 
own codes take more code 
and more energy and intro
duce bugs. Because the Tool
box routines are largely in 
ROM and are highly opti
mized, you will not find your-
el f gaining any reaJ execution 

speed. And the potential in
compatibility problems you 
create for yourself are just not 
worth the effort." This is why , 
we are told , it's better to use 
the Toolbox rather than design 
our own ways to handle such 
th ings as menu , windows, 
and dialog boxes, even though 
it is perfectly possible to do so. 

Many programmers forget 
10 focus on the user interface 
design until all their routines 
arc finalized. Then they try to 
glue everything together with 
interface design . This ap
proach guarantees frustration 

continued 
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and possible failure with the 
Macintosh, because the pro
grams are driven by user 
events and the user interface is 
the most important part of the 
program . It is essential that 
you understand how you ex
pect the user to interact with 
your program before you start 
coding. This timely advice is 
typical ofthe chapter. 

The third chapter, "An 
Eventful Experience," gives a 
delightful account of the idea 
behind the main event loop, 
what must be in it, and how its 
requirements relate to applica
tion programs. It also dis
cusses topics such as the event 
queue, event-masking , and 
ways of handling Activate, 
Mouse, Key, Disk-insert, and 
Update events. 

Next, the authors move on 
to the very important subject 
of memory management on 
the Macintosh. They explain 
bow and wben objects stored 
in memory are subject to being 
relocated, how to know when 
they can be moved around, and 
how to keep track of such 
moves at all times. Insightful 
comments on pointer , han
dles, blocks, the stack, heaps, 
and memory fragmentation 
are scattered throughout this 
fourth chapter. For example, 
we learn that Unl oa.dSeg does 
not, as its name implies it 
does, actually unload the seg
ment, but that it unlocks the 
segment, permitting the Mem
ory Manager to purge it or re
allocate the space it occupies if 
necessary. Three primary 
causes of out-of-memory con
ditions are also discussed: 
overzealous use of nonreloca
table blocks, the use of desk 
accessories, and the system's 
own use of memory. 

The key to Macintosh pro
gramming is le.a.ming how to 
call the correct routines pro
vided for you in the ROM and 
operating system. Chapter 5 
covers those routines related 
to QuickDraw and Color 
QuickDraw. Here we are told 
why everything is in graphics 
in the Macintosh. Bits and 
pb;els as well as graphics ports 
are explained in detail. The 
section on ColorQuickDraw is 

particularly interesting and 
useful, since thi s is still a rela
tively new subject . 

The sixth chapter goes into 
a detai.led account of the User 
Interface Toolbox and deals 
with the Window, Menu, Dia
log , Control Managers, and 
TextEdit. 

Regions of a window and 
the contents of a window 
record are masterfully ex
plained in just three pages of 
chapter 6. Have you ever won
dered how New W1ndow and 
GetNew\Jindow are different? 
Here you'll find out. (N ew 
Window creates windows dy
namically , while GetNew 
Window loads a predefined 
window resource from the ap
propriate resource file and 
carries out the same function 
as NewWi ndow. Thus, New 
Windov requires eight argu 
ments, whereas Ce tNe1.1 
Window requires only three.) 
Other similarly helpful expla
nations and distinctions are 
scattered throughout this im 
portant chapter, regarding the 
Menu, Dialog, and Control 
managers. 

Chapter 7 deals with file 
managem~nt: how files are or
ganized, how we access them, 
and how our programs create, 
open, read, write, and close 
disk files. Such concepts as 
file types and creators are 
clearly discussed. A good ex
ample of file handling is given 
at the end of the chapter . 

Chapter 8 gives a brief ac 
count of development tools in 
the form of HyperCard, the 
Macintosh Programmer ' s 
Workshop, and MacAPP. Ob
ject-oriented programming is 
also briefly touched upon 
here. The next chapter, "Be
coming a Macintosh Devel
oper," explains what to ex
pect in Inside Macintosh and 
bow to find your way around 
these volumes. The chapter 
also gives information on the 
procedure to follow to become 
a registered Macintosh 
developer . 

If I have one complaint to 
make about this useful book, it 
is that Apple should have pub 
lished it 2 or 3 years ago- but 

continued 



OUR µP DEVELOPMENT TOOLS 
HELP PROJECTS GET ON THEIR FEET. 

The "crearure"shown above doesn't 
depict a fucuri tic lunar landing. Rather; 
it represents a polar landing of a sophis
ticated weather monitoring device. A 
new parachute-deployed device that 
inscantly transmits viral environmental 
daca to waiting scientists. And whose 
Antarccic installation and erection now 
happen automatically. in a macrer of 
minutes, allowing critical data collection 
in remote areas that were impossible to 
reach befo re. 

This USelf-Erecting Weather Station ~ 

sponsored by the ational Science 
Foundation and designed and developed 
by Polar Research Lab, was made pos
sible by Avocet and AVSJM"', Avocet's 
unparalleled simulator/ debugger 

The AVS IM Full-Screen Display 

Unequaled capability 
Polar Research needed AVSIM's 

sophistication to control the sensors 
in the weather station's "legs" and to 
create its transmitter. AVSlM's detailed 
on-screen CPU simulation, unlimited 
breakpoint facility, and unique "undo" 
capability ~ve their engineers the ease of 
use and flexib ility that allowed them to 

execute and test the software even beforethe 
hardware was ready. Saving crucial time 
and frusrracion in both the programming 
and testing phases of development. And 
money, too: at only $379, AVSIM is a 
fraction or the cost of additional 
hardware. 

Complete compatibility: 
from the ground up 

Besr of all , AVSIM is completely 
compatible with our AVMAC"" macro 
assemblers and our AVOCET C" cros 
compilers - the ideal combination of 
cools which gives you a comprehensive 
development solution. 

AVtJCET 


Get your own project off the ground: 
try before you buy 

Try the AVSIM demo yourself for 
30 days. If you're not satisfied for any 
reason, return the unopened program 
disk for a full refund - less $35 for the 
demo disk and manual, which are yours 
to keep. 

Free Catalog 

Call Toll-Free 1-800-448-8500"' 
For rour free catalog. to order. 
or ror more in form at ion about 
AVSIM and other Avoce t products 

Call Avocet today and ask about our 
complete line of affordably priced soft
ware and hardware 1-1P development 
tools. Discover how we can help you get 
your next project on its fee t, too. 

SYSTEMS~ INC. 

TH E SOURCE FOR QUALITY µP DEVELOPMENT TOOLS 
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day money back guarantee. 
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Includes: 1. Power1ul V40 CPU (Foster than a PC) 
2. Moth Cc-Processor Sockel 3. 5 Volt Only Operalion 
(3 Yr'Otts) 4. Speaker Port 5. Keyboard Port 6. Parallel 
Pr inter Port 7. PC Bus 8. PC Compatible BIOS ROM 
9. 1 Serial Port 
On board Op t ions Include: 1. sMode Video 
Conlroller Option (Monochrome, Hercules Graphics, 
CGA, High Res CGA, LCD Driver) 2. Floppy Disk 
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Distributors: 
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better late than never . On the 
other hand, some readers may 
argue lhat lhe authors shou ld 
have devoted more space to 
newer topics, such as Color 
QuickDraw and MultiFinder . 
Otherwise , this book provides 
a solid foundation for under
standing the Macintosh family 
of computers. T hroughout the 
book, and especially in chap
ters 4, 5, and 6, I found valu
able nuggets that clarified the 
nature ofcode and operations I 
had read about elsewhere but 
had failed to understand. 

In addition to being well 
organ ized and informat ive, 
the book is enjoyable to read. It 
is written in a relaxed style; 
they a lso make appropriate 
and frequent use of diagrams 
and tables to illustrate con
cepts under discussion; they 
a lso follow up with fully 
coded examples . One exam
ple: "A Macintosh program is 
not , as some people have said, 
an amusement park ride with 
moving stairs you can't pre
dict. It's more like an escalator 
whose stairs take you where 
you want to go, quickly andef· 
fortlessly. Just don't try to 
drive the esca lator." Another 
example: "An event-driven 
environment is one in which 
the user gets to say to the pro
grammer , OK, I have your 
program now. Don't call me , 
I'll call you ." 

In the final analysis, th is is 
an indispensable first book for 
anyone who wants to program 
computers in the Macintosh 
family. It is a lso the long 
awaited definitive int roduc
t ion for those who haven't 
been exposed to the Macintosh 
philosophy ofprogramming 
a chance to find out at last what 
makes people so evangelical 
about the Mac. 

BRIEFLY NOTED 

The C Programming Lan
g uage, 2nd ed. by Brian W. 
Kernighan and Dennis M. Rit
chie, Prentice-Hall, Engle
wood Cliffs, NJ: 1988, 272 
pages, $28. This new edition 
of The C Programming Lan
guage is a complete rewrite 

commemorating the tenth an 
niversary of the original best
seller that introduced the lan
guage. It follows the outJine of 
the original book, but Ker
nighan and Ritchie have up
dated it to reflect the draft 
ANSI standard for C . The 
book incorporates al I the so
called post- K&R extensions, 
including enumerations and 
function prototypes . 

The new book talks about C 
in comparison to Pascal in
stead ofPU l. The typography 
is vastly improved, and the 
sect ions on declaration type 
precedence and separate com
pilation are more detailed and 
comprehensive than they were 
in the original. 

Written in a terse and cryp
tic style faithful to the spirit of 
C, the new K&R will please 
fans of the old. The book re
mains an introduction to the 
language for experienced pro
grammers; even with the new 
mater ial, it is neither a begin
ner's tutorial nor a compre
hensive reference. -Joel West 

Advanced C Tips and Tech· 
niques by Paul Anderson and 
Gail Anderson, Howard W. 
Sams, Indianapolis , IN: 1988, 
464 pages, $24. 95. Advanced 
C Tips and Techniques starts 
offeasy with a refresher chap
ter, then pops the latch and 
opens the hood to expose the 
mechanics of the C language. 
Here you'll get an inside look 
at the text area (where pro
gram code Iives), the data area 
(for static and global vari 
ables), the stack (which man
ages procedure calls and local 
variables), and the heap (the 
rea lm of run- t ime storage 
created by alloc()) . 

It's nice to see good expla
nat ions of why C does some of 
the things it does . If you ' re a 
black -belt samurai C pro
grammer, you may find some 
of the topics lrivial , but it still 
makes inte resting reading. 
Forexample, the authors point 
out that one reason C does not 
initialize automatic variables 
at run time is because prob
lems wou ld arise if a goto 
transferred control inside a 

continued 



BayTech engineers Printer Sharing. 

Make the most of your invest

ments in valuable prin ters, com
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resources wi1h a printer-sharing 
device from BayTech. We manu
facture a diverse product line 
engineered f r fl exibi lit y and peed 
that lets you share your resources 
and maximize your investments. 

From simply sharing one or 
more printers between compu1ers, 
to c reating a comple te network fo r 
printer sharing and computer-10
computer communication , BayTech 
has a device designed to meet your 
specifications. 

Call toll free today to learn more 
about maximizing your resources. 
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DAZZLING PERFORMANCE. 


'286/ SS 

COMPLETE 12MHz '286 
WITH 32MB HARD DRM 

ONLY $1295.00 
• 80286 CPU, 8/12.5 MHz Dual Speed, Keyboard Selectable. 
• Zero-ttwt State RAM, 512K expandable to 4MB on the 
motherboard (16MB System Total). 
• 32MB Hard Drive, 1.2MB Floppy Drive. 
• Ultra high speed Hard/Floppy controller. 1: 1interleave, 
800 KB/sec transfer rate. 
• High Res 12" Amber Display with Tilt and Swivel Base. 
Compatible graphics controller. 
• ZEOS nhanced Keyboard, Pleasant Tactile/Click Feel. 
• Serial and Parallel Printer Ports. 
• Clock/Calendar with Battery Backu1>. 
• 6-16 and 2-8 bit expansion slots. 
• 80287 support, up to 12 MHz. 
• Space Saver Case with Security Lock, LED indicators. 

12MHz,16MHz and 20MHz 
'286 HARD DRIVE SYSTEMS 
As high as 20i\1Hz! Dazzling performance is yours with 
one ofthese high performance fuJI size ZEOS '286 Systems. 
Each comes complete with our standard features includ
ing drives, monitor, high speed controller, etc. Our full 
size case features room for up to 5 half-high drives, two of 
which are internal. Incredible values. 
• 286/ 12 -Complete 12.SMHz System with 512K of 
Zero-Wait RAM, High Speed 32MB, 33ms Hard Drive and 
all the standard ZEOS goodies. ONLY $1395.00 
• 286/16-Complete 16MHz sy tem with 1MB RAM on 
board and High Speed 32MB Hard Drive. Fa ter than a 
'386 16MHz when running 16-bit software! 
ONLY $1895.00 
• 286/ 20 - t 20iv1Hz, it's the fastest. Complete with our 
32 MB, 33ms I-lard Drive and lMB RAM. Thi is what 
Dazzling Speed is all about. ONLY $2095.00 

' 2&6/ fS 

DAZnlNG PERFORMANCE. 
INCREDIBLE PRICES. 

Can you believe it? 'Yes, 
you can! 

We've proven it to thou
sands and we would like to 
prove it to you. ZEOS"sys
tems are sold complete, ready 
to plug in and fly right out 
of the box. And the quality 

and prices are incredible. 
How is it possible? 

Because your ZEOS com
puter comes to you factory 
direct, fully assembled, 
burned-in and tested in our 
own laboratories. Every 
system is built to order. 
Custom built actually; right 
to your own specifications. 

And our quality and per
formance are second to none. 

We don't just say it. We 
guarantee it. That's why 
your new ZEOS system 
comes with a Full One Year 
Lin1ited Warranty and our 
30 day Full Refund Satis
faction Guarantee. 

So pick out your dream 
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INCREDIBLEPRICES. 

COMPLETE '386 VERTICAL SYSTEM. 
64MB DRIVE! 

ONLY $2995.00 
(20MH1 add $500) 
Acknowledged worldwide a lhe highest performance 
value an} vhere.Same great standard ZEOS features found 
on our other complete y tern plus: 
• 64KB Zero-Wait CACHE using 64K of SRAM. 
• lM:B of 32-bit RAM ystem expandable up to 16MB. 
• 64MB eagate Hard Drive. 
• 80287 and 80387 optional. 
• Heavy Duty Vertical Case. 

Ask about our 25MHz systems too! 

COMPLETE 16MHz '386 DESKTOP 
WITH 32MB HARD DRIVE. 

ONLY $2495.00 
(20MHz add $500) 
• Genuine 32-bit Intel 80386. 16 or 20MHz part . 
• lMB of RAJ\.1 Expandable to 16MB. 
• 32MB, 33ms Hard Drive, 1.2MB ffopJ>Y drive. 
• Ultra /Jigh speed I-lard/Floppy controller. 1:1 interleave, 
800 KB/ ec transfer rate! 
• High Re 12" ' mber Display with Tilt and whiel Base. 
Compat ible graphics controller. 
• 101 Key ZEOS T.1ctile Click keyboard. 
• erial and Parallel/Printer Ports. 
• Clock/ alendar with Battery Backup. 
• 2-32, 4-16 and 2-8 bit slots. 
• 80287 and 80387 support. 

'386t or 

'386/ V 

machine and order it now 
with confidence. Dazzling 
perlorn1ance and incredible 
prices await you. Guaran
teed. Order now by calling 
800-423-5891. 
Other ZEOS Options 
Include: 
• Basic Configurations: 
Call for prices on systems 

7.F.ft..'\lfll"ma.11111'\;\l. tlll "i>tll ··ltt \\t' f llJ~·. \\\.S4 1".mL ,, , _-,;.n:.!' 7.}).l,'\l ' 
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without drives, etc. 
• EGA/VGA Upgrades. 
14" EGA color monitor 
with EGA card, add $495. 
14" VGA system, add 
only $695 
• High Capacity Drives. 
Many other drives and op
tions are available. Call Toll 
Free for details, 800-423-5891 

II l1tJhl~ I\ U.1&!1'1.t '•·J1~1"'1l\ . \WI..." :-ii P\11. J,.-M .1ltff4' 

ORDER NOW TOLL FREE 
800·423·5891 
FAX Orrli!YS DiaL-612·633 2310 
/11 iWimu'SIJ/n ClllL 612 6334591 
530 5/h Aff. i'lW SI. Ft1111. M 5511.2 
Opt" dtl_l"'. eH'11U1f,'S and tn't'A•mds. 

J1a.<>/1,,-l£ml. VISr\ mu/ C.OD 
.5'' lwhla Es/Jt7Jinl. 



for PS/2s ... 

for laptops ... 

End 3 Y2 Inch Frustration 

Complete solutions for using 5%" diskettes on 
your 31/2" based computer. 

Ou r solutions for IBM PS/2c; computers are 
avai Iable in either 1.2M B or 360KB varieties, 
ending frustrations for all media standards. 
Both are complete with everything needed for 
any model PS/2 in a single box. No power sup· 
ply, no adapter board, and we don't waste an 
expansion slot. 

Our laptop solutions also offer "one-d rive-fits
all" convenience. Simply order the cable for 
the computer of your choice. All popular lap
tops are supported. 

Customized versions available for special ap
plications. Domestic and international resellers 
welcome. 

5 V4 '' Subsystem Specialists 

Pacific Rim Systems, Inc. 
2570 Barrington Court 

Hayward, California 94545 
FAX: (415) 782-1017 

Telephone: (415) 782-1013 
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BOOK REVIEWS 


block that containe<l automatic 
variables. 

The authors explain how the 
C constructs operate from the 
point ofview ofthe underlying 
system architecture. And you 
will find lots of source code 
that encourages exploration of 
C's internal structure. 

Next comes a good guide 
through the confusing-even 
to experienced program 
mers- maze of arrays and 
pointers, though this is not so 
much a set of hard-and-fast 
rules describing proper tech
niques as it is a series of invita· 
tions to experiment. Some of 
the examples given are sur
prising; you'll find yourself 
looking at an expression with a 

, different eye. 
The section covering de 

bugging presents an assort
ment of techniques, most of 
them basic commonsense 
methods. The author offers 
some novel suggestions for ap
plying front-end co<le to the 
memory allocation functions 
(use of which is notorious for 
yielding cranky code); the re 
sult is a tightening up of error 
checking in these routines. 

The appendixes of Ad
vanced C Tips and Techniques 
really shine. Here you 'II find 
useful minimanuals for popu· 
lar C compilers, including 
SCO Xenix System V, Micro
soft C 5.0, Turbo C, Micro
port's System V Unix (for the 
AT and 80386 machines), 
and, of course, the standard 
Unix C compiler. 

If you're a serious C pro
grammer and your work spans 
a variety of machines, this 
book belongs on your shelf 
right next to the high-potency 
vitamins. -Richard Grehan 

An Introduction to Object
Oriented Programming and 
Smalltalk by Lewis J. Pinson 
and Richard S. Wiener, Addi
son- Wesle y, Reading , MA.· 
1988, 502 pages, $2Z 95. Ob
ject-oriented programs have 
been around since the develop
ment ofSmalltalk at the Xerox 
Palo Alto Research Center 
labs in the late 1970s, but only 
recently have hardware prices 
fallen enough to make such 

systems obtainable by home 
enthusiast and usefulto small 
businesses. In the 1980s, the 
invention of C + + , an exten
sion of the C language that in· 
eludes constructs for object
or iented programming, has 
greatly increased interest in 
the object-oriented program· 
ming methodology. 

With uncanny timing, Lew
is J. Pinson and Richard S. 
Wiener, professors at the Uni 
versity ofColorado, have writ
ten two books to teach this 
methodology, using the two 
most prominent object 
oriented languages, C ++and 
Smalltalk. 

C + + is a superset ofC that 
retains all the power of that 
language but includes object· 
oriented features, such as data 
abstraction , encapsulation, in
heritance, and polymor 
phism. Invented at Bell Labs 
by Bjarne Stroustrup, the 
original C ++ is a preproces
sor that interprets C + + code 
and translates it into C so that 
compatibility with existing C 
compile rs is guaranteed. 
Thus, the programmer is 
spared efficiency problem s 
that often plague Smalltalk 
environments. 

Pinson and Wiener's book 
assumes that the reader under
stands C but knows nothing 
about C+ +or object-oriented 
programming. The book pro
vides a tutorial of C + + and 
then continues into a more 
technical presentation of the 
topics listed above (e .g. , data 
abstraction). The program
ming examples are particular
ly enlightening, such as the 
"superfast spelling checker" 
that effectively uses data en
capsulation and inheritance. 
The book concludes with case 
studies, including the grand 
finale, an interactive algebra 
ic expression evaluator. 

The author s consider 
Smalltalk the language "most 
true to the object-oriented phi· 
losophy." Therefore , they de 
vote almost twice as many 
pages to Smalltalk in order to 
delve into the methodology, 
the language, and the Small
talk environment. For the 

coruini;ed 
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Mtrtudn'W'n.QSET: 
.~ nf'u.• lan9uage

The Simple 
AT l!ffH' enu1ronmen1

Approach to 
Rap<d P'OCo<yp<ng 

Powerful Solutions. Mulf i-u.set 

And slmple meansjast! Appl!callons tn D<11a an d·~"~"' incegrlty 


use Ins tead or in development. Appllca 
lions completed when other system 

developers arc st ill getting started. 


QSET Is the most product ive approach 

you can take to 1/0 application . Ea y to 

learn . fast. and fie."Xtble. Combines the 

power of U1 IX. Xenix. C. a nd any 3GL you 

choose fo r powerrul. por1able applicatlons. 

Supports rclaliona l. hlerarchlca l. and net 
work da tabase structures. 


l:lu ll l-in program logic insures data and 

system Integr ity: you can't build a bad 

appllcalion ustng QSET. 


Find out more. Ca ll 800-727-2072. Ask 

ro r our product brochure and our very 

a tt rac t Ive in t roduc tory pr iring offer. 


illlll! QSET An Appllcallons 
Sofl ware Solution . 

\&"""f I.I' a 1rad f!rna r.1; <°1611j il nr1JJ; ,\fana9C'rrit"n( LJara , Jn 
U.vl X. 1..s.a trcdC'ITUJ -'lt rif AT&r X or11U: lS GI l l'Cdt'nwl t~ <!Ml~Corpora, ~ l) f'l 

!iT l.:!i a uadl"rn.ork ~ fn:rrrnat ilortat Bus.tniN:5 l laCltLllc.t Corporor1c:m 

Line Conditioner 
in every UPS. 

Ul'S-2!ill
2S0 wms 
MAX. OUIPUI 

\\\\. ...... 
 SENDON.-·· Affordable Po-r "Protectionltl -H H I ii: 
DEALERS 

S f llOON ··-· & DISTRIBUTORS =· 
WELCOME 

llf's-tOOTEL: 416-470-6611 1111 GIWAllS 
llAX. OUTPUTFAX: 416-479-7392 

Now, at no extra charge, the new Sendon UPS back-up 

power supplies feature a built-in line conditioner that 

enables your computer to work indefinitely under brown

out conditions without drawing on the battery power 

reserve. which is saved for emergency uses (black-outs). 


FOR MORE INFORMATION. PLEASE CONTACT: 
·H.J. IU B.C. Quebec 

lr1$1l1Jmtnls Sonnet Jasmi1111 
& EQulpml!!ll ~P.6. Systm TecllnolDgy 

TEL: ZCl1 ·721-1293 B00-131 ·!0lll fi04.27t;.25!1Q 514-871 ·2Z33 
FAX:201 -729-5569 716-343-0012 604-276-0672 514-871-0616 

See us at the Fall CllmdexCOMDEX/fall Show In the Las Vegu 81 lly 
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most part, their Smalltalk 
book uses the perspective of 
Lhis environment so that ac
cess to a Smalltalk machine is 
almost a necessity for using 
Lhe book (screen diagrams are 
included, however) . Given 
Lhat Smalltalk environments 
are relatively rare and normal
ly require a mouse, this is a 
small drawback to the book. 

The authors present the cen
tral concepts of Smallta lk 
but not Lhe entire language
thoroughly, allowing you to 
explore further possibilities 
independently . In addition , 
topics are presented incremen
tally: on an elementary level at 
first , and later at a more ad
vanced, abstract level. This 
eases the comprehension pro
cess considerably. Programs 
are generally small, well 
chosen , and easy to under
stand and extend. 

The book is designed as an 
introduction both to Smalltalk 
and to object-oriented pro
gramming. It assumes no 
prior knowledge ofeither. The 
discussion is squarely aimed at 
the professional programmer 
or advanced computer science 
student. - Jason Levitt 

What Every Engineer 
Should Know About Artifi 
cial Intelligence by William 
A. Taylor, MIT Press. Cam
bridge, MA: 1988, 331 pages, 
$25. Computers already can 
check circuit design rules and 
verify the manufacturability 
ofprintedcircuitboards. They 
can calculate part routing in 
machine shops and devise the 
best assembly procedures in 
many factories . In short, AI is 
having a profound impact on 
every aspect ofengineering. 

The book offers an insight
ful survey of Al and expert 
systems for the engineering 
community. The author dis
cusses multitudes ofengineer
ing opportunities in AI re
search and throws light on 
programming approaches 
such as function-based , 
object-oriented, and rule 
based orientations. He also in
troduces the important Allan
guages, Lisp and Prolog. 

Taylor is an international 

consultant on practical appli· 
cations of Al , and his experi
ence shows in the book 's 
hands-on detail s. The book 
concludes with a look at future 
trends and a fascinating dis· 
cussion of Lhe Japanese com
puter industry and Lhe fifth
generation computer project. 

- DongH. Kim 

Principles of Database Sys
tems by Jeffrey D. Ullman, 
Computer Scien ce Press, 
Rockville, MD : 1988, 631 
pages, $41 .95. This new vol
ume covers mainly "classi
cal " (relational) database sys
tem s. Knowle dge -ba sed 
systems, a represented by 
logical rules, are also intro
duced . Afte r defin ing key 
terms for relational, object , 
and knowledge-based sys 
tems, the aulhor shows how 
Lhese methodologies are inter
related in the development of 
more powerful systems. Ex
amples of programming lan
guages used in each method
ology, such as DDL (Data 
Definition Language) , pro 
posed by the Data Base Task 
Group, and the object-or i
ented language OPAL , are 
explained and di scus sed 
extensively. 

The book also deal s wilh 
physical storage techniques , 
design theories for databases, 
security, integrity , concur 
rency control , recovery in 
database systems, and djs1 rjb
uted database systems. T he 
chapter entitled " Protecting 
the Database Against Misuse" 
contains particularly valuable 
discussions of computer secu
rity and safety. The book in
cludes over 200 exercises at 
graded levels of difficulty. 

-DongH. Kim 

CONTRIBUTORS 

Dong H. Kim is a researcher 
and consultant in artificial in 
telligence. He lives in Chapel 
Hill, North Carolina. Joel 
West is president of Palomar 
Software and lives in Vista, 
California. Richard Grehao 
is a senior technical editor at 
BYTE. Jason Levitt is a Unix 
consultant in Austin, Texas . 



n ar t cl aler. 
' Above you see the most 

ingeniou piinthead developed 
m years. 

It' a new tor d-energy head 
that u e le energy and deliv
ers more speed than traditional 
balli tic p1intheads. 

And according to lnfoworld; 
delive1 con tantly superior print 
quality, with letter quality compa
rable to a las r. 

You'll find this printhead, 
with its seven pat nts on design, 
materials, and production proc
e , only on Manne mann Tally's 
newest family of printers. Includ
ing the 24-needle MT3:30 word 
processing printer, a 10 000 page
per-month, 300 cps printer. And 

the 18-needle MT340 data proc· 
essing and industrial graphics 
printer, a 13,000 page-per-month, 
400 cps machine. 

W invite you to compare 
eith r of th se heavy-duty 
printers to their Japan
ese counterpart . 

Because head to 
head, we win. 

And body to body? Again 
from lnfoworld: " ... most plastic 
and metal component appear 
quite a bit sturdier than their 
Japanese equivalent ." 

Again, bad news for Japan. 
But very good news for you. 

To take advantage of this 
new at a plea antly urprising 

•pri , call the number below 
for the name of your 

:'l l T:H O :llT330 wi rh ••Ptional du;il 
bin sheel l\'edcr 

MANNESMANN 

TAJLJLY 

800-843-1347Ext.170 

In Washington slate, call: 
206-251 -5524 Ex t. 170 

• Jirfmmrld, July 6, 19 7 
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PRICES YOU CAN FIND ONLY IN 


o l-S00-+15-7~ 
rrrt;;.O... 6\Rf:P.i PK.\C.6'; • ?UP'f.ll!.. 
·~ 5~1Z.'<JIC.E: Al'lO UN~l',A8L.f. 

A'/)>.I \..P...a\1...\1Y! 

CALL PROGR.UnIEirS PARADISE TODAY and discover our commitment to bringing you 
the best software at the best prices. You' ll also find software pros to help you select the producl 
that you need plus immediate hipment on our stock of 1000 products and a 30-day money back 

c-tree 
r-lrce 
d -1r e 

dBC Il l 
dBC Il l PLUS 
dB.VISTA o r dB.QUERY 
lnformix Products 
XQL 

UNIXJXENIX 
Microport: 

286 DOS Merge 
System V/AT (complete) 

Runtime Pa kag" 
Unl imi1ed Li cen e Ki1 

CO : 

395 318 
295 241 
495 395 
250 169 
750 599 
195 CALL 

CALL CALL 
795 599 

249 219 
64'1 549 
249 209 
249 209 

XENIX Sy V (complete) 1295 999 
Operaling System S'JS 479 

XENIX for PSI.! 50, 60, 80 CALL CALL 

OS/2 DEVELOPMENT TOOLS 
Bt ricve for 0512 595 455 
Epsilon for OSr2 195 151 
Greenleaf Bus Mathl ib 299 209 
GreenlNf Data Windows J95 279 
GSS Dev_ Too lki1 fo r 0Sf2 69S 559 

EW RELEASES 
ACTO R 1.2 

aw upports SOOK memory 
under LIM E panded Memo
ry Specifications, and adds 
full support fo r the new re
lea es of Microsoft 
WindOW$1286 and Win
dOWS/386 (ver Ion 2.1). 
Lisi : S495 Ours: $423 

LATTICE C 3.3 
ln tegraled environmenl that 
include a screen editor and 
source level debugger. Lat
tice C 3.3 generates DOS, 
0512 or ' Famil mode' pro
grams which are compallble 
with either oper 1ln_g system. 
U I : $450 Our$: $289 

Essential C Utility library 4.0 
ew ~r functiom include 

a fully funC1 ional edi tor, d i· 
rectory backup1maintenance 
utilities, mouse driven user 
interfaces. dialog bo~es and 
much more. 
list ' $199 Ours: Sl39 

guarantee. Paradise i ready and waiting for you. 
LIST OUR 

ASSEMBLY LANGUAGE 
1'\dvantagc Disassembler 
MS Macro Assembler 
OPTASM 
Visible Computer : 80286 

BASIC 
Graphf'ak Professional 
LaserPak 
M BASIC/6.0 
M Qui kUASIC 
QBas• 
QBasc Repo rt 
QuickMenu 
QuickPak Professiona l 
Q uickWindows 

wl Sou rce 
Turbo Basic 

Tu rbo Basi Too lboxes 

C LANGUAGE 
ADVANTAGE C + + 
C-1erp 
High 
Latt i e C 
M icrosoft C 
NOP C-386 
QuickC 
RUNIC Professional 
Turbo C 
WATCOM C 

295 279 
150 105 
129 115 
100 90 

149 129 
69 60 

295 199 
99 69 
99 90 
69 60 
49 45 

149 129 
79 70 
99 90 

100 b9 
100 b9 

495 47'l 
298 232 
595 529 
450 289 
45-0 299 
595 529 

99 69 
250 159 
15{1 105 
295 269 

C LIBRARIES/UTILITIES 
ASY H MANAGER 175 137 
TOOL PLU 15.0 129 101 

C U1ility Lib rary 199 13'.I 
CxPERT 395 335 
Essential Comm library 185 125 
Greenleaf Bus. Mathlib. 239 159 
Greenleaf Comm Library 225 16'.I 
Green! •af Function 209 l SS 
Greenleaf Superfunctions 265 179 
Gr enlcaf Turbo funclions 109 79 
PforCe 395 215 
PC.li nt 139 101 
Pre 295 159 
Resident w/Sou rce 198 t69 
TimeSliccr 295 279 

w/Source 1000 899 
Turbo C Tools 129 99 
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C GRAPHICS 
Es,.ential Graphi 

w/Sourcc 
Gr~h1C 
GS GSkh1c Dev. Too lk it 
HALO " 
M elaWINl)OW 
M c taWINDOWlf'LU 

C SCREENS/WINDOWS 

ll ST OUR 

299 229 
598 509 
395 322 
495 409 
Jl5 21'J 
195 162 
275 232 

C-Scape 
C-Wor1hy 
IAM 
PANEl. Plu s 
PANEUQCorTC 
Vitamin C 

VCScreen 
Windows for C 
Window" for Data 

w/Source 

dBASE LANGUAGE 
Clir,per
dB asl 
FoxBASE + 
Fltper
R R 

i lvcrComm Library 
Tom Reltig"s Library 

299 282 
295 241) 
750 684 
41J5 395 
129 99 
225 162 
100 HO 
195 169 
295 25'J 
590 S l 'J 

(,95 4)9 
100 75 
395 249 
195 182 
149 129 
150 139 
100 80 

FORTRAN COMPILERS 
Lahey F77 FORTRA 477 429 
Lahey Personal FO RTRA n 95 86 

LIST 0 R 
MS FORTRAN 450 299 
RMIFORTRA 595 47'l 

PASCAL COMPILERS 
M icrosoft Pascal 300 199 
Professional Pa> al 595 549 
Turbo Pascal 150 IOS 
Turbo Pasc~ I Dev. Toolkit 395 289 

TURBO PASCAL ADD·ONS 
Overlay Manager 45 40 
Science and Engi n . Tools 75 70 
T-Debug Plus V. 4.0 45 40 

w ource 90 80 
Turbo Ana lyst 4.0 75 f,IJ 
Turbo Geometry Lobr ry 15-0 135 
Turbo Halo 95 80 
Tu rbo IAGIC 199 179 
Turbo Plus 100 89 
Tu rbo POWER SCREEN 129 99 
Turbo POWER TOOLS PLUS 129 99 
Turbo Professional Y'9 80 
Turbo Professional 4.0 99 80 
Turbo Toolbox"s (Borland) 100 69 
Turbo Tutor 70 45 
Turbo WI DOWfl'ascal 95 80 

DEBUGGERS 
Periscope I b'I) 563 
Pe riscopc 11 175 t41 
Periscope 11-X t45 IO& 
Perisco~e 11110 MHZ 1395 1143 
Pfix86p u 395 215 
T-Debug PLUS V. ·1.0 45 40 

w/Source 90 80 

DISK/DOS/KEYBOARD 
Advan d orion Uti li1i1!s ISO 99 
Command Plus V. 2.0 60 70 
Disk O~tim izcr 70 59 
Fastbac Plus 189 142 
Mace Ulililies 99 90 

orton Commander 75 55 
orton Uti lilies 100 61 

PC Tools Deluxe 80 70 
Vlea lure Deluxe 120 111 
X-Tr"e Pro 129 111 

ED ITORS 
BRIEF 
Ep silon 
KEDIT 
MKS VI 
Multi -Edit 

orion Editor 
PCIEDT + 
Pl Ed itor 
SPF/PC 
VEDIT PLUS 

FILE MANAGEMENT 
Btrieve 

Xuieve 
Report Option 

B1rleve/ 
CBTREE 

LIST OURS 

195 CALL 
t95 15 1 
150 120 
75 66 
99 90 
75 65 

295 269 
195 165 
245 185 
18S Ill 

245 185 
24.'i 189 
145 109 
595 45S 
159 129 



HOW WE WORK 
PHO\E ORDERSPARADISE 1-800-445-7899 Hours 9 t\M-7 PM E T. We 

LI T OUR 

KEDIT V.4.0 for OSfl 175 IJ'J 
1\.l1crosoft languag s LL ALL 
PA EL Plus tor 05/'2 495 395 
Rb~c for 0512 695 LL 
Vitamin for 0512 345 279 
Windows for Da1a for OS/2 395 CALL 

OBJECT-ORI ENTED 
PROGRAMMING 
ACTOR 

ADVA Tt\GE + + 


-talk 
PiorCe + + 
Smal ltal 

Communi ations 

EGANGA olor Ext. 

Goodies #1 or 2 


Smalltal 286 

386 SOFTWARE 
386-to-the-Mou: 
DESQview 
fox6A E+1386 
High 386 
Microport 

System Vf.l&) (complete) 
Runtime System 

MS Wi ndows/386 
OP or Fortran·31l6 

495 423 
495 47g 
150 137 
395 215 
1()() 85 
50 45 
50 45 
so .as 

200 169 

75 bb 
130 115 
595 39'1 
895 799 

699 7M 
299 2S5 
1•JS 130 
595 529 

l'C·MOS386 CALL CALL 
Phar Lap JaOIA N\/Link 495 409 
SCO XENIX 

ys. V 386 (compl •t ) 14 ll'IS 
v~aling System 695 589 

245 182 

ADDITIONAL PRODUCTS 
Carbon Copy Plus 195 142 
Dan Brick Im s Demo 11 195 179 
FLOW CHARTING II :?.i9 205 
Logitech MOD ti Dev Sys 249 209 
MathCAD 395 282 
MK Toolk11 169 t45 
PC Scheme 95 86 
Pf1n ish 395 215 
Piink86plus 495 275 
PolyMa\:c 149 !JI 
PVCS Corporate 395 359 
out e Pnnt 97 ~ 

Tree Diagrammer n 7U 

BLAISE 
ASV CH MA AGER 175 137 
C TOOLS PLUS15.0 129 99 
Turbo ASV CH PLUS 129 99 
Turbo C TO LS 129 99 
Turbo POWER S RCEN 129 99 
Turbo POWER TOOLS PLUS 129 99 

MICROSOFT 
MS BA IC ompiler 6.0 
MSC Compiler 
MS COBOL Compiler 
MS Excel 
MS FORTRA 
MS Macro As'embler 
MS 'louse Serial or Bu' 

\ IEasyCAD 
w mdows 

MS 0512 Prog. loolk1t 
MS Pascal ompi ll'r 
MS Qu ickBASIC 
MS QuickC 

wlsenal mou'I! 
MS Sort 
MS Wmdowsfl!lb 
MS Windows/J36 

IS Windows Dev. Kit 
M Word 

MEDIA CYBERNETICS 
Dr. HALO Ill 
HALO OPE 
HALO "68 
HALO "68 • M Developers 
TurboHALO for 

WEND IN 
~~ating ystem Toolbox 

PCVM 
Wcndin-DOS 

Application Dev. Kit 
XTC lcxt Editor 

295 199 
450 299 
'JOO 599 
495 32'l 
450 299 
150 99 
IS.0 99 
175 11 9 
200 139 
JS.O 239 
)()() 199 

99 6<J 
99 6<J 

24'l 149 
195 130 
99 69 

195 130 
500 319 
450 265 

1.;() 
195 
J2S 
595 

'15 

99 

99 

99 


139 109 
99 80 
b9 S'J 

PROGRAMMER'S PARADISE: 
HALO '88 
The latest version of the industry standard . 
Now adds to th library, subroutines and 
devices which facilitate the development of 
con temporary appli a1ions such a Desktop 
Publishing, Document Managemenl, Vision, 
and Imaging. HALO '88's powerful functions 
reduce development tim e by offering fast , 
effective sub routine . And no other graphics 
library supports more language,, more com· '----....;:=
pilers or more devi e,, 
LIST: $325 
SPECIAL OFFER: S2 19 °f!AW. 

POWER SCREEN 
Powerful new screen management system for creating pop-up 
windows, pull-down menus . context sensitive help. and spe

POWER SCRllN 

cially customized inlerfaces . Interactively 
paint screens using powerful editin~ func
tions ~nd s1ore the screen inlormJllOn in 
a database thal can be maintained and 
a e sed from you r applica tion programs. 
from Blaise Computing. a proven leader in 
providing U) ful tools tor professional 
programmers. A 
LIST: $12'1 v 
OUR : S99 111.,\ISI·: C.!_l,\ ll 'l'T l :...'C; INC 

WENDIN-DOS VER ION 2.5 
WENDIN·DO i the new multi-tasking. multi-u er MS-DOS 
replacement op rating ~ys t m for IBM compatible Personal 
Computers. er5ion 2.5 allow~ use r~ to create hard cJ.isk p.irtt · 
tlons great r 1han 32 MS. WENDI -DOS uses the MS-DO file 
system. and supports MS-DO commands while providing new 
one to enabl mult1-t;"king, file protection , and command 
language extcn ion s Jnd enables you to access your files with 
DOS. UNIX, or VAXNMS sty le tile names - wh1ehever you 
prefer. WE DIN-DOS supports several users on the sam com· 
puter. WE DIN -DOS now includes XT , Wendtn 's UL IMATE 
PROGRAMMER' EDITOR ! 
Minimum 512K memory. -,i/\~'l/jjl1/J/'V7. 
UST: St39 Ours: St 09 ~WU/V' 

MICROSOFT COBOL COMPILER 
The complete COBOL deve lopment solution for rea ting osn 
and MS-DOS applications. It's certified hi ~h-leve l A SI 65 

COBO . And it a nat ive code com· 
p il r, as uring ext remely fast 
exe u tion. 

M ICRO OFT COBOL support 1he 
normous memory requirement o( 

mainframe applications. Develop and 
main1ain applications on a personal 
computer and port them 10 a mini· 
ompute r or mainframe. 

UST: S'JOO OURS: $599 

NJiClosott• 

1-800-445-7899 


A Division of Magellan Softw.ire Corp 
55 South Broadway, T;:irrytown, Y10591 

a ept Ma terCard , Visa, Ameri
ca n Expre s. Include SJ.95 per 
11 m for shipping and handling. 
All shipments by UP ground . 
Rush service available, ask lor 
rates when you order. 

~IAIL ORDERS 
POs by mail or fax are w elcome. 
Please include phone number. 

RETlRN POLICY 
ur " No Hassle" policy means 

if you' re not satisfied with a 
product from Prosrammer's, 
simply return it w ithin 30 days 
fo r a refund. Some manula lur
er's products cannot be returned 
once disk eab are broken . o 
check b~fore you buy. 

1\TERNATIO~AL 
.-. ER\"ICE 

ake advanlage of our lnler· 
national business number for 
details on exporl charges 
and ex hange rates. Payment• 
,hould be made in U.S. dollars. 

DE.\LERS .-\.~[) 
CORPORATE :\CCOL'\TS 

all and ask for ou r catalog and 
specia l volume discounb. 

l'~BE.\TABLE PRICES 
We'll malch lower nat ionally 
adverli sed prices. 

In Y: 914-332-4548 
Cu tomer Serv ice: 

914-332-0669 
International Orders: 

914-332-4548 
Te lex: 510-601-7602 
Fax: 914-332-4021 

Call or Write for 
Latest Free Cata log. 

NOVEMBER 1988 • B YT E 63 
Circle 262 on Reader Service Card 



with new UniLab Microprocessor Development Tools 

• CHKl>ytes from hard disk tu emulation 
memory in~ seconds. ·nun's moving. llut 
today you \ · ' got to he fast just to stty in the 
race for heller mkroprores ·or designs. 
• The secret is a new. high-speed parallel 
interface: the Orion hus. Which zips data 
hetwcen your PC /AT and the 8610 analy1.er· 
emula to r, breaking the RS-132 bottleneck. 
• 'lne8620 \~ith O·bus gives you com plete 
program diagnosis - and olutions - in real 
ti me. For more t.han 150 different micro· 
proce;sors. I 'sing the same command set 
em•imnment. 
• Agenerom; 1 .~O trace-cycle burt: r \\ith 
selective filtering lets you cut through the 
clutter and display just the traces you wish. 
And you get lµscc re oltnion in program 
lime meas uremen t. Plus cominuous lnSight 
monitoring of your 
program 's key 
functions as they 
:ire p •rformed. 
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lnSight Display. lnSight blends analyzer
emulator techniques to give you continuous. 
real time monitoring of key processorfunctions. 
And still services user interrupts. It displays 
changing register contents, 1/0 lines, ports, 
user-defined memory windows. Wilh your 
own labels. 

• On top of that , you gel niL'lh 's 1rade
rmrk abiLity to debugby symptom. not just hy 
hrcakpoint and single step. And. to help 
you complete tl1e joh on time. on tl1e spot, a 
stimulu · generator aml EPROM programmer 
are includ d. 
• Ease of use. anotl1er Orion trademark. 
is also built in. So you ha\'C all the familiar 
fearnres and format you· re u cd 1om1rking 
\1i1h . It doe. n't matter if your project is a 
single chip controller or complex 16-bit 

Analyzer Triggers. Commonly used triggers 
can be selected quickly from alist of standard 
and user-defined triggers. 

microproce:sor, the 8610 i the top price/ 
pcrforrnm1cc analyzer·cmulator that does it 
all . At just S·d80. With processor Perso na.lity 
M.s l\1)irally S550 each. 
• Un iLah 8620. hist-lane debugging that 
gets ynu to market 11uicker. 

Call toll-free: 800 I 245-850-0. 
In CA: 15I 361-8883 

I NS T RUMENTS 

~O! ~larsha.11 ·r. . Re<hmod City,C\ 9'1063 
TL'\ 5W9·12 FAX ·lt5/ 361-R970 
Computer Integrated Instrumentation 

Circlt 242 on /Uadu Strviu Card 
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What's New 

Short Takes 
NEC UltraHte 
NEC ProSpeed 
The Norton Commander 
Compaq Deskpro 386/20E 
Personal Measure 

First Impressions 
The NeXT Computer 

Reviews 
Project management 
software 
The Compaq 386s 
ALR's FlexCache 25386 
Levco TransLink and CSA 
PART boards 
Zortech 's C + + 1.0 
PC-Lint 2 . 15 
SpioRite 1.02 
FullWrite Professional 1.0 
Remote2 1.0 
Review Update 
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IT'S TIME TO DO SOME 

SERIOUS 386 BUGBUSTING! 


PROBE' men11 ----':"" 
bar a 11d pu/l

dow11 11u?m1s set a 

new Umdard for 

debugger 

i11terfaus. 

This is an 
PROBE lias -----~ out-of.rangt 
source- ft\'t/ 11rt1"ory·ortrwrite
deb11ggi11g 10 ltl bug. Sinee it i 
yq11 "C" your interrupt rtfaJtd, 
program. it only appe'1rs in 

real liml'. 

Welcome ro your nightmare. Your company has bet 
the farm on your product. Your demonstration 
wowed the operating committee. and beta hip

ment " ere out on time. Then wham ! 
All our beta cu tomers seemed to call on the same day. 

.. Your l'tware i. doing some really bizarre things" they say. 
Your credibility is at take. Your profits are at take. Your 
·ani ry is al ·take. 

THIS BUG'S FOR YOU 
You rack your brain. trying 10 figure ~omething out I it a. 

random memory ovcr.vrite? Or worse. an overwrite to astack
based local variable? I it sequence dependent? Or worse, 
randomly cau ed by interrupt '? Overwritten code'? Undocu
mented " features" in the software you're linking to? And to 
lop it off. your program i too big. The ·oftware debugger. 
your progrnm and it's ymbol 1abie an'1 fit int memory at 
the am time. Opening a bicycle hop uddenly i n't such a 
bad idea. 

THIS DEBUGGER'S FOR YOU 
nnouncing the 3&6 PROBE'~ Bugbu ·ter.*from Acron. ine 

of the cop-ten software developers sleep better at night 
be au c of Alron hardware-as i ted debu0 ger . Because they 
can · t real -time breakpoint which instanily detect memory 
read and write . . 

Now.\ ilh the 86 PROB • you have the capability to et a 
qualified bret1kpoi111. o I.he breakpoinc trigge only if the 
event are coming from the wrong procedures. So you don t 
have to be halted by breakpoint from legitimate areas. You 
can even detect ob ·cure. sequence-depend nt problems by 
·topping a breakpoint only after a pecillc chain ofevent h 
occurred in a specific order. 

Then. you can look at the cau e of the problem, the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try to do the ame 
thing, Atron is the only company in the world to dequeue the 
pipelined rrace data so you can easily understand it 

Finally, 386 PROBE's megabyte of hidden, write-protected 
memory l res your symbol table and debugger. So your bug 
can't roach the debugger. And o you have room enough to 
debug a really big program. 

COULD A GOOD NIGHT'S St.EEP 
PUT YOU IN THETOP TEN? 

Look at it thi way. Nine of the top-ten oftware products in 
any given category were cre~ted by Atron customer . Maybe 
their edge is - a good night' sleep. 

Call and get your free, 56-page bugbu ting bible today. 

And if you're in the middl ofa nightmare right now, 


give us a purchase order 

number. We'll FED X 


you a weel dream. 


tW't~:M 
, BUGBUSTERS 

A divi ion of Nonhwe ·1 In rrument Sy tern . Inc. 
amtoga Office Center • 12950 Sara1oga Avcnu 

Sarai ga. CA 95070 • all 408/253- -93 toda • 
• \ '""'""'' f,>r CIJMl'AV. I'S . ·lilh ;i>J <»m~1 fbl Of')'";tht • 1'1117 h · iron. lSo PROBE;, o lnllcmirl< of Atroo. Call J.4.2-llSS·l!S~ 10 the UK ond 49·8·985-$020 tn W<>t Gmnony TRBA 
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WHAT'S NEW 

SYSTEMS 

MIDI Meets DOS 
in a Laptop 

Y amaha Music intro
duced an MS-DOS-com

patible laptop that's designed 
specifically for professional 
musicians. 

At first glance, the Cl 
seems no different from a stan
dard laptop. 

An 8- or 10-MHz Intel 
80286 microprocessor is cou
pled with 64K bytes of ROM, 
640K bytes of RAM (upgrad 
able to I or 2 .5 megabytes), 
and two 720K-byt.e 3 Yl -inch 
floppy disk drives (or an op
tional 20-megabyte hard disk 
drive/720K-byte floppy disk 
drive configuration). 

The backlit digital liquid 
crystal display offers 64-0- by 
400-pixel resolution, and you 
can connect an external 
monitor. 

Several features , however, 
distinguish this machine. The 
first is MIDI compatibility, 
which you can access through 
the 11 MIDI ports (2 in , I 
through, and 8 out) that line 
the back of the 15- by 15- by 
3-inch, 18-pound machine. 

There's built-in tape syn
chronization functionality and 
two sliders on the side of the 
keyboard for pitch bend , vol
ume, tempo, and other func
tions that work off music
specific software packages. 

Music-specific hardware 
includes a chip that gives the 
CI a system timer. 

Also, Yamaha claims that 
about two doz.en third-party 
software manufacturers are 
ready to deliver as many as 
I 00 programs. 
Price: $2995; $3995 with 
hard disk drive option. 
Contact: Yamaha Mu ic 
Corp., USA, P .O. Box 6600, 
Buena Park , CA 90622, 
(714) 522-9011 . 
Inquiry 7S3. 

Yamaha Cl breaks the music barrier. 

Apple Joins the 
68030 Bandwagon 

Anew CPU, floa1ing 
point coprocessor, and 

floppy disk drive controller 
mark the advanced technology 
Apple Computer is promot 
ing with the introduction of the 
Mac llX computer. 

Motorola's 16-MHz68030 
microprocessor has separate 
instruction and data caches 
and includes Paged Memory 
Management hardware that 
supports shared memory and 
virtual memory. It also 
includes the latest-genera
tion 68882 floating-point 
coprocessor. 

Apple says the new floppy 
disk drive controller and its 
1.44-megabyte 3 'h-inch flop
py disk drive, called Super
Drive, can format and read/ 

write both 400K-byte and 
SOOK-byte Apple floppy 
disks as well as MS-DOS and 
OS/2 720K-byte and 1.44
megabyte floppy disks . 

Two drive configurations 
are available: one 1.44-mega
byte floppy disk drive, or one 
1.44-megabyte floppy disk 
drive and an internal 80
megabyte SCSI hard disk 
drive . 

The Mac llX will run 
Apple's operating system ver
sion 6.0. Inside the Mac 11
size , 25-pound Mac IIX are 4 
megabytes of on-board RAM 
(expandable to 8 megabytes) . 
Monitor and keyboard are 
options . 
Price: $7769; $9369 with 80
megabyte hard disk drive. 
Contact: Apple Computer, 
Inc., 20525 Mariani Ave., 
Cupertino, CA 95014, (408) 
996-1010. 
Inqulry 751. 

SEND US YOUR NEW PRODUCT RELEASE 
We 'd like to consider your product for publication. Send us full 
information, including its price , ship dare, and an address and 
telephone number where readers can get further information. Send 
to New Products F.ditor, BYTE, One Phoenix Mill Lane, Peter
borough , NH 03458. lnfonnation contained in these irems is based 
on manufacturers' written statements and/or telephone interviews 
with BYTE reporters. BYTE has not fonnally reviewed each product 
mentioned. These items, along with additional new produc1 
announcemenis, are posted regularly 011 BIX in the microbytes.sw 
and microbyres.hw conferences. 

Wang Supermicro 
Runs Its Own VS 
and Unix 

T hree VS 5000 micropro
ce.ssor chips provide the 

Wang VS 5000 with 25 to 
33 .3 MHz of no-wail-state per
formance . On each of these 
scalable CMOS chips is an en
tire Wang VS instruction set. 
which the company claims is a 
variam of the IBM 370 main 
frame instruction set. 

Wang' s VS operating sys
rem comes standard , but a 
Unix -based system called the 
VS I /i x is available as an op
tion. All systems are shipped 
with a 1.2-megabyte 5 \4- inch 
floppy disk drive. Each can 
also be equipped with one full
he i.ght hard disk drive, and 
one or two half· height hard 
disk drives, or half-height 
streaming tape drives. 

Model 30 operates at 25 
MHz and can handle as many 
as six terminals . It sports I 
or 2 megabytes of RAM and a 
72-megabyte or 145-mega
byte hard disk drive . 

Model 40 operates at 25 
MHz, but it handles up to 16 
users . with each system con
taining 2 megabytes of RAM 
(upgradable to 8) and your 
choice of a 72-, 145-, or 326
megabyte hard disk drive. 

Model 50 operates at 28 .6 
MHz for up to 32 terminals 
with 2 megabytes of RAM 
(upgradable to 8), and any of 
the three hard disk drives . 
Price: Model 30, $8800 to 
$13 ,900; Model 4{), $15,200 
to $41 , 100; Model 50, 
$26.200 to $52,100. 
Contact: Wang Laboratories, 
Inc ., One Industrial Ave., 
L-0well, MA 0185 I , (SOS) 
459-5000. 
Inquiry 752. 

cominl4ed 
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WHAT'S NEW 

PERIPHERALS 

Erasable 
Technology Meets 
Optical Storage 

D ISCUS Rewritable is a 
magneto-optical disk sub

system that 's compatible with 
all MS-DOS- and OS/2-based 
systems. 

I! 's a 51' -inch, 650-mega
byte subsystem that ' s compat
ible with Lhe manufacturer's 
WORM and CD· ROM drives . 
Operation of the DISCUS is 
the same as a hard disk d rive, 
except that the optical car
tridges are removable. The 
AGADrive SCSI host adapter 
is installed in a full-length AT 
or PS/2 (Micro Channel) 
slot . 

The system reads data 
from the 3M-designed remov
able cartridges using an 800
nanometer, 20-milliwan semi
conductor laser diode . The 
cartridges have a polycarbon
ate chemical substrate that 
sandwiches a thin film of 
'"earthen" elements. The 
laser polarizes (deflects) tiny 
elements on the thin film, 
making the wr iting magneto
optical. All reads are optical. 
Price: $4995 : $250 for 
cartridges . 
Contact: Advanced Graphic 
Applications, Inc. • 90 Fifth 
Ave ., New York, NY 100 11, 
(212) 337-4200. 
Inq uiry 757. 

DISCUS rewrites optical disks. 

PC-Based CAD 
Peripheral 
for 2112-D 

A dra Systems ' new PC
based CAD periphera l, 

Acclaim t, has roughly one
third the storage capacity of its 
minicomputer-based (CAD) 
System 3000. 

Both systems have 2 Y1-di
mensional (2-D that can be 
viewed from mul tiplex, y, 
and zaxes) functionality. Both 
have a quick response time of 
about Yto second. Both func
tions are perfect for the engi
neer designing 1he nuts-and
bolts-type components 
necessary in any manufactur
ing facility. 

Fi les can be shared with 

other Acclaim' systems, with 
PCs , or with the Adra 3000 
via Transmission Control 
Protocol/I nte rnet Protocol 
(TCP/IP) Ethernet or 360K
byte floppy disks . Acclaim! 
can also be linked to an Adra 
file server fo r a multiple 
workstation environment. 

Applicat ions software is 
Adra's Cadra·ll, version 6 .0 , 
which works with MS-DOS 
3.1 or higher and with IBM 
PC, XT, and AT compat
ibles, includi ng PS/2s. 

Compatible computers 
must have at least 20 mega
bytes of hard disk capacity, a 
graphics display (EGA and 
VGA monitors with 1024- by 
768-pi:ro:.el resolution are sup
ported), a keyboard , and a 
mouse or tablet. 

Adra also sells a complete 

RS-232C Modem Doesn't Hog Your RS-232C Port 

T he XE2400FTisacom
pact 2400-bps modem 

that requires no XT- or AT
compatible slots. It doesn' t 
even use up )'OUT RS-232C 
port . 

Ifyour RS-232C port is al
ready occupied, you simply 
unplug that device, plug the 
XE2400FT into your com
puter's RS-232C porl , and 
plug the o ther peripheral 
into the XE2400FT's RS
232C port . This ar range
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ment gi ves the Xecom-de
signed modem the abil ity to 
receive and transmit through 
the telephone Iines . Or you 
can flip a switch and be in di
rect contact with a printer, a 
mouse, another computer, 
or any other serial periph· 
eral device . 

The XE2400FT includes 
many fu nct ions. It 's com
patible with the Hayes AT 
command set, and it fea tures 
aut o-a nswer , auto-baud , 

au to-dial, and redia l fu nc
tions. It a lso has a fully pro
grammable set ofS registers, 
for programming the num
ber of rings or diali ng ti me 
delay, for example. 
Price: $349 with communi
cations software; $477 with 
a serial mouse and compat
ible software. 
Cootacl: Xecom, Inc . , 374 
Turquoise St., Milpitas, CA 
95035, (408)945-6640. 
Inquiry 755. 

system, which includes a 10
MHz 80286-based PC (or a 
16-MHz 80386-based ma
chine), Acclaim! , a 15-inch 
VGA color display . and a 40
megabyte hard disk drive. 
Options include a 19-inch 
1024- by 768-pi:ro:.el display , a 
data tablet and stylus, and a 
40-megabyte tape backup. 
Price: $10 ,795 to add Ac
claim t to your ex.isling system; 
$14,995 with an 80286 pack
age; $17 ,995 with an 80386 
package. 
Contact: Adra Systems, 
Inc., 59 Technology Dr., 
Lowell, MA 0 1851, (508) 
937-3700. 
Inquiry 758. 

WORMS That 
Sl ither Faster 

MaximumStorage is 
banking on the idea that 

a permanent WORM (write 
once, read many times) media 
will be used for years to 
come. 

The 500-megabyte APX
4000 device is the company's 
second offering with non
erasable permanence in mind 
(it is conservatively estimat
ed to last more than I 0 years). 

The APX-4000, a 5 1.4 -inch 
unit, is coupled with the com
pany 's proprietary software 
for 28-millisecond access time 
resulti ng from both coarse
seek and fine-seek motors . 
Each drive comes standard 
with a controller card (XT ·and 
AT-compatible) and an en
hanced small device interface 
port. 
Price: External version , 
$4450; internal version . 
$4250; double-sided car
tridges, $175; single-sided, 
$125. 
Contact: Maximum Storage, 
Inc. , 5025 Centennial Blvd., 
Colorado Springs, CO 
80919 , (7 19) 531 -6888. 
Inquiry 756. 

conrinued 
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YOur pad orours? 

Ifyou perform 

calculations, the answer 
is obvious. 

MathCAD 2.0. 
It's everything 

you appreciate about 
working on ascratch· 
pad- simple. free-form 
math-and more. More 
speed. More accuracy. 
More nexibility. 

Just define your 
variables and enter your 
formulas anywhere on the screen. MathCAD 
formats your equations as they're typed. 
Instantly calculates the results. And di plays 
them exactly as you're used to seeing them
ln real math notalion, as numbers, tables 
or graphs. 

MathCAD is more than an equation 
solver. Like ascratchpad, it allows you to add 

text anywhere to 
support your work, 
and see and record 
every step. You can 
try an unlimlted 
number of what-ifs. 
And print your 
entire calculation as 
an integrated docu
ment that anyone 
can understand. 

Plus. MathCAD 
is loaded with powerful 

built-in features. In add ition to the usual trig
onometric and exponential functions, it 
includes built-in statistical functions, cubic 
splines, Pourier transforms, and more. It also 
handles complex numbers and unit conver· 
sions in acompletely transparent way. 

Yet, MalhCAD is so easy to learn, you' ll 
be using its full power an hour after you begin. 

What more could you ask for? How 
about the exciting new features we've just 
added to MathCAD 2.0 ... 

• Built-in equation solver 
• Full matrix operations 
• 1\~o to four times increase in 

calculating speed 
• Easier full·page text processing 
• Auto-scaled plots 
• Memory enhancements 
• Additional printer and plotter 

support 
• And more. 
If you're tired of doing calculations by 

hand or writing and debugging programs. 
come on over to our pad. MathCAD. The 
Electronic Scratchpad. 

Call for adetailed spec sheet and the 
name of aMathCAD dealer near you. 
1·800-MathCAD (In MA: 617-577-1017). 

Requires IBM PC" or compatible.512KB RAM. graphics card. 
1811 PC" lntn..,.,... s..1..... l.l>dlllW< ~ 

M>lhC.ID• M>chSoft. Inc. Math CAD" 
© 19111 IUll&A. loc M1tbSofl, loc., On~ K.~nd.111 Sq .• Cambridge, MA 02139 
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WHAT'S NEW 

ADD · INS 

Bring MS-DOS 
to Your Mac 

T wo coprocessor boards 
allow the Macintosh SE 

and II to run MS-DOS appli
ca1ions easily, the manufac· 
turer claim . Each fits in a 
ingle expansion slot and in

cludes a parallel port for 
IBM PC-compatible printers 
and a erial port for RS-232C 
devices. All you need to add is 
the operating systems. 

MAC/DOS SE, which is 
based on Intel's 8086, comes 
with disk· transfer and file 
cooversion utilities. These per· 
mit you to transfer files di
rectly, without having to use 
an external 5 \4-inch floppy 
disk drive. The SE board also 
support Macintosh features 
(such as foot style and size se
lection for desktop publish
ing, Multifinder and Switcher , 
and many Macintosh desk ac
cessories) while operating in 
the DOS environment. 

Memory is 128K bytes of 
RAM , upgradable 10 512K. 
Macintosh di k drives are as
signed and used as DOS disk 
drives using a logical format. 
The SE's hard disk drive is 
partition-configurable from 1 
to 32 megabytes. 

The MAC/DOS II copro
cessiog board, which is based 
on Intel's 80286, includes I 
megabyte of expansion mem
ory (upgradable to 2 mega
bytes) you can use for the Mac 
when you' re not using it to 
run MS·DOS applications. Be
sides I.he parallel and serial 
ports, there 's an optionaJ 
80287 math coprocessor 
socket. 
Price: MAC/DOS SE with 
128K bytes of RAM , $795; 
with 512K, $1195; MAC/ 
DOS II with l megabyte of 
RAM, $1495. 
Contact: PerfecTek Corp., 
1455 McCarthy Blvd. , Mil
pitas , CA 95035 , (408) 
263-7757 . 
Inquiry 760. 
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PerfecTek coprocessing lets Macs run DOS. 

NuView Images 
the Mac II 

A ST Research has an 8-, 
16-, and 24-bit color 

image-capture card for the 
Mac II that digitizes and 
manipulat.es images from 

TSC- and ROB-standard 
sources. Typical applications 
vary from desktop presentation 
and publishing to medical 
imaging and industrial 
inspection. 

After capturing the image, 
the single-slot board display ic 
with up to 640- by 480-pixel 
resolucion through any Apple
compatible video display card 
(which Apple sells for $599). 
The image can subsequently 
be displayed (digitized to fit 
within multiple windows of 
a.ny size), manipulated, stored, 
printed, or transferred to 
graphics applications . 

Key features include real
time hardware panning and 
zooming, clipping, a.nd 
masking. Capture rate is 30 

CATV-Delivered Video Meets the PC 

0 ne of the first consum
er products i.nvolving 

data processing of cable te
levision -delivered video 
is now available from Cable
soft. 

LiveWire allows you to 
keep up with your stock mar
ket portfoli0 through the Fi
nancial News Network while 
you're in an application in 
the DOS environment. Any 
time your PC, XT, AT, or 
compatible i luned into 
FNN, delivered by your 
loca l cable television fran 
chise, you've got the most 
up-to-date tock quotes 
available. 

Coproc~ssor multitasking 
allows LiveWire to signal 

you from within your appli
ca1ion to buy, sell, stop buy
ing, or slop selling when 
prices reach preset levels. 

Included software allows 
for multiple portfolio man
agement with cash account· 
ing. There's 64K bytes of 
ROM and SK bytes of RAM 
for storage of historical data 
for securities, indexes, and 
portfolios . Software is in
cluded for some technical 
analyses of the historical 
data. 
Price; $995. 
Contact: CablCSoft. Inc., 
307 West Burlington Ave., 
Fairfield, Iowa 52556, (515) 
472-8393. 
Inquiry 761. 

frames per second. The 

frame buffer is I .5 megabytes 

of RAM, and the system pal 

ette has up to 16. 7 million 

colors. 

Prke: $2099. 

Contact: AST Research, 

Inc. , 2121 Alton Ave., Irvine, 

CA 92714, (714) 863-9991. 

Inquiry 763. 


LIM/EMS 4.0 
Boards from Intel 

A bove Board Plus and 
Above Board Plus I/O are 

Intel products supporting the 
Lotus/Intel/Microsoft Ex 
panded Memory Specifica
tion (LIM/EMS) 4.0 and OS/2 
hardware for multitasking ca· 
pability above 640K bytes on 
the IBM PC, XT, AT, oon
Micro Channel PS/2s, and 
compatibles. 

UM/ EMS offers access to 
32 megabytes rather than the 
conventional 640K-byte limit 
that can be accessed by appli· 
cations and utililies such as 
RAM disks and print spoolers. 
Since LIM/EMS 4 .0 was re
leased, more than a dozen 
software packages have been 
revised to support the 
specification. 

With LIM/EMS and a pig
gyback card, Above Board 
Plus offers access to 8 mega
bytes. Memory on Above 
Board Plus can also be con
figured to OS/2, or extended 
memory. 

Above Board Plus 1/0 
comes standard with one serial 
and one parallel port. 
Price: Above Board Plus, 
$745: Above Board Plus l/O, 
$895; piggyback memory 
board configured with 2 mega
bytes. $2195. 
Contact: Intel PCEO, Mail 
Stop C03-07, 5200 Northeast 
Elam Young Pkwy., Hills
boro, OR 97124, (800) 538
3373. 
Inquiry 762. 
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It's Easy To See Why Quattro 

Is The Spreadsheet Of Choice! 


Jn fact. it's hard nol to see. 
Because one look at Quattro• shows 
you a lot more for your money. 
More speed . more power . and the 
most spectacular presentation
quality graphics anywhere-
built in. 

Dazzling and diverse 
If you went out looking. you'd 

be hard pressed to find spreadsheet 
graphics as dazzling and diverse 
as Quattro's. If you did. they'd be 
in a separate standalone package 
with a separate standalone price. 
And they sti ll wouldn't be inte
grated with your spreadsheet's 
menu commands the way 
Quattro's are. 

BriUiance built in 
Quattro lets you choose from 10 

dirrerent types of presentation
quality graphs and a huge selection 
of fonts. fill patterns and colors. 

Quattro supports PostScript• too. 
So you can use today's most popu
lar laser printers and typesetters to 
make your work-and yourself
look positively brilliant. 
~~----...--11wUMfiClilillotrl~IMl.(lillWllQ 
lllJll~•~ ••W"C--.ail..,~mnllll ........ llll ft•1Ji ..,_.,..,_ 
~~-~-~~tl~l~IKi.. 

... ,1..Jlft,..._........~~ttu.~(MJ-(-...~-~


""'~"'~~....,...~ ···.,........,._. la!: IU 1'I.'£'1 


Hard copy made easy 
Quattro makes it easy to get hard 

copies of your graphics-with a 
printer or plotter. directly from the 
spreadsheet. In fact. you don't even 
have to leave the spreadsheet. 

Seeing is believing! 
Dazzllng graphics are just one 

or Quattro's eye-opening features; 
your dealer can show you the 
others. Quattro is easy to use and 
fully compatible: it even accepts 
familiar 1-2-3• compatible com
mands and uses data files created 
with other spreadsheets and data
bases. But Quattro gives you a Jot 
more-in fact. twice the speed and 
power of the old standard. F'or only 
half the price. 

60-Day Money-back Guarantee• 

For the dea ler nearest you 
call (800) 543-7543 

I H l( 1' ,~A 1 f0 .'VA t 

Circlt 52 on Readtr Strvia Card (DEALERS: 53} 

'' Quattro contains the most com
prehensive presentation graphics 
capabi l ity ava ilable in a spread
sheet ... The graphs Quattro can 
produce surpass even those avail
able through add-on producis l ike 
Lotus Graphwriter or Freelance 
Plus. If Borland wanted to. it could 
certainly sell the graphics portion 
of the spreadsheet on its own merit 
as astandalone graphics application. 

Robert Alonzo. Personal Computing 

Quattro's presentation-quality gra
phics output capabil ities rival 
those that 1-2-3 can obtain only in 
con junction with separate presenta
tion graphics software . .. For me. 
at least. Quattro has certain ly 
become the character-oriented 
spreadsheet program or choice. 

WI/flam Zachmann. Comput.erworld 

In the few years since Lotus Devel
opment Corp. introduced 1-2-3. 
many companies have attempted to 
unseat the king of the spreadsheet 
hill. The latest contender. Borland 
International Inc. 's Quattro. suc
ceeds where other spreadsheet 
packages have failed . .. Quattro is 
at least two steps ahead of 1-2-3. 

Ricardo Blrmete. PCResource ' ' 



WHAT'S NEW 

HARDWARE • CONNECTIVITY 

Harris links token rings, Elhernets, and more. 

Gateway Merges 
Token Ring and 
Ethernet 

I f you have PCs on both 
token rings and Ethernets, 

Harris Corp. has the Super
Net Gateway to connect both 
types of local-area networks 
1ogether while providing you 
with an instant upgrade path 
to the minicomputer and main
frame wor Ids. 

It allows you to hotkey 
from PC applications (through 
either your token ring or 
Ethernet) 10 other PC applica
tions and in turn to main
frame applications, and vice 
versa, through the most stan
dard protocols, like TCP/IP 
andSNA. 

PCs, 3270 coa:<ial tenni
nals, asynchronou · tenninals, 
it doesn't matter. IBM hosts , 
asyoc hosts, Unix, MS-DOS. 
Same thing. A few of the 
issues Harris has addressed are 
terminal emulation, file 
transfer, and program-to-pro
gram communications. 

In its base configuration. 
Model 20 is a 16-MHz, 80386
based server. Harris sells it 
stripped down with 4 mega
bytes of RAM; a l .2-mega
byte floppy disk drive; a 40
megabyte hard disk drive; a 
150-megabyte tape drive; con
sole; diagnostic modem; one 
32-bit, four 16-bit, and two 8
bit slots; and a Unix license . 

Model 30 is based on a 20
MHz 80386 microprocessor. It 
has 4 megabytes of RAM and 
comes standard with an 80
megabyte hard disk drive 
and four 32-bit, five 16-bit , 
and three 8-bit expansion 
slots . 

Both models operate under 
Unix System V with "MS
DOS as a gues1." 
Prl.ce: Model 20, under 
$14,000; Model 30, $21,000. 
Contact: Harris Corp., Data 
Communications Division, 
16001 Dallas Pkwy., Dallas. 
TX 75248 , (214) 386-2000. 
Inquiry 764. 
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Ethernet Learns 
LocalTalk, and Vice 
Versa 

F astPath 4 is designed 10 
provide a gateway between 

Ethernet and Apple's Local
Talk, using either thin or stan
dard coaxial cabling. 

Compared to the previous 
Kinetics' Ethernet/LocalTalk 
gateway, memory for pro
cessing and buffers between 
the 10-megabit-per-second 
data-transfer rate and the 230
k ilobit-per-second data
transfer rate has been beefed 
up to 256K bytes, upgradable 
to512K. 

Optional configuration 
and network-management soft 
ware, called K-Star, can be 
loaded to FastPath 4 from any 
Macintosh on the network . 
Automatic address manage
ment i al o provided with K
Star, allowing Internet Proto
col (lP) addresses, which are 
necessary for communication 
with an Ethernet host speak· 
ing Transmission Control 
Protocol/1 nternet Protocol 
(TCP/IP). 
Price: S2495. 
Contact: Kinetics, Inc. , 
2540 Camino Diablo, Walnut 
Creek, CA 94596, (800) 433
4608; in California, (415) 947
0998 . 
Inquiry 852. 

T he GatorBox provides an 
Aperture File Protocol 

(AFP) to Network File Sys
tem (NFS) protocol translation 
to a LocalTalk-to-Ethernet 
gateway, Cayman Systems 
claims. 

This precludes the need 10 
install any oftware on the 
APP clients or the NFS 
servers. This functionality 
allows Macintoshes running 
Apple's AppleSh.are worksta
t ion software to always "see" 
NFS servers as AppleSh.are 
servers. NFS servers simi
larly see each Macintosh that 
uses the GatorBox as an ordi· 
nary NFS client. 
Price: $3495 . 
Contact! Cayman Systems, 
Inc., University Park at MIT, 
26 Lansdowne St. , Cam
bridge, MA 02139, (617) 
494-1999. 
Inquiry 767. 

Increase AppleTalk 
Beyond 230K bps 

D aynaTalk, a connector 
box for Apple Macin

toshes and IBM PC, XT, AT, 
PS/2s (Models 25 and 30), and 
compatibles, increases data 
rates beyond the 230,000 bps 
of LocalTalk. 

Data rates depend on the 
bus structure , according lo 
manufacturer Dayna Com
munications. That means that 
this connector box increases 
the da1a-transfer rate to 750K 

bps when coupled with a Mac 
Plus, BOOK bps with the Mac 
SE, and 850K bps with the 
Mac II . 

The AT bus allows the 
connector box to boost the 
data-transfer rate to l . 7 mega
bits per second. One connector 
box is required between e..ach 
LocalTalk machine, or the 
data rate will default to 230K 
bps. Several network operating 
systems are supported , in
cluding AppleShare, NetWare, 
and TOPS. 
Price: Macintosh version, 
$189; IBM version, $289. 
Contact: Dayna Communi
cations, Inc., 50 South Main 
St ., Fifth Floor, Salt Lake 
City, UT 84144, (801) 
53 1-0203 . 
Inquiry 766. 

Token-Ring Device 
Adds to Number 
of PCs per Node 

0 ne Local Ring Hub 
from Madge Networks 

lets you add fou r PCs 
(equipped with token-ring 
cards) to the twisted-pair ca
bling between a token-ring 
multiple-access unit (MAU) 
and the PC on your desk. 

Token-ring MAUs, which 
are generally placed in wiring 
closets up to 100 meters from 
the PCs, are standard equip
ment on a token-ring local
area network-the second most 
popular LAN . 

Daisy chain up to two hubs 
off the first one and you can 
support a total of 10 PCs 
within that same 100 meters 
of cabli ng. 
Price: $445. 
Contact: Madge Networks, 
Inc .• 534 Salem Ave. SW, 
Roanoke, VA 24016, (800) 
876-2343; in Virginia, (703) 
982-0638 . 
InquJry 765. 
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A child do sn't under, 

stand a hard di k crash. 
To her, lost data only 
mean her mother won't 
be home until late. 

At Everex, we know that 
lost data means more than 
ju t time and money.That' 

why we mak 
a complete 
line of high 
quality tape 
backup pro, 
ducts . W 
don't cut 
corner when 

the ecurity of your data is 
at stake . 

Y u don't get a econd 
chance to recover what 
you've already lost. 

Everex tape backup 
syst m . Because little girl 
can't wait. 

~~EEVEREX 
4S4J L MUmon1 Dri•'< • f 1t1110n1. C..ll fomil 

I ·800·821·0806 
1..soo..s21 ..oso7 in California 

See Everex Products at Comdex 
Las Vegas Hilton, Booth H8406 
Circle l:J6 011 ~r Service Card (DEALER.s: 127) 







WHAT'S ~EW 

HARDWARE • OTHER 

Tablet Features 
Absolute 
Posit ioning 

K urta 's intelligent graph 
ics tablets, called lS/ADB 

input systems, plug directly 
into the Apple Desktop bus on 
the Mac II and SE (leaving 
serial pons free). 

There are three features 
novel to this pointer/tablet 
combination (with corded 
pen and interface software). 
Each unit incorporates abso
lute positioning, macro com
mands, and keys to scale 
your work to fit the size of the 
screen or window you are 
using . 

Absolute positioning 
means that every point on the 
tablet corresponds exactly to 
a point on the screen, whether 
you're using the 8 1/z - by 11 
inch , the 12- by 12-inch, orthe 
12- by 17-inch tablet. The 
tablet can also handle up to 11.z 
incb-thick documents. 

Along the top of the tablets 
are 23 programmable function 
keys, which can be loaded 
with macros such as "align, 
save, and print." Loading the 
keys wilh macros is a function 
of Apple's MacroMaker, 
which is designed so you don't 
have to pull down multiple 
menus every time you do a 
standard set of commands. 

Of the five scale functions 
available, St d scales the tablet 
itself to an Apple-<lefined ac 
tive screen, and Win scales the 
tablet to whatever window is 

Optiona l equipment in
cludes cordless pens and 
corded or cordless four-but
ton cursors, wilh buttons that 
can be programmed to exe
cute command sequences just 
like the function keys. 
Price: 8 1h - by I I-inch tablet, 
$395; 12- by 12-inch tablet, 
$595; 12- by 17-incb tablet , 
$965; to upgrade models pur
chased before August, $50. 
Free upgrade for models pur
chased in August and 
September. 
Contact: Kurta Corp. , 4610 
South 35th St., Phoenix, AZ 
85040, (602) 276-5533 . 
Inquiry 768. 

Kurta 's ergonomics break1hrough. 

active, for ex.ample. 

Bright Future 
for GW3 

GW3 introduced a single 
board computer for in 

dustrial control problems. 
Motorola·s 68020 and 68881 
are the CPU and floating 
point-processor. 

The SBC-20 includes 
128K bytes to 2 megabytes of 
RAM, an EPROM socket , 
two asynchronous serial ports , 
and six interrupt levels. 

Key features oflhe SBC
20 include the following: 32
bit data path to on-board 
RAM, 32-bit data path to on-

board floating-point proces
sor, and a real -time multitask
ing executive in EPROM that 
includes file management and 
multitasking BASIC. 
Price: $764 to$1440 . 
Contact: GW3, Inc ., 7623 
Fullerton Rd . , Springfield, VA 
22153, (703) 451-2043 . 
Inquiry 771. 

More Accurate 
Than Your Standard 
Rodents 

Thanks to optical technol
ogy and software, nine 

speed settings and effective 
resolution of 2000 counts per 
inch are available through 
MSC Technologies' Microsoft
compatible PC Mouse II. Ac
tual resolution is 200 counts 
per inch without the 
software. 

It connects to your serial 
port through a 9-foot cable and 
includes an I I .SK-byte 
driver for your CONFIG.SYS 
file. It's compatible with the 
IBM PC, XT, AT, and compat
ibles and features an auto
matic install program, design
er pop-up menus, and a menu 
compiler. Standard accessories 
include a mouse pad and PC 
Paint Plus graphics software. 
Price: $149; $179 bundled 
with Autosketch . 
Contact: MSC Technol
ogies, Inc. , 47505 Seabridge 
Dr., Fremont, CA 94538 
(4 15} 656-1117. 
Inquiry 769. 

conlinue.d 

Multiply Lab Instruments by One Macintosh 

T he MacAdios II Jr and 
Maclnstruments soft

ware from GW I nst.ruments 
lets your Mac II emulate os
cilloscopes, scan-line re
corders, chart recorders, 
and other types of common 
laboratory equipment. 

This configuration gives 
the analog and digital 110 

board the ability to record 
one channel at 25,000 sam
ples pe r second while 
concurrently plotting to the 
screen. 

The MacAdios II Jr plugs 
into one of the Mac II ex
pansion slots . It is then ready 
to provide 16 analog input 
channels, 2 analog output 

cha nne ls, 8 digi ta l input 
channels, 8 digital output 
channels, and three counter/ 
timer channels. 

Optional TurboDriver 
software is capable of digi
tizing wavefonns at up to 833 
kHz in the oscilloscope 
mode, 25 MHz in the chart 
recorder mode, 60 Hz in the 

scrolling strip chart recorder 

mode, and 16 kHz in the 

scan-line recorder mode. 

Price: $890, not including 

software. 

Contact: GW Instruments, 

Inc., 35 Medford St ., Som· 

erville , MA 02143 , {617) 

625-4096. 

Inquiry 770. 
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ll the darabase Top Gun arc 
fl) ing QL, the industry· 

data managemem language 
c deli d by Oracle. Why' 

Becau e one QL tatement replaces 
up to 20 line of dBASE code.And 
because au the powerful multi-user 
and distribu ted 
da tabases use QL 
- exclusively. 

Now you can 
rum your PC into 
a QL trainer that 
will make you a 
database top gun: 
Introducing 
QL*Tutor from 

Oracle only 199. 

After u ing QL•Tutor, you'll be 
• Construct simple and complex que 
• Create tables, views and indexes 
• Manipulace information in data tab! 
• Create reports 
• Use ORACLE' powerful QL 

extensions 

.,___	Total. I under r!llld Oracle p:iy 
mipplng. :ind th . offer is \7.lid in 
tl1c l ' ·. only. 

Lost that Lovin' Feeling 
for dBA E? 

Everybody has. And now, they 're 
learning QL. SQL•Tucor is rhe per
fect way ro get ready for the emerging 
QL database world. e it co irnro

duce SQL to your emire organization, 
to offer QL refresher cour es, or as 
a upplemenc co documentation. 

Im 
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WHAT'S NEW 

SOFTWARE • PROGRAMMING 

Finding It All 
On-Line 

I f you' re the type of pro
grammer who spends more 

time trying to find obscure 
entries in manuals (or trying to 
fi nd the books themselves) 
than writing code, Microsoft 
has a new product that's de
signed to make your life easier 
and more productive. The 
Microsoft Programmer 's Li
brary (MPL) is a CD-ROM 
that gives you immediate on
lioe access to a comprehen
sive collection of books, tech
nical manuals, and sample 
programs. 

The MPL contains 48 
books and technical manuals 
that are grouped into nine 
different categories : OS/2, 
Windows, MS-OOS, C, 
BASIC, Microsoft Macro As
sembler , Pascal, FORTR AN, 
and hardware , 

Each category has all the 
technical manuals for the lan
guages and operati ng sy 
terns, as wel I as sample code 
organized into multiple files 
that are indexed and cross
referenced. 

Also included are several 
books, including Inside OS/2, 
Programming Windows, The 
MS-DOS Encyclopedia, Ad
vanced MS-DOS, Proficient 
C, and Programmer 's Guide 
To PC and PS/2 Video 
Systems. 

The MPL is memory-resi 

ccmpatible with a wide range 
of text editors and word pro
cessors. You can instantly re
move it from memory if you 
need maximum RAM space 
for large compiles. To use the 
MPL, you' ll need an IBM 
PC, XT, AT, PS/2, or compat
ible wi th 640K bytes of 
RAM, a CD-ROM player, and 
MS-DOS 3. 1 or higher. A 
hard disk drive is recom
mended. 

Microsoft says a no-charge 
update will be available in 
early 1989 that wi ll contain 
documentation for the OS/2 
Presentation Manager and 
LAN Manager. 
Price: $395. 
Contact: Microsoft Corp . , 
16011 Northeast 36th Way, 
P.O. Box 97017, Redmond , 
WA 98073, (800) 426-9400; in 
Washington, (206) 882-8080. 
Inquiry 772. 

A Pop-up Programmer's Calculator 

Another programmer's 
productivity tool 

comes from Texas-based 
Falk Data Systems . It's 
called PrgCalc, and it's a 
memory-resident program
mer 's calculator that works 
with binary, octal, decimal, 
and hexadecimal numbers 
while taking up about SOK 
bytes of RAM. It displays re
sults in all four numeric for

mats simultaneously and 
supports all major bit-level 
manipu lations, including 
sh ift-left and shift-right. 

T he package is shipped 
with PrgCalcm, a vers ion of 
the calculator that you can 
run as a background task 
under DESQview or Task
View . You can also r u n 
PrgCalcm as a stand-alone 
program under MS-DOS. 

Microsoft crams 48 manuals onto a CD-ROM. 

dent, and Microsoft says it ' s 

Spread a Little JAM 
on Your Applicat ion 

J YACC says that JAM 
(JYACC Application Man

ager) is an application gener
ator, application environment , 
prototyper, and (Jast but not 
least) a methodology that pro
motes parallel applications 
development. The bottom line 
is that if you 're an applica
tions developer, JAM lets you 
design and link together user
interface screens without hav
ing to do any programming. 

You use JAM to create the 
screens, windows, and menus 
that make up an application 
and to speci fy the control flow 
among them. The result is a 
prototype, which the company 
calls an applicaJions shell . 

To make the prototype into 
a real working program, you 

PrgCalc requires an IBM 
PC, XT, AT, PS/2, or com
patible and MS-DOS 2 .0 or 
higher. It comes with a setup 
program and a student-ori
ented tutorial. 
Price: $29.95 . 
Contact: Falk Data Sys
tems, 5322 Roc k wood 
Court, El Paso, TX 79932, 
(915) 584-7670. 
Inquiry 773. 

write the transaction proce- s
ing routines and link them with 
the applications shell. You 
can even have the applications 
shell call ex isting programs 
directly. 

JAM includes full screen
painting faci lities, including 
support for windows, menus , 
and color. The package is 
shipped with JYACC For
Maker, a context-sensitive 
screen and window manager . 
Versions of JAM are available 
for a wide range of systems 
from the PC all the way up to 
the VAX . They run under 
MS-DOS, Unix , VMS, and 
other operating systems . 
Price: Starting at $750 . 
Contact : JYACC, Inc., 116 
John St., New York, NY 
10038, (800) 458-3313; in 

ew York, (212) 267-7722. 
Inquiry 774. 

ROM YourC 
Programs 

I f you're a developer who 
wants to use C for develop

ing embedded systems, the 
C86PLUS/ROM Development 
System is for you. It's a com
plete ROM development system 
for the Intel 80x86 family of 
processors. 

The system includes the 
ANSI-standard C86PLUS/ 
ROM C compiler, an Intel
compatible linker/locator, run
time library s,ource code, and 
a ROM·image symbolic debug
ger. The package also sup
pmts math coprocessors for 
the Intel 80186/286/386. 

The C86PLUS/ROM De
velopment System runs under 
MS-DOS and lets you use 
both C and assembly language 
to produce programs for em
bedded systems. 
Price: $1300; C compiler 
alone, $750. 
Contact : Computer Innova
tions, Inc., 980 Shrewsbury 
Ave, Tinton Falls, NJ 07724, 
(20 1) 542-5920. 
Inquiry 776. 
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SlimBox model for the PC/XT/AT It's 
an effidently sized external cassette 

The Galaxy MICIO 

, 

6ways

Genoa takes the gamble 


outofdata backup. 


It isn't the hardware a< the software, 
it's the data that's the most valuable 
part of ~ur personal computer. The 
hundredsol hours spent creating and 
editing data. plus its inherent value 
to your operation, make it priceless. 

Protect that expensive data with 
a dependable backup system. Only 
Genoa's Galaxy family of tape backup 
systems offers 6 high-performance 
advantages in data protection. 

Galaxy software 

work support. Galaxy 
/~ 

autoscheduler feature lets 1.0n-Line 
you preset an exact date 

provides on~line net
automatical/o; does the 

and P$/2 models 50. 60 and 80.and lime. then it 

and Galaxy/MC tape 
~ .:.~.backup systems c.::;. 


come with Genoa's ~ 

INovell Advanced Netware 

86 or 286 compatible 
The SlimBox cassene

software driver, a $200.00 isaspaceellic1enlway10 
value, free! prOVlde tape backup 

for IBM PCIXT/ATs.

2.Fast 
Al SMB a minute, Galaxy systems 
are among the fastest tape back
ups around. You can back up the 
whote data fi le in just a few 
minutes. 

Galaxy works with all IBM PCs and 
compatibles, including the new Micro 

•

'· : )· ,, , 


Pictured are our internal and external cartridge backups for IBM f'CJXT/ATs. 

Come see us at COMDEX/FALL Booth #1078 In the LVCC 
c ~.,....~~··......,.a1a.m........Co'1»*-" .........._ 
 ....._(l,..,....lne.,.., 
..:, .....?_....._.qi ............... ~.....,..,.. 
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3.Easy 
Simple command menus make 
Galaxy systems so easy to operate, 
most users can start 
backing up data within 
minutes. 

4. Automatic 
Ne-..er again will you 
worry about forgetting 
lo back up dala Galaxy's 

backup for you. 

5.Reliable 
Galaxy boasts one of 
the lowest return rates in 
the industry. Plus a full 
year warranty. 

6.IBM 
Compatible 

r---------~~---~-
1 I w ant to protect my Investment In data! 

Please send me more 1nformahon oo GalaXy tape backup
I subsySlems.I Name _ _______ ________
I Ti11e _______ _________ 

I Company--------------~ AddressI City State __Zip _ ___

I Ph<lne( Ext. _ ___ 

Please clleck all that applyc 0 PC 0 XT DAT 

I O PS/2. Model 50 O PS/2. Model 60 0 PS/2, Model 80 

I Mail to: Geri Scileer. Genoa Systems Corp0ratlon. 
I 75 E.Trimble Rd.. San Jose.CA 95131 
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Channel. For the PC/XT/AT, lhere 
are external and internal models. 
Both are available in cassette and 
cartridge versions.I/lie also offer a 

system. 
For the 

Galaxy dealer 
nearest you, 
contact Genoa, 

Channel family makes lt 75 E.Trimble 
possible to exchar,ge Rd., San Jose. 

data belween IBM PCIXT/Als 
CA9513l 
Fax: (408) 

434-0997.Telex: 172319. Phone: 
(408) 432-9090. Or fill out the coupon 
below. we'll send you mo~e informa
tion.You've got nothing lo lose
except the most valuable part of your 
personal computer. 

Genoa 
SYSTEMS CORPORATION 



WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGINEERING 

Mac Architrion turns ideas into on-screen reality. 

Designs 
in the Real World 

T hough ils name sounds 
like something out ofa 

Saturday-morning children's 
television show, Mac Archi
trion is a serious product in
deed. Running on the Mac 
Plus, SE, and II, it's a com
plete design, drafting, presen
tation, and quantity take-off 
package for architects and 
builders . 

If you design buildings, 
Mac Architrion ' s purpose is to 
let you conceive and develop 
a project from start to finish. 
You can do design, delinea
tion, and working drawings, and 
extract tables of data for costs. 

Mac Architrion consists of 
three main modules: 30, 2D, 
and a Quantifier. The 3D de
signer begins with each point 
in a plane e)l;isting as a per
pendicular line. According to 
the company, this allows you 
to immediately create blocks of 
"real" space, rather than 
using wire diagrams. 

The 2D drafting module 
allows for automatic and man
ual dimension strings and 
automatically linked multiple 
parallel lines. It has over 40 
additional tools. 

Finally. the Quantifier 
module gives you both a space
by-space breakdown and an 
overall breakdown of a project. 
You can then use the data in a 
word processor or a 

spreadsheet. 

Price: $1499. 

Contact: Gimeor, Inc., 1815 

H St. NW, Washington, DC 

20006, {202) 223-4373. 

Inquiry 778. 


Simnon Explores 
the Nonlinear World 

T he company name ESC 
doesn't stand for "es

cape"; it stands for Engi
neering Software Concepts. 
And its latest product-Sim
non/PC 2.11-is short for Sim
ulation Language for Nonlin
ear Systems. 

The package automatically 
compiles numerical solutions 
to differential and difference 
equations, producing 
8086/8087 machine code. 

Because the world we live 
in is essentially nonlinear, the 
company says that Simnon/ 

PC is being used 10 study a 
wide range of subjects such 
as chaos, eye movement, and 
the control of pulp in paper
processing plants. It's also be
ing used to design jet en
gines, perform research in 
robotic manipulators, study 
rockets and aircraft, and even 
track economic models. 

ESC says version 2.11 of 
Simnon/PC is about twice as 
fast as version I . It includes 
new functions and provides 
support for Postscript and 
HP LaserJet printers. To use 
Simnon/PC, you'll nee-0 an 
IBM PC, XT, AT, PS/2, or 
compatible with a math co
processor and at least 256K 
bytes of RAM (640K bytes is 
re.commended). 
Price: $695 . 
Contact: Engineering Soft· 
ware Concepts, Inc., 436 Palo 
Alto Ave., Palo Alto, CA 
94301, (415) 325-4321. 
Inquiry 779. 

Binary Upgrades 
Tech* Graph* Pad 

I t's the third time around 
for Tech*Grapb*Pad, which 

its maker calls engineering 
data software. The package in
tegrates data retrieval, data 
manipulation , and data output 
for scientists and engineers. 

Tech"'Graph*Pad 3.0 in
cludes a number of new fea
tures. For instance, there's a 
worksheet browse mode that 
lets you bring up Lotus 1-2-3, 
Symphony, or Quanro spread
sheets for direct retrieval of 
data. Binary Engineering has 
also updated the package's 
user interface and added sup
port for the HP LaserJet, 
PaintJet, DeskJet, and other 
HPGL-compatible devices . 

Among the other new fea
tures of version 3.0 are that 
Tech*Graph*Pad now reads 
and plots unlimited data points 
per set and provides built-in 
error bars, superscripts, sub
scripts, and major/minor axis 
increments. The package also 
directly imports binary or 
two's complement d<ita files 
generated by real-time data 
acquisition devices and creates 
.PIC graphics files . 
Price: $395; upgrade from 
version 2.0, $99. 
Contact: Binary Engineer
ing, 100 Fifth Ave., Waltham, 
MA 02154, (6 17) 890-1812 . 
Inquiry 781. 

continued 

MathCAD Adds Advanced Math 

T hose of you who use 
MathCAD and don't 

want to reinvent the wheel 
for solving specific compu
tational problems might just 
find nirvana in MathSoft's 
recent release of the Ad
vanced Math Applications 
Pack. The first in a series of 
planned applications, the 
Advanced Math package is a 

collection of mathematical 
models that you can load into 
MathCAD and immediately 
calculate and graphically 
display the results. 

Packed into this first Ap
plications Pack are software 
and documentation for 16 
frequently performed com
putational tasks including 
differential equations, real 

and complex Eigenvalues 
and Eigenvectors, convolu
tions, polynomial least
square fit, digital filtering, 
conformal mapping, diffu
sion, the Laplace equation, 
and static equilibrium. 

You can also customize 
any or all of the models for 
your specific requirements. 
In order to take advantage of 

all that the Advanced Math 
Applications Pack bas to of
fer, you' II need a system 
running MathCAD 2.0. 
Price: $40. 
Contact: MathSoft , Inc., 
One Ke.ndall Sq., Cam
bridge, MA 02139 , (800) 
628-4223; in Massachu
setts, (617) 577-1017. 
Inquiry 780. 
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~ MICRO-CAP 111: lfl 


THIRD-GENERATION INTERACTIVE 

CIRCUIT ANALYSIS. MORE POWER. 


MORE SPEED. LESS WORK. 

MICRO-CAP 111 'M the third generation Modeling power leaps upward as 

of the top selling IBM PC-based interac well , to Gummel-Poon BJT and Level 3 
tive CAE tool adds even more accuracy, MOS-supported, of course, by a built-in 
speed, and simplicity to circuit design and Parameter Estimation Program and 
simulation. extended standard parts library. 

The )}rogram's window-based opera There's support for Hercules~ CGA, 
tion and schematic editor make circuit Tmnsie111 a11alysi.s MCGA, EGA and VGA displays.Output for 
creation abreeze.And super-fast SPICE laser plotters and printers. And a lot more. 
like routines mean quick AC, DC Fourier The cost? Just $1495. Evaluation ver
and transient analysis- right from sions are only $150. 
schematics. You can combine simulations Naturally, you'll want to call or write for 
of digital and analog circuits via integrated a free brochure and demo disk. 
switch models and macros. And, using 
tepped component values rapidly gener Scbemalic etlilor 


ate multiple plots to fine -tune your circuits. 

We've added routines for noise, impe


1021 S. Wolfe Road,
dance and conductance - even Monte 
Sunnyv~~e, CA 94086Carlo routine for stalislical analysis of 
(408) 738-4387production yield. Plus algebraic formula 
,11/C/IO-C~PIll ts a "'8<st<'1T.'d lnllkmark <if.>ptv:tnsm SojlMrrn'parsers for plotting almost any desired 
Hert:ules fJ" nc-glsu·ttd trad<mlfk rifllt'TOih's 01mf1Ulilt' rfl'bnolog): 


function. Mo11/e Ct-irlo mwlysis /B·ll ls a rey/lst•rl!d tmdemar* oflntm1111iorllilBusiness ,lfocbiries. In c. 
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FIVES'l /\ R' ncct or powerful busine. s com
pu lr1 · have really taken off in lhc IC1Sl lhr'ee ye;;u ' . 
That's bN'm1s~ Llwy·rc built for corpora lions LhaL want 
to gel "hrrr thry·rr goin~ in a hurry 

\\le build a full line or high-power cl per
former;· that not only provide total PC compalihi lity 
Jnd advanced bu ..iness capabililies. but also offer 
Amcricm1-111acle ingenuity. quality and v::i luP. 

1 n facl . when you really rompm'f'. ymf 11 
find Lhal FIH:ST:\ R Compulr1 n lem'C' the competition 
rar heh incl. 
f l VESl)\R 286's. 
The performance lo fl~· through 
h eal ) ' workloads. 

Fl\ll·:S'J'.i\R 280' ' provide the feature · and 
perromrnncr aggre ~ivc companies neecl lo reach 
hi~llcrcorporalr goills. In facl. l.11ry'rc designed Lo run 
ruture as wrll as current operating systrm . . 

The 286/10 is powered by nn Intel 80286 
micropror ~ .·sort hell operate. al a fa nl I 0 M 1 lz. wilh 
zrro wnit Sl<Jtl's. \\'ilh 6-IOKB lllPlllOl'Y and I.2:VIB 
floppy di, k drin'. you'l l oar through today"s popular 
business applirati n . : rial. parallel anll game porl '. 
and an r nhann·rl 10 1-ke) keybonr'fl . pro\'icle i11 · fli~t1t 
COll\'Cllil'llCC. 

The 286/14 is al ·o powcrccl IJy an lnlrl 
80286 CP . hut operates at 14 ~' 11 lz (with ztro wail 
' Lat.es) for e\'rn faster performance. IL. too. comrs 
equipp 'cl with 1024KB mr.mory. 1.2.\IB floppy di: k 
clrire. serial/parallrl /gnnw ports n ncl a I 0 I-key kcv
boa r'fl. \o c1ouht ahoul il - it': a hot 111achine ancl a 
dream lo fly! 
nVES'li\.R 386's. 

Don't forget lO fa t.en ~·ottr seal belt. 


Tht> incredil>I<> spf'c' d and power of 
FIVE'" T R 38(·i's hnvr m<1de tl1rm a leadin~ choice of 
corporaLion.: aero. s America for multita king and 
sophi licated applic<llions. incluclinM Ci\L.>. 111 fact. 
Ltwre· , o much performance and \'a lue buill into our 
386's. it can lake your· br·eath away. 

The 386/ 16 is fasl. Very fast. Ttwt ·s 
brcausr it featu1·es an Intel 80386 CPU oprrnling at 
16 MHz. with 7Rl'O wait slCJles. 
t\ncl its 102-11\B mrmory Prices: 
<md 1.2~rn floppy clisk ciriw 'rhe 286/ l O 
will krep you airborne for long from $ 1099. 
di l<ince . eriallparallel/ 

1'he 286/14 game ports ;rncl a smoot 11 
performing IOl ·kf'y keyboard from $1499. 
arr stanrlard equipm<"nl. 
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The 386/20. IL '~ mad for·Lhose wl10 wam 
Lo fly Lo thr ouLrr limiLs. \\'ith an lnt•'l 80386 mirro
procc,_.. ·or oµeratini!o! at 20 \·IHz (wiLh zrro wait sLalr. ) 
it'll move throu{!tl Lile most com plrx ;:ipplirmions 
\\ ilh asLOunding case. ;\ncl you won't lla\e to worry 
abou t running low on memory either: It nol only 
features 102-lKl3uf1\1\ M and a l.2.\11Hloppy di k 
driw·. it C1lso has a G-lKB rache memory. l\aLurally, 
it come. equ ipped wilh seri al/parall el!~anw port · 
and a 10 l - kf·~· kc ytwarcl. too. 
( :ustomize your FIVESl'AR 
lo meel your own speciftcal.ions. 

All FIVE 'l/\R 286 and :186 Computers ar" 
ava ilablr \ ith hard drives. rrom 20 to 320 M 13. <r well 
as a choice of monochmmr. EGA. VGA or super-high 
resolution paper-white monitors. \\'hat.rvrr the 
rcqu irt>mrnL. FIVE l'.L\R can meet il. 

Prices: 
The 386/16 

fi•om $1999. 
The 386/20

from $2999. 

L'nmaLChed reliabilil~'· 
tnbeatable ground 
support. 

Because very 
PIVES'J:•\R Comput r i. t ' led 
am! crrli fird to meeL Lile 
hi~hesl stanclards of quality. 

r ' liable µerformancr. 
Onrf' you·ve purcha. eel your F'IVESfi\R 

computer. you'll gel all the support you'll nred . . Ju. t 
call our highly-trainrd srr\'ice department roll-free. 
Most difficulties can be resolved within minute '. 

l·br companies wiLh critica l application . n 
comprrhen iH' on- 'ilc ' tr'Vicc contract i · avai lable for 
juL·t S99. In most CCI es. service calls are made wit hin 
~4 hours. 

Order h)" phone toda~'. 

And mo\'e your company to higher 

lc\1els or 1Jerfornmnce. 


To orclcr a FIVE. l ';\R 286 or 386 Computer: 
or for more information abouL our fu ll line of l1igh
powered computers. ca ll u TOLL FREE. \\'e' ll hnve your 
hot new corporC1te jet parked in your lmn~rr in no Limr! 

1-800-752-5555 

FNESTAR 
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WHAT'S NEW 

SOFTWARE • BUSINESS 

Evolution Comes 
to Accounting 

S late of the Art calls I.he 
latest incarna1ion of its 

Master Accoun1ing Series 
M·A·S 90 Evolution/2. With 
tha1 imposing moniker, the 
company claims it's designed 
to 1.ake full advanlage of 
80286- and 80386-based com
puters as well as multiuser 
operating sy terns. 

Evolution/2 has over 100 
new features, including an in
tegrated menu system with 
pull-down windows for ins1an1 
navigation through the vari
ous accounting applications. 
The program also has high
level password security. 

Modules available in the 
M·A·S 90 Evolution/2 series 
include general ledger, ac 
counts receivable, accounts 
payable, payroll, inventory 
management, sales order pro
cessing, purchase order pro
cessing, and job cost. 
Price: $195 to S995 per 
module. 
Contact: State of the Art, 
Inc., 3545 Howard Way, Costa 
Mesa, CA 92626, (7 14) 850
0111. 
Inquiry 787. 

Project 
Management 
Takes to the Skyline 

Most project manage
ment packages do only 

one thing: schedule projects. 
But Applitech Software has 
taken the proces several 
steps further by combining 
project planning, outline pro
cessing, scheduling, and 
graphics into an integrated 
package. 

The package is called Sky
line , and although it runs on 
the IBM PC and compa1ibles, 
the company has included a 

Financial Planning for Business Owners 

No, Ronstadt's Finan 
cial i n't a program 

for handling the cash flow of 
a famous singer. Lord Pub
li hing says it's designed 10 

help all you business owners 
take control of financial de
cision making. According to 
the company, it answers five 
"critical ques1ions of entre
preneurial finance," name
ly: How much money does 
your business need? When 
does it need the money? What 
type ofmoney (debt or equity) 
is needed? Where should you 
get the money? What value 
does this money have to you 
in terms ofequity sold? 

Ronstadt' s Financials of
fers built-in accounting and 
financial expertise for a va
riety of specific industries, 
including real estate, retail, 
manufacturing, professional 
services, wholesale distribu
tion, and contract services. 
These features tailor the pro
gram 10 your specific 
bu ine . 

The program also ha 
knowledge bases with built
in formulas . You input fig
ures only once and Ron 
stadt's Financial.s produces 
delailed budgets, break
evens , profitabilily mea
ures, projected cash flows, 

Evolurion/2 rakes accounting software a srep forward. 

Macimosh-like graphical in
lerface . Despite all its fea
tures, Skyline is still de
signed primarily for project 
planning. 

Skyline also offers PERT 
charts, importing and exporl
ing of generic subprojects, a 
variety of scheduling features, 
and Gantt charts. Besides a 
PC, you' II need a color or 
monochrome graphics 
adapter and at least 640K 
bytes of RAM . 
Price: $295. 
Contact: Applitech Soft· 
ware, Inc ., 381 Harvard St., 
Cambridge, MA 02138, 
(6 17) 497-8268. 
Inquiry 784. 

income st.atemems, balance 
heetS, and worst-case/best

case scenarios. 
The program works wi1h 

the IBM PC, XT, AT, PS/2s, 
and compa1ibles and re
quires 640K bytes of RAM 
andaharddiskdrive. A color 
monitor i recommended. 
Also included is the book 
Entrepreneurial Finance: 
Taking Control of Your Fi
nancial Decision Making . 
Prk:e: $499. 

Contact: Lord Publishing , 

Inc ., One Apple Hill , Na

lick, MA01760, (617) 651
9955. 

Inquiry 788. 


A Duo for 
Manipulating Mail 

Whether you handle 
small mailings for a 

local users group or five
figure mailings for a corpo
nuion, Phoenix Phive's aptly 
name-d Mail is a low-cost 
package designed to add some 
orgao.ization to your 
organiza1ion. 

Mail is a general-purpose 
address manager that handles 
up to 30,000 names that the 
fleet-fingered can enter direct
ly or import from ASCII or 
dBASE files. The package al o 
exports ils data in ASCII 
format. 
Price: $45. 
Contact: Phoenix Phive 
Software Corp., 7830 Easl 
Gelding Dr., Sui1e 400, 
Sco11sdale, AZ 85260, (602) 
483-0991. 
Inquiry 785. 

And while we're on the 
subject of mailings, Paul 

Mace Software has brought 
its venerable NVelope program 
to lhe world of the Mac. 

NVelope, which had been 
previously available in an MS
DOS version, is designed for 
tho e of us who have to aban
don lhe computer and ferret 
out a typewriter every time we 
want to address an envelope. 

N Velope is a desk acces
ory that uses the Mac' famil · 

iar graphical interface to 
grab addresses from a word 
processing document or it 
own address list. It can even 
add a return address or (if 
necessary) look up the ZIP 
code. NVelope works with 
all versions of the Mac. 
Prke: One SOOK-byte di k, 
$69; two 400K-byte disks, 
$74. 
Contact: Paul Mace Soft· 
ware, 400 Williamson Way, 
Ashland, OR 97520, (503) 
488-2322. 
Inquiry 786. 

continued 
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The successor of Pascal: JPI TopSpeed "" Modula-2 produces 
better code 1han Micro ·oft C. Tu rbo . Logitcch Mmlula-2 
and Turbo Pascal 4.0. 

lnlroducing VID: The easy-10-use.. source-level debugger. 
Sin!!le-step and trace through source in multiple modules. 
Exami ne and modify all variables in symbolic form . includ 
ing array" records. enumerated types and pointers. Point 
:md hoot bn.:akpoint. includ ing ··one-shot:· "Sticky:· "De
layed:· and .. Monitor:· Watch both variables and Modul<1-2 
expressions during execution. Automatic variab le trace of all 
w1ri<1ble · accessed. and as:-embkr. register: · and procedure 
call -s tack trace windows. Package includes symbol ic dis 
assembler and execution profiler. 72-page manual. 

Tho Compifor Kif lndude~: Hi glHpc~d optimiLing cumpikr !3.(l(X}-5.000 
linc>imin . on " PC AT SMH LI. intcgrarc:d mcnu-d ri\ e n e n' imnme nr "ilh 
multi -window/mult i-file editor. automatic make. fa ,t >mart l inker. All 
Modu l a-~ 'ourccs 10 libraries in~ludcd . BONUS: Complete high·>pccd win · 
do" 111:1nagemcn1 moduk included wi th M1un:.:. 25X-page Li>er\ Manual 
a11d 190-p"gc Langu ..gc Tt11o ri<1 I. 

The TechKil lndudes; A'..:rnbler ourc·c for :.Hlll ·up .- ;!\Jc and run-lime Iibrnry. 
JPlTopSpccd /" '>Cmbkr (~0 .000 linc,/min. ). TSR mu<lule . communica· 
1ion,dri\ er. PROM tocalor. dynam icowrl ;1y~.. aml ki:hnii:n l infomia1io n. 
72-p;igc rrnmu"I. 

System Requlremenh: IBM PC or,ompa1ihle. ~s..JK "':iibhlc RAM. nn> 
noppy dri1c> (hard Ji>k recommend ·di. 

s,.,,011r OS ·2 1·erH011 t11 COMDEX. 

I '//) I l 'm111/ l11r1•m<1i1 ,. Dt•hu~gt•r /. 
!" n 1c>r h'if/i11111 ( 11m11/e.\//~. 
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Compiler Kit $99.95 
TechKit $59.95 
VID $59.95 
3-Pock $179.95 
!Cu111p1k r. TcchKi1 & \'ID I 

To Order: 

In thl' US. call: 

1-800-543-5202 
In Canad<i. l:all: 
1-800-543-8452 
Or mail us your order with 
a <:heck. money order. or 
VISA / MC information . 30
day uncondi1ional money
back guarantee. 
Shipping & kondling d111rgos : 
In '.'onh Am~m·a . add 5. pJu, · 2 
li>rcJdl ar.l<J"I pro<luct. CA re>1den1, 
plca.' c "dd apphrnhlc '"le' "" . 
01c1'l>t'a~ . ad<lS~O.plu S forea'h 
adr.l "I pn.xluu . 

Jeni.en & 
Partner!> 
International 

I IOI San Antonio Rd . 
SuitdOI 
Mountain View. CA 94043 
Phone: (415)967-3200 
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WHAT'S NEW 

SOFTWARE • CON ECTIVITY 

Emulate the VT-240 
on Your EGA 

I f you need to connect your 
PC to your corporate com

puter, chances are you'll 
need to emulate a DEC VT
240 terminal to get the most 
out of the connection. Poly
Star can give you full VT
240 or VT-241 emulation on 
any EGA-equipped PC. 

The standard VT-240 pro
vides 800- by 240-pixel resolu
tion , while a standard EGA 
provides onJy 640 by 350 
pixels. But Polygon says it's 
invented a way to coax the 
EGA into giving 800- by 
350-pix..I resolution, giving 
you a full graphics image or 
a 132-column display. Poly
Star also includes a utility for 
remapping a standard key
board. You can map multiple 
characters onto a single key, 
making it a custom function 
key. You can also use the pro
gram with DEC's LK250 
keyboard, as well as remap the 
LK250 for regular PC use . 
Price: $299; EGA option, 
$29. 
Contact: Polygon, Inc. , 
1024 Executive Pkwy., St. 
Louis, MO 63141 , (314) 
576-7700. 
Inquiry 792. 

WordPerfect Makes 
the Network 

I f you 're a confirmed 
WordPerfect 5.0 user and 

have a PC-based network, 
you can bring the two together 
with a network version of 
WordPerfect 5.0, now avail
able from the Utah-based 
word processing maven . 

The network version of 
WordPerfect 5.0 runs on the 
3Com 3+ network, lONet, 
AT&T StarLAN, Banyan, IBM 

etworks, Novell NetWare 
(versions 4.6 and higher) or 
Advanced NetWare, TOPS, 
Torus Tapestry, Western Digi
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A VT-240 scree11 , a11d Poly-Srar 's EGA emulation 
of the VT-240. 

ta l Via et, and most other 
network systems that support 
DOS file locking . For Euro
pean users , it also runs on 
NOKIA PC-Net. 

Each networking worksta
tion using WordPerfect 5.0 re
quires 384K bytes of RAM 
and MS-DOS 2.0 or higher. If 
you want to use the docu
ment-locking feature , you ' ll 
need MS-DOS 3.0 or higher. 
Price: File server fee , $695; 
each additional workstation , 
$150; update from non-
net work version , $120. 
Contact: WordPerfect 
Corp., 288 West Center St., 
Orem, UT 84057, (801 ) 
225-5000. 
Inquiry 790. 

Mail-Server Links 
Remote Locations 

Mail-Server is a software 
package that combines 

communications functions 
with electronic mail features . 
It 's a memory-resident pro
gram that runs in the back
ground and offers remote-ac
cess capabi.lities. The package 
is fully automatic . You can 
send or receive messages or at
tached files from any attend
ed or unattended IBM PC or 
compatible, 24 hours a day. 

Mail-Server has a auto
script capability that lets you 
record file-transfer proce
dures . Then you can automati
cally send f iles at daily, pre
scheduled times. When you 

place a Mail-Server call , a 
window pops up on the receiv
ing system, on top of the run
ning applica1ion. 

The Mail-Server distribu
tion list can send E-mail to 
muhiple mailboxes and up to 
100 locations. You can also at
tach any number of files to a 
message. Other Mail-Server 
features include a built-in 
text editor and a terminal-emu
lation utility that emulates 
most asynchronous terminals. 
The package uses its own 
file-transfer protocol. 

To use Mail-Server, you'll 
need an IBM PC, XT, AT, 
PS/2, or compatible and at 
least 384K bytes of free RAM. 
Price: $195 per station. 
Contact: 3X USA , One Ex
ecutive Dr. , Fort Lee , NJ 
07024, (800) 327-9712; in 
New Jersey, (201 ) 592-6874. 
Inquiry 791. 

Communicate via 
OS/2 

L ogiCOMM is a general
purpose communications 

package designed to take ad· 
vantage ofOS/2' multitasking 
capabilities, allowing you to 
perform background commu
nications and file transfers. 

With the package, you can 
do both foreground and back
ground data transfers with 
XMODEM, XMODEM IK, 
YMODEM batch, YMODEM 
G, CompuServe Quick B. 
and ASCII upload/download 
protocols . 

LogiCOMM requires an 
80286- or 80386-based com
puter running OS/2 and sup
ports both Hayes-compatible 
and other modems. 
Price: $30. 
Contact: Logistique LMM, 
1550 Barre St. , St. Laurent , 
PQ, Canada H4L 4M6, (514) 
748-9192 . 
Inquiry 793. 

coniinued 



ONCE IN A BLUE MOON... C 

SCANMAN."'HANDHELD SCANNING FOR $299. 

TO ORDER-or for the name ofyour nearest dealer
CALL: 800-251-7717, IN CALIFORNIA CALL: 
800-552-8885. 

B 

City!StotetZip,_____________ 

~ooe~-------~------
Sen<J CO: LOG/TECH. 6505 Karser Drive. Fremont. CA 94555 
o /988 l.tlf1' ~~Otltl H>irwm Qff!UrJdrmolM ol AA26 ood ltr>/Jiro 

SranlVla 

The Hand-Held Scanner. 

LOGITECH 
Personal Peripherals. Worldwide. 
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WHAT'S NEW 

SOFTWARE • OTHER 

PhoroMac let.s you manipulate digitized phoros. 

Professional 
Graphics Meet 
the Mac 

T he venerable Apple Mac
intosh-helped along by 

an enthusiastic coterie of 
third-party developcrs-i 
butting its way into more and 
more "professional" 
applications. 

Case in point: The Avalon 
Development Group has un
veiled a product for profes
sional graphics designers 
ca.lied Pho10Mac. It 's an in
tegrated graphics prepress ap
plication that lets you manip
ulate the Mac II's 24-bit color 
images, enhance them, and 
combine them with text from 
any of the popular page-lay
out programs to produce color 
pub! ications. 

Pho10Mac lets you rede
sign, retouch, and color-cor
rect images. You can then 
print color proofs, generate 
four-color separations , or 
combine images with text. The 
company claims you need 
only 2 megabytes of RAM to 
handle full~olor full-page 
graphics. Using conventional 
techniques, you'd need about 
25 megabytes of RAM. 
Price: $695. 
Contact: Data Translation, 
Inc ., 100 Locke Dr. , Marlbor
ough, MA 01752, (800) 522
0265 . 
Inqulry 798. 

Let's Think About It 

Acompany called Trans
p owe r says that its 

program-called Expert 
Thinker- is the first expert 
system designed to bring 
logical-reasoning capabili
ties to microcomputers. Ex
pert Thinker is a theorem 
prover that doesn't use old 
standard heuristic algo
rithms to find solutions. 

The program is written in 
Prolog, but unlike Prolog, it 

Coming Soon to the 
Graphics Screen 

A re you often the victim 
of one of life's greatest 

disappointments-namely. 
laser printer output that 
does::1't look anything at all 
like you thought it would? A 
company named Data Per
ceptions has a simple answer to 
the problem. The company's 
Laser Preview is a memory
resident printer utility pro
gram that redirects primer out
put to a full-page on-screen 
preview. So what you end up 
with is a true WYSIWYG 
screen image of the laser 
printer output. 

Laser Preview can display 
the document page image 
faster than the printer, allow
ing you to check the page for-

features true negation, non
Hom dauses, occurs check, 
staged depth· first search, 
and Meson reduction and ex
tension operations. Accord
ing to the company, Expert 
Th inker is designed forlogi 
cians, mathematicians, sci
entists, engineers, artifi
cial-intelligence gurus, 
philosopher , college pro
fessors and students and 
even puzzle lovers. 

mat and text before commit
ting it to the printer. 

The program takes up 
about 64K bytes of RAM and 
works with the IBM PC, XT, 
AT, PS/2s, or compatibles . 
You'll also need a CGA, 
EGA, VGA, Hercules, or com
patible graphics card and 
monitor. 
Price: $69.95. 
Contact: Data Perceptions 
Corp., 9842 Hibert St ., Suite 
137, San Diego, CA 92131, 
(619) 455-9500. 
Inquiry 796. 

S peaking of printers , if 
you own a Hewleu-Pack

ard DeskJet ink-jet printer 
and feel more than a little con
strained by its limited selec
tion oflow-cost fonts, there's 
SoftFontWare's LaserJet-to
Desk.Jet font conversion 
package. 

You can add logical rea
soning powers to your IBM 
PC, XT, AT, PS /2, or com
patible . You 'll also need 
640K bytes ofRAM. Expert 
Thinker comes with a 30
day money-back guarantee. 
Price: $149. 
Contact: Transpower 
Corp., J Oak Dr., Parker
ford, PA 19457 , (215) 495
6362. 
Inquiry 799. 

As its name implies, the 
package will happily convert 
any soft font designed for the 
LaserJet to work on the Des.k
Jet. There are hundreds of 
widely available public domain 
and shareware fonts avai lable 
from bulletin boards. 

Besides the actual conver
sion program, the disk you'll 
receive also contains a pro
gram that corrects common 
errors found in public do
main LaserJet soft fonts, a pro
gram to print character-width 
tables for any DeskJet soft 
font, and a program to 
di play magnified Desk.Jet font 
characters on any EGA 
display. 
Price: $42. 
Contact : S.H. Moody & As
sociates , Inc., SoftFontWare, 
1810 Fair Oaks Ave., South 
Pasadena , CA 91030, (818) 
441-2260. 
Inquiry 797. 

Take My 
Computer ... Please 

0 n the I ighter ide, Re
sponsive Software of 

California says it's bringing 
high technology to the (kind 
of) serious business of creat
ing jokes. But seriously, folks , 
the Humor Processor is de
signed for speech writers, col
umnists, executives, or any
one who needs to say 
omething funny. 

The company says the Hu
mor Process.or is more than 
just a database of jokes. You 
can choose a joke formula, 
type in the joke's setup, and 
then enter the program's brain
stonni ng mode to come up 
with joke ideas. 

It runs on any IBM PC or 
compatible, with or without a 
rodent, and it needs 320K 
bytes of RAM. 
Price: $49.95. 
Contact: Responsive Soft
ware, 1901 Tunnel Rd ., Berke
ley, CA 94705, (4 15) 843
1034. 
Inquiry 802. 
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Turn Your PC Into A 

Duplicating Machine! 


Duplicating is a snap with THE DUPLICA

TOR TOOLKIT! Whether you need to make 


one copy or 100, this program is for you . It begins 

where DISKCOPY leaves off! 


SUPER SPEED. Copy, compare, verify and format in less time than it takes 

to just copy with DOS! 


NO DISKETIE SWAPPING. Make only one copy of the source diskette in RAM while you are 

duplicating or conveniently store and retrieve it from the hard disk for future duplication. 


SUPPORT TWO DISK ORMS. THE DUPLICATOR TOOLKIT switches from ''N.' to "B" drives on dual floppy systems 

for even /aster copies! 


EVERY COPY'S AN ORl~INAL. Multiple verification settings let you choose the level of data checking to ensure 

relfable copies. 


MAKES LABELS TOOi You can even generate labels for each diskette. Optional serializ.ation is included. 

YOU'RE KEYSTROKES AWAY oo.4 PERFECT COPlES! If even a quick - - - - - - - - - - - - - - - - - - - - - - 

~ l'vt ltid it wilh DISKCOPY! tum my PC into a Duplicating
guide is too much to read , this is the program for ~ M1chinc1 Pbie5CIXI mr: 

you. Easy On-screen prompts Will have you duplicating _ _ copie:; of THE DUPLICATOR TOOi.KiT at S 9.95 each plus
in seconds. S .;o shipping (S 10.00 Canada. and Ou!Side LL .). CA residents 

please add 6% ates tax. 
Get the power DISKCOPY can't give you. Order today! 

MINIMUM SYSTEM REQUIREMENlS: IBM PC, XT, AT or compatible and 2S6K ADDllF.SS 

Ram . PC or MS DOS 2.0 or higher. Hard disk recommended. Not cm STATE ZIPcopy-protected. 
0 ChcdJMoncy Onkr 0 Vlsl O M:waCud 

THE DUPLICATOR TOOLKIT and Copylechnologies are Trademarks of Copy 
Technologies. See us at 

COPY TECHNOLOGIES 0 ~~~~7fall '88 
14252 Culver Drive, Suite 323 November 14-18, 1988 moll coupon to: COY'{ TECHNOIOGtES 
lrvine, CA 92 14 Booth 11116 14 252 Culvcr Drive, uicc 323 

Irvine, CA 92 14Circle 529 on Reader Strvict Card (DEALERS: 530) 

http:ADDllF.SS
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Send Us Your 
Local News 

BYTE is expanding its 
coverage of local events in 

the Pacific- West Coast re
gion. lfyou would like your 
event , conference, special 
project, or users group 
covered, please send infor
mation to : Regional Editor, 
BYTE, One Phoenix Mill 
Lane, Peterborough, NH 
03458. 

The Berkeley Mac 
Users Group 

L ike other supergroups, 
the Berkeley Macintosh 

Users Group (BMUG) has its 
special-interest groups, tutori 

als, bullet in board systems 
(BBSes), and help hotline, but 
the one thing that really 
stands out is the BMUG News
letter. It's published only 
semiannually, and no won
der- the Fall 1988 issue is 
over 350 pages Jong. 

BMUG staffers who claim 
the newsletter (most textbooks 
are thinner) is the definitive 
reference guide for Mac users 
may be hard-pressed to find a 
challenger to the claim. In the 
newsletter, you'll find prod
uct reviews, BBS tutorials , ar
ticles on telecommunications, 
HyperCard, connectivity, and 
networking, and plenty of 
commentary on the state of the 
Apple. BMUG also published 
a HyperCard guide I.hat's over 
200 pages long. All without 
any advertising. 

BMUG's BBS is open 22 
hours a day (the other two are 

spent exchanging mail with 
other systems). You can reach 
it at (415) 849-2684, but non
members are granted limited 
access only. It supports 300, 
1200, and 2400 bits per sec
ond. The group also wel
comes out-of-towners to drop 
in at its office at 21 50 Kit
tredge St., Suite 38. 
Contact: The Berkeley Mac
intosh Users Group, 1442A 
Walnut St., 1162, Berkeley, 
CA 94709, (415) 549-2684 or 
(415) 849·9114. 

Seminar Trifecta 

T he dBASE Symposium 
is a 3-day seminar I.hat 

features Adam Green, author 
of severa l books and articles 
on the database. as its chai r
man. The seminar will discuss 

the impact of dBASE IV on 
the status quo of dBASE-com· 
patible products. when the 
new version appears. Also on 
the agenda is I.he structured 
query language included with 
dBASE IV. 

Vendors of the fol lowing 
dBASE-compatible products 
will conduct sessions at the 
semi nar: FoxBASE, Quicksil 
ver, MultiBase, Frontrunner, 
Eagle, Force Ill. and dBXL 

David Fulton, president of 
Fox Software, is slated as a 
panelist, a long with Dave Ir
win, president of Irwin Ink ; 
author. Wayne C. Ratliff; Pat 
Adams, president of DB Un
limi ted ; and others. 

The seminar wi ll be held 
from ovember 2 to 4 at the 
Warner Center Marriot in 
L-0 Angeles . 
Price: $895 (group discount 

continued 

Arabic, Aramaic, Armenian, Bengali Bulgarian, Coptic, 
Custon1, Czech, Devanagari, Dutch, English, Ethiopian, 

Finnish, French, German, Greek, Gugarati, Gurn1ukhi, 
Hebrew, Hungarian, Icelandic, Inuktitut, Italian, Korean, 
Latin, Lithuanian, Norwegian, Persian, Phoenician Phonet
ics, Polish, Portuguese, Russian, anskrit, Serbo-Croatian, 
Sign, panish, Swedish, Syriac, Tan1il, Telugu, Thai , Turkish, 
Ugariti , Ukrainian, Urdu, Vi tna1n se, Yiddish, zulu. 

Wordprocessing Software 

in the World's Languages. 

Multi-Lingual Scholar~ 
for IBMPC's and compatibles. 

Gamma Productions, Inc. 
JO Wilshire Blvd., Suite 609, Santa Monica, CA 90401 Tel 213-394-8622 ·Fax 213-395 -4214 · Tix 5!0 600 8273 
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UNDER-WARE ELECTRONICS 

UNDER-PRICED HARD-WARE & 


UNDER-PRICED SOFT-WARE 

HITTING PRICES BELOW THE BELT 


COMPAQ DESKSAVER-------------  10.00 
HEAi> CL.EANING KITS-----FllOM S.00 

PARALLEL OR SERIAL PRINTER 
SWITCHES (VARIOUS CONFJG)___CALL 

W-TEK S4 KEY PC KEYBOARD ----29.00 
KEYfRONICS 5151 KEVBOARD----.99.00 
lJDS EXTERNAL 1200 BAUD MOD£.M.-.J9.00 
IBM :ut!K l'UU In' DISK DRIVV -59.00 
IBM 20 M11 FULL lfl' HARD DIS"----159.00 

PRINTER ACC&5SORI&5 
TAXAN DUAL PURPOSE Bl.JFFEll.---1t.OO 
SO\!NP t:NCLOSIJJt[S_____FJtOM 4MO 

TRACTOR AND SHEO FEEDERS 
DATAl'RODl.JCI'S I050f70 SF------99.00 
DIABLO '30 W ----------'9.00 
DATAPRODl.JCI'S DP.S! SF----17t.CHI 
lllOTH£R Tf-10<> SY 4,.00 

COLOR 
12" RGBI/COMP .......... $595.00 
14" RGBI CGA ...... - ....•. $499.00 
14" COMPOSITE ......... $395.00 
MONOCHROME 
12" GREEN TTL......... .$199.00 
12" COMP.................... .$134.00 

$169.00 
$199.00 
$149.00 

$69.00 
$49.00 

f'\JLL FACTORY WARRANTY 
FACTORY REFURBISHED 

ELECTRIC DESK---------·99,00 
ABILITY~··-·-·--..-····-·····-····-·····-59.00 
wrus JAZ.Z (MA0.--------"·00 

COMMJJNICAT!ONS 
IBM ASVNC COMM SIJ'PPORT-----·49.00 
IBM 3270 EMUU.TION VVll. 1.f. .79.00 
IN SEARCIL_________..J9.ot 

UNDER-PRICED NETWORK 

3COM SERVER.J5MB/5llK.-----·-"'·OO 
lRMA COl\1Ml.ll10-------------.39'9.00 
IRMA Jl70 KtYBOARl>----------99.00 
CXI 3?71117' lll:MOTF-------199.00 
AST BSCJCLUSTEL---------  m.oo 
FORTE rJ CARD.----------.2?9.00 

PORTABLE FAX 
ORIGINAL LIST: $999.00 

$299.00 
VERY LIMlTED UANTITY 

THOUSANDS OF ITEMS AVAR.ABLE. TOO 
MANY TO UST JN nns AD. PLEASE CAU.. 
wrrn YOUR REQUEST. QUANITI1ES LIMITED. 
ALL MERCHANDISE AVAllABLE ON A FIRST 
COME, FlRST SERVE BASIS. All MERCHAN
DISE GUARANTEED. 15 DAY REfURN PRIVI
LEGE WITH RMA. RESTOCKING CHARGE 0 

RETIJRNS . NO SURCHA&OE FOR MC, VlSA. OR 
DISCOVERY CARD. COD ORDERS ACCEPTIID 

(316) 942-9797 
UNDER-WARE 
ELECTRONICS 

1970 S. WEST ST. #365 

WICHITA, KS 67213 

IN BUSINESS FOR OVER 
TWELVE YEARS. 

NEW& DEMO. 
ALL MERCHANDISE 

GUARANTEED 

CANON 

LASER PRINTER 


ORIGINAL UST: $3,000.00 

PLUS 

SAMN A 111...FREE! ! 


WORD PROCESSING SOITWARE 

ORIGINAL LIST: $395.00 


TOTAL VALUE: $3,395.00 

BOTH FOR ONLY 


$899.00 

UNDER-PRICED BOARDS 

A T & T 256-»tK MEM BOARPS----19.00 

AST COLOR PLUS--------.Yl.00 

AST PREVU:W----------------.59.ot 
\!NITRON MONOGRAPHIC------49.00 
PERSVST C<iA 111 CARD------4,,0<I 
QIJADllAl\1 5310 111l1LTH,JNCTION--.59,ot 
CIOMPAQ ASVNC.----------.1'-00 
TECMAR GRAPlllCS TENDER _49.0G 
AST MEGAJ'LUS U O.SllK SIC.----"·00 
CA PARALLEL CARD--------19.00 
IDEA Sll'iC BOARD---------.29.00 
AST OPTION KITS CALL 
COMPAQ ASST. BOARDS 

U1"411r.K-rK1~ED MISC. 

ITT XTRA 

XT-286 SYSfEM 

80286 PROCESSOR, 4.77-6.0 MHZ 

S12K RAM, SERIAL 


AND PARALLEL PORTS, KEY

BOARD, USER GUIDE. 

ORIGINAL LIST $1,ll9MO 

$499.00 

WITH 

MONO MO_MTOR & CARD 
ADD $49.00 

WITH 

COLOR MO~ITOR & CARD 

ADD $199.00 


WITH 

20MB HD & 360K FLOPPY 
ADD $299.00 


ITT MS-DOS 3.1 & GW-BASIC 


ONLY $29.00 

MONITOR SALE 


OFTHE YEAR 

UP TO 70% OFF!! 


THOMSON 
LIST OUR PRICE 

DIABLO 630 ECS/ API 
40 CPS OAJSYWHEEL PRINTER 

$349.00 

(ORIGINAL LIST: $2,295.00) 

(API/CENTRONJCS CABLE F'REE) 

XEROX F-32 DUAL BIN 

ELECTRONIC 


SHEET FEEDER 

ONLV 

$149.00 

(ORIGINAL LIST: $1,750.00) 

UNDER-PRICED SOFTWARE 

WORD PROCFliSING 
SAMNA PLUS·----·---·-·---·--·----.ff.llO 
Sll£CT W.P VER 3-------· ---59.00 
WORD P£R.ncr :!..I '9.00 
DlS~ Y WRITE 2.t VER 1. 1-----59.00 
IUS EASVWRrn:R IL 49.00 

DATABASE MANAGEMENT 
DATA llA.'lt: MANAGER D------69.00 
OVER V1JI: (MA0------·---·-·-'9.tJO 
I.ST alt.SE CM.A0--------'9.00 
MAll'o' STR££T llJL£R (MA0------..39.00 

!NTEG RAIED/SPREADSH EFT 
SUPERCALC 3 V:t:ll. z..._______79.00 

TK SOL YEIL--·------··-----·-·----'9.00 

WTrn' CASH OR CASHIERS CHECK. 
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are available). 

Contact : Digital Consulting , 

Inc . , 6 Windsor St., Andover. 

MA 01810, (508) 470-3880. 


0 S/2: In ·ide and Out is a 

2-day sem inar that, ac


cording 10 its sponsor, will 

fea ture live demonstrations of 

the operating system 's muhi 

proces ing session manage

mem, command capabilities, 

and multiple, simultaneous 

program execution. 


The first day is dedicated 
10 the fundamentals ofOS/2. 
The second day is for ad
vanced techniques. 

Judd Robbins, president of 
Computer Options and author 
of The Essential OS/2 , will 
be the eminar 's chairman. 
The seminar will be held at 
the San Francisco Airport 
Marriot from November 
17 to 18. 

Price: $765. 

Contact: Digital Consulting, 

Inc., 6 Windsor St., Andover , 

MA 0 18 10, (508) 470-3880. 


A seminar for progra m

ming in C is an introduc


tory course for those who 

wish to program .in Unix and 

non-Unix applications . The 

seminar will cover the C-Ompo

nents and characteristics of 

C, words of the C language, 

expressions, comrol state

ments, and more. Knowledge 

of al least one other high-

level programming language is 

a prerequisite. 


The 5-day seminar is 
scheduled to go from Decem
ber 12 to 16 in Los Angeles. 
Price: $975. 
Contact: The !st Seminar 
Service, 88 Middle St., 
Lowell , MA 01852 , (508) 
452-0766 or (800) 321-1990. 

Network to Sponsor 
Third-Party Tours 

T he App!Ambassadors In
formation Network 

(AAIN) is now ponsori ng 
whal its founder calls a " trav 
eling road show" for repre
entatives and spokespersons 

of third-party products for 
the Macintosh. According to 
AAI 's George Voltz , users 
group coordinators are always 
seeking vendor representa
tives to speak at the groups' 
monthly meetings, but get
ting in contact with them is dif
ficult. After several th ird 
pany developer expressed a 
similar interest in making 
contact with users groups, he 
started a service that pro
vides transportat ion and lodg
ing for vendor representatives 

who want to meet with users 
groups. 

AAIN will provide ven
dors contact information. 
transportat ion, and lodging 
for a fee . The users groups get 
knowledgeable speakers fo r 
their monthly meetings at no 
cost, and the vendors get 10 

demo products to sophisticated 
audiences. 

The "tours" would prob
ably consist of five users group 
meetings . either in the same 
region or across the country. 
Voltz said AA!N was formed 
in January 1988. The network 
sends new product announce
ments and information on 
bugs, fixes, and updates to 
about 1000 Mac users groups. 
Contact: ApplAmbassadors 
Information Network , P.O. 
Box 416, Mountain Rd. , 
Raymond. NH 03077, (603) 
895-3009. 

ALTEC ZIP-386 

$1,995 
• ln'lel 80386 m.croprocessor 
• It.I n"}ll $peed "'"""''Y 1nSll!!le<! 
• E,.,.,-.dabfe 10 tO t.te 
• Ptlo<!nox 386 BIOS 01 ""'"1d 386 BIOS 
• ~ spe«I (4 771&W16 t.IH1) 

• 'l<XNI - sui;Vi
• Gase with 111-S<Jl but!On 
• Enhance<I ke)1x>atd 
• Hard disiV!loWf d>Sk ctinllll<lel card 
• 1.ZM l'low1 disk dnw 
• 	.V.J()tl()Chrom&'Griij)l'MC$ card 
~~n p>mtf pOtt 

• HI-RES Monochrome M-oMor 
* user's manual 
• 1 y&ar warranry 

ALTEC-XT Turbo System 

$675 
• ll068-1 mocroproce~
* ~ mioMHz 
• G40K RAM 
• •50W power "'WI 
• AT Style~ 
• Ff<lWI controMr caid 
• ~ lloppy d1$k dffle 
• 	t.looochro1r•vGrapt11cs 

COid 'Min P11nler por1 

• HJ.RES "'°"""hrome t.lonttlll 
• Prioero BIOS 
• US<l'I'• man~ 
• 1 I"•' warranty 

ALTEC-286 Enhanced System 

$995 
• Imel 80266-10 m1croproceS$0( 
• S12l< ANol 
• OWi speed tl/10 t.1 11£ 

• 20/NI P'"''" SO!>IJly
• /IJ style u.e 
• E:ntlancod ~41'j!>Oard 
• IWd °""1iowf OOJc coom:t'A!I car<l 
t I Z M lloWi disk <lrM! 
• .\lonoohrome/G>apl11c~ 

c<V<I wrtn pM1er por1 
• HI-RES Moll<lchromo Mon IOI 

• Phooro;BIOS 
• Uset's manual 
• ' y&.ar warranty 

ALTEC-286Jr System 

$975 
• Intel 30286-10 mlctoprocs=Y 
• 5121< RAM 
• 200N ix-< supply• Ar, Style CA$j! 

• /IJ 5l)'le~d 
• Haro~·~~ core.
• 12M!rqill'fdosl<<!nYe°"'° 
• Mor«h~>CS 

card wr!h pmler por1 

• HI-AES t.lor>o<:hrorn• Morulor 
• US#tr'S manual 
• I yoat W'dfr<lflly 

AllOITIOHAl. l'!AtuAU ADU 	 .. .......... lilllllllllli •• 

UllOltO A ALTEC Technology Corporations.omm .,.. ....,"" 	

~ 

"""' QQIOO (ll!S & zetil 	 5751 Rickenbacker Road, Los Angles, CA 90040 ·-·---_,,..._...-.... • --IJI-...:l•rfQilildliO~d """ s:llo$.<llpl!ll&216) 
.Riii 	 Tel: 1-213-888-9100 • M•,....-~allill - 81111 	  -c:oroc.u 111 :r-.•1111earc111<ott.o t mol 	 Order Desk: 1·800-255-9971 
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SF-286 

Mono System 
EGA System 

SMHz lOMHz lOMHz 
COWSl 

$995 $1149 $1349 
$1369 $1569 $1720 

12MHz 16MHz 
IOWS> <3'361 

$1499 $2050 
$1870 $2349 

Basic System Features: 
80266-16 bit CPU , 80287 sack.et. 512K RAM ex
pandable to I MB, lulty compatible AMI BIOS, 1.2Mb 
Floppy Disk Drive. combined nappy/hard disk 
controller. Keytronics 101 enhanced keyboard, 
clock/calendar with battery backup, 195 watt power 
supply , 48 hour burn-In testing, operations manual , 
one year llmlted warranty and optional on-site 
maintenance agreement. 

SF·286·BMHz 
20Mb Mono Speclal.. ....... $1249 

Basic System lealums plue: Monographlcs board 
with printer port , Samsung 12" ember mono monllor 
end Se!lgate 20Mb herd drive. 

SF·286-BMHz 
20Mb EGA Special ........ $1599 

Basic System features plus: Everex EGA lilrephics 
board, Evervlslon EGA color monitor and Seagate 
20Mb hard drive. 

SF·286·BMHz 
20Mb VGA Speclal...........$1899 

Basic Sys1em lealures plus: Everex EVGA g raphics 
txlurd c 640 x 480, 600 x 600, up to 256 colors>. 
Mitsubjshl Diamond Scan muhlsync monitor and 
Seagate ST251 40Mb hard drive. 

SF·288-12MHz 
20Mb Mono Special. ........$1749 

Basic System teatures plus: Monographics bol!rd wi1h 
printer por1. Eve<vislon 14 · · llat screen amber mono 
monitor 8nd Seagate 20Mb hard drive. 
Upgrade to 40Mb Seagate hard drive. Add $160 
Upgrade to 60Mb Seagate hard drive. Add $500 

Circle 540 on Reader Servict Card 

EGA Bundle .......................$459 

Everex EGA autoswltch graphics board and 
E11ervision EGA color monitor. 

Super. EGA Bundle .............$629 

Everex EGA Deluxe autoswitch graphics oaurd 
C 640x480. 752x410 >. end Mitsubishi 1371-A 
Diamond Scan multlaync color monitor. 

Super VGA Bundle .............$769 

E\18rex EVGA graphics board ( 640x480, 600x600, 
up to 256 colors l and Mltsublahi 1371 ·A Di!lmond 
Scan muttlsync color monitor 

Hard Disk Specials cfor PC ) 
Seagate ST225 20Mb + Controller........... .. $265 

Seagate ST125 20Mb + Controller.............$329 

Seagate ST238 30Mb + Controller ......... . ... $289 

Seagate ST251 40Mb + Controller .............$449 


Hard Disk Specials Cfor AT) 
Seagate ST125 20Mb l 40ms l ..... ......... .....$269 

Sea1:1ate ST1 38 30Mb c 40ms >..... .. ........ ... . $339 

Seagate ST251 40Mb c 40ms >.... ............... $389 

Seagate ST25H 40Mb C28ms l ... .............$429 

Seagate 4096 80Mb ( 26ms l .. .. . ... $849 

Mlcropoll s 1335 71 Mb ( 28ms I.. ................$599 


Everex Modems 
Everex Evercom ex1ernal and internet hall-card 
modems C tulty Hayes compatible l with Bitcom 
Communications soltware. 
Internal 1 200 Baud Modem ..... .. ........... . .... SCAU 

External 1200 Baud Pocket Modem .... .. ... .. .$139 

Internal 2400 Baud Modem.... .. .... .. . ... .. $149 

E)(ternal 2400 Baud with Mini 110 ...............$229 


Misc. Speelals 
Mini 1/0 (PAR, SEA , CLK, CAL l . . .. ... .. ........ .$49 

Mini 110 with Game Port.. . .. .. .... ... . .. ....... .. .. ..1-56 

Mini 110 + Logltech C7 seriel mouse ..........S119 

Mitsubishi 3 .5" 720K flOppy drlve .................199 

Mitsubishi 3.5 .. 1.4Mb flOCPy drive.............S129 

150 Wntt Power Supply .. ........ .......... . ....... .. . $49 

200 Watt Power Supply ......... .. ..... . .... ..... ..... $79 

2Mb EMS memory boa.rd with OK . ... ... .. .. .. ....$80 

3Mb EMS memory board with OK ...... ... .. .. .. .. $99 


•Special Prices Subjecl IO Chenge Without Notice. 
~~.·~~.~....-.~----~
~""~~al---~~ 
3'"""1)4J ..,QW 
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Dealers Call For Complete Confidential Price List 

New Reduced Prices 


==-;;;:. -=. _.......,._._ 

PS II Model 25 MonoJColor .... $96911195 
PS 11 M.25 Mono/Color+ 20MBS139511650 
PS 11 Model 30 2DR. + 20M8 ... ..$1550"" 
PS II Model 30-0021021 ...... $115511595 
PS II Model 50-021/50Z-30MB .$235111Z795 
PS II Model 60-44MB/70MB .. $319513550 
PS 11 Model 80-ll~B 2™HZS569518195 
PS II Model 80-44MB/70MB .. $389514695 
PS II M.70E-61f70..120 . ... ... $419915550 
..ALL PS II MEMORY OPTIONS IN srocK·· 
AT 068/339 IN STOCK .. .... $239513395 
IBM PCIXT 2DA. 256K ........ $79511095 
Mono. Disp. 8503/XT Style . . ... $1991225 
Color Display 8512 . .. ............$439 
EGA Disp. 8513/XT Style . . . ... $5251395 
8514 Monitor/Adapter ......... $111751925 
Pro Printer 11/XL . ..... . ...... .$3091515 
Pro Printer X24/XL24 .. ........ $5291675 
Quit Writer 111111 ....... . ...... $79511095 
IBM DOS 40/3.313.2 ......... $113182/55 

Most Mator IBM Parts In Stock 
·auanllty Discount Available' 

&9seagate 

SEAGATE HARD DRIVES 
20MBl30MB W/Controller .. . . ... $2591279 
30MB/40MB (4038/4051) ....... $3751420 
40MB (ST251)/40MB (4053) .... '$3191449 
BOMB (4096)/80MB {2nR) .... '$5951445 
MINISCRIBE 
40MB (3650)/4DMB (3053) ..... '$3191479 
40MB (6053) Full Height. .......... $495 
BOMB (6085)/300M B (9680) .. .$59512095 
HARD c:AROS 
20MB/30MB !or XT . . . . . . . . S3451399 
40MB Card F/XT 40MSC ........... $499 
20MB/30MB for PS/2 . . . . . . . .. $3991435 
MISCELLANEOUS 
CDMPAO 300MB HD . . . . . . . ... $.2995 
CDMPAO Portable 20MB . .. . . ...... $495 
COMPAQ 4Ul60M8 f/DP386 ..... $7451895 
10/20M8 IBM Hard Disk . .. . .... $1451195 
130MB Compaq Hard Disk ........ $1695 

romPAa® 

DESKPRO MODELS 

"NEW D.P. 386-25MHZ IN STOCK" 
386120 MHZ 60 MB HO ........ .$4795 
386120 MHZ 130 MB HD ... .. .... $5995 
··386/20 MHZ 300 MB HD ........ $7695 
386 40MB 16MHZ Faclory ........ $3795 
286 Model 1 . . . . .... ..... ... .$1595 
286 640K, 20MB/40MB HD ... $209512295 
286 Model 40 (Factory) ......... .$2595 
Deskpro 2DR. 256K/20MB . .. .$109511395 
PORTABLES 
Portable 386/40MB . .. .. . ....... $5395 
Portable 386/100MB .............$6699 
II Model 4 (Facrory/Upgrade) .$259512395 
II Model 2 2DR.. 256K (60286) . . . . $1895 
··111 Model 40MB.. .............. $3850 
" Ill Model 20MB" .... . . . $3375 
CompaQ Amber/Green Monitor . .. . . . $195 
GompaQ 40MB TBU F/Port.!DeskproS750/595 
CompaQ VGA Adapter/Monitor .. $3951525 
Compaq DOS 3.31 (min.5) . . .$82 
Call on Memory and Other Compaq Products 

··ouantltt Discounts Available"' 

Dealers & Consultants Only

Corporate & Retail Customers Call For Quotes 

INTEL 

8087-3 XT/80287-6 AT ...... '"$991152 
8087-2 XT/80287-8 AT ....... $1391239 
8087-1/80287-10 ............ $1991279 
80387-16180387-20 . . . . ..... $4251679 
..New 80387-25 .... .•... .... $949'" 

OKIDATA 

182/182S 120CPS, 30nlQ .... $2391279 
192 +/193 + 200CPS. 40nlq .$329/429 
292/293E 240CPS, lOOnlq ... $4241519 
320/321 300CPS. 62nlq ..... $3191469 
390/391 24pin 270, 90nlq ...$4fi9/619 
393/393 Color 450CPS . . . $92511029 
L1zer Line 6 . . . . . . . . .... $1299 

10 MB. lnter./External . . . . $2291329 

20 MB. lnter./External ... . .. '$2591299 

40 MB. lnter./External ...... '$4291535 


Call for PS/2 Tape Back Up Units 

Call for Archive, Tecmar, Sysgen 


TOSHIBA 

321SL/341SL (216CPS) ...... $4551625 
351-SX/351-2 Color ........ $94511019 
L1zer Printer .... ... ...... ""$2295.. 
Toshiba T1000/T1100 . . . ... $73911395 
T1200/T3120 ............ $229512950 
T3200/T5100 ............ $349514495 
Toshiba Modem/Compatible . . $2791249 

HEWLETT 

PACKARD 


Laser Series II .. . .......... $1595 + 
·oesk Jet New 250CPS ...... . . . $679 
1MB F/HP II Compal/HP . ... $3291369 
2MB F/HP II Compat/HP .... $619/669 
HP Plotter 7475A . . . .. ...... $1395 
HP Scanjet Scan ner w/lnt . . .S1380 

+ With purchase of memory 

NEC NEC 

Laptop Systems Will not be undersold 
Multisync II/Plus + .. . ...... $5691875 
Multisync XL 20" . . .. . ... . . . $1995 
NEC LC890 Laser ... . .... . ... $3195 
P760/P2200 . . . . . . . ....... $5991329 

***LOTUS 1-2-3-$289*** ***LOTUS SYMPHONY 31/2" -$259*** 

D-DATA 
An1<:1"-•111h1we-,m 

4742 Woodman Avenue 
VISA I 

Sherman Oaks, CA. 91423 v"'' 
(818) 905-0994, (213) 859-3410 ~-
FAX # (818) 905-8869 M~'•nC~111~ _ 

One sto.p shopping for dealers & consultants 

STB MULTIF CAflD (IJXT) . . S29 MODEM 12008'24008 ....$59195 
3M DC 1000 TAPES ......... f7 IBM MONO/CLRIEGA .$79/145f.!25 
IBM OOS 321 . ...... ... .. $49 INTEROYNE T.B.U. 1MOMBf75195 

MllllMUM QTY. Apt)UES 

THERE WILL BE A CHARGE ON ALL CREDIT CARD PURCHA.SES. 

UP 10 2% DISCOUNT ON PREPAYMENT. 
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DATA TRANSFER SWITCHES 

~ AB SERIAL $18.95 
AB PARALLEL $19.95 
ABCD SERIAL $24.95 
ABCD PARALLEL $29.95 
AB CROSSOVER $29.95 
PS I 2 AB SWITCH $29.95 

ISOLATING LINE STRIPS 
SURGE & RF NOISE 
SUPPRESION BAR 6·-1 $19.95 
6 OUTLETS ,"::;/:>:i.-. -. _. 
WI 6' FT. CORO f ~J...:! 
12 @ 14.50 24@ 12.25 ' . 1 .1 

THE PF.IlFECT lJPS 

$666. RETAI~s'?J. 
VIP EXECIJTIVE 400 

SUPPORTS 2 ATOltl 1 XT SY51EMS 
!RUE ON·UNE UPS DESIGN ED FOR MICRO 
ANO MINI POWER SUPPLIES . SIN£WAV£ 
OUTPUT . FITS BETWEEN CPU AND CRT 
ONLY 20 LBS. SIZE 1.9" H. x 15.3"W. 1 15." 

MORE ON·UNE MODELS 6y ITT 
LISTED BY SIZE I/II VCXTAMPS. 

RETAIL DEALER 

TIT nP I()() $1899. $1199. 
TIT nP 12$0 $3999. $2099. 
FTT l1P 2{)(}(} $5499. $3725. 

FTT l1P JOOO $6399. $4479. 

FTT S{)(}(J $10699. $7499. 

TOSHIBA 
TOSNIC TRUE 

MICR01100 ON- LINE 
UPS SYSTEMS 

SELF CONTAINED 
GELL · CELL 
BATTERIES 

Y.:":\ NEW SMALL PROFILE 
\.::Y LIST D Ei\LF. R 

500 VA. $1499. $1199. 
750 VA. $1899. $1425. 
750 VA. $2099. $1099. 
lK VA. $2699. $1499. 
3 K VA. $6599. $5279. 
5 K VA. $9379. $7499. 

AND LARGER MODELS 

LINE TAMER 
FERRO POWER CONDITIONER 

) 
~~~ias~~~~~;;~o;; 

.ea • Rejection 120t60dB. 
4 Outlets.Sit. Cord 

Regulation "3% 
Retail Dealer 

150 Va. $139. $ 99. 
300 Va. $199. $149. 
450 Va. $259. $197. 
600 Va. $299. $225. 
1000Va. $489 . $349. 
1200 Va. 549. 439. 

IMPORT 
VOLTAGE REGULATORS 

TVR500 $129. 
TVR1000 lt-J $199. 
TVR2000 ·- • : ,. $295. 
TVR3000 ,.l'llT llUQR ··· ·l~V . $395. 

aMl•"ll • tUlt 0 I 

EURO-TRANSFORMERS 
STEP UP/DOWN 110v.-220v. 

300 WATT $ 39 
500 WATT $ 59 

1300 WATT S 85 
'2000 WATT $125 
'3000 WATT $215 

·select Voltage 1001110/ 120v. 
U /Down 200/ 220/240v . 

ODEM SPIKE PROTECTORS 
MSP·1 $12.25 ~~@~~o: 

QUANTITY PRICING AVAILABLE 
UPS SYSTEMS ADD $15. MINIMUM 

FOR PACKING & SHIPPING 
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Running at 24MHz, 80386 32-bit microprocessor delivers a Landmark SI of 31MHz, 
equivalent horse power as a mini-computer. The mainboard provides PHOENIX 
BIOS and super fast 1MB of static column zero-wait memory access equivalent to 
memory caching. Additional 32-bit memory can be expanded to 10MB. Built with 
220-watt internal power supply and state-of-the-art FCC class-A standard electro
mechanical structural frame. It comes with a standard 3-1/2'' 1.44MB floppy disk 
drive (optional 5-1/4" 1.2MB) and 1:1 interleave hard disk controller. High quality 
101 function keyboard and complete with system manual that is easy to operate. 

24MHz System: List: $2999.00 OEM Price*: $2099.00 
20MHz System: List: $2699.00 OEM Price*: $1899.00 

* Qualified OEM quantity price, tower case (option) 

You are invited to see us at COMDEX/Fall '88, Las Vegas, West Hall, Booth #562 

I
TransComputer, Inc. We R&D the 2tffl & 386 computers the best. 

1024 W. Maude, PO BOX 62426, Sunnyvale, CA 94086 
(408) 245-9606/9608 (800) 722-7793 FAX: (408) 24S.4104 
Solving Technology with Excellence ... 
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The New High Performance Challenger 

In Local Area Networks 


LlfeNet Network 
Operation System 

rnc .-nN.~ra .'c •r tnc~ rr1t..nr 
fll0111r~IIC) c f1. r llt't~t'f tn 

rtu: de...':< .~lt:'tl \(~n..i:·r 

c..:rre•t?Cr~· 11ru~ yv ru 
Uni~.1(,..._.,n) LrfcNct 

(JuN/VATTON 

'r 'J' · ' •l:r • ~r ·r r ; ' ·r· '(r' n i. t ' l ,f ·r·t lr·,-~< 1 : fYj 

i.°l ' ., ., • : J' p "J -.\J(l') 

•• f : •'. " · · real-time backup. 'r " : 
1 I . ;." ·: • t , • ! • • ·• ··, il'r·r c"l',_•1 ·rdrr dP, .... 

., J ,. ;,. •• , ! ,..-l Jh '•( I_ \! '( • 

'•, ' • • t'1 r -, • .\ I_·~ • ·' r 1 / \· ) ' r. t 11 

ARCHITECTURE FOR THE 90'S 
SHAPE OF THE FUTURE 

THE :eVERE}{ 
SYSTEM 386/ 20 

AMMA, A 1ruo bullo11:-od wnlio 

1..4..:he. Upd41es o-...,m r.:i~mo:y 
only when necessAry, boo11• 
!)'51'!1'1:1 perforrmnce bt:ryond 
1.•a.nd,,rC c.iche tyrl!'os. per
m~ts. uche :r.4"mory Mpan 
iion boo 64K 10 2S6K tmd 
preo.entl bc~tlenec'.c. dt,;.rlr~ 
mrJ;hpl~ bock·1o-oad wnte 
cpe-rtt.llon... 

Es1ablishlag a New PC Performance Pla1form 
The Evere• STEP 38 •20 ofien; unr>xce<:d periormar.co 1n d:l 

80386 hosed perscnol compu<P.r. Desi nPd os d uomess or 
perso ol warks•olion. the Ev rex 386 clPl1ve,.." high 
perform~nce envlronmen! jor c rrPn~ eneral~on AT comp.'lttbie 
sohware wht!e prov1dmq o p],3tform for future opert'\t l!l<] 
systems. mcludinq OS12"'. dnd Xon ix 386 dnd Untx' 386. 
Advdncoo !colurus include Evrrexs J\dv•nced I.lemon 
Mdnoqurnenl Arch1tectu"' (A..\.I MA 'MJ dno o very f3s'. i:I 
1nturle11,_.,_. bdrd di:.;k conHal!t:- r. An •.!LQht dlg1t reol- 1r.1e- cltsploy 
coritinucusly up<Joics Si'S1<:m ¢nd c.inv•: st.atui::. 

Call Us for Everex 286/ 20 a nd 386/ 25 

OTHER EVEREX COMPUTERS 
286 System-Model 1800 
80286 CPU. 1 2MB flop!'l'. S12K Momory, 101 M,boord, fL HD Coo1roU11, 6'a.10 Kbtd 
S.!«:t.tblo, 195 W•n Pcwo1 Suppt1. Opuo..l ll0287 Soc:u1 f'CC UL Aptovod 

BMHz T Wa11 S101e 80286 Mono Syotom $990 
!OMHz T w..1 Slate 80286 Mono Sy11om $1 395 
lOMHz. 'O' Wait St•t• 80286 Mono Sy..tem $1 495 
12MH1 'O' Wail Stato 802(Jt; Mone Sy•tem w/ l MB m•ra Sl 72S 

386 System-Model 3300A 

80.l8G CPU. I 2MB floppy. lMB Momo1y 101 lt.,bo.ud, Fl.'HD Con,.ollo1. &I C.ehe. 

t6MH.t CPU 'll' Wt11 S"'•· 195 W•t1 Po.or Soppl1 

l6MH1 'O' Wail Stal• 80386 Mono System 	 S2W 
H•rd Diili for ell eri~ •y•fi&m.• 

20MB 6Sm1 $2-49 
40MB 39m1 S399 
SOMB 28DU S69.S 
l«MB 16.Sm• $1795 

For EGA S7cto11U odd S350 
for VGA Sy11em. •dd S500 

PRJC[S AHD AVAU.ABIUTY SUIJtc'T TO CHANG£ WITHOUT NOTICE.. 

EXPRESS 
SERIES 11 
Designed for tooay·s complex word processing. business and 
desktop oubhshng oppko 10ns. he loserPro '' EXPQESS Ser>es 
II is a fuil -feocureo laser printer offenng w.ce as much 
srondoro memory as cornperu19 p11n ers. 

• 	 Fu ly compo t1ble v11th software des.gned for 1even popular 
pnnters. 1n<:lud1ng Hewlet Packard Loser.Jet PLUS. 
Protects your ongmol soffwore investment AJIOws fJe~,oillly 
IOI ne1•,v0fk enwormenls. 

• OM byfes RAM standard 
More room for on-~ne ton s. rexl ond grof)l1ics. 

• 	300 x 300 dots pe· 1r>eh (dpt) resolution p<ovides 

pcofess.onol quo ty p<1n 1ng 


• 	 27 st ndord ronti 
For a fr'Ore poress1ono1 IOOJc. use os mony ol ltleso on a 
page os you wish 

• 	 RS·2.32 and Centronocs 1nrertcces standard 
Plug ond go with v1rluoilv nnv system 

• 8 page-pei-m.rM..Jte prin speed w1 h bond but ring. 
L~ wCJ/rng time fOi poge~ to p(lfl 
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SUl"Ell FAST< 

20HHz 


I 
I 

:MHz 

OUR PRICE 

High quality American
designed, engineered and 
American-built, powerful 
80286-16 MHz super 
performance computer 
systems for CAD/CAM 
workstations, scientific 
engineering, industrial, 
medical, local area 
networking, desktop 
publishing systems 
and more applications. 

* Special Offer * 

EGA Portable 386 


vertical 386-20 Mhz 

$Call 


Same as above system with 16 MHz speed 

101 

--li 
N 

>W 

MSE 286-12 
MHz 
• The newest VLSI Chip set 
• 80286 microprocessor, 6/12 

• 512K RAM, expands to 1 MB 
• 1.2 M:B Teac floppy drive 
• W.D. hard disk/floppy disk 

controller 
• Clock/calendar with 

battery backup 
• Keyboard 
• 200 W power supply 
• 8 expansion slots 
• True Read/Write "O" wait 

state 
• 72 hours burn-in test 
• 16 MHz performance 

$895 
Our Price $995 1.44 MB Micro Floppy Drive $159 

80386 20 MHz MODEL 40PC Week 
Ednor·s Choice 

• 80386 32-bit CPU, 2018 MHz 
• l MB high speed static column RAM 
• 32-bit memory, e:Kpands to 10 MB 
• W.D. herd disk/floppy disk controller 

(ESD I controller elso available) 

• Tee.c 1.2 MB floppy dri ve 
• 42 MB fast hard drive (28ms) 
• 200 W low noise power supply 
• 101-key enhanced keyboard 
• Clock/calendar with battery backup 

• Seri al and pera llel port 
• Supports 80287 & 80387 Xeni:K 

System V, OS/2, PC MOS 386 
• Read/Write •o• we.it state 
• 25 MH~ performance 

COMPLETE $2495 30 MHz PERFORMANCE $2895 

EXPANSION OPTIONS 
M.ooo MGoit<>r & c,..phk Cud ......................... $ 1211 
Color Monitor&. G1'9phic C.r'1 ......................... $32:9 

S.1111at.e ST-138 JO MB (28nu) ............... .. .... ..... $399 
Seagate ST-4053 44 MB (Zl!mo) ............. ......... .. $499 

WYSE 700 & Monlror (1280 • 800) ................... 1&411 
N'EC Mullitlygc II MD nit.or (800 • 600) ..........._. $699 

EGA Monitor & Guphlc Can! ...... ......... ..... ..... . $629 Mkropo!J.1 1333 44MB (28maJ .. ......................... $699 NEC Mu ltllync Plu 1 Monit.or 16" ..................... 1899 
Scq6Le S'f.22l> 20 MB (66m1) .. .... .... .....-......... . $26S Micropolia 133~ n MB (28mo) .......................... ~99 NEC Multiiync XL Monl tor 19" ...................... $1999 
Sugale ST·l2S 20 MB (281n1 ) .......... .. .............. sm &.i;•"' ST·2!>1 <2 MB (38am) .. ....................... . $379 

S..-1<> ST40~ 80 MB (28m1) ....................... .. $699 
1.2 MB F loppy OW. Drive .... .. ....... .................... $109 

Paro<liN VGA Plu1 C,.,.d (800 x 600). ....... ........ $2111 
Veg• VGA Cud (800 z 600) .............................. $279 

Seapt.e ST-26H 42 MB (28m1l ....................... $:199 360 KB Floppy DIU: Drive ....... .......... .. .. .. ............ JS9 E"""°' VCA Card (800 • 6001 ........................... $279 
F'qji..., ESDI 147 MB (23mol .. ........................ $1399 I M MB 3.5" Mlm> Floppy Drive.. .................... $169 C.,ooo Hi-R.oo ECA Cord (600 x 600) ........ .. .... .. $ 199 
Manor ESDJ 320 MB (16moJ ............. .. ........... 92499 120 K 3.6" Mi<ro Floppy Drive .......................... $11 9 Z..n.io.h VGA Monltcr/(Fl at Scr.:enl ................... *"49 

MS ENGINEERING, INC. 

10601 S. De Anza Blvd. , Suite 214 

Cupertino, CA 95014 

(408) 251-4249 
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Neural Network 
Development Tools 
on the IBM PC, XT, AT and SUN workstations 

for 

rapid prototyping and concept testing 
of neural network designs 

from 
NeuralWareTM 

NeuralWorks 
Professional II 
Includes 13 network types plus 
the ab11tty to define your own 
network. 14 leam1ng rules. 10 
transfer functions. 11 summa
tion Junctions 
IBM PC $995: SUN $2.995 

NeuralWorks Explorer 
Lets you get yo\Jr feet wet 1n 
neural computing w1tholit in
vesting a lot of money. 
IBM PC $199: SUN $795 . 

Seminars 
Five-day, hands-on . app lrca
tions oriented Available 
through OL\I the country. Also 
available for customized 1n
house presentation 

Custom engineering 
Let us help solve your special 
problem . 

Call TODAY or write tor 1r:lf'orma
t1on abOLJI NeuralWare's software. 
semrnars. and custom engrneenng 
servtces Ask for Jane 
Kl1masauskas. Vice-President 
Sales & Mar etong 

Pop-up menus make 
NeuralWorks Professiona l II 
easy to learn. easy to use 

Full color screens and 
effective graphics 
gu ide you through the network
bu ild ing and tes1ing process 

Documentation includes 
extensive introduction to get 
you up to speed in neural 
com pu t ing 

Solve modeling and 
forecasting problems 
• 	 finance and economics 
• 	 servo control 
• 	 sensor process ing 
• 	 CAD/ CAM modeling 

Solve signal 
processing problems 
• 	 noise fi ltering 
• 	 matched filters & speech 

recog 
• 	 data compression 

Solve expert systems 
problems 
• 	 adaptive expert systems 

NeuralWare, Inc. 
103 Buckskin Court 
Sewickley. PA 15143 U.S.A. 
412-741-5959 

.-.. 
I 	 .J ,f ' •••• • J 

~,---
te u..i. .. 1 .. ,_,..,. _,,,,,. 

1. ..,. ..- ." 
. ...... ___._ -

t 1 "''~ - -- - - 1 , . - - . 
loUl 11 t !r. l r•i•L.. 1..,.. \ Jtl• ~ ........ I• 

r f'Hlil1 t ... l4i l h \ 11. a,,.. lrr -S 4a1i,,, t8 i.'n._ n ft U lr,}.11 

Stock Market Forecasting 

' 	 -"':'.-.';'-- -~· .. 
.,·- -

l·l..-r ' "'-' • • r"1 •...,. · 1[ _( ... 1 J."..>'Untor 
0r l<•r '11..r rH11 t 1rt ...n " 

Expert Systems 

l'Jl .l rllTtt Ill; DHIMJ 

·-. .....- ...... .._.. •. ·--·· 
' 	 I I 

~llt,. ......-Or.,,...t :.,.... 1 

r - ... .....,, .>~ -4 ~ ..-m-,-.. ' ".'£_ ~ • • 

Noise Filtering 

Modeling 

NeuralWare™ is applied neural computing. 
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More Than A Computer Store! 


Authorized Dealer! 

Ji 

,AJJlOCAD 

+TOPS 

Call far lnfonnallon 

WYSE 

512 RAM, 
1.2 Floppy, 40 MB HO 

Also in Stock: 

WYSE Terminals 


Call for Best Price! 


St~/iware & Prinler 
.\.peciaI.\·.' 

Word Perlect ................ $239 
Microsoft Word ........... ... $219 
Lotus . ............. ........ $305 
Epson LXSOO ................ $209 
Epson EXS00/1000 ........ $415/519 
Epson FX850/FX1050 ........ CALL! 
Epson LQ50012500 ...... .$349/899 
Epson LOSS0/1050 .... .$54917491729 
NEC 822001520015300 ... $349/549/629 
Toshiba P321SUP351SL .. IN STOCK 
HP Laser Jet Series 2 ... . ... CALL! 
Ast Tu rbolaser PIS .... . ... .. $3250 
NEC 890 with PS . . ...... .. . $3349 

Authorlnd ~«Ids.mc. c.m.. Fat 
Turnaround. c.11 for Semc:ir Contnd imonn.tkxJ. 

NEW! 


LAPTOP SPECIALS 

"RNITN r 

~SuperSport · 
184/1 
184/2 

In Stock 

Flat Screen Monitor 

CALL! 

TOSHIBA 
Toshiba 1000 ......... $779 
Toshiba 1200 ........ $2395 
Toshiba 3100/20 ...... $3099 
Toshiba 3200/5100 .... CALL 
Toshiba 5100 .........CALL 
Toshiba 1200 FB/FD ... CALL 

NEC 

NEC Multispeed EL ..........$1595 

NEC Multispeed 20 MB ....$2435 


512 RAM , 
1.2 Floppy, --..;...::::=J 

40 MB HD, Hi-Res 
Mono Card, DOS 3.2, 
GW Basic 

$1995 

386 M<HMI Also In Stock 

ACER 
710/910 
Systems ··'.11=== 
512K Memory, 20MB HO, 

611 O O Wait State 

In Stock Now 

Call 


For Lowest Prices! 


-

COMPUTOWN 1 

"More than a computer store" 


Pleasant Hill: San Francisco: Mountain View: 
(415) 682-TOWN (415) 956-TOWN (415) 962-TOWN 

(415) 682-8696 FAX (415) 989-8696 FAX (415) 969-86% 
1S27 Coma Cona Ba..!. 760 Ma.Kc St. 11:J.9 Phdan Bldg. 2<4SS M-Old Middle field W., 
Pbsam Hill CA 94Sll San fraixiscn CA 94108 Moo.nrain View CA 9~ 

A.iloorlzed D.tokr for N...dl, ~AST. s._.,.. Z...U.b. Toollit>.. Aulociwl, AT&T, Ladhoa ~. Otlclata, 
'EC. C-. HAY t;S, A*loa T•k. Um-..1 0.111 S,.a<-. Mkruoolt. y..,,_ra & Alduo. Cell ltw "'" Low Priao! 

Prices subject to change. Nol raposible ror typographic errors. 
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SHORT TAKES 


BYTE editors offer hands-on views ofnew products 

NEC Ultralite 

NEC ProSpeed 386 

The Norton Commander 

Deskpro 386/20E 

Personal Measure 

NEC's Incredible Shrinking Computer 

Ijust knew that the computer 
industry's quest for size re

duction had to hit some limit. 
A di splay can get only so smal I 
before the characters become 
unreadable . Likewise, a key
board can shrink only o far 
before it becomes unusable . 
Thus , NEC concentrated on 
collapsing the only remaining 
dimension: The NEC Ultra
llte is about as thin a computer 
as I've seen. With its cover 
closed, the Ultralite measures 
8 Yi by 11 ~ by I% inches . And 
at 4.4 pounds with batteries , 
it' s one of the lightest. 

The Ul tralite (in above 
photo at right) comes standard 
with 640K bytes of RAM , a! 
or 2-megabyte "silicon drive" 
(NEC's term for a nonvolatile 
RAM disk) , an internal ROM 
disk with DOS 3 . 3 (from 
wh ich you boot the machine) , 
and a "card drive ." That ' s 
right, a ca.rd drive: a narrow 
slot on the right side ofthe ma
chine that accepts ROM 
card - measuring 3% by 2 ~ 
i nche s and about 1/ 8 inch 
thick-each capable ofholding 
between 512K bytes and I 
megabyte . The liquid crystal 
display is backJit (electrolumi
nescent), so you don't have to 
find elusive perfect lighting. 

Of course , NEC told us that 
it anticipates numerous appli 
cations to be converted to the 

THE FACTS 

NEC Ultralite 

With I-megabyte silicon 


drive: $2999 

With 2·megabyte silicon 


drive: $3699 


Packaged with: 
DOS 3.3, Microsoft's 

DOS Manager, and 

Lap Link. 


NEC Home Electronics 

1255 Michael Dr. 

Wood Dale, IL 60191 

(312) 860-9500 

lnqlliry 851. 


ROM-card format. (The unit 
we received came with two 
ROM cards , one holding Trav 
eling Software's LapLink, the 
other Microsoft Word.) The 
machine will also come with 
Microsoft's DOS Ma.nager- a 
kind of window-based shell 
for user-friendly file manage
ment- and LapLink, the pre
mier utility for moving files 
from machine to machine 
through serial port . 

Across the back, you 'II find 
a 9-pin DIN-style connector 
for the RS-232C port , two 
modular phone jacks for the 
internal Hayes -compatible 
2400~bit-per-second modem, 
a 7-pin DIN connector for the 

NEC ProSpeed 386 
$7699 

Features: 
A 16-MHz 80386 
portable with 2 megabytes 
of32-bit 100-ns RAM, 
a 1.44-megabyte 3'h-inch 
floppy disk drive, and 
a 40-megabyte bard disk 
drive; with 100-megabyte 
hard disk drive, $8999. 
The docking station 
costs an additional 
$1199. 
lnqlliry 852. 

external power pack. and a bi
zarre multipin connector (it 
looks like a miniature Euro
card connector) for an exter
nal 3 'h -inch floppy disk drive 
(optional). 

The model I reviewed was 
an engineering version- and 
how. The internal RAM drive 
would not work, and I couldn't 
get the ROM cards to behave 
long enough to execute any 
programs from them. I did 
manage to attach the external 
drive and run from the floppy 
there . The external drive con
nector carries power a well a 
signals, so the drive itself 
doesn't need a power cable or 
an AC adapter . The screen 

suffered from more ghosting 
(the partial activation ofpixels 
along the same horizontal or 
vertical coordinate as an in
tense graphic) than I would 
have expected, though I could 
usually reduce the effect with 
the contrast slider. 

I ran BYTE's low-level 
CPU benchmarks 10 get a feel 
for the Ultralite's perfor
mance. Though the machine is 
using an NEC V-30 processor 
(8086-compatible) running at 
9.54 MHz- only twice the 
speed ofa standard 4. 77-MHz 
IBM PC XT- there's more 
going on than ju ta hike in the 
clock speed , because the 
Ultralite executed the bench
marks an average of 4.2 times 
faster than the XT. (Th is 
agrees well with the Norton 
SI , which awards the Ultra lite 
aratingof4.5 .) 

On the u er-friendliness 
scale , I ' ll give the Ultralite 
high marks for portability. An 
MS-DOS machine with no
moving-pa rt drive s and a 
backlit display with dimen 
sions as svelte as the Ultra
1ite ' s is every mobile computer 
user's dream. But an Ultralite 
with a I-megabyte silicon 
drive is $2999, and a 2-mega 
byte version runs $3699. 
When $700 can get me a To
shiba laptop with an 80-col 
umn display (with no back
lighting, true) and a 720K
byte floppy disk drive .. . hey, 
to save $2300, I'll find a lamp 
and live with the disks . 

-Rick Crehan 

Computer 
Shuttlecraft 

The NEC ProSpeed 386 (in 
above photo at left) is a 

pseudoportable; it's designed 
to give you a home base to 
which you regularly return the 
machine. NECcalls thi shome 

com inued 
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SHORT TAKES 

Remove UnuHd Subprogr•m• 
T•rgel - > ALL 
Sortw11• f'IOllllll POlm 
Debug Compll• <ON> 
ClrlF4- Cheek SynlH 

Clrl··,.··Com~1el':w.ll'll'!"l~MDl'11

CREATE Ad• S1rue1ure·-·· ·-~~1111111CREATE Ada Type·······-·· 
SEAACHJREPLACE TBO'll-

Ada SPECIFICATIONS·-······ • 

PASTE BUFFER--- 

• Validated Production Compiler 
• Use on 8086,80186,80286,80386. 
• Full 640KB .EXE Programs 
• No Extra Memory Required 
• No Math Coprocessor required. 
• On-Line Library Management 
• Math, Text, Console Packages included 
• Multiple File Code Retrieval 
• Full-Color, Full Featured Editing 
• Selectable Function Keys 
• Ada Subprogram and Package Generation 
• Ada Type Generation 
• Ada Sensitive Cursor 
• Interactive Cursor Error Correction 
• Interface to Ada Design Language (ADADL) 
• Ada Standard Pretty Printer 
• DoD 2167 Documentation Features 
• Optional On-Line Ada Training Course 

• No Run-Time Royalties 
AETECH 380 Stevens Ave, Suite 314, 


Solana Beach CA.92075 

(619) 755-1277 FAX (619) 755-7540 

"... the first choice among the half dozen or so 

compilers now on the market"- PCWEEK 

AETECH Introductory Offer $495 
90 BYTE • NOVEMBER 1988 	 Circle 12 on Rtader Service Card 

(DEALERS: 13) 

base the "docking station," and 
I'll describe it in detail later. 
Not that you couldn't operate 
the ProSpeed 386 indefinitely 
without the docking station; it 
would make a fine portable 
80386 machine all by itself. 

Let me rattle off the stats : a 
switchable 8-MHz/ 16-MHz 
80386; support for an 80387 
math coprocessor; 2 mega
bytes of 32-bit 100-nanosec
ond memory (standard), ex
pandable in two upgrade paths 
to a maximum ofeither4 or 10 
megabytes ; a cold cathode flu
orescent technology (CCFT) 
backlit display (11 inches 
diagonaJ) that supports EGA, 
double-scan CGA, or Hercu 
les; an internal 1.44-megabyte 
3 1lz·inch floppy disk drive; 
and your choice of a 40- or 
JOO-megabyte internal hard 
disk drive. This all fits in an 
18-pound case that measure 
15 1/i by 4 by 132/i inches. 

If the CCFT display doesn't 
float your boat, you can pop it 
off, hook your favorite PS/2 
color or monochrome display 
to a connector in the back, and 
run VGA graphics (the Pro
Speed will also accept a multi
sync monitor) . And ifthere are 
still not enough option on
board , you can slide an inter
na I 2400-bit-per-second 
modem into the special 
modem slot and one of the 
hoped-to-be-released expan 
sion boards into the LTX slot, 
an "IBM PC AT - like " 
(though not AT-compatible) 
connector that you acce 
through a snap-off door on the 
right of the machine . (At the 
time of this writing. NEC said 
that three cards for the LTX 
slot were already under devel
opment: an Ethernet card, a 
Token Ring card, and a 3270 
interface card.) 

Of course, ProSpeed pro
vides the standard 1/0 ports : 
an RS-232C seria l connector 
(9-p in AT-sty le) and a PC
standard 25-pin parallel 
printer port, both in the rear, 
of course . Around back , you'll 
also find a connector for 
NEC's "battery lice," a 3
pound add-on battery pack 
that hooks to the rear of the 
machine for 2 to 3 hours ofop

eration away from a wall ou\ 
let. (Unfortunately , there was 
no battery lice available for 
the system I tested .) 

The back is also home to the 
120-pin connector that hook 
the machine to the docking 
station I mentioned earlier . 
The docking station, which is 
slightly bigger than a big shoe
box, comes with accommoda
tions for three full-size 16-bit 
(AT) expansion cards, one 
full- ize 8-bit expansion card, 
and two half-height drive bays 
that you can populate with 
your choice of floppy d isk 
drives, hard disk. drives, tape 
drives, and so on. 

The docking stat ion also ex
tends the ProSpeed 's 110 
pons-parallel printer. 
serial, VGA , and RJ- 11 - to 
it own rear and adds a econd 
serial port , another RJ-11 
connector, and a keyboard 
port for an external keyboard. 
Inside the docking station is a 
200-watt power supply that 
runs not only the components 
within the station, but the 
docked ProSpeed as well. 

The docking station is a no
muss-no-fuss expansion bay. 
You sit at your de k, ProSpeed 
mated with its docking sta
tion, using piles of megabytes, 
an eye-pampering VGA 
display, and all the special
purpose adapter boards you 
can stand. Then, when it 's 
time to hit the road , simply de
tach the ProSpeed, reattach 
the CCFT display, grab a 
cable or the battery slice, and 
drive off into the sunset. 
When you return, just hook 
the ProSpeed back to the sta
tion; you don't have to worry 
about reattaching a nes1 of 
power cables, video cables, 
and is-this-a-serial-or-para l
lel-printer?-cable . 

In preliminary tests using 
BYTE's 80386 Small-C 
benchmarks, the ProSpeed 
actually scored marginally 
poorer than a 16-MHz PS/2 
Model 80 on the CPU tests. On 
average, the ProSpeed ran at 
about 85 percent of the speed 
of the Model 80. Also, though 
the low-level hard d.isk drive 
test showed the ProSpeed's 

conrinutd 



Embedded systems desiKnen ha1·e already used CrossCode C in over 291 dijferenl applica1icms. 

How to choose a 68000 C compiler 

for your ROMable code development 


These twelve important CrossCode C features could 

make the difference between success and fa ilure 


I t 'shard to know ahead of time what 
feat ures you'll be needing in a 

68(X){) C compiler. But if you're using 
Crosscode C vou won·1 need 10 think 
ahead. because C rossCode C is al ready 
equipped with 1hese twelve impona111 
features for your ROM al:> le code devel 
opment: 

I. A 100% ROMable Compiler: 
CrossCode C split s its outpu t into five 
memory sections for easy placement into 
ROM or RAM al link time. 

2. lnlegrated C and Assembler: You 
can wri te your code in any combination of 
C and assembly language. 

3. Readable Asse mbly Language 
Output : TI1e compiler generates assem
bly language ode h'itll ym1r C language 
sm1rce rode emhedded as com111e111s, so 
you can ·ee each statement· s com pi led 
ou tput. 

4. Opt imized Code: Cros Code Cu es 
minimum r1:quircd prec ision when eval 
ua ting expressions_ It also "folds" con
·rant - at compilation time. conven 
multipli cations to sh ifts when possible. 
and eliminates supertluous branches. 

S. Custom Optimiza tion: You can op
1imize compi ler out put for your applica
tion becau -e 1·011 comrol the izes of C 
types. includi 

0

ng pointers. floats. and all 
integral types. 

6. Register Oplimi z.al ion: Ten regis
lers are reserved for your register vari 
ables. and there 's an option to automati 
ca lly declare al l stack variables as 
rexister, so you can instantl y opt imize 
programs that were wrirten wi thout 
regi~ters in mind. 

7. C Libra rv Source: An exten ·ive C 
library con1ai~ing over 47 C functions is 
provided in source foml. 

8. No Limitat ions: o matter how large 
your program i . CrossCode C will com· 
pile it. There are no limit on the num ber 
of symbols in your progmm, 1he size of 
your inpu t fi le . or the size of a C function_ 

9. 68020 Sup port: If you're using the 
68020. CrossCode C will use its extra in 
structions and add re ·sing mode ·. 

IO. Floa ting Poinl Support: I f you 're 
using 1he 68881, the compiler performs 
tloa1 ing point operations through the 
coprocessor. and noating point register 
variables arc torcd in 68881 registers. 

11. Position Independence: BOlh posi
tion independe nt code and data can be 
generated if needed. 

12. ANSI S1andard rossCode C 
tracks the.'\ 1SI C standard, so your code 

will always be tandard. 100. 

There's More 
CrossCode C comes wi th an assembler. 
a linker. and a 1001 to help you prepar 
your object code for transmission w 
PROM programmers and emulators. Anc' 
1here's another spec ial too l that gives yot 
symbolic debugging suppon by helpini: 
you to prepare symbol tables for vi rtu all~ 
all types of emulators. 

CrossCode C is avai lable under MS 
DOS for just$ l595.and ii runsonall IBW 
PC and compatibles (640K memory anc 
hard di. k are required). Also available 
under IX & XEN IX. 

CALL TODAY for more in formation: 

1-800-448-7733 
(ask for e1' ten ·ion 2001) 

ln ~ i dc Illinois or outside the nite< 
Stales. please dial 

PHO E: 1-312-971-8170 
F X: l-312-971-8513 

SOFTWARE DEVELOPMENT SYSTEMS. I C 
DEPARTMENT 2· 

3110 WOODCREEK DRIVE 
DOWNERS GROVE . ILLINOIS 60515 USA 

t'rn«•Codr" '" 1n><kmar of SOFTWARE DEVELOPMEN 
S'VSTEMS. I C \ , SOOS '' 11 rcl'l'. •'-tcrcJ u;aJcnw l ~•I 

\11cf"\l'\Olt U SIX 1 '.11rcg1.,,t.ucdu~cmark ur1\ T..., • T :'\ E,IX 
. , • fC:J l'~C' r C'd lr•••.kttUrl of \ i et.rL1'Wi l 
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-~you'vebeen doing. 

On your286, 
youI.~ beenmaking any task look complicated. 

If the screens on the 1ight look more 
intriguing to you than those on the left, 
you're ready for Microsoft®~ indo,,'S. 

\Vindows opens up the world ofvisual 
thinking to all 286 and 386 owners by 
offering the power of graphics. 

Everything you can do on your PC, 
you can now do better, faster and with 
greater imagination.Whether youre creat
ing documents or trying to ~t a clearer 
picture of your work. 

\}/hat used to take complicated key
strokes can now be accomplished \'.\~th~ 
the imple click of amou.se. With 
:Vlicrosoft Windows you access pull
down menus. Simultaneously work 
IA~thdifferentprograms as well as cut 
and paste bet\n~n them to create 
graphic examples within different 
lxx:liesofte,'\l And whatyou see on the 
screen will appearon yourp1inted pa~. 

And once you\re learned ?vlicro
soft \Vindows, you 11 have the basis for 
scores ofotherprograms because all the 
countless newvVindows applications are 
based on thesame easy, logical frnmat 

Since ?vlicrosoft V.. indows vir

0n }our386, 
it hasn't bei!11 incredibly e,xdting having all that jxlwel: 

92 BYTE • NOVEMBER 1988 

tually looks and \rorks like MS31 OS/2 
Presentation Mana~·, you Vi"On't have 
to won) about it becoming obsolete 
inacouple~· \Ve made both ys
tems compatible. So s1.oppJai11tgtr1/Ji

1.mcwnl r;utniiltL!1tls
in the future \'()U'li Sa:ra.llln;/Mi~l.S

J asimpl< poml .i!id 1/Jckbe able to share :ti/h rh~ .\/U1!JSl)jl ,\lo11J.• 

data between them. And your knowledge 
ofWindows will give you ajump on learn
ing NlS OS/2 Presentation .\1anage.r. 

You'd expect aprogram this pO\rerful 
to requiI~ a more pmre1ful machine. But 
we consistently createsoftware thatmakes 



..___.you could havebeen • 


With \\!indows/286, 
you amid haw be.enseeing things much more clearly. 

\Vith Wl11dows/386, 
}l'.>U could have beenSReing a lot more things much more clearly. 

the best use of ymrr present hardware. 
For example, ?vlicrosoft V\ indowsl 

286 will work \\~th as little as 640K and 
instantly make ymrr 
machine more sensi· 
tive, intuitive and 
highly vi5ual. It giws 
you the ability to 
run every Windows 
application available. 

And\\~tha to all tlnse 
powerful programs, you'll 

be able to e,xtend the life and usefulnes_s of 
yom 286 \vell beyond the introduction of 
MS OS/2 Presentation Manager. v\ itl1 
version 2.1 you also get the benefit of 
increased peed. So you'll blaze through 
Windmrs applications up to 7% faster. 

lvlicrosoft \\Tindm'Y386 will give you 
everything that \iVindows/286 gives j ou. 
Plus multitasking with most DOS applica
tions. NJw you can finally utilize the speed 
and power of any 386 machine. 

hnagine creating acomplicatedspread
sheet. Then while a macro is being run 
open up a word processor. Type a docu
ment, open and 
\\·ork with a 
graphics pro
gram. Cut and 
paste bet\\-eerl programs and even call up 
electronic mail. And still be ableto check on 
thestahls ofyow· spreadsheetat any time. 

Consideiing all you can do \\~th !\1licro
soft\ indo" ,you have only one question 
to ask yomself. 

Whathave you been doing without it? 
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hard disk drive to be slightJy 
fasterthan the Model SO's, the 
File 110, I-megabyte File 
Read, and I-megabyte File 
Write benchmarks all turned 
in marginally poorer figures 
than the Model 80's (the NEC 
ran at about 90 percent of the 
Model SO's spe.ed) . 

At a price of $7699, the 
NEC ProSpeed costs more 

A Promotion 
for Commander 
Norton 

That puzzling C: prompt 
that stares you in the face 

every time you start up your 
MS-DOS system has sparked a 
bevy of companies to develop 
so-called DOS shells that sup
posedly make DOS ea ier to 
use. Over the years, I've tried 
and rejected most of them. 
With few exceptions. these 
shells shoehorn you into one 
person's view ofwhat the DOS 
interface shouJd be. I seldom 
agree. 

I've been a regular and en
thusiastic user of The Norton 
Commander since it was first 
released almost 3 years ago. 
And when the update (version 
2.0) arrived on my desk, I had 
the envelope ripped open and 
the software installed on my 
system in a matter of minutes. 
Happily (and not une11pected
ly), the Norton folks have 
made a u~eful product nearly 
indispensaole. 

What I've always liked 
about The Commander is that 
it can be as helpful or as non in
trusive as you wish. Although 
your screen is filled with use
ful information, the old stan
dard C: prompt i still there. 
You can enter normal DOS 
commands anytime you wish, 
just like The Commander 
wasn't there . Aptly, the Nor
ton folks like to call The Com
mander a "DOS extender and 
enhancer" instead of a DOS 
shell. 

The program is still based 
on twin panels that can contain 
alphabetical lists of files or 
other information . You can 
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than a Toshiba T5 l 00, but it 
offer the added capabilities of 
VGA graphics and a larger in
ternal hard disk drive. On the 
downside, the ProSpeed 
weighs 3 pounds more than the 
Toshiba, and its 80386 isn't as 
zippy (at the same speed as the 
Toshiba) . 

Whether or not the concept 
of the docking station will 

catch on remains to be seen. I 
wonder how many pe ople 
actually need the kind of ar
rangement the ProSpeed of
fers. Perhaps for some com
puter users, the cost of an 
80386-based system is still too 
high to permit purchasing two 
complete systems, a home 
base and a portable. But how 
many people must have an 

T HE FAC T S 

The Norton Commander 2.0 
$89 

Requirements: 
IBM PC, XT, AT, or 
PS/2 with DOS 2.0 
or higher. 

turn individual panels on or 
off or change their informa
tion. In version 2.0. the panels 
have been e/llended downward 
to fill nearly the entire screen, 
the better to see more files at a 
glance. And ifyou have an ad
vanced display, you can see 
even more: 431 ines on an EGA 
display and 50 on a VGA. 

Peter Norton Computing has 
added a long list of other new 
features to version 2.0-in 
fact, too many to cover in my 
limited space. But for a start, 
there's an optional graphical 
tree display of your disk's sub.
directory structure; switching 
to a different directory is a 
simple matter of pointing at a 
tree entry and pressing Enter. 

Peter Norton Computing, 
Inc . 
2210 Wilshire Blvd. 
Suite 186 
Santa Monica, CA 90403 
(213) 453-2361 

Inquiry 856. 


And I wasn't surprised to find 
that in addition to direct com
mands, almost all the new fea
tures are on those ubiquitous 
pull-down menus we've all 
grown to know and love . 

What else? One of the hand
iest features lets you directly 
view the contents of Lotus 
1-2-3 and dBASE data files 
without having to start up the 
respective programs. There's 
also a fast new file-find fea 
ture that lets you view files 
while The Norton Command
er is still looking for addi 
tional matches . 

Though the program 
doesn't require it , you need a 
mouse to get the most out of 
The Commander. With a ro

80386 in their portable? Most 
folks I know survive with an 
80286 or even an 8088 in their 
laptops and save the big bucks 
for a PS/2-style tower on the 
floor nexttotheirdesks. But if 
you have to take your 80386 
with you and like the idea of 
expanding it at home, the Pro
Speed may be your machine. 

-Rick Crehan 

dent, it's amazing how quickly 
you can move around and get 
things done through strategic 
"pointing and shooting." 

With source code consisting 
of some 32 ,000 lines of C and 
15,000 lines of assembly lan
guage, this isn't a trivial pro
gram, and using the full 
fledged memory-resident 
version takes up 140K bytes of 
your precious RAM space. If 
space is really tight, you can 
also use The Commander with 
a ciny 12K-byte re.sident kernel 
that calls the rest of the pro
gram when it's needed. 

At $89, The orton Com
mander 2.0 is fairly priced, 
and it's a program you'll use 
all day, everyday. Inmycase, 
it's the only survivor of the nu 
merous applications and util
ities I had on my syscem 3years 
ago. And version 2.0 is likely 
to tay there for a long time. 

-Stan Miastlcowski 

Compaq's 
20-M Hz 386er 
Slims Down 

T he new Compaq Desk 
pro 386/20E (E for "en

hanced") has the brains of a 
Deskpro 386/20 in the stylish 
new body of a Deskpro 386s 
(the sleek system based on 
Intel's 80386SX processor). 
And it's a nice body- taller 
and narrower than the original 
Deskpro box, with a rounded 
beige case that's clearly mod
eled after the IBM PS/2s. At 
just under 16 inches wide and 
15 inches deep , it covers the 

co111inu~d 



the excitement 

ofthe Force,without 


shaving your h~. 

You have achoice: 
You can take flight school about a 


year of i~ get your pilot's license and tJwn 

enjoy thesensation oflancling at O'Hare at 


midnight or catching a 

bird' -eye \~ew of the 

Statue of Liberty. 


Oryou can do it on 
a PC. This afternoon. 
Inyour office. V.. ith the 
new :'vlicrosoft' Flight 

-----· Simulato~version 3.0. 
Se-u.· .\liaosofi flight 


Simulator. Ifs not a r;ame. l\Tewas in the most 

!l's a11 adi:e11t11re realistic flight simulator 


available on the PC. ~ ew as in a choice of 

three different planes: Lear Jet, Cessna 


Oni.! cockpit, two windows: One shows wlwre youare in the slzy.Turbo 182 or vV\~Tf. Top Gun. Olie shows whm yo11are in the country. 
Weather conditions?You decide: Cahn, 

turbulent,sunny, cloudy. Yes,you'll see light
nir~. Enough to make the\\ hole planeshake. 

Flight Simulator also lets you glide, 
loop,spin,attack, roll out or just cruise 
inside 10,000 square miles of arrspace. 
And ifflight school didn't teach you how, 
this \\ill. On screen. 

Plus it's theonly simulator with a Cnmplete 011-saeen airrraft library shows Try this.· Hook up our phone 
detailed sj)e[s 011 all three planes: uar}el, modem and head into the wild blue yondermodem hookup so you ran fir \vith a Cessna 1ltrbo 182 and W\\'T Top G1m. with afriend. Day or night.

friend. And check each other out, right 

from )OW' O\\Tl screens. 


For a heavy dose of reality go see 
flightSimulator 3.0at your local Micro
soft dealer. If that isnt exciting enough? 

Go see your local recnliter. 

Aficl'Osott® 
C1988 .\1icrosoft CorporaUon. \licroooft and the \ \Jcro50lt logo are J<up yow eyes p~led for balloon.s, lou:ers, _\;.rum.s? !Wlax, ne-u: RightregisteR>d lr.l.demw o! ~·\icrosoft Corporauoo. Flight Simulator is a 
~tered trademark of Subl..OGIC Corporabon. used ll!lder license mountains, buildings, bridges, you name it. im1dator teaches mu, 011 screen, how to do 
by ~1icrosoft Corporation We/com<' to the real world. mrything .· .. except bail out. 
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ENGINEERS. 
Stop Banging 

Your Head Against 

The Ceiling And 

Give Us A Call 


TODAY! 

MODEL PCSS·Bl INTELLIGENT SERIAL BOARD 

* Our most powerful seri

al card to date. 


* 	 8 Co-processor driven 

channels per card. 


• 	 Eachchannelis queue'd 

on the card. 


* 	 BIOS Enhancement 
Software included, sup· 
porting up to 130 channels per computer. ~ 

* Baud rates to 57 .6k on a half size card. ~ 

MODEL PCSS-OX MULTIPORT SERIAL BOARD 

* Eight RS232 ports per 

per card. (optional 4 

port) 


* 	 All eight po.rts 100% 

DOS compatible.


* 32 ports may be added 
toa PC. 

*Optional RS422to4000 

* Interrupt driven BIOS Enhancement Software 
ft. 

~ 
included free. ~ 

MODEL ROMX-2XL EPROM EMULATOR 

* Emulates 2716-27010 

eproms. 


* 256K to 1024K memory 

available.


* Battery backed up, auto 

emulate on power-up.


* Low-cost, pays for it
self on first project. 


* Free 19.2K Serlal Communications Software. 

MODEL 9000 (E){E)PROM PROGRAMMER 

* Fastest programmer on 

the market. 


* Quick & lnteftlgent pro

gramming algorithms. 


* Programs all chips, to 

one megabit, including 

single chip processors. 


* Programs largest vari· 

ety of chips including Prom replacements, Eproms and 

EEProms. 


Developmenl Hardware & Soltwar• 
P. 0 . Box 2310 

Bay SI. Louis, MS 39521·2310 
Order Toll F,..1.-2ss.GTEK (4835) 

Fex: 1-801·487-0nS Telex 31S814COTEK UDl 
MS & Teehnl~I Support 1-801-487·8048 

GTEK 

SHORT TAKES 

no real cha nge , and theTHE FACTS 
386/20E i till faster than 20

Compaq Deskpro M Hz PS /2s . The on -board 
386/20E VGA controller should im
$5199 with a floppy disk prove graphics speed , though. 
drive; $6599 with a floppy Compaq claims its graphics 
disk drive and a 40- run up to 50 percent fasterthan 
megabyte hard rusk drive; a standard VGA card. Ifyou' re 
$7999 with a floppy disk not satisfied with VGA , a 
drive and a 1IO-megabyte switch on the motherboard let 
hard disk drive you use a graphics card in one 

of the available slots. 
Compaq Computer Corp. The386/20Eal oha allthe 
20555 FM 149 nice features that are on the 
Houston, TX 77070 386s motherboard: VGA 
(713) 370--0670 graphics, mouse circuitry , a 
Inquiry 854. parallel printer port, a serial 

communications port , and a 
floppy disk controller . A 

same area as a PS/2 Model 50. Compaq memory-expansion 
The power switch is on the slot accepts the same memory 
front of the computer , and card and modules as the ear
there ' s a 1.2-megabyte 5 1A lier Deskpro machines; in the 
inch floppy di k drive, with case of the 386/20E, you can 
room for another floppy disk increase RAM to 16 mega
drive (either 5 1A- or 3 1h-inch) bytes. And there's space for a 
and a tape backup unit for a pair of hard disk drives of ca
hard disk drive. pacities of 20, 40, or I IO 

Like the PS/2s, the Desk pro megabytes. 
386/20E has a case that opens Cramming the processor 
with a turn of a few thumb and support circuitry on a 
screws (though there 's also a 386s-size motherboard wa a 
mechanical lock to secure the challenge for Compaq's engi
system), and floppy and hard neers; it's the densest board 
disk drives come out easily they ' ve ever created, 10 levels 
with a screwdriver. deep and very tightly de 

Inside the box, the com signed. Unfortunately, while 
puter merges the strengths of they managed to fit in all the 
the 386s and the 386/20. From functionality (and more) of 
the 386/20 comes an 80386 the old Deskpro 386/20. there 
processor running at 20 MHz was no way to include all the 
and a megabyte of I 00-nano slot of the original. 
second RAM , complete with The 386/20E has only four 
caching- 32K bytes of 35-ns AT-compatible slots , one of 
static RAM run by an Intel which will typically be tied up 
82385 cache memory control  with a hard disk controller 
ler. Compaq claims the cache card. As with the PS/2s, you 
system lets the 386/20E run don't need parallel, seri al, 
with no wait states more than floppy controller, or graphics 
90 percent of the time. There cards; Compaq 's advantage is 
are also sockets for either a that memory cards won't use 
Weilek 3167 or an Intel 80387 up slots either, but some peo
floating-point coprocessor. ple will still be unhappy with 

The 386/20E doesn't repre the lot shortage. 
sent any performance break The Desk pro 386/20E is go
throughs . Compaq represen ing head-to-head with the PS/2 
tatives ay it runs in the same line . The new high-den ity 
range as the older model, and morherboard has everything 
BYTE' s CPU benchmarks IBM added to its PS/2 mother 
be.ar that out. The new ma board-but with more slots 
chine is a little faster on the available , particularly after 
Sieve and Sort benchmarks memory upgrade . The 386/ 
and slightly slower on the Ma 20E is still significantJy faster 
trix and String Move bench  than any 20-MHz PS/2 . Com-
marks, but on average, there's continued 
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Leprecard Hard Dish Cards 
Lepteearda feature componenrs utilizing tlle lalNI technology. LowptJwtHdrlvesmean less 
stnlln on yoursystems, lower operating temp#Nllture, and longer component life. 
You get a 1 year warranty, unlimited technical s1JpptJf1, and our Illustrated 
JnsttillatJon and users guide. Models avallable for IBM PC! XT and 
compalibles. as well as TANDY 1000/AJSXI TXI TUSL 
FllEE SOFTWARE l~ludlna T11t1Two, lhe bacftup utilitr PC MAGAZINE 

nll17HH1 Edi!O(S Choice In 1916 & T981, end PC·KWIK di.sk CIJC/relnf/ l!(llJI Mlf/tisolt 

2 fMB :12.118 -B 411MB 65118 
_, 4/l'll 7Umr' 211mM 16ms* 

$299 $339 $449 $549 $649* .Avct.r"1700<;(;~~PO.JIXJl1rt)Q(l 
Tandy 1000/AISXITXI TL I SL Leprecards add $20 

Internal k its for PCI XTI AT 
computers inc lude 5y4·· 
mounting brackets. black 
& gray fac e plates. and 
ATrails . 1-44MBforPCI XT 
includes h igh speed Western 
Dig i tal comroller. 

FREETAKE TWO //oppy b ackup so~ware . 
Tandy 1000 Model 

720 Kil 1.44MB lot A T 1.44M 8 for PCI XT 

$109 $139 $199 

PCIXT Disk Hits 
20MS KIT $279• Pre/e$COd & lolmart&d 

• We•tem DlgltlJ! sl>ort slot 
controiJer 

• S•og•r. S,,25 •2 1 . ~M!IJ6Smt. 
Hoff'Holf/11111 f 8 Wnll\S 

JOM8 KfT $299• 30 page lns-JalllUIOft guide 
& reference m(lnv~I 

• Soagoro srns . :n 7MfiJ~ 
HaW· H~lltl I" 8 w.m: 

40MB KfT S459• Ca Ole.s, mountmg .s:crow.s:. 
lull & haf/.~e•uht laco 
p1ares :S,:;C,::;::rn~2..s::,::~M~~?~~.~ 

65MB KfT S549• Tyear Warranly. 30 Day 
Money Back Guaremee 

• Optional: 1SO wart. 
UL I FCC ep proved power 
5Upply tor IBM PC·s $69 

: :::c:rrr::~:a~:::i-:i:~;~·;,;;: 

AT Hard Dish Hits 
• In cludes IBM ATrails. and cables. 
• SpeedStor or On track large d rive software. 
• Forma tted, Partitioned & Tested. 

SIU MODfL SPffD CAPACI TY PR/Cf 

HH Seagate ST25 r 40ms 42MB $359 
HH Seagate ST251· I 30ms 42MB $449 
HH Toshiba Drive MK 134 25ms 44MB $499 
FH SBagale ST4096 2Bms BOMB SS99 
FH Maxtor r 140 27ms $ 1609 
FH Maxtor 2190 

with MNP 

"One of lhe lltaer/et 's strongest compeUtors " 
INFOWORl.O Oc lobor 5, 1981 

• Pun/er uli///y software 
• Serial and Parallel Interfaces 
• 120day TAWon s//e ma1ntainance 
• 1 year Warranry 
• 100% HP Lasenet. & LIJSBfTBI + compa/Jb/e 
• 9 resid ent &- 5 downloadable solr lon1s standa rd 
• Options: Alf HP sryle font cartrlf:Jges 

• Easy to use POP-up Menus 
• Sends ASCU or word p rocessing files 
• Internal 4800bps. $289 9600bps $559 
• Prims on srardard dol-matrhc or las!H pr1nters 
• Sendsl FIBc81vss from any Group 3 fax mac hine 
• Automated sendtng auring low phone ra tB pBnods 
• Ponable ex1ern1JI plugs into PCI XTI AT se1Jal pon. S359 

4 '" Hand Scanner w irh HALO OPE software S269 

512K 

$1495 
1.5MB 

$1595 

Toner Cartridge S29 

Designer VGA 512K $299 
External Internal 
$239 $229 

Hayes Compatible. 
3001120012400 
MNP Leve! 4 error correction 
FREE MIRROR II Softw are. a S69 value 
Internal model 5229. l its in a short s lot 

Orc hid VGA 256K 

Tiny Turb o 286 

Ramquestll IMB 

90286 pt0eessor running at 61 JO Mhz wl:h O weir rral•H P'f¥"/de$ 
~ Nonon Sl ratln{lol I 1.5. B slots · Room /or I luHBnd J IUJ/f./l"ight 
dnves ·220 w art p<>wt'1 s11pp/y ·clock tcal1tndar ·Choice ol r 2 or 
r. 44/IAB floppy dnv1t·Genulne W1tstern Dig ital combinauon Hard 
disk/flop py conuo/!tlr·Amoricflfl m•de Mtvtiswitch 84 01 10 I ~ey 
keybroad • 51 2K RAM standatd expandable to IMS Award 
BIOS. r yesr wsrranry • 30 day monoy bock guarontoll 

Complete sys tems w ith seria l & printer pons: 

$249 
$289 
$799 

Mono / Graphics Card & Monitor $1095 Orchid VG A Card & Multiscan Monitor $1595 
VGA Ca.rd & Mono Monitor $1295 
EGA Ca.rd & EGA Monitor $1495 

To order or gel our 
tree catalog call 

MMC
,._,, 1 C M (.) C:: 0 M ( • U f [ I ~ 

l'o'AH~l1 _.!!_~l)\.l f1 L.l 

To/T Free 

800 722-AT-XT 
California 

805-373-7847 
FAX 

805-379-9345 

• No exrra tor Visa/Mastercard (AMfX aad 3°.) 

• Prrces inc lude UPS surlace shipping 

• Federal Express shipping 1usr SI 50 per pound 

• 30 Day Money Beck Guarantee 

• Corporate & lnsllfutional PO 's accepted 
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l}!_ROTECT INTEttlfJENCE 
WITH INTELLllJENCE 

SOFTWARE PROTECTION KEYs Bv PROTECH 
P~oTECH KEYs: 
,J o re lotony tto.ruporen1 to lhe 

eM us~ 
.....J allow unhm1!ed bock up copies 
_J free up dl.5k d.r1~es 
_J do nol lnle1lere wi th 

penpr>e10J ope1oloOnS 
...J ore ec.,y lo 1notoJI 
.J protect sol !ware 

de,elop8f1' re•onues 
...J 05.sernl:ller t)O~ 1ourine1 

(nor dn'Ver1) 
...J enc1ypreo r01Jt1ne1 
...J pl\ysleolly ynJQY9 nordwore KH1 
.J ioon~shco ted 1011wo1e 

1ns101ro r1on adV1Ce 
...J 	 p<o....o e rne n1~n~ur tevet o r 

p1olecl'cn Olio11Qble 

THE KEY 
!he KEY provides euecrrve $01lwoie 
ptoteclton while tl\S\Jrlng customer 
wt1.ioc1""' lh<> KEY" o 1onaom 
re1.PQnse device which li cto11gn0<1 
ror t<;tenhcouv 1ep1oduced ~rwore 
POCl<OQ6$ 

THE MEMOl?Y KEY 
Ilic MEMORY .K:EV is a progrommab-le 
sot twore protec11on ctevtce Eoch 
byte o r memory con b'6 oddroued 
1n g roop.s 01 i1'1d1V:1dl.Kllty Poss.tito 
oppbcotioru ~or Iha MEMORY KEV 
include 
_J modu-lor oockoge conlrol 
J s&nohL011on 

.J cus1omu:orion 

.J oee~ eo11rro1 10 PC$ 

...J aemo eon1r01 
_J so11 ware leoSlny 

...J updoIIng module• ., riw t1ekl 

...J c ny -counte1· ope1ohof1 

For o demoiur1011on podla<Je °' 
odcftlional 1ntounotion. pteose "nTila 

Of COii 1•800•843·0413 
::E-----=-• - -
~;~,;:~~ii. i"i "HAHKEtlN6 . ll\.L 

t804 W Souln.ern Po!'kwoy • f!MCIQ A -tt2 

Dumam. Norrn C0<ohno 21107 
(~ 490-4970 FAX (919) 490-4974 
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paq continues to hammer away 
with what it views as its biggest 
advantage over the PS/2: the 
variety and availability of AT
bus expansion cards, and the 
limited selection of Micro 
Channel cards. And now 

A Measure of 
Success 

Ikept seeing shadowy images 
of Big Brother a I put Per

son al Measure, a perfor
mance analysis package, 
through its paces. As you go 
about your work on the com
puter , Personal Measure mon 
itors your every keystroke, an
alyzing the effectiveness of 
your system and the efficiency 
ofyourtask. 

But per onal fears aside, 
Personal Measure performs a 
noble feat. It analyzes the per
formance of your IBM PC 
compatible and of your soft 
ware from a real-world per
spective. You need only de
velop repeatable scenarios 
based on work actually per
formed. Once you've settled 
on a scenario, just turn Per
sona l Measure on. The termi 
nate-and-stay-resident (TSR) 
program work in the back 
ground, monitoring the flow 
of information through the 
software interrupt vectors. 
The resulting statistical data 
and color graphs show how 
sy tern resources are allocated 
for the selected task. 

Compaq is competing on good 
looks , too. Although the 
386/20E isn't a significantly 
different machine, it does say 
something about Compaq's 
response to the PS/2s. 

-Prank Hayes 

When you run the analysis 
module, you can graph an en
tire event, a portion of it, or1he 
performance of a particular 
program. The graph displays 
the blend of re ources em
ployed throughout the event 
cycle. Personal Measure maps 
usage of the processor. disk 
drive, keyboard, printer, and 
auxiliary resources. Tables 
assign a percentage of the total 
time to each resource as well 
as clocking total lime duration 
for each re ource. A disk ac 
tivity summary lists the num
ber of file reads. file writes , 
programs loaded, directory 
acces es, and non-DOS ac
cesses performed during the 
selected event. 

This data is useful stuff. 
You can clearly see how re
source are used for each ap
plication. You can detennine 
if a particular task flogs the 
disk or requires heavy key
board input. Ifyou're looking 
for a new ystem. you should 
base that decision on the appli
cations you ' ll be using mos1. 
Personal Measure will take 
some of the guesswork out of 
that equation. If your applica
tion employs the processor 90 

continued 

ABRA2000 
only $995 for IBM PC 

& Macintosh 

Human Resources 

Maglcally cuts paperwork and saves time. 
Prepares accurate personnel reports Instantly! 

The ideal solution for most personnel needs: 

• Complete Employee Record Keeping. 
• Salary Reviews, Job History & Salary Analysis. 
• Benefit Statement, Insurance & COBRA Reports. 
• EEO Reports, 1-9 Tracking, Injuries & Licenses. 
• Organizational List, Phone Directory & Birthdays. 
• Skill Retrieval, Education, Training & much more. 
• Over 50 Reports, plus optional report writer. 
• Attendance Tracking & Multi-User options. 
• New Applicant ltacklng System available. 

Easy to use  even for novices. And ABRA 2000 is 
uproven" with over 800 happy customers. 

It's not an illusion ... Test the magic! 
Call Today or Send $25 for Demo and Manual. 

~~J b>"lu~~-nld.4~~~ 

5510 ·9th Str~ North, St. Petersburg, FL 33703 (813) 525-4400 
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From real time embedded 
applications to comprehensive 
commercial appl ications on 
Mac intosh, IBM PC, Amiga, 
Atari , and others, Aztec C has 
earned a well-deserved reputa 
tion as an innovative , tough to 
beat, rock-solid C developmen t 
system. 

But don' 1ust take our word for 
it-try it yourself. We know that 
the best way o understand what 
puts you ahead with Aztec C is 
to use it. Tha 's why Aztec C 

systems purchased direc tly from 
Manx come with a 30-day, no 
questions asked, satisfaction 
guarantee . Call for you rs today. 

We can also send you informa
tion that details the special fea
tures and options of Aztec C. 
Plus information on support soft 
ware, extended technical sup
port options. and al l of the 
services and specialized sup
port that you may need when 
you're pushing you r software to 
the limi ts and ... beyond . 

MS-DOS Hosted ROM Development SY8lem:s 
Host+ Target : S750 Additional Targets : $500 

Targets: 
• 6502 family 
• 8080-8085-Z80-Z180-64180 
• 8088-8086-80186-8028618087-80287 
• 68000-68010-68020168881 

Components: 
• C compiler for host and target 
• Assembler for host and target 
• 	linker and librarian 
• 	Unix ulilitles make, dltt, grep 
• Unix vi editor 
•debugger 
• download support 

Features: 
• Complete development system 
• Fast development times 
• Prototype and debug non-specific 

code under MS-DOS 
• Compilers produce modifiable 

assembler output, support lnline 
assembly, and will link with assembly 
modules 

• 	Support for INTEL. hex, S record, and 
other formats 

• source for UNIX run time library 
• processor dependent features 
• 	source tor startup 

Aztec C Micro Systems 
Aztec C is available lo r most micro
computers in three conligurat1ons: 
The Profess ional: The Developer: and 
The Commerc ial system. All sys tems 
are upgradable . 

Aztec C68k/Am . . . . Amiga 
source deb ugger optional 

Aztec C68k/Mac . , , Macintosh 
MPW and MAC II suppon 

Aztec C86 . . . . . . . . . MS·DOS 
source debugger • CP/M libraries 

The lollowng have special pr icing and 
conhgurauons Call lor details 

Aztec C68k/At . . . . . Atari ST 
Aztec C80 . . . . . . . . . CPIM-80 
Aztec C65 . . . . . . . . . Apple II & II GS 

Standard System . .... . .. .. .. .. . S199 
• C comp.ler 
• Macro Assembler 
• overlay hnker wi1h l1brar1an 
• debugger 
• UNIX and other hbranes 
• uti l1 t1 s 

Developer System .... . ... . .. .. . $299 

• all Standard System lea1ures 
• UNIX utd111es make d1ff. grep 
• UNIX v1 ed11or 

Commercial System .. . . ........ S499 

• all Developer fea tures 
• source for run time libraries 
• one year of updales 

Aztec C 1s available on a rhirty ·day money back gvaramee. Call 
now and find our why over 50.000 users give Arlee C one of rhe 
highest user -sat1sfac/IOn ratings m ttie mdustry 

Call 1-800-221-0440 

C 0 D Vl~A Mas erCa•d Amer. can Ex  Manx Software Systems In NJ or outside the USA, 
press w11e (oomes1 1c ano 1n:erna· onal) ano One lnous rial Way
1erms are ava 1ao1e One ar>O 1....-0 day oe ' call 201-542-2121 

Ea on own J 07724 
e·v ava·la le or all oomes c and mos: Telex: 4995812 Fax 201-542-8386 
on•ernat1onal deston lions 
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IOW, whO's In charge7 
Now, with STAGEHANDVOU can creat.eAdvanced Screens 

ror ·c- programming environments without the tedlous. 
time consuming and often expensive development You 
are in charge with the abifitv to make your programs sing 
with colorful windows that dJsPldv voordata.Whether vou 
are amanager coordrnating a large Proiect. a consultant 
or programmer trying to speed-up development time, 
STAGEHAND allows you to be noontrol.••= 11 a nacmuoa nAGlllAllAC t 

The STAGEMANAGER library, with It's powerful fUnc· 
tlons, allows vou to orchestrate the screens created by 
STAGEHAND.Wrth the help of the STAGEMANAGER you can 
manipulate the screens to create MultipleOYeriapping Win· 
dows, SCrollable Regions, Auto 5cro1Ung Windows, as well 
as. asvml'hOnY of routine support features not found in 
other screen packages. 

ACT IOW .... NeelH PLAYllRlft 
et llO ADDITIOllAL 'CllARClf 

Unlik:e any other screen pad(age you'll hear about. 
Datacode Inc. !Creators of STAGEHAND and STAGEMAN· 
AGE:Rl wiD give customers the ab ity to create full f-eatvred 
demos with PlAYWRITE. For alfmited time. we will indude 
with vour purchase of STAGEHAND. the PlAYWRITE adv.In· 
tage.With PlAYWRITE you can create ademo without the 
need to write any ~ogram code through the use of a 
powerful set of easv·to·use commands. 

can for a..... Demo Disk 
, <IOD>DATACODE 

IPICllL PIC'XACll MtCI costs tltl.DO, which in· 
dudes FREE Updates, TefestlOOe SUPIX>rt. STAGEMANAGER 
SOOra! COde and, ci cxme, there are No Rovaltles or Run
time Fees. Dealer Inquires Welcomed 

DATACODE INCORPORATED 
1C85Rt112, Port Jeffemn Sta..N.V. 11n6 IS16l 331·7848 

SHORT TAKES 

percent of the time , perhaps 
you should consider raw pro
cessor speed above all other 
considerations. Or if you note 
heavy disk usage, a system 
with optimal in1erleave might 
make a better choice. 

Personal Measure can also 
provide insight into selecting 
the most effective software, 
choosing the best upgrade 
path, or determining how to 
best allocate resources in a 
local-area network. You can 
even tailor your PC for opti
mum response by enhancing 
performance where it is most 
needed. For ellample, when 
the ratio of BIOS calls to DOS 
calls exceeds 1.2 for file 
reads, the program issues a 
mess.age suggesting you reor
ganize your hard disk drive to 
reduce the effects of file 
fragmentation. 

Unfortunately, some draw
backs curse this package. Be
cause ittaps the oft ware inter
rupt vector to gather data, it 
cannot evaluate any program 
that bypasses the interrupt 
vectors in order to access de
vices. Such programs include 
Microsoft' Windows, Bor
land's SideKick, and Lotus's 
Express. And ince Personal 
Measure stays resident , you 
must watch out for other TSRs 
running with it. 

Personal Measure also 
balks at many low-level opera 
tion , like certain DOS activi
ties (CHKDSK, BACKUP) and 
most Norton Utilities. You can 
even lo e hard disk drive infor
mation if you run these pro
grams with Personal Measure 
active . Spirit of Performance 
has included a disk file that 
lists known programs that Per
sonal Measuie will not run . 

At first the program would 
not run properly on my Hercu
les-compatible AT clone. The 
company promptly sent a soft
ware upgrade that solved lhe 
glitch, but the ordeal exposed 
an inflexible installation rou· 
tine . The software is easy to 
install, but that may be part of 
the problem. You can select an 
output port and a printer 
(Epson, Proprinter , or Laser
Jet), but that's it. If a config
uration problem arises , you 

have precious few parameters 
to tweak. 

I al o had some problems 
running the program on a Dell 
System 310. However, the sys· 
tern used an early version of 
the Paradise VGA card, and 
subsequent releases of Per· 
sonal Measure do run the soft
ware. In any case, you should 
check with Spirit of Perfor
mance to confirm that the pro
gram runs with your specific 
machine. I ran it successfully 
on a true-blue AT, Compaq, 
PS/2, and ALR FlellCache. 

This program could use 
some polish, like a more com
prehensive setup menu and 
fuller documentation. The 
documentation offer general 
Lips on ways to optimize your 
system, and one chapter ell 
plains the benchmarking 
suites available . More of the 58 
pages should have been de
voted to practical program op
eration. In any case , Per onal 
Mea ure includes a 30-day 
money-back guarantee and 
limited 90-day telephone sup
port. So make sure Personal 
Measure is compatible with 
your computer and your appli· 
cations. If it is, your efforts , 
a well as your $69.95 invest· 
ment, will pay off. 

-StanfordDiehl • 

Personal Measure 
$69.95 

Requirements: 
IBM PC, XT, AT, PS/2, 

or true compatible with 

one of the following 

combinations of video 

adapter and display type: 

VGA color, VGA 

monochrome, EGA color, 

EGA monochrome, 

Hercules graphic , CGA , 

MCGA color, MCGA 

monochrome; DOS2.0 

or higher. 


Spirit of Performance, 

Inc. 

73 Westcott Rd. 

Harvard, MA 01451 

(508) 456-3889 
Inquiry 855. 
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BECAUSE KNOWLEDGE Is PoWER 


(Jc- r rhC' /(l(' l } :um n('('c ~ obma 
:-mn nn::t rnnJmrcr ''"lltrm 
u11h th" {r« i..,k 

... e pecially when it comes co new PC 
technologies. The e advancements offer 
your company more syscem options than 
ever . .. and more chan e of making 
expen ive mistake . 

Thac' why Enrre Compurcr Centers have 
puc together a new b iok w help you make 
the righc choice • for t0day and mmorrow. 

Urulerstanding the New PC Technolngies 
will give you che latest word on OS/2, 
indu try tandard architecture, and 
MI C RO HA EL.architecture. You' ll 
find the face you need about prncessor 
performance, graphic standard and 
portable solutions... and how the huying 
decisions you mflke today will affect your 
productivity tomorrow. 

Be t of all , it ' your· FREE, complimen ts 
of Encrc. The computer profe ionals who 
are dedicated co helping you make rhe 
righc PC decision ·. 

To order your free hook, m;ii l the coupon 
or call roll-free 1-800-635-7500 xt. 92. 
Becau e whoever -aid "ignorance i bli s" 
never had co choo·e a computer y tern. 

r- ----- --- - -- - -, 

I YES! Please send me my I 
I FREE book. I 
I 
1 Entre An wer Book II 

I 
I 

I P.O. Box 3900 I 
I Peoria, l l 61614 I 

: Fo r even facer ervice, call : : 
1 l-800-6 5-7500 ext. 92 I 
t I 
t 

!I US INES NAME 

ADORE S 

Cln' 

TATE ZIP 

PHONE U MBER 

: The cmins betiiroWsi~ tUllpllter.\" 
L __ ___________R_J 

Qu.1nuuts )\1 i1Llo. l"i tc· wh~lt rnr rllt\ h,c, cu ~mr:'p., ~ mQ C~ n ttrt. . En cr ~ Comrute-r C~ nrtr" !u(' 1nd<"{'( ndtnrt.,· nwMJ 11n~t ~\P<'f'J r ('d (' \IJ H1:.nrri' C:(\rT\rutC'r Ccn,rn. ln.c ''" TnJtm u lo ,~ffrur~ 
<.A1mpmf! r C'..t'mer1-. tnc "MICROCHANNEL 11ii1r.1Jl"m0111l Cl( lnttrnAtlllOll l Ptu..1nt'' f'.\.11r.h1nn f"l1r1"1r-ar1~~n-
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... . ....... . ....... $409 Energraphics . . . . . . . . $186 t DIR Pius . . $46 Basic Compiler {Microsof1) .... $167 

... . .... 369 Freelance Plus . .... .. ... . . .. . 309 Bookmark . . . . . . .. . . 56 C Compiles (Microsofl) . . .... 254 


....... 5-99 	 Generic CAD wlOot Plot 3.0 508
.... 72 Brooklyn 8rid~ . . . . .. 69 Cobol Compi ler (Microsoft) .... . 
Harvard Graphics 2.1 . . .DB·XL Diamond .....•....... 107 ... . 239 Carousel 2 .0 . . . . . .... 43 
 Fortran Compiler (Microsoft ) 4.0 254 

In-A-Vision . .Eureka .. . . . . .. ... . ..•........ 99 .. ......... 260 
 Copy II PC ....... . ............ 18 Lamoe C Compiler ............ 209 


Genifer Microsoft Chart 3 .0 . . ........ . ............ 188 223 
 Copywr1te . . . . . . . . . . . . . . . . . . 40 Macro Assembler (Microsolt) .... 84 

News Room ..... . ............ 30
Nu1sne11 .. • • ......•.•..•..... 72 	 Corelast ... . . ' 85 Pascal Compiler (Microsoft) .... 170

News Room Professional ....... 42 
 Cruise Control . 29 Quid! Basic 4.0 . . . ....... 57

Printmaster Plus . . . . . . . . . . . ... 29 


PFS: Professional File ......... 119 	 Disk Optrm12er 2.0 . . . . . . . 38 Quick C . . . . ... 57

PrlnlShop . . . . . .. . ........ 32 


... ... . . ......... . 185 	 Disk Technician . . . . . . . . . . . . . Sil Ryan McFarlan Fortran ........ 379

Turbo Graphix Tool Box . . ....... 58 


......... 105 	 Double DOS 4.0 . . . . . . .. . . . . . . 38 Ryan McFarlan Cobol ......... 609
VP Graphix .... .. . . ........... 56 

........ 182 	 DS Back-Up Plus . . .... 46 Turbo Basic . . S8
Windows Draw!! w lClipArt .... 159 


Rewiation ...... . ........ . . . . 459 Fas1back . . . . . . . .......... 75 TurboC .... S8 

R:Base For DOS ............. 425 	 Fastback Plus ..... . ........... 86 Turbo Pascal 4.0 .. . S8


MICE . ..... . .. . ... . .. . . 88 Keyworks . . . . . .. . . .. . .. . . .. 53 Turbo Prolog ............ . ' .. 89

PC Mouse w/Palnt


VP Expert .. ...... . .• .. . . .... 112 	 Laplink . . . . 69 Turbo Prol09 Toolbox . .. 89

(Buss or SenaJl . .. .. .. . ..... SSS


VP Info . ..... ... ... .. . .. .. .. .. 56 	 M~ Utihlies . . . . . . . . . . ...... 47 

PC Mouse 
w/Autosketch (Buss or Serl al) 

M1crosolt Windows 286 . . . 
... 99 	

57 
 TRAI I G 
Norton Commander ..... . ...... 43
ROJECT MAllAGEMEIT 	 Chuck Yeager 

Microsoft Buss Mouse 1.0 ... . ... 89 Norton Edllor . . . . . . . . . . . . . . . . 35

Harvard Total Project Mgr. II ... $309 	 Adv. Flight Simulator .... $25 

Microsoft Serial Mouse 1.0 ...... 91 Nanon Util1t1es 4.0 ............ . 46 
 LetsC ..... . 38 

MS Buss Mouse w /CADD ...... 104 Note II Plus . . . ... 45 


Timehne 2.0 . . . . . . . . . . . . . . 259 	 Mavis Beacon Typing . 29 
Microsoft Pro1ec1 4.0 . . . . . . . . 279 

MS SenaJ Mousa w/CADD ..... 104 PC Tools Deluxe .... 36 
 MS Learning DOS . . 29 

MSBussMousew/Windows ... 119 Printworks for Lasers . . . 67 
 MS Flight Simulator . . . . . . 29
WO DPROCESSORS MS Serial Mouse w!Wtndows ... 121 Refe<ee ..... . 38 
 .. .. . . . . . . . .. . .. . .. 79
PC Logo

Easy Extra . ............. $53 Ophmouse Sidekick Plus ...... . . . . . .. 115 
 TurbO Tutor 4.0 . . . . . . . 42 

Word (Microsoft) . . . . . . . . . .. 179 (PC Mouse) w/Or. Halo Il l ...... 78 SidewayS .... ..... 37 
 Typing Instructor Encore . . . 20 
Mult1mate Advantage II ........ 259 	 Smart Notes . 43
llITTGRATIVE SOFTWARE 	 Typing Tutor IV ... . . ... . . 27 

PFS: Professional Write . . . . . . 102 
 SO Z Plus . . . . . . • . . ..... 53

AbilitvP!us .... . $137 
Volkswriter 3 ....... . ....... 132 	 Superkey ...... . . . 53
Enable 2 .0 .. ....... 352 
 SPREADSHEETSVolksw riter Deluxe Plus . . . . . . 57 	 Unlock D Plus . . 49
Framework Ill . . . .... 425 
 Cambndge Analyst $79Webster New World Writer . . .. 53 	 Unlock Mas1erkey .. 95
MS Works .... . . 84 

4Word ... 55
Webstef Pro 51l@ll Checker . . . . . 3.2 	 XTree Proress1ona1 . .. 61
PFS· 1st CholOO . . . . 76 

........... l7 
 HAL 	 . 89 

Sman Software System .. 389 ACCESSORIES 
........... 219 	 Lolus ·2·3 Ver. 2.01 295
Symphony . . ....... 435 
 Copy II Option Board Deluxe $99 

Word Perfect Exect.1ti11e ........ 119 	 Lotus Manuscript ............. 309 

Masterpiece . . . . . . . . . . . . . . . . 79 


.......... 59 ACCOUNT! 6 Lotus Report Writer . . . . . . 67
Masterpiece Plus . . . . . . . . . . . .. 92 

.. .. .... ca11 ACCP/>C Easy ' . . ' . ' ... ' . . $53 	 MS Excel . . . . . . . . 280
Masterpoece Remote .......... 107


Bedford Accoun ting ...... Call .... 139 

MousePad by Mousetrac . . 9 Multi plan 4 0 {Microsoft ) . 110 


ACC P/>C BPI . . . . ........... &all 

Summasketch 12 ' 12 Plus . . 359 PFS Professional Pran . .. 52 


Quattro . . . 140 
DAC Easy Accountmg . . . . . 53 


DESKTOP PUBLISHING DAC Easy Payroll . . . . . . . . . . 53 NOVEll 

Newsmas1er II . . . . . ......... $39 In-House Accountant . . .... 105 ANW/286 w/Key Card ..... . . $1710 
 Supercalc 4 .. . 278 

Twin Classic ... 32
Pagemaker ..... . ........ . 489 One Wrote Plus 2.0 . .. .. .. .. 117 SFT NW 286 w /Key ... . .. . ... 2975 


PFS'. First Publisher .. .. 65 One W ri te NA, AIP. Payroll ..... 117 SFT/286LVLlw/KeyC81d ..... 1899 VP Planner ... .. ....•.... .... 47 


....... . 475 Time Slops Ill . . . . ........ 109 All Others . . . . . . Cllll VP Planner Plus 112 




PRUITERS DISK DRIVES 
Alps Bernoulli Box 

Allegro ......... . $345 


10 Meg ' ... .. $889 
AL0224E ..... . 599 20 Me<J .. .. . '' ..... 1255 BOARDS 
ALQ3 18 .. 610 AST

40 Meg .. 1559 

AL0324E ... 749 Hot Shot


Beta Ex t 20 Meg 1D15 

2418 . . .. ... . .. . 885 Six Pack Plus '. 115
Be ta Int 20 Meg .. n5 

2424 .. .. 955 Xlormer .. 579 


Seugete 
Other Models . . . c.an 3G · II .. 219 

20 MG w/WD Controller . 275 
AST Othe< Models . . . . .......... Call 


251·1 40 Meg AT 469 
Turbo Lazer ..... ... ........ 4310 ATI COMPUTERS 


AT 40 MEG 251 .. . .... 375 
CIUzen Printers EGA Wonder . . . 220 AST 

Other Models Gall 
1200 . .... 149 VIP . . .. 260 Model 80 . .. . • • .. . .. $1440 
1800 ' . . . 165 Teec Hercules Model 140 .. . . , . . . . . . . .. 268512MEG AT . .. 89
MSP 40 .. 315 Color Card . 145 Model 340 ............ 3999
FIOppy F55 BV .79
MSP 45 . 465 Graphics Card Plus . . . . 170 Model 390 .. 5409 
MSP SO ... 399 lncolor . . 199Toshiba 

0 1her Models .. .. . Call3 .5 Dr 720K .... . . .. . . . .. .. . 85MSP55 . .. . 525 Intel 

Premier35 .. 505 Inboard 386 PC . 935 
3 .S Dr 1.4MG . . ... . 105 NEC 

Mu ltispeed EL II ' . 1469Tribu1e 124 .can lnboard38Swlcable 1025HARD CARDS 
Dicon lx 4020 Aboveboard ...... 325 ToshibaPlus20 MG •.... . $515 

150 • . 309 80287-6 .. ' ' .. . 155 T-1000 .. .... 785Plus40MG .. .. . 650 
300 ... US 80287- 16 ' ' . 439 T·1200F . 1565 

E.pson Printers . . Call KEYBOARDS Orchid T-1200FB . 1699· ··· · ···· 
Hewlett-Packard Keytron lc s Designer VGA . 299 T-1200H . . 2285 
Desk Jet 719 K65151 $119 Tiny Turbo ... 249 T-1200HB .. 2415 
Lazer .lei Senes 11 . 1805 KB5153 . 149 Twm Turbo 385 T-3200 3785 
Pam1 Jet . 1090 K8 101 , 85 VGA . 220 

T·SIOO .. ' .. 4899 
NEC Parad ise ONITORS Zenith P2200 335 Au1osw1tch 35-0 159Amdek Supersportl2 . . 1655 
P5200 . 520 VGA + ........ 259
410 .. $13tl Supersport 20 MG ... 2479 

432 ' 149PSJOO . 685 VGA Prore.ssionat Call 
Supersporl 286/Model 2 3445Olher Models Call Vldeo-7 

V210A 80 
Okidata Fastwrite VGA .... . . 355

NEC MODEMS
320 . 330 VGA ...... .. . 2119 

Multtsync l l .. $595
390 . . 465 Vega Deluxe 180 Hayes 

Multisync Plus .. 899 
Lazerl1ne6 V·AAM ... 475 1200 . $275'' 1325 foltisync XL 2065

Panasonic 12008 Z45
Monographic Sys1em 1289 OVEU

10801M2 . . . . 24008 . ... 389' 159 Other Models . can Allee PaSSIV8 Hub ' $29 1091 IM2 . . .. 180 Prometheus Princ e ton AQUILA 8 Pon Acl1\/9 Hub . ' •. . 279
3131 305 12000 w/Software .. 70Ultrasync .... AQUILA Arcnel Card . ... .• , , •• . 99
3151 475 

Samsung .. . ... .. ....... . ' Gall SMC 110 Arcne t . . • . . . . • • . • . • 129 24008 w/Soltware 125 

Laz&r4450 .. 1635 

All Others . . . . . C1/I 01her Mo<lels .... . . cauSonyStar Mlcro nlcs . Call 
Mult1scan (1303) . US RoboticsToshiba TERMINALS 

Mitsubishi Password 1200 . . 175321 SL 489 Wyse 
341SL 700 Diamond Scan . 499 30 ...... . .. $285 Courier 2400 . 289 
35 1 sx . ggg Zenith 50 ' . l69 Courier 2400E . 

PageLazer . ...... 2415 1490 .. .. . . .. .. . 609 85 . .. ........ . ... .. . 439 HST 9600 .... 




------ -- - --

With us you see it ... with them you don't! 

Yes folks, nothing up our sleeves! 

The 1st (and only) Hi-Res VGA Paint 
package in history is now shipping, 
hot and heavy! ColoRIX - VGA Paint 
from RIX SoftWorks to be exact. All 
the others run only the 320x200-256 
color mode (ho hum!) we thought 
you'd like more. ColoRIX runs in 6 
more "ZGA" 256 color resolutions in
cluding: 640x350, 640x400, 
640x480, 720x540 and 800x600! You 
only counted five right? Well, we 
saved the biggest news for last. 

There are some new tools to go 
along with ColoRIX like: An 
automatic 256 palette adjust fearure 
to make working with 256 colors a 
breeze, an auto-color graduation 
tool, IMG & PCX (16-level gray
scale) support for desktop publish 
ing & ClickArt™ fi les, TARGATM fi le 
support for more serious graphics 
folks, Global Contrast-Color & 
Brightness controls, animation for 
your presentations, a screen cap
rure program that grabs just about 

support (in 1024x768 tao!). 'Ibere's 
lots more but we're running out of 
space. Find out the rest when you 
get yours or sec us at COMDEX 
Booth 197-198- LVCC. ColoRIX-An 
advenrure in color! 

Special Introductory Price 

ju t (••hipping)$199 • 

C•ll Toll Fr .., l nC.\~800) Hl-~90. Ou1CA~IOO) .S·H-9059 

l!UTOJ~• Hcaugnnd 8urok<mlimunlbu1rlon - CMe1cr lka\'C'"l.nd 
Ouo-Hann·S<nbc H , 60}6 Hcwnugmm, w. Clam"")' 


Telefon, 11 ·49-0-I0~-01092 fA)(, 11-49-0-744· 288} 


any graphics screen, a screen fileAttention PS/2 owners: (Models 
translator that converts from one --~---50 & up): ColoRJX - VGA Paint runs 
mode to all the rest, Full B&W and -- at 360x480x256 on your <;omputers -- ,,_,~

WITH NO HARDWARE MODIFICA color printer support, dynamic =::==== 
zoom, and our hallmark- NO ICONS! RIX SoftWorks,Inc.TIONS! This mode is exclusive with 
Oh yeah, almost forgot! 16 colo r VGAColoRfX - VGA Paint. 
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EXPERT ADVICE 

COMPUTING AT CHAOS MA OR • Jerry Pournelle 

~ THE REVENGE OF~ 
THE FILE FORMATS 

Jerry tackles a 
complicated file
conversion problem, 
takes a look at Unix, 
and handles some 
unfinished business 

I 
t has been one frantic month. Of 
course, all months at Chaos Manor 
tend to be that way, but th is one was 
a doozy. Not only was last month 's 

column late , but there was the column for 
th is fall' s IBM Special Edition. Now this 
one is due early: which really means to
night , since tomorrow afternoon I catch a 
train for San Antonio . I'll stay there a 
week , then go on to New Orleans for the 
World Science Fiction Convention . 

I'm going to San Antonio because 
that 's where Dr. Francis X. Kane lives. 
Dr. Kane is one of the coauthors of Strat
egy ofTechnology, a book first published 
in 1970 and for years adopted as a text
book in the War Colleges and 1wo of the 
service academies . We've been revising 
the book off and on for the past several 
years, and it ' s time to get it our the door. 

The first step was to print a copy of 
what we have. That , alas, turned out to 
be more of a problem than I thought. 

Conversions 
The original Strategy of Technology was 
written on a Selectric typewriter . The 
manuscript has long since vanished. 
When we first decided-about 1984-to 
revise the book, there was no optical 
character reader capable of scanning the 
printed text and turning that into a 
machine-readable manuscript . Nowa
days, I'd use Hewlett-Packard's ScanJet 
and Flagstaff Engineering's Spot train
able OCR program; Strategy of Technol
ogy was nicely typeset on good paper, 

and from my experience with the ScanJet 
and Spot, there'd be no problem at all. 
(See my column in !he IBM Special Edi
tion for a full discussion of Spot.) 

Back then , !hough, I had no choice bu! 
to hire someone to type the entire book 
into CP/M-based WRITE, which wa 
the text ediror I used at the time. The re
sult was stored on 8-inch CP/M disks . 

Over the past few years . I have revised 
some of the key chapters of Strategy of 
Technology and included them as nonfic
tion in my anthology series on !he future 
of conflict, There Will Be War (Tor 
Books). There are seven volumes in tha! 
serie , and most of them contain revised 
chapters of Strategy of Technology. I do 
about one There Will Be War book a year, 
and over time the series has been done on 
a variety of word processors , beginning 
with WRITE and ending with the one I 
use at present , Q&A Write . 

Worse , Dr . Kane is from the old 
school : he writes wi!h a pen on lined yel
low legal pads . Someone has 10 type all 
that, generally a se.cretary at whatever 
place he is working for at the time; since 
he re1jred from the Air Force as a colo
nel, he ha been a! a lot of places , and 
each one used a different word proces
sor. Longtime readers of this column 
will recall my efforts to convert some of 
his text from Wang 8-inch floppy disks to 
CP/M. 

Anyway, when the crunch came this 
month , I found I had te)(t in a number of 
different formats . The trick was to get it 
all into Q&A Write, integrate all the 
notes and addenda, and prin! ou! a clean 
copy. 

Much of the stuff was in WordPerfect 
4. l . That presented a problem . Q&A 
Write doesn ' t read any flavor of Word
Perfect . Borland's Sprin!, however, says 
that it will read WordPerfect 4.2 files 
and convert them to WordStar . That 
sounded good , because Q&A Write says 
it reads WordStar files. As it happens, 
some of the stuff I needed to convert had 
been written in WordStar. so the first 

thing was to test Q&A Write 's ability to 
read those files. 

Voita . Worked fine . The only hitch is 
that what WordStar thinks is italic comes 
out in Q&A Write as underlined. This 
wasn't a problem, because Q&A Write's 
search-and-replace system is extremely 
versatile: if you search for @ul and tell it 
to replace with @1 t , it will convert all the 
underlined text to italic . I could even use 
it to correct spelling. I had glasnost 
spelled incorrectly 1hroughout, so I told 
Q&A Write to search for \ @ul gl ass
nost \ and replace with \ @1 t gl asnost \ 
before I did the global underline-to-italic 
conversion. That worked fine . 

So. If I could get those WordPerfect 
4 .1 files into WordStar, I'd be all right . 
First thing was to try Sprint ' conver
ion. No go. Sprint aborted with a myste

rious error message . I figured there was 
no point in looking it up . Clearly, Sprint 
won ' t read version 4. 1 files . Next thing , 
then , was to read each file with WordPer
fecl 4.2, then save the file, thus convert
ing it to a 4 .2 file . It was tedious, but it 
worked. 

Now, I figured, I could use Sprint to 
convert to WordStar. 

Not really . Sprint aborted with a mys
terious error message : Conve r s ion 
error J7. Fine. Look in the Sprint man
uals-there are two or three of them , 
each as thick as a book- and see what the 
error is. The only problem was that no
where in the several hundred pages of 
Sprint manuals does Borland tell you 
what the conversion error messages 
mean. I tried a couple of other files, with 
the same result . The one certain thing 
was that Sprint wasn't going to convert 
those WordPerfect files into anything at 
all. 

As a last resort, I used WordPerfect 
4.2 to read the files , then saved them as 
ASCII files. That was even more tediou 
than before, and saving as ASCII wipes 
out all the italics and boldface and some 
of the formatting , but it did work. Q&A 
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Write read those in fine . It has a read-in 
option calle-0 "Special ASCII" that re
moves carriage returns from the ends of 
lines (but not paragraphs), so that l now 
have text that edits with word wrap en
abled. I had to go through and put in all 
lhe italics- principally book titles- by 
hand. but even that wasn'1 onerous given 
the versat ility of Q&A Write ' s search
and-replace capability. 

I continue to be impressed by its 
ear-::h-and-replace fu nction. The one 
-------------------------------, a minute for me to remember how to use 

Who has the 
DOS enhancement utility 
that supports your VGA? 
Your partitioned hard drive? 
Your mouse? 
Your expanded 
memory? 
Could be you! 

~~~~~~ 
SALLY'S 1341 

Get Tree86rM; the fastest) most powerful hard disc 

manager money can buy, for only $89.95. See your 

dealer or call 1-800-548-5019 


Tree86. The PowerTool. 
The Aldndgc Company, 2500 C.tyWcst Blvd .. Ste. 575. Houston. TX 77042-713/953- 1940. 

~'Supj:'Orn DOS.~ 0 dut:Ju~h -l 0 
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lhing I would add is a "surrounded by" 
feature- that is, lhe ability to search for 
everything framed on both ends by some 
character like the underbar, a control 
character. or some combination of those, 
and replace the formatt ing characters by 
another set of surrounds. 

As an example, you'd be able to say 
"searcn for everything between a Con
trol-Band a Control-D, and italicize it," 
or "find everything between pairs of 
Control-B, and replace lhe fi rst Control-

B with ·<it>' and the second Control-B 
with '< rom > ·." That latter would, of 
course, let you convert files to Atex 
format. 

Anyway, once I had all the WordPer
fect and WordStar files read in, it was 
time to bring in old WRITE files off 8
i nch floppy disks. That was simple 
enough: I fired up the Golem, my trusty 
CompuPro 8/ 16. It runs Concurrent 
DOS, which will copy CP/M files to PC 
formatted 51A-inch floppy di ks. It took 

PIP.COM, but after that there was no 
problem. 

Of course, there's a trick to it: WRITE 
marks the ends of paragraphs with a car
riage return but no linefeed; Q&A Write 
looks for linefeeds but pays no attention 
to carriage returns. This is a holdover 
from lhe old days, when ASCII was de
vised to control Teletype machines: the 
linefeed character dropped the print head 
down a line without moving it horizon
tally, while the carriage return moved 
the head 10 the left side of lhe page 
without any vertical motion. ASCII has 
no "newline" character and has to make 
do wi th the carriage return/linefeed pair. 

At my insistence, Symantec changed 
Q&A so that it will recognize either a 
carriage return or a linefeed as lhe para 
graph marker-but, alas, while that fea 
ture was built into Q&A 3 .0. it hasn't yet 
been retrofitted into stand-alone Q&A 
Write . Thu , I had to use Q&A to read in 
the WRITE files. That ' s no great hard 
ship, since Q&A has the Q&A Write edi 
tor built into it, so I created a "strategy" 
subdirectory in Q&A, moved all the files 
from Q&A Write over 10 it, and did all 
the rest of my edits using Q&A 3.0. 

Printer Blues 
It took working until 6:00 a.m. three 
nights in a row, but I managed to collect 
all the notes, additions, and rewrites 
we'd accumulated over the years and in 
corporate them into the relevant parts of 
the book: and this morning I had six 
chapters complete, as far as I'm con
cerned. That's more than halflhe book. 

The next thing was to print those chap
ters and Fed.Ex them off to Dr. Kane so 
he can be working on them while I 'm re 
laxing on the train. (Actually, I won't be 
relaxing, I'll be working on fiction. I 
have a private room on the Limited, and 
I'm taking lhe Zenith Z-286 SupersPort 
laptop. For two whole days the tele 
phones can't ring, and no one will be able 
to find me . I eitpect to get a lot done, but 
that's next month's story .) 

I figured that printing the chapters 
conrinutd 
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would be straightforwa.rd. After all, I've 
been printing books with Q&A Write for 
some time now; Q&A 3.0 is a later ver
sion, and therefore should be even less 
trouble. 

The best printer I have is the Kyocera 
F-3010 laser printer. I've described this 
jewel before. It's fast, it's reliable, and it 
emulates darned near any other printer 
in the world. The only trouble with it is 
that it's somewhat bigger than the printer 
stand . I'm getting new furniture, but 

until I do, my main printer is still the 
Hewlett-Packard LaserJet Plus. The Plus 
is not quite so fancy as the LaserJet II, 
being an upgraded LaserJet I with more 
memory and smarts. 

Alas, when I told Q&A 3.0 to print my 
files, the results were all cockeyed. 
Q&A 3.0 wasn't properly initializing the 
printer; at least , I think that was the 
problem. The symptoms were that the 
header didn't appear at the top of any 
page but the fir t one; after that, it ap
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peared to progressively move down sev
eral lines per page. 

I checked the printer installation . 
Q&A 3.0 offered me a choice of drivers 
for a LaserJet I or a LaserJet II. No Plus . 
I selected the LaserJet I. I could, I sup
pose, have fooled around with Q&A and 
tried to make it work- I could even man
ually send the complicated escape se
quences that initialize the LaserJet- but 
that seemed pointless, and besides it was 
getting late-and I was getting frantic. 

I hadn't done all that work just to miss 
the FedEx deadline because the printer 
had developed a Critical Need Detector 
error! I knew I could print those files 
with Q&A Write, because I ' ve been 
using that for months. Nothing for it, 
then, but to transfer all the files back 
from Q&A 3.0 to Q&A Write . While I 
wa at it, I wrote everything off onto the 
Maximum Storage WORM (write once, 
read many times) drive for backup. 

There was one more problem . While 
Q&A Write has a kind of batch file that 
will let you print a whole slew of chapter 
(you list what you want to print in one 
master file), there is no global "double
space" command. Each file (there are 
six- one for each chapter) needs to be 
brought into Q&A Write, told to be 
printed double-spaced, and saved with
out printing. This doesn't take all that 
long, but it is tedious . I've complained to 
Symantec, and they claim they'll fix the 
problem in the next release. I hope so. 

Anyway , I called in each file, revised 
the header, declared that I wanted dou
ble-spaced text, and saved the file; after 
which everything worked like a charm. 
Q&A Write squirted the text over to the 
ACT Printer Optimizer (a box of mem
ory that serves as the printer buffer); the 
Optimizer fed the LaserJet Plus; and 
paper came spewing out at about 6 pages 
a minute, half as fast as I could get with 
the Kyocera F-3010, but still fast 
enough. 

Of course, there was one final prob
lem. Unlike the Kyocera printer (and 
other printers that use the Kyocera en
gine), the LaserJet spits out paper face 
up . That stacks it in precisely the wrong 
order from the way you want it. A year or 
so ago, I bought a gadget called the Col
laser, which is a thingumby that dangles 
below the LaserJet 's output lot. The 
paper falls into the Collaser , which is 
shape<! in a way that causes it to stack it 
self face-down. 

At least , that 's what it's supposed to 
do. What actually happens is that about 
one sheet in 10 won't quite clear the 
LaserJet's output slot . It lacks only about 
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C Unlities • by Essenrta l $ 129 
Greenleaf SuperFunc~ons $ 199 
1• re>idenL C · ' · rnake TSR'<. w1sou rce $ 149 
Turbo C Tool< ·bf Rla1.se $ 99

ttf'1Mi9J§&J:f4fiPMi•
5e raph1cs for c $ o9 

Drawbridge · Metawmdows. MQC or IBC $ l 15 
F.SSF.NTIAI. GRAPHICS · no '°~'alr1es 5 235 

wilh source $ S19 
Rash Up S 69 
Rash Up Toolbox $ 39 
GraphiC · like DISSPLA. source $ 309 
GSS Graphics Dev'1 Toolki l $ 399 
Ha lo '88 · 140 - devices S 229 
Hi-Screen XI. S 129 
Hoops 30 Graphics L1brary j, 549 
MetaWI DOWS.PLUS 219 
QmckW1ndow"-'C '$ 99 

Other Languages 
Alsys Ada . w1ma1n1enance $3765 
APL Plus . by STSC $ 5119 
CCS M Mump-; . single u""r $ 149 
CCS M Mump-; . rnul riuser $ 469 
Modu la-2 Dev. S;-s tem · by l.og1 lech $ 2l9 
RPG II - comple te. by l.~ tt•ce $1269 

·SNOBOL4 - . grell l for strings $ 85 

Other Products 
Carbon Copy 	 s 159 
CO SESSION · remolc accc s & control $ 209 

Single ve rs1on $ 11 5 
Suppon Lcce,,se • 159 

Crosstalk XVI $ 129 
MathC"d ) 289 
Mirror II - Crossta lk done ( - I ) 59 
SPSS.' PC Plus $ 7<19 
TK Solver Plus $ 339 
Vemur3 Publ15her $ 795 
Wa tchdog - multi -level S<'Curi[\.' for DOS $ 265 
Word Perfec t $ Z'l9 
Zdo-VT IOO Xmodem. Kenmt . 89 

Dbase Generator 
SYCERO db - Ex lenslble Cll pper.'FoxBASE genera· 

tor allow. you lo incorporaleyour code tn lo 
SYCERO. Up 1030 darabases. 14 ind<>x<>s. IOl..vels 
of submenus and overlaying of 26 programs. 
Network version available $<149 

SYCF.RO db NF.T. $&49 
ot~ Alt p.Ocu t.1JbJ«1 10 ch•ng. i.-1thQ!,Jf no111c;; ir_ M#rltk:>n ~hh. itd. 

Sorn. pncn mi• spKWlt. A... •bov1 COil ..nd POt.. Foan.111..: 3- 1•pi1op 
now .,,..1tablc-. pl1.H 200 Oll .h•n UPS ,vrtec4' .t.lppl"il .dd ll P'l'1' nor· 
~•lilotm 

$549 $499 

$419 $3 69 
$229 SI 9 9 

compilation ..A.ND an integrated, 
productive environment. 

0 ver 5,000 of you were forced lo 
make sacrifices to use BRIEF, The 

Programmer 's Editor. Advanced com· 
pi lers and new programming environ· 
ments , like Turbo C and QuickBASIC. 
took up so much RAM that BRIEF 
could not fit in the same 640k . 

If you wanted to retain BRIE F's 
uniquely powerful fea tures• while 
working wi t h larger programs. you 
had to sacrifice speed and continuity . 
Instead of a tight Edit-Compile-Edit 
loop , you bad to slog th rou gh an obso · 
lete Edit ·Exit·Compile -Ex it ·Edit loop. 

Now you no longer have to 
make that sacrifice. 

You can en joy the features • that 
have made BRIEF the best-se ll ing 
and the best regarded2 program mer's 
editor wi t hout sacrificing environ · 
ment in tegration . 

Version 2.1 of BRIEF can be 
swapped in and out wTtJi"a 
single keystroke - allowing 
immediate compilation with 
even tbe largest compilers: 
Microsoft C5.0. QuickC. 
Turbo C. La ttice C. dB X L. 
FoxBASE+ v2.0. Clipper. etc. 

1 For exa mple: real mul ti-level Undo (not 
simply Undele te ), llexible windowing. 
unllmt1ed f1le size. unlimited number of 
s1mul t neous files , au tom&iic language 
sensltlve lndenta.t ion . 
' For example: 
"The quintessentia l programmers edlt or." 
Dr. Dobb '• Journal " Righi oul of t he box . 
irs a ve rsallle. extremelv powerf ul editor lhat 
hand les mos t any programm ing lask with 
aplomb.' ' - Compu l&r L.a ng uag& "S im ple to 
lea rn and use and ex1remely sophistiealed. 
S t rongly recommended." - PC Magu:Jne 
"Not only the be•t programmer'~ tex t edilor 
l '\•e ever seen. but it is atso a tou r de fo.-ce rn 
the way It was conce•ved and 1m plemen ted ."-
Comp uterworld ·· s o far surpasses users· 
expec tat ions lhal n 1s revolu,iomuy." -
MlcroTlmes Maguin& "BRIEF is truly 
outs tanding: · - Mlcr osoll Sysl~ms Journal 

Current BllIEF Users: 
Call Ann f or de tails on 4 o ther importan t 
enhancements. Registered users of versions 
2.0 or 2.0 1 update ror only S35. 

Haven-i tried BBIEF yet? 
BRI EF reta ils ror S195. Call Ann 1oday 
for a no-nsk. 60-day trlal w ilh a full. 
money-back gua ranlee. 

Call toll-free today 
800-821-2492 

~~ 

BU Main Street, Suite 410 
South Weymouth, KA08190 

617·337·6963 

Adv"nced Revelahon 
CIARION - cornplere envi ronment 
DaraFlex by Da1a Access 
Mag:c PC - visua l da tabase 
Paradox v2 0 
Par;1dox Neru.1ork Pack 
R.Rase for DOS 
XDR-SQL D<ll<lbase 

Dbase Language 
Clipper Summer '87 multiuser 
dBASF. I ll l.AJ Pack 
dRASF. I ll Plus 
DAX!. lnterpre le r · by Word Tech 
F"oxBASF. ,. v2 0 
McMa' · by Nanrucker 
Qu1d<silver IJl~mond 

DbaseTools 
dAC Ill · by I .anlce 
dBRIF.F wirh BRIF.F 
Documenror - dFlow superser 
Gernfer · by Ayi.,1. code genera to r 
lntc'!lrat<!d D11wlopmen1 l.1brarv 
Ne1Work11r Plu 
Qu1ekCod" Ill Plus 
R&R R"port Wnt" r 
S..ek-11 · Qu.,7 · b~' · e x<implc 
S1lv"r Comm .1bniry 
Tom Remg·s Library 
UI Programmer · uwr 1n1crface.s 

$ 779 
Cllll 

$ 595 
S 169 
$ 499 
$ 719 
$ 5'19 
$ 449 

$ <1 19 
$ 649 
~ 399 
$ 99 
$ 259 

235 
$ 369 

$ 	 169 
Call 

$ 229 
$ 249 
$ 129 
$ 229 
$ 189 
$ 139 
$ 79 
$ lJ9 
$ 79 
$ 2119 

DataBase & File Management 
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Auto-Trad<lng Dt.lllOlld Scan 161. Up to 1280 x 1024 puol$
Diamond Stan 14 800 x600 P1J1els [digital. anaJoo. lllOllOChlome) Auto-Tract:ing
Alrto-T1ackmg 1()'24 x800 puelS (max1111um) 1(1'2~ x 763 porels [typoc.al) AC1uaJ unretouched screen rm.ages ilOO x600 oueis lllig11al. illlalOO. monocllrome) 1280 x I024 pixels (m;OOmum)
llO • 500 pncelS compos<le Nl SCl 

A ClearView To Monitor Quality 
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~ inch, but that ' enough; the printer 
thinks there's a paper jam. Clearing the 
paper jams is simple enough, because the 
LaserJet, like all laser printers I'm aware 
of, remembers what it was doing when 
the jam happened and reprints the page 
that was spoiled; but it's still more work 
than I like. 

However, I noticed that if you lead the 
paper out another !4. inch, it falls into the 
Collaser just fine . All it take is some
thing attached to the lip of the LaserJet's 
output slot. After some thought, I hit 
upon duct-taping a long bamboo Chinese 
back scratcher to the LaserJet Plus. It 
looks silly, but it works just fine. 

So. I got my six chapters- about 200 
pages- printed in time for the FedEx 
pickup, and all's well. 

When I get back from my trip, though, 
I'm going to hurry the installation of the 
Kyocera F-3010. It's not that I don't like 
my LaserJet Plus, but it does look a bit 
odd with that back scratcher taped to it. 

Unfinished Business 
I did get a lot done on Strategy ofTechnol
ogy, but otherwise this month has been 
&omething of a bust: everything I started 
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seems lo have just sort ofdie-0 away. 
For example, I was going to do a thor

ough test of FastTRAP, MicroSpeed's 
trackball substitute for a mouse . Last 
month, I tried FastTRAP and found it 
pretty good for CAD situations, but not 
very useful for normal mouse actions, 
where you have to click-and-drag. Then I 
discovered that I'd neglected a key fea
ture of FastTRAP- namely, that Micro
Speed has built into the hardware a 
method of simulating a click-and-drag 
operation. 

What happens is that you can set up the 
three buttons above the FastTRAP track
ball so that when you press the middle 
button, it is as if you have pressed and 
held the left button. Now, moving the 
cursor by manipulating the trackball pro
duces the same result as if you did click
and-drag with the left button. This con
tinues until you press either the left or the 
center button again. You can use this em
ulation to select text, choose icons, or do 
anything el e you might do with mouse 
click-and-drag. 

Incidentally, I don't apologize for 
missing this feature. It's well docu
mented, but I had little incentive to read 

the FastTRAP documents . Someone at 
MicroSpeed got fascinated with font s 
and desktop publishing packages , and, 
not content with having named their 
product FastTRAP, they proceeded to 
put most of the text in a thin, light sans
seri f typeface, while the word Fast
TRAP is always set in a larger font and 
boldfaced wherever it appears in the 
documentation. It appears quite often , a 
dozen times on each page. They also 
played other games with fonts and bold
facing. The result is so incredibly ugly 
that you'd have to see it to believe it . Cer
tainly , I had no desire to read it. 

If you get past the unaesthetic typogra
phy, the FastTRAP documents do tell 
you quite a lot. Also, once you start get
ting used to it, FastTRAP may very well 
be easier to use than a mouse . 

My original intention was to djscon
nect the mouse and substitute FastTRAP 
for a month, after which I'd know which 
I preferred. 

Alas, the test didn ' t get made this 
month. Too much work piled up; enough 
that I just didn't have time to learn Fast· 
TRAP-and it does take some teaming. I 
normally use Logitech' Point editor as 
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Only one supplier of co lor monilors offers rhc widesr 
scleccion of features and operating flexibilities in the marker 
today. 

That company is Mi tsubishi Electronics. 
Mi tsubishi'"' ddivers the rcliahili ty and performance 

char can meet your color information display requ iremems 
roday as wel l as tomorrov;. Larger scree n sizes, rrut:r colors, 
and opt imum resolurions make you r work ea ·ier-and far 
more productive. 

\X hether your rcquiremem s call fo r fixed-freque ncy 
graphics standards, like EGA and VGA, or mul tiple
frcqucncy pcrfu rmance, Mitsubishi ha che co lor monit0r 

XCU10C/XC1430C
EGA Compa111lie 
&<O x350 pixels 

AndValue. 


CompaUbUlty/Resolutlon 
Screen Mosk VGA 1024 12111 

Mitsubishi Size Horilonlal Pilch Apple I I 
71111 11124Madel (Inches) Stan FreQ Hney (kH2) (mm) NTSC CGA EGA Sid. &I. Mac II 1411<1tll tt.IHM 

OiamOlld Scan 14 W13V 
(AUM1361A) 

15.7 -36 aut<Hracking 0.31 . . . . . . 
Diamond Scan 161. ' 1&115V 
(HL6605Tl<) 

JO  64 a.ul()-tr;ickmg 0.31 . . . . . 
Diamond San 20A 20t19V 15 7 - 36 auto-1rackmg 0.31 • • • • • 
(HA3905ADKJ 
Diamofld Sc4ll 20L . 2M9V 30- 64 .iutl)-trackmg 0.31 . . . . . 
(HL6905TK) 
XCl429C 1411 3V 31.5 I o.2a . 
XC1410C 14113V 22 or 15.75 0.40 . . 
XCl430C 14/13V 22 or 15.75 0.31 . . 
' Micr~processor-enhanced programmable d<SP[ay senmQ<S 

' MITSUBISHI 
~ELECTRONICS 

See us at COMDEX Booth # 1128 c: 1988 M&-. ~Ame<"' "' 
l-.~is.a~~dW"&.0!1'1 EXa'cCan roli·,o 
Sctaeri~P"[Xl.Ja)O '-'t1R'loeml630l"l~T ~~l~lon(1!;din9fC!pct.:A4(JOfl!lif11!~'S~ 
,.nn~ ~Irv; (~J. ~CorOOICJf.;;>n(~')l1iJl{)(tsqlorJ G.orroAef Fr'81"'Q.. Inc fMo!Xm~ 
SoperM.11c~~. Thtmtl01GJ'a(ll'".a. lr"('; ! ~). Mctasor!C'.orp()r,D)nf£.W~2C:, 

Circlt 221 on Reader Service Card (DEALERS: 222) 

with the resolution and size ro fit ~·our specific needs. This 
includes the Diamond Scan Series of 14", 16" and 20" auto. 
tracking monito rs, some with microprocessor-enh anced 
programmable display scrtings. All ar very comperirive prices. 

To get a clea r view of monitor quality and value, look 
to Mirnubishi. 

For product information or nemesr authorized 
Mit. ubi, hi Elec tronics sa les representatives, please ca ll 
1-800-556-1234, ext. 54M. In Ca lifornia, call 1-800-441 ·2345, 
ext. 54M. Mirsuhishi Electronics America, Inc., Computer 
Peripherals Division, 991 Knox Street, Torrance, CA 90502, 
(213) 217-5732. 

my general-purpose utility editor . Point 
not only requires a mouse, it's not really 
happy unless the mouse has three but 
tons. There are also a fair number of 
click-and-drag operations. 

While you can , on the fly, reprogram 
the FastTRAP center button from 
"sticky" to "same as left and right but
tons pressed simultaneously," it's a bit 
tricky to remember to do that each lime 
you need to change modes . My fi rst cou 
ple of attempts to use FastTRAP with 
Point were near disasters ; and while it 
was clear that I could, eventually, learn 
to use FastTRAP- and I might even like 
it-it was also clear that while learning I 
wasn ' t going to get a lot of work done. 
Best to wait until next month. 
More then. 

Internal or External? 
Another unfinished bit is the installation 
of the Supra MegaDrive, an internal hard 
disk drive for the Atari Mega ST. The in 
stallation itself went smooth ly. The 
Mega ST isn't all that easy to take 
apart- there are too many screws by 
half-but, if you're at all used to muck
ing about with a computer, it's no great 
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task. Supra 's directions are sufficiently 
clear, and besides, it's pretty obvious 
where everything goes. It didn ' t take my 
son Ale;r; an hour to insta ll the drive and 
get the Mega ST back together. 

It works, too. You can boot off the in
ternal hard disk drive, and if there's any 
difference in speed between the internal 
and external drives, I don't know it. 

Unfortunately, we have not been able 
10 get both drives working at the same 
time. The Mega ST will recognize either 
the internal or the external drive and 
boot off it ; but it won ' t recognize both. 
Since I have most of my programs stored 
on the external di sk, this can be serious: 
how do I transfer those programs? One at 
a time with floppies? That would cer
tainly give me a hobby. 

It's probable that we're doing some· 
thing wrong and there's a way to make 
the Mega ST see both drives at once, but 
if so, we can't figure it out. 

I also have a Supra 10-megabyte 5 1A
inch external floppy disk drive. That 
would certainly facilitate the transfer of 
programs from one hard disk to the 
other . Alas, we've been totally unable to 
make that work. I know it can be done 

because I've seen it in operation at 
shows, but I'm darned ifl can do it. With 
any luck, we 'll have all those problems 
taken care of by next month . Meanwhile, 
if you have or are getting a Mega ST, you 
won't have any problems insta lli ng and 
using your Supra MegaDrive , and ii doe 
ave space. 

Unix for PCompatibles 

We have now spent two months experi

menting with Unix on the Zenith Z-386, 

with mixed results. 


First, it does work. You can, with con 
siderable effort, install any of several 
brands of Unix- we tried Santa Cruz 
Operation Unix and Zenith's Xenix- on 
the Z-386, and they work. Plug several 
user terminals into the system and you'll 
have multiuser capability . and you can 
run all kinds of Unix software. Most of 
that software tends to be pretty vanilla 
compared to what's available for DOS
l'm not terribly impressed with any Unix 
word processor, database, or spreadsheet 
I've seen- but you'll be able to grep and 
use all the Unix utilities and system 
stuff. If you have special needs- multi

conrinued 
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If you lhink writing program code 
is a dirty bu iness, we have something 
to help you clean up your act. 

lt' called Matrix Layout. Layout 
lers you create program that do 
exactly what you want, quickJy and 
easily-without wriling a ingle line 
of code. Layout does it for you auto
matically, in your choice of Turbo 
Pascal Turbo C , Microsoft C Quick
Basic or Lattice C. And if you re not 
a programmer, you can even create 
programs that are ready-to-run. 

As I.he first true CASE Com
puter Aided Software Engineering) 
development tool for the PC, Layout 
lets you write your programs imply 
by drawing an icon-based flow chart. 
They'll have windows, icons, menu , 
buttons, dialog xes, and beautiful 
graphics and text. Like the Macintosh 
and the OS/2 Presentation Manager. 

And becau e Layout i so effi
cient, everything you er ate will 
work incredibly fast , even n tan
dard PC' with 256K and only one 
disk drive. To top it off, aU your pr 
gram will feature Layout' auto
matic mou e upport, sophisticated 
Hypertext functions, and decision 
handling. 

The full Layout package also 

comes with three additional programs: 
Matrix Paint is a professional 

paint program that comes with a full 
palette of high-powered graphics 
tools plus scanner support. And any 
picture or symbol that you draw or 

1. [)aw af!Ow-dlart 
2. Matrix Layout creates 

the llO(lram cooe. 
3. Your ~OIJlam is complete. 

LAYOUT 


scan into Paint can be included in 
your pr gram. 

Matrix Helpmaker allo you 
to include an electronic manual in all 
your programs. Context-sensitive help 
windows a table of contents, index· 
ing and the convenience of Hypenext 
functionality can now become a part 
of everything you crea[e. 

Finally, Matrix Desktop gives 
you the ability to organize your file 
and di k in a very Ma int h-like 
easy to see easy to use way. 

Whats the cost? At just 149.95 
for the entire package, Layout speaks 
in a language you'll love to hear. 
Especially with our free customer 
support n copy protection, and a 
30·day, money-back guarantee. 

Video Tape Offer 
Our new dem nstration video

tape graphically illu trates b w the 
many features of Matrix La out will 
make a diflerence in your life. Call 
1-800-SJJ..5644 and order your VHS 
copy now (just 9.95 for shipping 
and handling credited against your 
purchase). In Mas.sachussetts, call 
(617) 567-0037. 

D it today. Because once you 
see what Layout can do for you, we 
think you'll swear by it. -

Matrix ftware Techn logy C rporation • One Massachusset Technology Center • Harborside Drive • Boston, MA 0212 • (617 • 67-00.37 
M1&1n Saft..,.A!/UK • Plymouth, Eniibmd • 796·36 • M•lrh Sol1wt1tt/ llol!lllium • Oelden1uk.sebtilln 476 • lOJO Leu~ • 016W20fi4 

The fl)llawin11 re n:iautcAld •Rd unregi<tercd 1radcm.aruof 1hcaimpun1~ lisied: M~1tb La u1. Mmlri Pllint. M~I • Hclpnutkt~ M1m Da.ttgp. 
I In Soft......, Tedlnoloa)' COfPO<Ul>Oll : ~b•dt116'h. Apple CamptJter. Inc.: 0 !2 ~"""'" ''°" Mllf\a~er. lmemalio•inJ Bu<inm Machi""" Co rpon11ion. 
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Brilliant Color Output With IBM• Compatibility. 
If you're looking for an easy-to-u.e color primer that delivers fost, high 

quality color ourput, with fu ll II3M compatibility, look a t rhe G3 30-70 from 
Mic ubishi Elecrronic . . 

A built-in vid'-'O imcrfuce enables the G330-70 to create a pcrmanenr 
copy on glossy paper r rransparency film of any image viewed on your 
compu ter monitor. 

With 150 dots per inch rcsolurion, the GJJ0-70 is idea ll y suited for 
presemarion graphics, painr-rype graphic ar t and PC CAD. Ir opera tes 
moothly in several PC environment , including rhc IBM PC/ XT I AT and 

comparible!;, IRM P 12rn or the Apple" Maci ncosh " ' II. The GJJ0-70 can 
prim the x:reen displays from popular graphics boards, including CGA, 
EGA, VGA and Mac U. 

For fuse, bold, brilliant color output di recrly from your monitor, specify 
the Mitsubishi~ G330-70. Ar a suggcst~-d retail price of 5900, rhc G330-70 
offers the most corwcnienr method for high quality color output. 

For product inform:irion or nearest authorized 
Micsubishi ElectroniC5 sales representa tives, please 
call 1-800-556-1234, exL 54 R. In Ca lifornia, ca ll 
l-&X)...441-2345, ext.. -4R. Mir ubishi E lect ronics 
America, Inc., Compucer Peripherals Division, 
991 Knox Street, Torrance, CA 90502, (213) 2lf.Si32. 

The GJJ0-70 color lh<'T171111 
irari.<fl'T fJri n1er pr0tfoces a 
ft<lkolO'r '1 • x 11 "page or See us al COMDEX 
rrurt.1paml•';I in abou1 80 Jccoruh Booth #1128 

1988 Mit!.t.l;J&ll 9oQltw'llelo Ametca. inc 
M~.-a~t~\)11>.~~... Elocii-cCo-p )0 

t tlM ~•~-<1-a.-.-.-eo."°"''°" ' ~ppos,;i~~h.olAQC;Jie~ I"' 6" ELECTRONICS 
MITSUBISHI 

""°11<"~~... -"*"'"'~--.w""'"""P«>-"""'bfoo,.,'"'VW'lrrw o'°""""" toe 1~.-.1 zsoo~rPC"°"'°"""'""' ....,.,_ ""'r~ 

user real-time access to a big database is 
the example that comes instantly to 
mind-Uniit may well be what you need. 

Of course, you may also need more 
than an 80386-based computer can give 
you. I'm told that the fastest Uniit 80386 
system is a Cheetah. This is because 
multiuser systems tend to unduly stress 
cache software, and with enough users 
making enough caJls, the raw hardware 
governs. A 25-MHz Cheetah 386 with a 
Priam 330-megabyte hard disk drive is 
an awesome thing to behold, but if you 
hang enough users on it, you can over
whelm that , too . My point is that if you 
just like Uniit, you can certainJy get it in 
an 80386 computer; but if you have busi
ness requirements that demand Uni11:, 
you '11 need better professional advice 
than I can give you. 

Once you have UDil!. set up, you can in
stall Locus Merge 386, a program that 
lets you run DOS under Uniit . It won't be 
cheap, and the instaJlation isn't simple. 
Aleit, who studied computer science at 
the University of California at San Di
ego, tried three times, and eventually we 
brought in our friend David Butterfield, 
who wroie a good part of the Locus pro-
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gram. Even he had difficulties, mostly 
with the hardware configuration. For ex
ample, you cannot cun Uniit with the Ze
nith Z-448 video board and the ZCM
1490 Flat Technology Monitor . Unix 
wants a fairly vanilla EGA board if 
you're to have color in DOS. 

However, they did get the Locus pro
gram running, and it did run most of my 
favorite software. We had Q&A, Quat
tro, Sprint, Ell.pert 87, and some other 
stuff going. Most of The Norton Utilities 
worked . Games and graphics prog.rams 
that write directly to the screen were a 
pain; some worked, and some didn't. 
Uniit doesn't really like or understand 
color, or at least that's my conclusion. 

The thing is, it did work at least as well 
as OS/2's compatibility box, except that 
you can run a number of DOS programs 
at once. 

On the other hand, it was slow. Not 
painfully slow, but certainly slower than 
I'm used to with the Z-386. And we 
couldn't get it to access a CD-ROM. 

We also discovered that Uniit doesn't 
really do multitasking. Before anyone 
gets excited, let me explain. One com
plaint I have about Q&A is that while I 

don 't often need multiple windows, I 
sometimes do, and Q&A doesn't have 
any. Under DESQview, that's no prob
lem. I just open two Q&A DESQview 
windows. When I tried that with Uniit, 
even though I was only one user, I got a 
message saying that I'd have to buy the 
network version of the program. Uniit 
apparently thinks multitasking is only a 
special case of multiusing, and it net
works those tasks. 

My conclusion is that if you want to do 
it, you certainly can use Unix instead of 
OS/2 , DESQview , or VM/386. lf you 
have good and compelling reasons to do 
that, it's worth investigating. 

I don 't have any such reasons, and I 
neede.d the Z-386, so last week we refor
matted the drive and installed DOS. 

0054.0 
This is another unfinished project. We 
got a vanilla IBM DOS 4.0 to work, more 
or less, on the Z-386; but there are a lot of 
incompatibilities. As an example, The 
Norton Utilities don't work. Norton says 
they already have a patch to take care of 
that, but I haven't got it yet. 

continued 
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FIVE GOOD REASONS 

TO BUY AMOUSE-TRAK: 


fi ngcnips. not your elbow. back guarantee . If you don't 
With CAD. Desktop like using MO SE-TRAK 

Publish ing or Spread heel within 30 days. we'll 
applications. MO S -TRAK is easier. faster. more refund your money. 
relaxed and a lot more comfonable to use than And. if you do like 
ordinary input devices. it . we'll give you SIO 

for your old mouse. 
MO SE·TRAK OFFERS YOU OPTIONS MOUSE-TRAK 

ranges in price from 
$139-$ 189. 10USE-TRAK is .stationary. Only Lhe highly 

efficient trackball moves. eliminating tiresome Call u toll- MOCJSE·TRAK ro ... lliius "'o"" l~tt•· 
free for the furr 1<<hn()/1JK_ftrlth tht ron ""''""ann and wrist movement. You can operate complete slOry and prtri11tJn of o """*bit boll. n,,..,

MOUS -TRAK in your hand, even sit back on MO USE- no "'°"'d morian or tlnu . 
with it on your knee. It plugs in to your TRAK and the name of a dea ler near you. computer and needs no additional power supply. 

Our new brochure i available upon req ue t . User definable input keys are in easier-10-usc 
locations . The uniquely patented hape has 

been developed 1hrough 1-800-533-4822 
rigorous ergonomic (in Texas 214-494-3073) 

studies of hand 
size.s and 


finger geom

etry. Made 
 l 11HHISC··fral( r 

in the U.S . . 

MOUSE-TRAK 


15Jtl '"wt"lJ~I ...,, ..,,...,..,,,. ,,,, ' "TUNrnl ~-·J 4'1rJM.. .,.. ..,.n... ·~· 
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We had glitches with mouse ·oftware. 
I'd hoped that DOS 4.0 would make it 
simpler to use a CD-ROM, but so far I 
haven't got a CD-ROM reader to work 
with it at all. I've had some troubles with 
the WOR M drive, too. 

Priam says they think 4.0 will work 
all right with their 330-megabyte drive, 
but they're not sure, and in any event 
they'll have a version of their enhanced
smalJ-<levice-interface (ESDI) control
ler software tested with 4.0 by the time 
you read this column. Other colleagues 
have told me of odd glitches they've 
experienced. 

Zenith says it will have its own brand 
of DOS 4.0 Real Soon Now. Meanwhile, 
IBM is famous for collecting all the 
problems experienced with a new release 
of DOS and putting out an update; I sus
pect that about the time you read this, 
you'll be able to get DOS 4.01. My ad
vice is to wait for it. 

Noise and Modems 
Chaos Manor used to be famous for line
noise problems. We didn't know whether 
it was the internal wiring or our local 
phone connection; but when I fir t began 

logging onto BJX, I was driven half batty 
by noise. 

All that went away when we installed a 
USRobotics Courier HST 9600-bit-per
second modem. Indeed, the improve
ment was so dramatic that I thought the 
OmniTel 2400-bps internal modem I'd 
been using had fai ling chips . Anyway, 
for months now I've had no line-noise 
problems, and I've gotten used to reliable 
communications at 2400 bps (for BIX) 
and up to 9600 bps to bulletin boards. 

Then, suddenly, my Courier HST be
gan to do odd things. It wou ld tum on the 
phones, or the little red lights would 
flash - when I wasn't even using the 
modem. I'd get strange noises from the 
speaker. It would dump me out of com
munications , sometimes locking up the 
machine so I had to reset. A ll the prob
lems would be cured if I turned the 
modem off and back on, but then they'd 
come back again. 

It dido 't take a lot of that to be intoler
able. Clearly, something had to be done . 
The simplest thing would have been to go 
get Roberta's Courier HST and install 
that; but I've had a SupraModem 2400 
sitting here unopened for some time, and 

this seemed a good opportunity to test it. 
The SupraModem 2400 is smaller 

than the Courier HST. There are no set
up switches; the only control is an on/off 
switch. There are, of course, the usual 
flashing lights. 

The manual is well organized and ex
plains everything, but in fact I didn't 
have to use it. I didn't do anything but un
plug the Courier HST's power supply
the SupraModem 2400 uses different 
voltages than the Courier HST- and con
nect the SupraModem 2400 where the 
Courier HST had been. Then I logged 
onto BIX without making any adjust
ments in software. Everything worked, 
in that I certainly was able to connect to 
Tymnet and thence to BIX. 

The problem was that my line noise 
was back, in spades, with big casino. I 
even had trouble logging onto BIX; I kept 
getting .line noise in my password, so 
I had to try three times. Once on BIX , 
I was able to read most messages, but 
there were frequent bur ts of garble. 
Then I tried to upload something with 
XMODEM. I'd get started, but before 
the whole file could be transmitted, the 

continued 
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Engineers at IBM '.. . Texa: Instruments "' and Motorola '" are 
also us ing MO USE-TRAKS. 
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operation would abort. This happened 
three times . 

I tried everything. I hung up and di
aled again; that sometimes cures noisy 
connections. Not this time. I waited for a 
while before trying once more. Same 
thing. I won't say the noise was worse 
than I'd had with the OmniTel mo<lem, 
but it sure wasn't any better. 

Nothing for it then, I thought. I went 
down and grabbed Roberta's Courier 
HST and brought it up. I plugged it in. 

Lights flashed in crazy patterns . The 
speaker made funny noises. 

Of course, you've guessed what hap
pened. When I swapped my Courier HST 
for Roberta 's, I didn't bother exchanging 
power supplies . Why should I? Nothing 
ever goes wrong with power supplies. 
Only this time that wasn't true. When I 
went down and got her power supply, 
both her and my Courier HST worked 
fine. 

A quick call to USRobotics technical 

Write Better 

TurboJ.\\Programs ... 

~ OrlburMoneyBack 

You'll write better Turbo Pascal 5.0 programs easier and faster 
using the powerful analytical tools of Turbo Analyst 5.0. You get 
an integrated development environment with • Pascal 

~,

'f. 
\ 

t 
~i ___ 

Formatter • Cross Referencer • Program Indexer 
• Program Lister • Execution Profiler • Includes 
complete source code. + a new execution timer! 

" Tu rbo Annlyst...a valunble tool for even; Turbo 

Pascal programmer. The Program Structure Analyzer... 

a fimesnver. The i11tegrnted environment...impressiue." 


l\"arnir Shammas, Turbo Tech Report, July I Aug. 1988 

Turbo Analyst 5.0 is only $99. 
Now witlt data 
entry screens! A Library of Essential Routines 

Turbo Professional 5.0 is a library of more than 500 state-of-the-art 
routines optimized for Turbo Pascal 5.0. It includes complete 

source code, comprehensive d ocumentation, and 
powerful and useful demo programs. You get 

• TSR management • Menu, window, and data 
entry routines • BCD • Large arrays and more. 
~Turbo Professional...n superbly crafted toolbox... 

[makes] thehard stuff so ensy." 
Kent Porter, Dr. Dobb's Journal, April 1988 

Turbo Professional 5.0 is only $125. 

Call toll free for credit card orders. 
1-800-538-8157 ext. 830 (!- 00-672-3470 ext 830 in CA) 

For upgrade or other information, call 408-438-8608. 

TwooP<>v." Sofow.,e 

d.lys. Turbo POMC•I 4.01ll'. ~.O is required. Shipping & t•.o• 

S•ti>f><."1100 gumntc«I or yOll! money bock within 30 

P.O . Rm. 667-n 

pr<('O•d in lJ,S & C1uu1d4. El>cwhcn: odd ~I~ per unll 
 S..°"'u VoHcy, CA ?5-066-0747 
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support got an expression of surprise, 
and an offer to send a new power supply 
right away. That came two days later, so 
now both modems are back in use . While 
it was coming, Roberta used the Supra
Modem 2400. She had line-noise prob
lems, too . Perhaps not as bad as I had , 
but bad enough. When she went back to 
the Courier HST, the noise went away. 

I took the SupraModem 2400 to a dif
ferent part of the city and connected it to 
a portable. It worked fine; there was no 
noise. Back here, though, the noise over
whelms it. 

The mora I of the story is that if you' re 
lucky enough to have good, quiet , and 
clean phone connections, you can get 
away with inexpensive modem equip
ment ; but if you generally have noisy 
connections, you'll need something a lot 
better. I don't know what technology 
USRobotics uses to let the Courier HST 
deal with line noise , but I do know it 
works. 

Highly recommended. 

Internal vs. External 
It' alway a dilemma. When there 's a 
choice of auxiliary systems, do you get 
the internal or the eittemal version? 

I used to favor internal systems, on the 
grounds that they don't take up room on 
the desk and they eliminate the clutter of 
cables and power cords. 

Now, I'm not so sure. First, l had 
problems with an internal modem. Not 
only djd it take up a slot , but sometimes 
the only way to reset a modem is to turn it 
off. Once in a while I like to change 
phone lines, and if your system sits on the 
floor in a tower configuration, as mine 
does, it's a lot easier to reach the back of 
the modem on the desk than to get down 
on the floor behind the computer . Fi
nally, it's a lot easier to hear the external 
modem's speaker. On balance, then , ex
ternal is probably better for a modem. 

Then there's WORM drives . I started 
with Maximum Storage's APX-3200 ex 
ternal WORM . I really like this , so when 
I put my big Cheetah development system 
together, I built in the internal version. 

Now, I'm not sure at all. 
When you insert a new cartridge into a 

WORM drive, sometimes the drive 
latches aren't in the proper place. The re
sult is that the drive rejects the cartridge. 
The manual says that when that happens , 
you should turn off the WORM drive, 
press and hold the eject button, and while 
holding down the button, tum the drive 
back on. This will restore the heads and 
latches to their proper place. 

I'm sure I read that, but I forgot it. It' s 
continued 
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Our Standards Are Their Options 

IEEE 12 MHz 286 
EGA Color System $1850 
• Samsung 14" EGA Color Monitor • 12 
MHz PC-AT Computer • Baby AT Case 
with Key Lock, Turbo Power and Hard 
Drive LED • Everex Enhanced Auto 
Switch EGA Card 64Q x480 • In tel 80286 
CPU • Multi-speed 6/8/ 10/12 MHz • Key
tronics IOI Enhanced Keyboard • 64Qk 
Memory Expandable to I Meg • 200 Watt 
Power Supply • Seagate Model ST251 
42+ Meg Hard Disk Drive • SW' 1.2 Meg 
Floppy Drive • Western Digital 2 Hard 
Disk and 2 Floppy Controller with 
Cables • Serial I Parallel & Game 
Port • Complete Operations Manual 
• 80287 Math Co-Processor Slot • One 
Year Warranty 286 16 MHz OWait State 

Running at 21.0 MHzWith EGA Mullisync (Analog) ........... . $1950 
With MonochrolIK! + 40 Meg (ST·l51) .... $1450 
\\1th Monochrome + lO Meg (ST-225) .... $1350 

IEEE 20 MHz 386 EGA Color System $2995 
• Samsung 14" EGA Color Moni tor • 20 MHz 0 Wait State Computer • verex 
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Parallel & Game Ports • Math Co-Processor Slot• Complete Operations Manual 
• One Year Warranty 

386-?0 MHz EGA Tower Case 40 Meg (ST-251) . ... . ........ . ............... . .....• . ....•... $3195 

386-20 MHz EGA Multisync (An&log) .W Meg (ST-251 ) .....• . ........ . ....•...... . •..... • . .. $3295 

.386-20 Mhz EGA Toim Case 80 Meg (ST-41196 211 m~) ....... . ..... ... ... .. .......• . .... • .. . $3495 

386-20 MHz EGA Multisync Tmm CllSI! (Analog) 80 Meg (ST-41196 211 ms) ... . ......• . .... • . .. $3595 


All Systems Also A l'ailable with VGA 

To Order, Call: 

1-214-931-3777 


IEEE 16 MHz 286 
EGA Color System $2250 

• Running at 21 MHz • 0 Wai t State 
• Samsung 14" EGA Color Monitor 
• 16 MHz PC-AT Computer • Baby AT 
Case with Key Lock,Turbo, Power and 
Hard Drive LEDs • Everex Enhanced 
Auto Switch EGA Card 640 x 480 
• Intel 80286 CPU • Multi-speed 8/ 16 
MHz • Landmark Test of 21 MHz 
• Keyt ronics 101 Enhanced Keyboard 
• 1Meg Memory Expandable to 8 Meg 
on the Motherboard • 200 Watt Power 
Supply • Seagate Model ST25! 42+ 
Meg Hard Disk Drive • 51/i'' 1.2 Meg 
Floppy Drive • Western Digital 2 Hard 
Diskand 2 Floppy Controller with Cable 
• Serial I Parallel & Game Port • Com
plete Operations Manual • 802 '7 Math 
Co-Processor Slot • One Year Warranty 

Wilh EGA Multisync (Analog) .. . ....... . . $2350 
Wil h .\fonochrorn r + 40 M~g (ST-25 1) .... $1850 
With Monochrolllt' + 20 Meg (ST·225) .... $1750 
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I • 512K (EXPANDABLE TO 1 MEG), so NS •TURBO SPE"EO & RESET BUTTON

• 1.2MB FDD
I • 20MB HOD (ST-225) • 200W POWER SUPPlY ·----· • 	 101 ENHANCED KEYBOARDI • w.o. CONTROU.ER (2 FOO, 2 HOO) • 6· 16 BIT, 2·8 BIT SLOTS

• 	 EGA CARD w/At,JIO SWITCH • 80287 MATH SOCKETI • 14" EGA COLOR MONITOR e OS/2 COMPATIBLE
WffllT & SWIVEL BASE

I • SERlAl. PARAU.EL PORT CHOICE OF CABINET 
I • CLOCK CALENDAR * FUU. (21 'l x 16.S"W x 6"Hl

I w/BATTERY BACKUP *COMPACT (14.S"W x l 6' L ll rH) 

II 12 MHz ZWS SYS 20 MB 
ST·225 (0.SM$) 

40 MB 40 MB 80 MB 
ST-251 (40MS) ST-251·1(28MS) SI '4096 (28MS) 

I EGA SYS $1595. $1760. $1860. $2050. 

II VGA SYS 
w/MUlTISCAN MONITOR 

$1860. $2285. 
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my practice to back up new work onto a 
WORM cartridge. I have severa l of 
them, one of which is the master backup. 
That isn't normally in the machine. I 
keep it in a desk drawer, and periodically 
I swap it for one that's kept in a safe
deposit box . A few days ago, I had an as
sistant make the swap. When I inserted 
the new cartridge into the drive, it 
wouldn't latch. The cartridge ejected. I 
pushed in again, and out it came again. I 
did this several times, and the final time 
I used too much force. The cartridge 
went in and stayed all right, but the drive 
m~de horrible mechanical grinding 
n01ses. 

At this point, I had to turn off the 
power to my machine. It's the only way 
to turn off the power on an internal 
WORM . Alas, when I turned the ma
chine back on, the grinding noise started 
again. 

The upshot was that I removed the in· 
ternal WORM to examine it. 1 couldn't 
see anything wrong, but clearly it wasn't 
working properly. I said a little prayer 
and used forceps to pull the cartridge 
out. Then I connected the external 
drive-Maximum Storage's controller 
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has both internal and external connec
tors, so I didn't have to change controller 
cards-and turned things on. this time 
holding down the eject button when the 
machine powered up . Then I inserted the 

Maximum Storage 
WORM can be accessed 

through LANtastic. 

cartridge I'd retrieved. 
It all worked fine . Nothing wrong with 

the cartridge. Probably what's wrong 
with the internal drive is something very 
simple. It's beyond me, though, so ['ve 
sent it back to Maximum Storage. Mean
while, the external drive works fine. 

However, the incident got me to think
ing, and now I'm inclined to prefer ihe 

'Yo~!~$: 

w/ZOMBHDD 

• 80M-2 a MHz CPU w/ 640X RAM I 
• 20M8 HOO w/CONTROLLER I 
• 3601(8 fLOPPY DISK DRIVE I 
• 	MONO G CARD (720 x 348 RES) 
• 	 12· m AMBER MONITOR I 
• SERIAl. PAR.AU.El. CLOCIC CALENDAR I 
• 	 101 ENHANCED KEYBOARD 
• 	FRONT RESET SWITCH I 
•POWER, TURBO LED 

J,!!!~L~li! 

w/40MBHDD 

• 	 ~2 BIT 80386 · , 6 (20 MHl OPTION) I 
• 	 1 MEG RAM (80NS) I 
• 40MB HOD • 1.2MB FDD 
•200WPOWERSUPPlYw/DESKTOPCASE I 
• MONO G CARD W/14' TTL FLAT MONITOR I 
e SERIAl. PARALLEl. CLOCK CALENDAR 
• 	 32KB (4·8 SRAM1) CACHE MEMORY I 
• 	 1-32 BIT (MEMORY), 5-16 BfT. I 

2-8 BIT SLOTS 
• 	RELOCATABLE EQA • BIOS TO RAM I 

external drive anyway. I can get several 
controllers, install them in different ma
chines, and carry the external drive-it 's 
about the size of a shoebox- from one 
machine to another when it ' backup 
time. For that matter, though , the Maxi
mum Storage WORM can be accessed 
through LANtastic, and probably any 
other PC network. 

The main thing is that if you have an 
external drive, it's no trouble to follow 
the recommended procedures for reposi 
tioning the latches and heads . With an 
internal drive, you have to tum off ma
chine power. I've suggested to Maxi
mum Storage that they might want 10 put 
a power switch on the face of the internal 
unit , and they're considering that. 

I still ay that anyone who's serious 
about the value of work done on a com· 
puter is insane not to get a WORM drive. 

Minor Glitch 
Recently, I backed up my entire Priam 
330-megabyte drive to a WORM. Of 
course, the Priam drive wasn 't full , but I 
did have files in drives C through I inclu· 
sive. What I did was insert a fresh car

conrinued 
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Items Discussed 

Courier HST ..... . ..... . .... . .... ....$995 
USRobotics 
8100 McCormick Blvd. 
Skokie, IL fl.XJ76 
(312) 982-5010 

Inquiry 937. 


Locus Merge 386 
two-user version ..... .. . .. .. ... ... . $795 

multiuser version . . .... .. .. ...... $1595 


Locus Computing Corp. 
9800 La Cienega Blvd. 
Inglewood, CA 90301 
(213) 670-6500 

Inquiry 938. 


PC Piiiow .. .. ..... ..... ..... ... .... $14.95 
Universal Data Manufacturing Co. 
120 Interstate North Pkwy. E 
Suite420 
Atlanta, GA 30339 
(800) 535-3282 

lnquiry 939. 


SplnRlte .... ..... .. ...... .. ............ $59 
Gibson Research Corp. 
22991 La Cadena 
Laguna Hills, CA 92653 
(714) 830-2200 

Inquiry 940. 


tridge-fresh on one side, anyway-and 
create directories named Cl through 11. 
Then I logged onto C and reset the ma
chine, having first brought in AUTO-
EXEC .BAT and CONFIG.SYS files that 
configure a bare system-no mou se 
driver , no SideKick or ot.her memory 
resident programs, nothing at all but the 
disk driver. 

Then I ordered XCOPY C: *. *N: \ Cl/ s 
/ e . This copies everything from the C 
drive onto the C 1 subdirectory of N, 
which is what my WORM drive happens 
to be. The / s tells XCOPY to create sub
directories if they don't already exist. 
The / e tel ls the program to create empty 
subdirectories as well. 

It's not strictly necessary to reset and 
create a bare system before you use 
XCOPY, but it may be wise. There's 
growing evidence that some memory
resident programs interfere with XCOPY 
in unpredictable ways . Al o , XCOPY 
reads everything it can into memory be
fore it starts writing; the more memory 
the system has available, the faster 
XCOPY operates. 

I copied the C partition to the WORM 

Supra MegaDrlve 
30-megabyte ............. . ....... ..$799 
40-megabyte . ....... ...... . ....... . $995 

SupraModem 2400 .............$179.95 
Supra Corp. 
1133 Commercial Way 
Albany , OR 97321 
(503) 967-9075 
Inquiry 941. 

Vopt ................................. $59.95 
Golden Bow 
2870 Fifth Ave ., Suite 201 
San Diego, CA 92103 
(619) 298-9349 
(800) 284-3269 
Inquiry 942. 

Word Exchange .................. $69. 95 
Systems Compatibility Corp. 
401 North Wabash, Suite 600 
Chicago, 1160611 
(312) 329-0700 
Inquiry 943. 

Cl directory and D to DI without a 
hitch; but when I copied the E drive , I got 
read errors. XCOPY lists each file as it 
reads it, so it was possible to see which 
file couldn't be read . Also, XCOPY of
fers you the choice of retry , ignore, or 
abort. I hit the R key for retry. That 
didn ' t work . 

After a few more attempts , I wrote 
down the name of the file that XCOPY 
couldn't read and hit the I key for ignore. 
XCOPY went on down the list for a 
while, then it happened again . All in all , 
there were about nine read errors, all 
fairly close together. One of them was 
cured by retry . I told the system to ignore 
the others , fir st writing down the 
filenames. 

After the E drive was done , I went on 
to the others. There weren't any more 
errors . When I was all done, I went back 
to the E drive and used the DOS COPY 
command to copy all the files from my 
list into the appropriate subdirectorie . I 
was able to do this with all but one of 
them; clearly , COPY is less sensitive to 
minor disk defects than XCOPY. 

continued 
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SpinRite 
The one file I hadn't been able to copy 
wasn't important, so that was aJl right, 
but the incident was annoying. I recently 
got a copy of Steve Gibson's SpinRite. 
This program supposedly lifts the data 
offyour hard disk a track at a time, refor
mats the track, and puts the data back 
where it found it. SpinRite is said to cure 
disk problems before they get acute. It's 
also supposed to significantly speed up 
your bard disk operations. I've heard 
very good things about it. 

SpinRite is easy, if a bit tedious to use. 
I first aimed it at the C drive of my ESDI 
Priam hard disk drive. SpinRite trundled 
a while and told me there was nothing 
wrong with the disk. Ditto with D. 

At E, it said it found problems. Since 
I'd just made a backup of the entire hard 
disk, this seemed a good time to test 
SpinRite, so I told it to go fix things. 

SpinRite trundled for a few moments, 
told me I had a Priam hard disk drive, 
and Priam says do not use SpinRite, and I 
should go read the documents (which, I 
blush to say, I really had only glanced 
through). The SpinRite documents say 
the same thing. Don't use SpinRite with 

a Priam drive. That took care of that. 
I did try SpinRite on a generic AT 

clone, and it worked fine-that is, it said 
it found some soft errors and corrected 
them. Subsequent tests showed I hadn't 

I did try 
SpinRite on a generic 

AT clone, and it worked 
fine. 

lost any data, and subsequent diagnostics 
with SpinRite didn't detect any more 
errors. Beyond that I couldn't say, be
cause I hadn ' t had any trouble with that 
system in the first place. 

As to the Priam drive , I got out Golden 
Bow's Vopt program and ran VMARK
BAD against the E drive. I ve previously 
recommended Vopt; if you don't have it, 

you really ought to get it. Sure enough, 
VMARKBAD found about nine sectors 
it didn't like. I told it to mark them so 
they're not in use any longer. 

When IBM brings out DOS 4.01 and 
Priam certifies it as safe, I'll probably 
reformat the Priam drive and start over. 
The WORM backup files will make that 
simple enough. Until then, when you 
have 330 megabytes to play with, what's 
a few kilobytes of bad sectors, anyway? 

One More Conversion 

Steve Stirling and I are working on a sci

ence fiction novella that takes place in 

Larry Niven's Man/Kzinn Wars se

quence. A few minutes ago, I got a disk 

from Steve with a new outline and a par

tial draft. 


Naturally, it was in WordPerfect. 
I could have read it into WordPerfect 

and written it out as ASCII , but I'd just 
done that; and I remembered a program 
called Word Exchange. 

Word Exchange works fine. There is a 
hitch: it translates only to or from Micro
soft Word, meaning that to get a Word
Star file, I had first to translate Steve's 

continued 
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Pick your printer problem 

and we'll show you 


a solution. 


Check off your biggest frustrations 
with your printer, and we'll tell you 
about a state-of- the-art remedy 
from AEG Olympia. 

D Poor quality print: 
Neve r send out a shoddy or 
unreadable document again. Let us 
show you what first class printing 
looks like on everything from a 
daisywheel to our Laserstar 6. 

O Tooslow: 
How does 240 cps on a 24-pin dot 

matrix sound to you? Or a laser 

printer that goes almost twice as 

fast? 


D Hard to operate: 

We have 8 different models with 

simpl ified front-pane l controls . 

Easy to learn. Easy to run . 


D Clumsy paper handling : 

Too hard to switch between fanfold 

and single-sheet feed? How about 

a machine with Paper Parking that 

you don 't have to switch at all? 


0 Limited compatibility: 
Our printers can make just about 
any PC look good , from IBMs to 
Apples, and they'll run on all popu
lar software programs. 

D Toonoisy: 
Shut your eyes, and you can 't tell 

whether our Laserstar 6 is on or 

not. 


D Not enough fonts: 

We have 24-pin dot matrix models 

with 4 resident fonts , our Laserstar 

6 has 9, and for each you can get 

additional plug-in font cards. 


D Too expensive: 

If you want price/value. look at 

our best sel ling dot matrix model 

NP30. 


D No support: 

Part of our "product" is our nation 

wide dealer network. If you have 

questions about any AEG Olympia 

printer. the answers are on ly a 

phone call away. 


Tear out this page 
and mail it with your name and 
address to AEG Olympia, Dept. 
ADV, Box 22 , Somerv il le , NJ 
08876-0022. Or if you 're in a hurry, 
call us at 1-800-999-6872. It's the 
fi rst step to making your problems 
go away. 

Name Title 

Telephone 

Company 

Address 

City State Zip 

AEG 

OLYMPIA 
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file to Microsoft Word format, then from Mostly, the document lists program lim

that to WordStar. Even on a fast 80386 itations. The program reads and writes 

computer this takes time; but it does ASCII, all flavors of DisplayWrite, sev

work, and his file is now saved in Q&A eral versions of WordPerfect , Wang PC. 

Write. One fair warning: it takes Q&A Samoa Word, WordStar, and Volks 

Write a lot longer than you expect to read writer. I haven 't tested them all, but it 

in and translate WordStar files created sure eems to work better than Sprint 

this way. Don't give up and reset just be did. It's painless, too. 

cause nothing seems to be happening. 


Word Exchange comes with a 50-page Winding Down 
document. but you won't need to read it I 'm out of space, but there's still an enor
unless your job is pretty complex. mous stack of stuff here. There's PC Pi!

IDEAS TRANSLATE 


LIKE YOU IMAGINE 


WITH 
Great ideas should ma thematic.ii & 
look great on paper. PERSONAL engineering material, 
The 1ransla1 ion is ea .y s1a 1isti cal tables o r 
wirh PC'JtX ®: th<: ~ 1ra ight matter. 
full implementa tion So whether you "n; 
o f Prof. D. Knurh·s writing the 11i:x1 · ~ 1;irs l 101 
n.~' ·olutiunary llY"< ma nual or the great 4:!~ 

for m all ing/typese tt ing American novi: I. 
program. It offers PC r NC de pend on fl<.ft.X for 
us1.:rs th e ca pab ili tes ca mcralpublishcr-r1.:adyTo onlcr or for informat ion. c~ ll:& advantages of manuscript s to be proud 
profess ional typcsc tt i ng. 415/388-8853 of, •1uick & simple 

or write: Per. onal TEX. Inc. 
PClEX give. you 12 M~odron a Avenue Frnrn Per_ onal l)::X. 

control-of design :Vl ill Valley, CA 9-19.:1 1 USA Inc. , sraning <It S2.:19: 
format, type & sy mbols, It; \. •rr- ,_-,i«J l\1 .•re- .. 1) \. 1 VIS 1-\/rv!C welcome. 

I \ ' •ll A n•t ·•'I \.1 I - I, "-· .. ,, 1 \1 
quali1y- for co mplex \ 1.111 t>lr \ 1i.oJ,1t•n -, !('ti tl \1 1 Satisfaction guar;1n1ci.:cl. 

~.x FORMATTING/TYPESETTING SYSTEM • FINE TYPESET OUAUTY '"""®I m.im Of_, prntrn 
or pllOOlO)'P••oilOrn • A COMPl.ET£ PRODUCT. lncltJaos • OUI •peeiauy wnien P'T[X Man.al !NI ~is you 'J>O lEX 
llllmecJLa:ety • custom mxro pad'.M}e rotm.a:ts roe iitn:ers_ m¥¥:J'*S. teennteat <IOCvn'la'ltS. ete • tne Lal{X dOC11r.ert 
~•P'fll!On sys1em (wr'1 u•er°O m"1V~I m.x•o paekaQO "" arocle. t>ooO.. rO(JOlt orop>r>oon • AMS-Tj;X de'rel.lped 11/ l!>e 
""""""" Mal11em.'11ul SO<ietr "'pro!tsSIOll" m•U>om;ruul <ypeso1U19 • OUTPUT DEVICE DRlVERS M•taOlt 10< 
[psoo fX. LO • omo. • HP L....-Jet $Mes • AW'< L~nlJ!f • S<Ieen pi.-.- ""'"EGA VG..:. 01 f<e<Cu!O< <~ 
• REQUIRES: ISM PCllCT AT O< coot1'01J01o. DOS 2 0 O< h'l!ilel & 512K . lla!O 01s~ 101 pnnoer Tl1Tm1 & lonJs 
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low : a keyboard-size cloth-covered board 
with padding under it. You put it on your 
lap and the PC keyboard (or even your 
whole laptop PC) on top of it, making 
things both more secure (because it's less 
likely to slide ofO and more comfort 
able . I'm taking it with me on the train. 

There's a new version of DESQview, 
as well as new DESQview interface tools 
complete with a debugger. Combine 
DESQview with the Phar Lap DOS ex
tensions, and you can have multitasking 
unbound by the 640K-bytc limit, while 
running all your old DOS programs as 
well. This is a serious competitor to OS/2, 
and I'll have more on it next month. 

There's a whole slew of stuff for the 
Mac II, including both a facsimile board 
and a scanner; maybe I'll have a fax at 
last. 

There 's Symantec's GrandView, a 
worthy successor to Ready! and Think
Taruc; GrandView is extremely powerful 
and easy to use; put it in a DESQview 
window, and you won't know how you 
ever got along without it. 

The book of the month is Robert 
Wright's Three Scientists and Their 
Gods (Times Books, 1988). The t itle is a 
bit of a misnomer; the book is an account 
of the beliefs and work of Ed Fredkin, 
F. 0. Wilson , and Ken Boulding. Bould
ing, a Quaker, is the only one close to be
ing a traditionalist. I've known him for 
some years, and Wright does a pretty 
good job of presenting his views. The 
computer book of the month is by Mi
chael Banks, The Modem Reference 
(Brady, I 988). This will tell you all you 
need to know to get started and keep go
ing in computer communications. 

The game of the month is Earl 
Weaver's Baseball for the PC. My base
ball fanatic son ha spent half the time he 
isn't actually watching baseball playing 
the game. Me, I'm still addicted to Em
pire. The PC version is all right, if a bit 
slow; it's better on the Atari ST. Of 
course, if you have an Atari ST and you 
haven't got Dungeon Master out of your 
system, nothing else counts. • 

Jerry Pournelle holds a doctorate in psy
chology and is a science fiction writer 
who also eams a comfortable living writ
ing about computers present and future. 
Jerry welcomes readers' comments and 
opinions. Send a self-addressed, stamped 
envelope to Jerry Pournelle, clo BYTE, 
One Phoenix Mill Lane, Peterborough. 
NH 03458. Please puz your address on 
the letter as well as on the envel.ope. Due 
to the high volume ofletters, Jerry cannot 
guarantee a personal reply. You can also 
contact him on BIX as ''jerryp. " 
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Periscope's New Version 4 

•••Gives you all the right stuH for debugging! No 
matter which model you pick, you have the 
same powerful software to help you track down 
hard-to-find bugs fast. 

l'.:riscopt'·, hanlwJrc add' 
the po wer to 'olw thc rcall~ 
tough dehugging pmhlcms 

The hrc:ik-nu t :.wi1ch let. 1·nu 
hrr:1k inio the S\'Stem :1m· 11mc 
Ynu can tr:1ck d;),,'n :1 bug 
1n,1:1mly. ,ir Jll't d11.·l·k 
wh:u -. going on . without 
h:t\'lllg to reboot or power 
down and b:tck up. Th:u \ 
n:Jlh· usdul \vJ1en your Tt>e NEW Perisc<>l)<l I 
"''[Clll h :tng~· Tile: "''i tcll j, memory ooard keeps all d bu.gg1ng 

rn1orm1.n on OYt o~ lhe lower 640K Can 00 used 1n1ncludcd \\' lfh Pcn,copc I. 
PCs ATs. and 366$ ~ lh t)O!n EGA I VGA and EMS t>oard~

f\·m cnpt· IL :md l'l:risc, ipt' Ill m;.ra led Tnt• Per scope oreak-ouit s ... 11ch enables you lo 
r.~·LOvef rro"" a M~~ng ')•,.-srem Included w1U'I MOd IS 1 II .and ml'cn,copc I h:t<; :1 ;\IEW hmrtl 

"uh ;; 121\ o t' wri11.· pro1n:1cd R:\ ,\ I. u'n-e:qJ:tn tl:ibk: to 1.\IB. to r till' Pni>lOJX ,oft war.:. 
,,·mhot 1:1hlt'', .ind .1lt rt:l:ui:d Jchuggin~ rntorm:niun ..'\ormal DOS memory 
(the lnwcr <> 101\ t 1~ thu> tm:ill\· lrn:d U[l for \llUr applicauon . :md l'crhcopc: 
b prrnarcd frnm hem~ m·crwrmc:n h1· :1 run :11\' :1~- progr:tm . The nc\\' 
bo:irJ \ iornprint is uni\' _\21\ . ' n yuu c:111 u '-" i t 111 PC. AT. anti _>.86 >y~tcms 
with EGAJ\ "GA :mLI DIS hoari.J, ms t;i llcd (not po"ihk with tht' pn:uou. 
161\ board). It cm Jlso be used w11h Pcriscupc 11110 pro\"lde Jddll1nml 
\\'fitc -pro tcc tcd memory 

Pt:mCOpt' Ill h:1' :i bowJ wi1h (11K of Wfllt" prott:ctrd R.~ .\I to >lore tht: 
Pcrhcopc , o ft\\'an: .ind ~s nwch ;1<ld111o n. I 1nt'orm:1t1011 ~'will fit A:\D.. 

The Pcn,cope 111 hoard <t<.ilh anmher powcrt'll l dirnt·n~1nn tn ro11r 

tkbu~ing . I1:, l1:1rdww.: l)rt:akpui1m. :111d re~1l-t1r11t: tr.tee hufin lt:t you 
tnck down !lugs 1h:H :1 >o f1w:irc-orientcd dchug,_11cr woulJ 1:1kt: too long 
to find , o r c1n·1 fmu :u :iii' 

Tr.a Per•seope UI hardware-breakpomt board captures 1n tormalt0n 1n reaf.11me. so ycu'll find bugs thal can' l 00 
~our.d V1o1th a sortw are-based O'ebugge1 .............._...,, 


David Nanian President of Underware Inc
• • · • · 

(or BRIEF fame) say. 1hi, :lhout the new 
Pl! rl.,co~ sonware &
250 + pogo manual 

Periscope Version 4: 

" Periscope: ll;i> .Ll\\~IY' llt:t'n ,m unht:l1cl':1blc 
;1-; ·c:mbkr-lc1·d lkhuggcr \i:r,ion ·I h;1s 
turnt'd it mco :1 tt'rrifk 'oum:·k\'t:I dc:huggc:r 
.1 , wi:ll :\'itk lro111 mJ jor nlhJnn·mcm · like 
the ourct' ·lcvc.:I impron.:mcnt'. ;111 thc: littk 
dlll1)(n r11;1kc .1 rc1 l ly h1g difference. to o Fm 
11N.1ncc. s\'lnbol loo kur' :md J1>:issemhhc.; 
:in: nnuccably foster. and h1ghlight111~ 1ht 
rt:gi,tn~ 1h~t hal'c chanJl,nl rc.1111' makcs lilc 
t';1,ic:r Oner :l!l.:tin . Pt'rncopc h;1' r.1isnl 1hc: 
1mlu>try ,1;111d;ml for d ·huAAc:r,• " 

It help' you dc:hui,.: 1u:.c :1ho u1 :iny kmd of pmgr:im \'OU o n wmc 1hornughll' :ind 
ct iic icm ly 

Prri,copl'\ the :m~wt:r for dt'hug,~ing dl'l'ICt' ·dril't'r' . mcmorl'·ll' ' itk n t. 11< i11- no~ . :Hld 
1nterrnp1-dn,·c:n progrnm' Pni"·opc wo rks wnh .my 1.mgua~<:. ;ind prondc' '"urct' :ind nr 
,:·mhol ·uppo n for prni;:r;1ms writt~·n in l1i11h ·h.:,·cJ l;mgu;1g1:, :111d .t 'cmblcr. 

What's New In Periscope 
Version 4: 
• \1ti.\ l11"'.il ...,111.,,iJ.., Jr ·m \,i .. r1·"' 111 

1\cr,:1 m ;I 

• f)\..·tlllg \la. 1,..,,1tt \\ md '''"' .l''Ph'- 1111 1 .. 
• '<'I hlt'.l~i'' 11 11!' Ill 1'11\ i-. 11c1 .II' 

• fmp1t1\nl '••W~l- h·Hl .. 11p1l1 fl 

• \lr 11111t>J \.IHJiili..' LL\ .I \\Jtl 11 \\Olli• \\ 

• Sth."o tlic.·hu_I.!, rq:1...i~·r -.upp,111 
• fh.IHIJ.! t ... m~ .l dumh h:rmu•.il 

• l' "I .! \\,Ui. hd11'..! "lllll"f 'ILJ'pttrl 

" 1• I 'l' 1111\l d Ll'L mh jr ..• 

• -...~I 1rc.1!.. tllll~, •Ill \.111 l", JI l.z.~, 

• \ l 11< ll 111urc' 

• 	 Peri.scope I 111llu<.b ,, NE\l;. 1ull-len1:ch 
llo.irLl 11 l!ll · 1~K of 1\'fllr-pro crc1cLl K.~\I 

tu,cr ·e~p:1r1 ll.1hle 111 l\llJ ). h rnk-11u1 
'"l!ch. "1 t11\~1ri: .1ni.l nunml for . (>'J 'i 

• 	 Periscope 11 md ui.Jc, tm·;1k-ouc '\' nrh. 
'l>!tll':lfC Jnd m.lnUJI for SJ-:; 

• 	 Periscope 11-X 1ndutJc, ,oft" .ire m d 

m:111u:1I (no h.1ri..1"~ 1rc ) lo r sH~ 


• 	 Periscope Ill 1nrlmk' ,1ful l-kni:tt1 
ho:trd '' nh (11K ot "rnq1ro1cn nl ll~\1 . 
h:mh,~l r<" hrc:1k po1111' .111d 1...:1l -t1mi: t t.1( <: 

huffn: hr«A 0111 <\\'l!Ch ,o ftw:i rc :mJ 
mJnuJI l'cmcopc Ill for m.1d1 mc ' ru n 
mng up to 11 1\lllL 111111 one \\Jl! ·<C.Hl' ' ' 

l.'9' 
Due 10 the volalilily ot RAM costs,prices on board 
models are subjecl to change wllhout nolice. 

REQl .IREMEl\T:\ : 11\,\J I'<. . :\ T, :\I", P'i ! , 
HO_, H(• or do' c '"111 pJt1 bk f l'cn,wp~ II f 
r~qu 1rr' lurd,1:1rc :1.' 11dl '" " •fl\ur« »c >111pJI · 
1ti1lll \, thu' w1l l 1101 \\Hfk un l'~ 2 nr H05H(1 
'''1~1rn ). DO~ ! o or b in: 6-1K ,t\':11l.1hk 
111i:mmY 0 1 ' t\ .11 in,ulf:111n n 11mc ). <>nc d•'k 
dmc. :111 1\11-\,olurnn nw m11>r 

C tl l LI' \\'1th \ ll\lr q LK',llo<l:- \\ <:J I ht· h:ipp' 
lu .. c1u.J H}U r'rre in lnrmJuon nr hdp w1u tk 
u i.lt· <lll l ht: lllodd t l l..ll hnl " " \ ll ll r nn:J, 

Order Your Periscope, 
Toll-Free, Today! 
800·722-7006 
MAJOR CREDIT CARDS CC l' P1·eo 

The 

Periscope

Company, Inc. 

1197 PEACHTREE ST. • PLAZA LEVEL 
ATLANTA, GA 30361 • 404 I 875-8080 
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E XP E RT AD VI C E 

APPLICATIONS PLUS • Ezra Shapiro 

PORTABLE 

SOFTWARE 


Programs packed in 
ROM for traveling 
computer users; 
thoughts on Spuds 
MacKenzie and OS/2 

A
re you familiar with Spuds 
MacKenzie? He's that wonder
fully ugly bull terrier who acts 
as the star celebrity in televi 

sion commercials and print ads for Bud 
Light beer. The dog has become a major 
sensation. Billed as " the original party 
animal," you can find pictures of Spuds 
on billboards, posters , T-shirts, and 
even neon signs. But without question , 
it's the television spots that have rocketed 
Spuds MacKenzie to superstardom. And 
television is the medium that really de
fines the essence of Spuds. 

The scenario for each commercial is 
fairly similar. Spuds is wheeled to center 
stage wearing a ridiculous costume (a 
tuxedo or a Hawaiian shirt , for exam
ple) . A trio of women sings, "Go, Spuds, 
go!" An announcer extolls the virtues of 
Bud Light. Dancers whirl about the set , 
ostensibly portraying the exciting party 
life. Spuds sits there and pants good
naturedly. That's really all there is to it. 
Why Spuds MacKenzie should have be
come a nationa l culture hero is beyond 
me; perhaps it's because the dog is abso
lutely expressionless through the course 
of all this mayhem. Your guess is as good 
as mine. 

Anyway, one evening while watching 
another 30-second Spuds spot, I sud
denly realized that Spuds MacKenzie is a 
perfect metaphor for OS/2. Think about 
it for a second. Microsoft wheels OS/2 to 
center stage, dressed in a tuxedo or a Ha
waiian shirt. Singers croon praises. The 
announcer extolls lhe virtues of the Pre
sentatfon Manager, vast amounts of ad-

ILLUSTRATION: CAT HARINE BENNETT © 1988 

6. .. . \.. 

dressable memory, the DOS compatibil
ity box, and suchlike. Dancers whirl 
around, symbolizing the computing joy 
we'll achieve when we switch to the oper
ating system of the future.. OS/2 just sits 
there and pants good-naturedly. Abso
lutely expressionless. 

If you follow the trade press, you'll 
have noticed that month by month the 
minimum requirements for a system that 
can run OS/2 go up as the projections for 
market share go down. Microsoft has be
gun muttering that OS/2 will need some 
sort of dynamite software package to pull 
the public in, much as VisiCalc lured 
users to the Apple II way back when . 

Though the list of hardware and soft
ware companies "endorsing" OS/2 and 
the Presentation Manager continues to 
grow, we're still waiting for all that fan
tastic software we were promised when 
the show began. None of the OS/2 pack
ages released so far has been the sort of 
blockbuster that would cause most peo
ple to shell out the bucks to make the 

switch . And Unix is sitting off in a 
corner somewhere, sharpening its fangs, 
waiting to drag OS/2 into a real dogfight. 

I propose that while we're waiting for 
OS/2 to become whatever it is that it's 
supposed to become, we simply refer to 
it as OS/Spuds, after Spuds MacKenzie. 
The phrase rolls off the tongue, and the 
similarities are hard to miss . 

There is one impor tant difference, 
however. Spuds MacKenzie is doing a 
good job of selling beer. OS/Spuds isn't 
sell ing much of anything yet. 

Smallware 
I've been messing around with laptops 
again, after giving up on my Tandy 
Model 100 a year ago. It had served me 
well as a portable terminal and a note
taking machine, but my irritation with 
the teeny screen finally got the better of 
me. In most other respects, it ' s a perfect 
computer; supplemented with Traveling 
Software's Ultimate ROM 11, it can do 

continued 
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many things well , and it weighs almost 
nothing. But I found myself lugging it 
around and rarely turning it on, and I'm 
not enough ofa masochist to enjoy carry 
ing dead weight. 

Currently, two machines are battling 
for replacement duties. Note that my 
needs are relatively simple. I want decent 
word processing and some way to com
municate over telephone lines-nothing 
more . Forget disk drives, fancy graph
ics, and MS-DOS. One of the things I en
joy about this approach is that I don ' t 
have to use the same software I use on the 
bigger machines. Yes , I know this is a he 
retical philosophy and that I should be 
drooling at Compaqs and Toshibas, but 
sometimes I find it refreshing to strip 
down to basics. 

One of the contenders is the PC-8500 
from NEC, a discontinued model that 
you can buy only from liquidators. It 's a 
direct descendant of the Kyocera line 
that includes the Model 100, only this 
has a 24-line by 80-character screen and 
some serious software in ROM, includ
ing WordStar, a spreadsheet , a filer that 
allows either standard fields or free-form 
text , and a telecommunications module . 
It ' s also a CP/ M machine , which mean I 
can run dozens of little public domain 
utility programs. It 's heavy , though. Six 
pounds, not including the AC adapter 
and the essential 128K-byte RAM add 
on . And it burns C batteries at an alarm

ing rate . But WordStar is WordStar, and 
I've spent some delightfu l hours with the 
PC-8500 writing on the back porch. 

The competition comes in the form of 
a bizarre British machine from Clive 
Sinclair, the Cambridge Computer Z88 . 
To begin with , it 's tiny , a hair smaller 
than a sheet of typing paper and less than 
an inch thick. It weighs about 2 pounds , 
and that includes four AA batteries and 
three ROM or RAM cartridges (I' ve 
stocked mine with two !28K-byte RAMs 
and a ROM that contains a communica
tions program). The display is only 8 
lines deep, but it ' s 106 characters wide 
and a supertwist liquid crystal dj splay at 
that. The keyboard is rubber, but the key 
travel is realistic and the touch is light . 
Someone with thin fingers like mysel f 
can really get some speed going. 

On appearance , portabiJity . and ergo
nomics , the Z88 beats the PC-8500 hand
ily. I haven't decided about the software 
though , and that' s the purpose of throw
ing this discussion into my column. Both 
machines are based on the Z80 chip, but 
the PC-8500 is stocked with old friends 
from CP/M days, while the software in 
the Z88 is radically different from any
thing I've ever seen. 

The operating system and a collection 
of software modules are built into the 
Z88 's ROM . This includes a calculator , 
clock , alarm, calendar, diary, terminal 
emulator, printer editor (for saving es
cape sequences for your output device), 
file maintenance system, BBC BASIC , 
and a word processor/spreadsheet combo 
called PipeDream. 

Inclividual modules are loaded from a 
main menu and remain active until you 
explicitly shut them down . I've heard the 
principle called " lazy concurrency"; al
though true multitasking is far beyond 
the capability of this machine , it saves 
status information in available RAM , let
ting you jump back and forth among ap
plications quickly. You can even launch 
multiple "copies" of PipeDream for a 
simulation of windowing. 

PipeDream itself is the major oddity. 
It's essentially a spreadsheet, with verti
cal columns labeled with letters and hori
zontal rows indicated with line numbers. 
Used as a spre;!dsheet, its operation is 
straightforward and not much different 
from any other spreadsheet. Ifyou know 
Lotus 1-2-3 or SuperCalc, you can make 
the adjustment quickly. 

However, the spreadsheet paradigm 
has been modified to allow PipeDream 
to operate as a fairly decent word proces
sor as well . You can set a right margin for 
text , and once you begin typing, word 
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wrap takes you smoothly from line to 
line . Inserting text into an existing para
graph pushes following text down as 
needed , but deleting text requires that 
you issue a "reformat paragraph" com
mand. This is a bit more automated than 
classic Word Star on the PC-8500, but not 
as slick as current MS-DOS word proces
sors that handle all reformatting auto
matically. It's a minor inconvenience, 
though, and you quickly adjust. 

More troubling, however, are traces of 
spreadsheet functions that have not been 
altered when you're in text entry mode . 
Though lines stretch as far as you've set 
the margin, they're still essentially sin
gle spreadsheet cells. The Tab key is use
less for paragraph indents, as it moves 
you from, say, column A to column B, 
thereby resening your left margin. 

Likewise, you have to use a special 
" plit line" command to insert a carriage 
return into the middle of an existing line; 
pressing the Return key merely moves 
you down to the next line. You can't use 
the left arrow key to move from the start 
of one line up to the end of the previous 
one. And block operations, oriented to 
cells, take whole lines only; if you want 
to move a sentence from the middle of 
one paragraph to the middle of another, 
you're out of luck. 

I find the Z88 extremely frustrating as 
a result of these niggling inadequacies. 
Were the software only slightly more pol 
ished , it would be amazing . PipeDream 
lets you mix running text and columns of 
numbers easily, so there's no need for 
separate files if you 're trying 10 generate 
a business report. The word-wrap and 
standard justification options can be used 
to create side-by-side narrow columns of 
text. Mail merge is handled easily by 
using a spreadsheet as a sort of database. 
There's even a "word count" command 
for writers on the go. 

What's my reaction to all this? Well, 
even though the 288 strikes me as over
priced al $549 without any adrutional 
memory cartridges, 2 pounds is still 2 
pounds . If you need a true lightweight 
laptop , it ' the only way to go. The 
Swiss-Army-knife software covers most 
of what you'll do on the road, barring any 
need for powerhouse MS-DOS programs 
like databases. I took the machine on a 
week-long trip during which I rud a lot of 
writing, and the software never crashed. 

But I do resent the small sacrifices in 
convenience I have to make to use Pipe
Dream as an editor. I just wish Cam
bridge would spend a little more time 
perfecting PipeDream, making it into a 
more reasonable tool for text handling. 
And I'd love to see someone else take the 

concept and design a spreadsheet with 
margins and word wrap that can be used 
on other computers; it makes a lot of 
sense as a multipurpose tool. It 's a great 
idea, certainly worth investigating. 

What about the PC-8500? I suspect I'll 
keep it around for full -screen editing 
with WordStar , which still beat Pipe
Dream. The Z88 will become my long
distance machine, accompanying me on 
trips, while the PC-8500 will live in the 
house, moving from room to room when 
I feel like abandoning my office . And 
with a cable, a null modem, and a gender 
changer, I can dump files into my bigger 
machines with little effort. 

I refuse to take either laptop with me 
when I'm on vacation , though. Enough i 
enough. 

Taking Notes 
I've repeatedly expressed my affection 
for an MS-DOS pop-up program called 
MemoryMate (Broderbund, $69.95). It 's 
a free-form text database that allows 
searches on any word; think of it as a 
stack of 120-line by SO-character cards 
that can be organized by issuing a search 
command. You can enter your data in any 
format you like ; field names are not 
required. 

MemoryMate will cut and paste be
tween its records and your main applica
tion, so you can use it as a permanent text 
scrapbook. It's handy for note-taking, 
and I love the ability to enter random bits 
of information and retrieve them with a 
minimum of effort. Memory Mate works 
the way I do. 

Things change quickly in this busi
ness , and it 's now time to report on the 
latest batch of enhancements to Memory
Mate. Although I had few quibbles with 
the original, I have to admit that the up
grade provides MemoryMate with sev
eral much-needed capabilities. First, the 
maximum ize of MemoryMate 's data
base has gone from 2 to 32 megabytes. 
Second, you can now witch among 
named databases, so you can add another 
level of organization to your record-keep
ing. Third, you can search for words 
using a mixture of alphabetic characters 
and wild-card symbols. 

Fourth, MemoryMate now supports 
the Lotus/Intel/ Microsoft Expanded 
Memory Specification; you have to give 
up only 30K bytes of main memory. 
Fifth, author Michael Fremont has added 
a linking feature, which he calls hyper
text, that Jets you chain related records 
that may not contain the ame search 
words . It's a nice shortcut. Finally , the 
program is now packaged with a large se· 
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cash~ Al re1urns are "'blecJ co our •ppraval There wo11 be a 20". resloclc ree M•n.mum pl>O<le oraer 
$50 or~ a·e Subje(llOCilanQC Due 1ocopyroi~1 laws \'IC c.inno1 a\Jl back anyopMSOltv.are 

WAREHOUSE DATA PRODUCTS 	 S&rvic.ing our PC buyers with Ph011e Hours : 
low pnc1ng and technical Monday ru Fr.day 6:30 am-9:00 pm. -=-·2727 West Glendale Ave. • Phoenix, AZ 85051 No Charge !or expetience since 1979. Saturclay9·00 am-5:00 pm MST. 

We do not guarantee compa1iblli1y 	 MasterCard or Visa 
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ATTENTIO 

dBASE III PLUS 
Programmers & Developers 

Increase your dRASE Ill PLUS'"' program speed u1> to 15 times! 

Design and distribute compiled dBASE program royalty-free? 

Protect your vulnerable source code from inquiring minds! 

Develop dBASE applications without dB SE III PL S! 

dBFast $99.00 
. . . a powerful MS-DOS compiler for the dBASE Ill PLUS la11gm1ge which 
explodes stora1:e and performance restrictions imposed by other, much 
more expen.~ive compilers. 

Li~htning Compilation Speed 
Ma.xim1le progr.1111ming and lcsting cffi1.·icm;y. dBFa,1\ uni qui: mcmor}-re>i<lem ''Engine" (Oll i) 

87K) eompiles 1ypical dB ASE 111 PL S program' inju,1 J-6scconth with no linking 'tep rcquirnL 

Incrcdibl~· Fast Execution 
<lDfa,t coonpikd progr.rn1> ru n up 10 15 1imc' fos1cr 1h:m i111crprck'<.1 dl:lASE. On indq'<'n<lcntly 

1.kv<:l oix;d 1c,1 'Uih.". dllFa't ha' proven 1ime & "gain tha1 'omc1hing indeed . .. ~ tlll'jo• ' 

Small, Efficient .EXE Files 
Wi1h nu bulky run -lime libmry ro c hmcr your .f;XE file,, dBFa.,1 crnnpilcd programscon~umc as 
li u h~ a-' 2K of di k <pace! Typic:1I Program · rnkc 5-30K. 

Ha set-free Multi -l lser ·om·ersion 
dRF:"t·, Au1olod. command cnaliks mu ll i-u,cr/LAN prolucob 111 one 'hurt line ul code. 
Elin11rrn1e' 'Y"Cm lockup' :rn<l da1a co ll"ion' 

dBFast/Mac $199.00 
. .. a rich, i11teractfre "Program111i11g E11~·iro 11111 e11t" that allows you to 
combine the power and versti/ity of the dBASE Ill PLUS progr<m1111i11g 
language witl1 tile intuitive lmmcm interface of Maci11tosll! 

lnt eracli\e Programming F.m ironmcnt 
:-hximuc ) our prog ramming cfficic11cy with cJBFu->t/Mat: 's 111 1cracti\•c <:0111pilcr/ccli1or. Dc,·dop. 
compile. debug . :u1d nm your applicarioir - on rhr tly · 11 i1hou1 ever leaving 1hi' po\1erful 
progr.1mmi11g cnvirunmcnl. 

Accelerated Proj!ram E:\ecution 

dBFa,1/Mac compikd programs run up to 2(X) llmcs fa,tcr than irllcrprcted dBASE. On 

indcpendcn tly-dcvctoped tes t Sll•lcs. dBFa<1/Mac;, up 10 ~nr-1 fa,i.:r 1han r O\BASE / M;u: • ! 


1.anguage E'.1.lcnsions For Mac's Fricndl) Interface 

Ensily impkmcnt 1hc po" crful t-focintosh user inlcrf;Kc add ing mou~c support . pull -do" n menu,, 

multi pl.: w1n<lu11 ing. and cl id-on buuon' to~ our dB ASE progr.1 111_, _ 


dRAS . Ill PLVS Portability 

C 1pi1ali1c un) nur prior MS-DOS dc\'clopmenl cffon' by porting yourexi~111 1g .Pl<G anti dalll Iii~' 


to <lBFas1/Mac wh~rc you may ca~il)' ad<l 1hc powerful Macinto'h in terface. Data file> 1r:1mfer ;i_, 


well. diminming lhc need 10 n:kcy) our dam. 


Sold By Quality Software Dealers Througllout The World 
For Sales Information, Please Call (800) 356-6356 

d UF-.a_,t. h,'-H ,\ Sl:.+/P.. 131.:'. \t.... un11hh .•mJ d0ASE Ill PLI 1S ;m: !r.1.lnrun., ,,f J Hl·.t'\I, Li11.. • 

hl\ 1'1~ll\\.lr<' , Atl!)lc C'uo1p1Jll"l'.h111.: . .11nd A'h'~lfl ·T~1tc: . n:"'l"C~ 11'>-1;" 1) 

APPLICATIONS PLUS 

lection of useful j unk, including toll -free 
phone numbers , metric conversions, area 
codes, and , yes, DOS help. 

I recommend MemoryMate to every
one, without reservation . It has been a 
truly great program all along, and now 
it 's even better. However , MemoryMate 
i ~ no longer alone at the top of the heap . I 
just received the latest version of Tor
nado (Micro Logic, $99.95) , and I'm 
finding it very appealing . 

The underlying philosophy is the 
same- both Tornado and MemoryMate 
are designed to keep track of odd pieces 
of information- but the two programs 
take different routes 10 get to the same 
goal. MemoryMate uses full -screen 
records, while Tornado employs lots and 
lots of windows. I once described an 
early version ofTornado as " looking like 
Framework gone mad ," and the phrase is 
still apt. 

Tornado lets you make little notes to 
yourself and organize them into stacks of 
related material. Like MemoryMate, you 
can search on a keyword, but Tornado 
also lets you flip through a stack of win
dows . Tornado optimizes screen appear
ance every time a new window is brought 
to the top of the stack , and occasionally 
Lhingsjump around a little , but this is un 
settling only the first few times you use 
the program. 

Tornado seems 10 be a bit quicker than 
Memory Mate , but its windows are gener
ally smaller than MemoryMate records . 
Tornado is a much more visual program, 
though. And it lets you create templates , 
so you can enter your data into conve· 
nient forms, a feature that is lacking in 
Memory Mate. 

On the whole , the two programs seem 
about equal . Both are top-notch, and I 
highly recommend both of them. Prob
ably the major difference is stylistic 
rather than structural; I'd suggest look
ing at both of them before making your 
decision . 

I think I'd prefer 10 use MemoryMate 
on a big hard disk drive- system for long
term storage ; Tornado strikes me as bet
ter suited to quick reminders and a laptop 
environment. But whichever you choose, 
get one or both of them . Either program 
can make your life a lot easier . • 

Ezra Shapiro is a consulting editor for 
BYTE. You can comac1 him on BIX as 
"ezra. " Because ofthe volwne ofmail he 
receives , Eua, regretfully, cannot re
spond to each inquiry. 

Your questions and comtMms are wel
come. Write to : Editor , BYTE, One 
Phoenix MUI Lane, Peterborough , NH 
03458. 
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What's Your Excuse? 

Over the years, we've heard a lot of excuses. 


We thought it was time to set the record straight. 


The ten most used excuses for not buying The ten best reasons for buying FLASH The Disk Accelerator. 
FLASH The Disk Accelerator. 

I. It won't work for me because I've got I. LIGHTNING won't work for you but FLASH will! FLASH not only 
extended memory! accesses AT extended memory but uses AT extended, EMS expanded and 

conventional memories separately or in any combination of the three. 

2. 	 My machine runs fast as it is! 2. This is one of the biggest misconceptions! The fact is, the faster yo ur 

pr~r the more you need a disk cache. Your 386 system won't be 

running at top speed until FLASH is installed! 


3. 	 Installing TSR's is too complicated! 3. We take pride in how hard we work to make your work easier. FLASH 
comes equipped with an organized, easy to ~.easy to understand 
manual and command language. ot 10 mention, a sensible menu 
installation and command help screen! 

4 . 	Disk Cache? 4. We want everyone to be familiar with the fantastic benefits of increased 

system speed. We encourage you 10 call us or see your local dealer for 

information! 


5. I got one from IBM free! 5. 	 You get what you pay for!! 

6. Disk ca.ches won't speed up floppies; that's all 6. 	 The popularity of portable systems has our competition scrambling to 
my portable has! create a program that does c.ache floppies. FLASH , however, has been 

there all along. In fact, FLASH will buffer a whopping 26 device driven 
drives! 

7. They 're all the same! 7. Please, don't be misled. FLASH, because of it's wide range of options 

and superior speed, is guaranteed to be the fastest ~.ad most versatile 

cache on the market PC Magazine seems to agree! 


8. 	 I've heard disk caches will blow up my drive! 8. Most can, but FLASH won't! Its unmatched level of compatibility helps 
generate the safest information transfer available! 

9. 	 I've already got one, why spend more money? 9. Why? Because it's well worth the price! We want you lo find that out. 

And, the price can't be beat. If you already own a disk cache we'll sell 

you FLASH for just $19.95! Call for more details! 


10. All of the above. 	 10. There aren't any ~not to! 

FLASH is the hands down winner ... FLASH stands a1 the top of its class ... 
A feature rich caching program with FLASH offers all the options of w
adjustable Cache sizes and support for · I • 	 LIGHT ING and more." 

- Whitney Bolton, Byte Magazine:~~~~~ f~re~oou;;;~~~:: best caching i ~ Ed1'tor's Cho1·ce April 1987 
- Winn L. Rosch, PC Magazine "Better than several others ... a clean 

ovember 24 1987  !jttle program .. . impressive!" 
- Howard W. Sams & Co. Publishing 

FLASH The Disk Accelerator. 
from 

$69.95 lffil ~. Please call today 1-800-25 FLASH CACHE OWNER $19.95 

or see your local dealer. 


Software Masters Inc. 6352 North Guilford Ave. Indianapolis, IN 46220 (317) 253-8088 
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NEC MULTISPEEO EL.U .........$1399 
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TOSHIBA 1000.........................$729 
TOSHIBA 1200 F ..................$1549 
TOSHIBA 1200 H .................. ...$2199 
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EXP ER T ADVICE 

DOWN TO BUSINESS • Wayne Rash Jr. 

Do PRODUCTIVITY 
TOOLS HELP 
PRODUCTMTY? 

Selecting the right 
package is like walking 
through a minefield . It's 
easier to take the wrong 
step than the right. 

W
hen's the last time you made 
a luncheon date with some
one who keeps appointments 
on his or her computer? You 

probably remember the event. "Are you 
free for lunch on Thursday?" you ask. 
Then you wait. 

First you hear some beeping on the 
other end of the phone while the person 
you're talking to gets out of Lotus 1-2-3 
or WordPerfect or whatever. Then he or 
she runs the appointment calendar pro
gram, finds the proper date, and types 
you in. Seems to take forever, doesn't it? 
It all seems like a lot of trouble, when all 
you had to do is take your Day-Timer out 
of your pocket and write in the date. 

As this example illustrates, not every
thing that bills itself as a software pro
ductivity tool does much that's positive 
for productivity . On the other hand , 
other packages billed as productivity 
tools are quite helpful. How helpful de
pends on what the program is designed to 
do and how well it does it. 

What Is a Productivity Tool? 
Before I get too deeply into this discus
sion, it' not a bad idea to decide exactly 
what a productivity tool is . The problem 
is that there's little agreement among 
users on the exact definition . Too, the 
waters are muddied by those who, if they 
can't think of something else to call it, 
define their software as a "productivity 
tool." 

The other reason for confusion about 
productivity tools is that there are at least 
two types. There are those aimed at what 

lLLUSTRATION : JAMES YA.NG © 1988 

are essentially vertical markets . That is, 
they are aimed at a single specific seg
ment of the market and are intended to 
accomplish work only in that field. A 
good example of these packages are edi
tors for programmers, such as the Side
Kick editor or the Condor editor. Like
wise, an on-line thesaurus such as Word 
Finder is a productivity tool for writers. 
Systems analysts might use Index Tech
nology's Ex~lerator to help in system 
design. 

Then there are the tools aimed at hori
zontal markets. They are intended to be 
used by nearly anyone in nearly any busi
ness. A good example is SideKick's ap
pointment calendar or its phone dialer. 
Borland once had the field to itself. But 
now such packages as Prodex and Take 
Charge have entered the picture. On a 
grander scale, there's GrandView, 
which promises manager to improve 
productivity. 

The Vertie.al Approach 
If there's one area where productivity 
tools are really likely to shine, the verti

cal market is it. Generally, vertical pack
ages are developed by people who actu
ally use them. Programming editors are 
developed by programmers, for exam
ple. Provided you like the approach they 
use, chances are these packages will, in
deed, enhance your productivity. 

The secret to uccess of the vertical 
market tools is that they don't even at
tempt to be all things to all people. They 
simply take aim at a particular function, 
such as the programming editors men
tioned above, and try to make that func
tion easier to handle. If you're shopping 
for these types of tools, you've got a good 
chance of finding something that will 
help whoever's going to end up using the 
tool. You will need to take care, though, 
that the tool you select actually does what 
the user wants. 

The Horizontal Approach 
Trying to select the proper type of hori
zontal productivity package is like walk
ing through a minefield. It's infinitely 
easier to take the wrong approach than 

continued 
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Items 

Discussed 


Condor Editor ...... . ... ... ......$129.95 
Condor Computer Corp. 
1490 Eisenhower Place 
Ann Arbor, Ml 48108 
(313) 971-8880 
Inquiry 961. 

Day-Timer ................ $13.4510 $82 
Day-Timers, Inc. 
I Day-Timer Plaza 
Allentown, PA 18195 
(215) 395-5884 
Inquiry 962. 

Excelerator ...... . . .. .............. . $8400 

Index Tecb.nology Corp. 

I Main St. 

Cambridge, MA 02142 

(617) 49~8200 
Inquiry 963. 

GrandView .... . ....... .... ...... ... .. $295 
More .. . ..................... .... .......$395 
Symantec Corp. 
117 Easy St. 
Mountain View, CA 94043 
(415) 964-6300 
(408) 253-%00 
Inquiry 964. 

the right one. The reason is simple. 
These products generally attempt to 

perform some computer function you are 
already doing in another way. When you 
adopt the tool, you have to change your 
habits and your way of doing your job. 
This is not to say that your habits don ' t 
need changing. They might. But ifyou're 
going to change them, before you buy, 
you need to make sure that the new way 
actually works well with the way you do 
business. 

Let's look at Borland's SideKick, for 
example. This was one of the first of the 
memory-resident productivity tools. Re
cently, it has been supplanted by a new 
version, SideKick Plus, a program that 
operates on the same principle as the 
SideKick clones that are available. They 
all give you access to a set of memory
resident tools that are supposed to make 
your job easier by running in the back
ground so you can access them at the 
same time you are operating another 
program. 

If you spend nearly all your time at 
your desk with your computer turned on 

Prodex .. ... ........ .. . . . .. . ..... . .. $89.95 
Prodex Development Co. 
P.O. Box 31515 
Seattle, WA 98103 
(206) 527-2898 
Inquiry 965. 

SideKick .... . . ..... . ... . ........... $99.95 
SideKick Plus . ... . .... .. .........$199.95 
Borland International 
1800 Green Hills Rd. 
Scotts Valley , CA 95066 
(408) 439-1060 
Inquiry 966. 

Take Charge! ....... .............$139.95 
Departmental Technologies, lac. 
131 Washington St., Suite 200 
Lodi, J 07644 
(201) 786-6878 . 
Inquiry 967. 

and don 't have processes running that 
conflict with memory-resident pro
grams, SideKick can be a real plus . No 
matter what you 're running at the time, 
you can open a window on your screen 
and make a note , set up an appointment, 
or look up a number. Under those cir
cumstances, it's pretty handy. 

But if you spend a lot of time out of the 
office, either in meetings or on the road, 
how can you use SideKick? 

This situation illustrates the problem 
with productivity tools that depend on 
your computer. You have to be using the 
computer to make use of them. I suspect 
that the copies of SideKick and its clones 
that sit unused on hard di ks number in 
the tens of thousands. 

These packages are unused because 
their owners found that it was easier to 
use their Day-Timers to keep appoint
ments or phone numbers than it was to 
use their computers. The reason may be 
as simple as their having to share the 
computer with a coworker . Or they may 
spend a significant amount of their day in 
meetings in rooms where there aren't any 
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computers . Despite their many advan
tages, IBM PCs or Macintoshes still 
can' t be slipped into your coat pocket 
when you head for a meeting . 

Deciding What You Need 
Now that we've discussed what can go 
wrong with productivity tools, let's talk 
about what can go right. There are, after 
all, many such packages that are worth 
buying, or people wouldn't be buying so 
many of them. You need to see what suits 
your particular style of work before you 
can take advantage of their features , 
however. 

The first thing you need to decide is 
whether you spend a lot of time at the 
computer. If you don't, a computer
based productivity tool will be of limited 
value to you. You also need to consider 
whether you have access to a computer 
when you are at your office . If you have 
to share a PC with six other people , it 
may not be handy when you need to be 
productive. 

Once you have arrived at the conclu
sion that you really are at the computer 
most of the time and that you are the per
son who usually has access to it, you 
must explore what you need in order to be 
productive . Your decision depends 
heavily on what you actually do at the of
fice . Are you a programmer who spends 
much of the day typing in code? Then 
one of the tools developed specifically 
for programmers could make a big dif
ference to your work, but a phone dialer 
is probably not necessary. 

On the other hand , if your Rolodex has 
had its 100,000-mile checkup in its sec
ond year, maybe an address list and a 
phone dialer really are a good idea. If so, 
chances are you wouldn 't benefit a great 
deal from an editor that automatically 
produces the indentations for C source 
code. 

Once you decide what functions you 
would actually use, you should go to the 
software store and try the packages your
self. Each productivity package is a little 
different , and since these tools have to fit 
your personal work habits so closely, 
their subjective feel is quite important. 
Even ifa package has every feature you'd 
ever want, you won't use it if it feels 
clumsy to you. 

While you ' re checking things , take a 
look at the documentation. If you're 
helping other users select their software, 
it will help a lot if you can read and 
understand the manual. An example of 
this is a package called Take Charge! 
from Departmental Technologies. This 
product has aspects of a number of other 
productivity tools, making the manual 

AnalyZe 
your job and the way 

you perform it to decide 
whether one ofthese 
tools really will help 

you. 

reasonably important, but the text is so 
small that it's nearly impossible to read. 
It looks like they photoreduced a full
size page until it was the size of a pa~r
back book. 

Manager's Tools 
While there are those who would argue 
that the use of the terms productivity and 
manager in the same sentence is an oxy
moron , there are a number of tools be
coming available that are aimed specifi
cally at the manager. These tools are 
understandably quite different, since a 
manager's job can be extremely varied . 
GrandView (for IBM compatibles) and 
More (for the Macintosh) from Symantec 
are examples of this concept. 

GrandYiew and More are extremely 
flexible outlining programs. I think they 
are billed as management tools because 
of their flexibility. You can create out
lines, fill them in, turn them into memos, 
and arrange them by categories. If this is 
the way you manage, these features could 
be useful. On the other hand, these activ
ities may be done by more junior-level 
people. You have to look at your work 
and decide. 

Do They or Don't They 
Help Productivity? 
It depends. You have to analyze your job 
and the way you perform it to decide 
whether one of these productivity tools 
really will help you get your work done 
easier and faster. It might be that they 
won't.• 

Wayne Rash Jr. is a member ofthe profes
sional staff of American Management 
Systems, Inc. (Arlington, Virginia), 
where he consults with the federal gov
ernment on microcomputers. You can 
reach him on BIXas "waynerash. " 

Your questions and comments are wel
come. Write 10: Editor , BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 

.----------,I Please send me: 
O Mooula·2 Compiler Pack [DOS)$ 99 .00 
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We've Invented the Future of 

Instrumentation Software . . . Twice. 


With Words With Pictures 

Acquisition 


Integrated libraries for GPlB, RS-232 , A/D-0/A-DIO plug-in cards, 
and modular instruments. 

Intuitive clur:lctcr·bASCd function panc:ls From panel user imcrfacc with ,·inual 
tlu.1 automatically gener:uc scurcc code. instrument block diagr:i.m programming. 

Analysis 
Extensive libraries for data reduction, digital signal processing, and 

statistical analysis. 

~;;;;;;;;~====;i ~~~-11111 

Over 100 :uulysls functions plus lll the O•n 250 icons for computation and 
built ·in functions of your language. aruilysis . 

Presentation 
Flexible high-performance graphics and report generation. 

Extensive graphics support for CGA. EGA. ~hdntosh Dcskcop Publishing comp:itibilit)'. 
MCGA, VGA, md Hercules. 

Tbe Software Is the lnstrumetit 

Lab Windows,.- LabVIEW@W NATIONAL
for the DOS-based PC and PS/2, for the Apple Macintosh 
with Microsoft QuickBASIC or C. 8 i 2~~T~~!~~~TS~ 

,, Austin. TclC2S 78727-6204 
8001531 4 742 512/250·9119 
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E X P E RT AD VICE 

MACINATIONS • Don Crabb 

• 

The products 
that outshined the rest 
in the halls 
of MacWorld Expo 

A
nother MacWorld Expo has 
come and gone, this time from 
a sweltering Boston locale. 
MacWorld Expo has become a 

big deal : too big, in fact, for the show or
ganizers, Mitch Hall A sociates!World 
Expositions. The show bridged four hot, 
humid days in August, and it was spread 
over three different locations (the World 
Trade Center, the Bayside Expo Center, 
and the Wang Center), each one inconve
nient to reach through the legendary , 
even insane Boston traffic . 

Although the show attracted more ex
hibitors and attendees than ever before, it 
was painfully evident that the facilities 
and conference were both being strained 
to their limits. As happened in August 
1987 , the air conditioning at the Bayside 
Expo failed on Thursday, and at the 
World Trade Center it lacked sufficient 
cooling power to keep the crowds com
fortable. The Wang Center was cooler, but 
was used only for keynote speeches and 
panel discussions, not vendor booths. 

Although attending the show was an 
exercise in patience and perspiration, I 
had a chance to try out a number of inter
esting new Mac products . This Expo is 
best characterized by the evolutionary 
nature of the products shown, rather than 
any revolutionary ones. The show finally 
brought home to me just how far the Mac 
has c-0me in 4 years. There is no doubt 
that the Mac is now taken as a Serious 
Business Machine by vendors. Just 
counting the number of new Mac-to
mainframe communications products at 
the Expo took me the better part of an 
afternoon . 

ILLUSTRATION : JOHN S. DYKES © 1988 

HOT STUFF 


While it's gratifying to see the Mac 
recognized by business for the powerful 
tool it's always be.en , I also have a fe.eling 
of sadness. The Mac is no longer the cul
tural icon it had been, venerated by hob
byists, hackers, and academics. Fortu
nately , the Expo still had space for plenty 
of "small" products that don't offer 
every gee-whiz feature and cost a bun
dle . The Expo prove<i that Mac entrepre
neurship is alive and well, thank you. 

Hard Disk Salvation and 
Communications Products 
lstAid Software's lstAid Kit bas saved 
my bacon on more than one occasion by 
recovering files from disks I had zapped 
by mistake. When I saw the new version 
(2.5) at the Expo, I was even more im
pressed. The application is a complete 
package of utilities that recovers seem
ingly lost files from disks that have 
crossed the great divide . The newest uti.1
ity is called Quick Cure, and it lives up to 
its name. It makes fast work of scanning 

• • 
• 

bad disks (hard or floppy ), diagnosing 
problems, and recovering lost or dam
aged files . Like the earlier lstAid Kit 
versions , 2 .5 wiJI work with any HFS 
version of the System and Finder, includ
ing the newest release, System Tools 6.0. 
At $99 .95, IstAid Kit is a bargain. 

If I could point to a dominant theme at 
the Expo, it would be the maturation of 
Macintosh networking and communica
tions products. A bunch of companies 
have upgraded earlier communications 
products that connect the Mac to corpo
rate mainframes (IBM, DEC , etc. ) , 
using just about every communications 
protocol and access method known to 
mainframedom. These programs now 
offer reliability and full MultiFinder 
support, where they once were kludgy 
and flaky. 

Another category of improved com
munications products includes those that 
permit customized applications. Con
nect, the company that offers the MacNet 

COl1Ti 11ued 
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Items Discussed 

Acknowledge .. . .... ... . ... ....... . ... $495 
SuperMac Software 
P.O. Box 390725 
295 North Bernardo Ave. 
Mountain View, CA 94039 
(415) 964-9694 
Inquiry 841. 

DaynaMall 
for five Mac nodes ........ ........$295 

Dayna Communicalions, Inc. 
50 South Main St., Fifth Floor 
Salt Lake City, UT 84144 
(801) 531-0203 
Inquiry 844. 

DaynaTalk 
per Mac node ........ .. .. . ........ .$189 
per LBM PC node .................$289 

Dayna Communications, Inc. 
50 South Main St., Fifth Floor 
Salt Lake City, UT 84144 
(80 I) 531-0203 
Inquiry 845. 

on-line service, announced a specia l 
toolkit called the Connect Protocol Man
ager that permits developers to write cus
tom application for accessing MacNet. 

Another product, Acknowledge, from 
SuperMac Software, carries this custom 
communications theme even further. 
Acknowledge generalizes the concept of 
creating communications applications so 
you can write custom programs that run 
on the Mac and effect seamless connec
tions to any remote computer or on-line 
service. Acknowledge is a development 
system for producing end-user Mac com
munications applications that don't re 
quire modification of the remote host's 
communications software or protocols. 

Acknowledge includes its own pro
gramming language, TAL (Telecom
munications Access Language). TAL 
allows you to build true Mac applications 
with pull -down menus , icons, dialog 
boxes, and so on. Acknowledge also in
cludes some sample applications to help 
you get started, allhough TAL is straight· 
forward enough that it doesn't present a 
steep learning curve for professional 
programmers . 

The sample Acknowledge applications 
show that the programs you create can be 
made to look and work like popular sin
gle-purpose communications programs, 
such as DeskTop Express, CompuServe 
Navigator, and AppleLink. 
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DirectPrint. ... ............. under $4000 
Jasmine 
1740 Army St. 
San Francisco, CA 94124 
(800) 347-3228 
Inquiry 843. 

DirectTape ...... ........ .. ......... $1099 
when purchased with a 
DirectDrive hard disk drive .....$899 

Jasmine 
1740 Army St. 
San Francisco, CA 94124 
(800) 347-3228 
Inquiry 842. 

lstAid Kit 2.5 .. .. . ......... .. ... . $99.95 

lstAid Software, Inc. 

42 Radnor Rd. 

Boston, MA 02135 

(617) 783-7118 
Inquiry 840. 

Backing It Up 
In September I reported on the very reli
able and fast Tecmar QT-Mac40 DC
2000 tape drive. I'm happy to report that 
Tecmar has found an OEM for its drive: 
Jasmine. Jasmine calls the drive Direct
Tape. and it's virtually identical to the 
Tecmar-labeled unit, including similar 
backup/restore software. I used the tape 
for about an hour at the show (admittedly 
a poor test of reliability), and it did in
deed work just like the Tecmar unit . 
Both Tecmar and Jasmine assured me 
that the drive was functionally identical 
to the Tecmar drive, and I'd expect it to 
be equally reliable. In any case, it's nice 
to see that a good device is being sold by 
another reliable vendor. 

Jasmine has priced the drive at $1099, 
almost $300 lower than Tecmar. If you 
buy it in conjunction with any Jasmine 
hard disk drive, the price drop even far
ther to $899. The price includes a t
adapter with a 25-pin Mac small-com
puter-system-i nterface connector and 
two 50-pin standard SCSI connectors, so 
you can plug your DirectTape into just 
about any existing SCSI cabling setup. 
The price also includes two preformatted 
DC-2000 tapes, so you caa use the drive 
as soon as you've hooked it up. Jasmine 
has taken the solid Tecmar drive and re
packaged it as a better value . If you still 
haven't bought a backup device, check it 

out. Come to think of it, at $1099, you 
might want to dump your current slow 
backup drive (like the Apple 40SC) and 
buy the Jasmine . 

DlrectPrint 
Although Jasmine introduced several 
other new products at the show, I was 
most impressed with the DirectPrint 
printer. The DirectPrint, which should 
be shipping by the time this column hits 
the streets, is a PostScript printer that in 
cludes 3 megabytes of RAM and 35 Post· 
Script fonts embedded in I megabyte of 
ROM . 

It 's small, about 35 pounds, and takes 
up only a moderate amount of desk real 
estate (16 inches wide by 13 112 inche 
deep) . It's also fairly fast, with an aver
age throughput of 6 pages per minute. 
The 4-MHz Weitek XL-8200 processor 
keeps the printer near its rated speed by 
composing pages quickly. The Direct 
Print can be connected to your Mac by 
using AppleTalk, a Centronics parallel 
port, or an RS-232C serial port. It also 
includes an Apple Desktop Bus port for 
future connectivity options that Jasmine 
only hinted at. Jasmine says the Direct
Print will cost under $4000. 

Although these are good specifica· 
lions and the price is attractive, the really 
interesting point about the DirectPrint is 
that it' s not a laser printer. Instead it uses 
a much newer technology: a liquid-crys
tal shutter-marking engine, the Casio 
LCS- 130. This 300-dot-per-inch print 
ing engine produces blacker blacks than 
the Canon LBP-SX laser engine or an 
Apple LaserWriter IINTX . It also lacks 
the rotating and swiveling imaging mir 
rors common to some laser printers, 
which should mean that the printer won't 
suffer from scanning distortion. This 
also means that long-term reliability will 
be high (remember the equation: fewer 
moving parts = higher reliability). 

Putting It in the Mail 
and Getting It There Quicker 
I've never really thought highly of the 
current crop of electronic mail packages 
available for the Mac (lnBox and Micro
soft Mail spr ing to mind) . Oh sure, they 
work as billed , but their interconnecti
vity is not great (you can't use them eas· 
ily across interconnected networks of 
machines other than Macs), and their 
mail-handling features are pretty basic. 

Enter DaynaMail. This new mail sys
tem works on both Macs and IBM PCs. It 
supports network connections through 
AppleShare, Novell's NetWare, 3Com's 
3 + , and Sun's TOPS. It can al o com

con1inued 



New diskdoubler· 

doubles the storage capacity

doubles the storage cap_acity


ofyour hara disk 


Upgrade the disk drive in your PC the easy way! 

Datnm's new DiskDoubler dd2000 is a 
short card that simply fits into any avail
able slot on an IBM, PC, XT, AT, 386 o r 
compatible, DOS 2.0 or greater. 

Upgrade a 20 MB disk into a 40 MB. 
The DiskDoubler lets you d oubl e the 
storage capacity o f any hard disk 
without loss of perfomiance. No matte r 
what size hard disk you have, the Disk
Doubler will double it. 

Works With All Data. The DiskDoubler 
compresses data stored on a hard disk, 
including application programs, pro
gram fi les, COM and EXE files . You will 
appreciate the doubling of capaci ty for 
word processing, spreadsheets, and 
database fi les. 

Powerful dBASE Capacity. The Disk
Doubler is especially powerful when 
hand ing dBASE rr, !II and Ill Plus files, 
storing on the average three l imes as 
much data on your hard disk, i.e., your 20 
MB hard disk will perform like a 60 MB 
disk ... an 80 MB disk will act like a 240 
MB model . It works equall y well fo r any 
size hard disk ... and for only $189.00. 

Principle of Operation. At the heart of 
the DiskDoubler is a new, powerfu l 
high-speed data compression micro
processor that incorporates Datran's 
st<J te-of-the-a rt data compression 
technology, which represents years of 
research and development. 

Totally Transparent Operation. Datran's 
high speed data ompression technol
ogy coupled with our extensive operat
ing software allows the DiskDoubler to 
process data at speeds compatible with 
disk operating speeds. lt looks as though 
you've added a disk drive of double the 
capacity to your PC. 

Breilks the 32 MB DOS Barrier. Because 
the DiskDoubler doubles the amount of 
data your disk drive stores, it effectively 
increases the 32 MB DOS barrier to 64 
MB without any pecia l softwa re. 

Simple lnstaUation. Once the simple, 
fast installation is complete, the Disk
Doubler operates in the backgrou nd 
and is completely user transparent. The 
dd2000 works with yo urs existing hard 
disk control le r. 

No Formatting Required as i ne essary 
with RLL controllers. DiskDoubler will 
even double the capacity of a drive 
al ready using RLL technology. 

Low Power Consumption. The 1/ 2 watt 
DiskDoubler el iminates the need for 
upgrading you r power suppl y, as would 
be needed if an additional d isk drive 
were <Jdded pulling 15 to 30 w<Jtts. 

Long Life Performance. With a long 
three-year limited warran ty, DiskDou
bler is a simple, inexpensive and reliable 
way to double your disk storage. 

Satisfaction Guaranteed. Datran backs 
the DiskDoubler with s 30-day no ques
tions asked money back gua rantee. 

• 	 FOR THE DEALE R NEAREST YOU OR 

TO ORDER DIRECT BY PHONE 

& 1-aoo-332-0456 

... t~11~1~{t ... DATl"ll\N 
/,•,1dm:Jii11 i11 Data Compres~ion T~cirnology 

Dalfon Corpo1otton/2505 Footh1ll Blvd./Lo C1escento/CA 91214/Phone (818) 248-8780/~AX (818) 248-8788/Tele~ 4932115/TurboCom (818) 248-8789 

lBM PC. Al AND OBASE 11. 111 AND Ill PLUS ARE IHE Til.ADEMAlll<S Of THE lll:SP£CTM QINNERS 
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municate with any application on remote 
computers that is compatible with Action 
Technologies' MHS communications 
package. MHS-compa1ible products in
clude IBM's PROFS, DEC's All-in-I, 
and Action Technologies' The Co
ordinator. This connectivity gives 
DaynaMail serious wide-area capabili 
ties that should be attractive 10 comput
ing environments like mine, where you 
have to make disparate computers com
municate with each other over every ca
bling scheme and network setup known 
to humanity. 

DaynaMail works as an application on 
an IBM PC and as a desk accessory on a 
Mac. The program is server-based, and 
any machine on the network can be des
ignated as a DaynaMail server. You can 
also set up multiple servers on the same 
net to bener distribute the message load. 
I tested some of the mail database fea
tures at the show, and all of them worked 
as billed: message sorting by multiple 
criteria, saving and restoring unfinished 
draft messages, attaching any file to a 
message, sending blind carbon copies, 
message receipt and message opening 
notification, mail address lists, muJtiple 

address books , incoming mail alert , and 
several others. 

In my brief time testing DaynaMail, I 
was hooked . I'm already set to test it in a 
full-blown configuration here at the uni
ver ity. I'll have more to say about how it 
works in the real world over the next cou
ple of months. 

All of you who are sick and tired of 
waiting for your AppleTalk network 10 
clear so your LaserWriter job prints, 
raise your hands . AppleTalk is a great 
idea. Building a network into the Mac 
was a stroke of genius on Apple's part. 
But now that we're all hooked on this 
network, the fact is it's roo bloody slow! 
230K bits per second over Loca1Ta1k or 
PhoneNet cabling just doesn't cut it 
anymore. 

Sure, we can buy Mac Ils and migrate 
to EtherTalk and its 10-megabyte-per
second bandwidth, but that's a pretty ex
pensive solution. Well, hold off on those 
EtherTalk purchases, because Dayna
Talk ha just been released. 

DaynaTalk is a small (2- by 3- by ! 
inch) hardware module that replaces your 
LocalTalk or PhoneNet node and plugs 
into your existing network . It boosts the 

data-transmission rate to as high as 850K 
bps for each Mac and as high as 1. 7 
megabits per second for each PC on the 
net. You'd be surprised at the difference 
between 230K bps and 850K bps . 

DaynaTalk works by varying lhe 
transmission rate over the network; it 
takes advantage of periods of light usage 
to cram more AppleTalk packets down 
the pipe. I expect to test the devices soon 
in my own labs, so I'll have more to say 
about this magic network accelerator in a 
future column. For now, it's enough to 
know I.hat it really works; it's completely 
transparent to the network; it' s fully 
compatible with TOPS, AppleShare, and 
NetWare Mac; and it costs but $189 for 
each Mac. and $289 for a PC. • 

Don Crabb is the director oflaborawries 
and a senior lecturer for the computer 
science department at the University of 
Chicago. He is also a consulting editor 
for BYTE. He can be reache.d on BIX as 
"decrabb." 

Your questions arui comments are wel
come . Write to: Editor. BYTE. One 
Phoenix Mill lane. Peterborough, NH 
03458. 

The pertect solut ion for upgrading your ex ist ing PC/XT/AT to 
"State Of The Art " 3.5" floppy disk technology! The Model 
853W (7201() and Model 873W (1.44M8/720K) 3.5" drives 
are "drop-in" replacements lor 5.25" drives! Disk lormal is 
fully compa!ibfewifh popular Laptops (I BM.Tosh iba, Zen ith, 
etc.) and the new IBM PS/ 2 models. Both units come com· 
pletely assembled and conta in everything that you need. 
including Premium SONY drive. interface adapters. soft· 
ware device drivers and complete documentat ion. These 
drives ut il ize your exist ing controller so no add itional slots 
are requ ired (1.44M8 requ ires AT class controller or spe
cial PC/ XT High· Density Controller availabre from Tiger· 
Ironies). Ava ilable with gray or black bezel (specify). 

Model 853W Model 873W 
(720K) J• h • .. ~ 

$=5 l~E~~!~!.',!fS $159:.95 
400 Daily Lane • P.O. Box 52 1O 

Gran:s Pass. Oregon 97527 

F 

A MESSAGE To 

OUR SUBSCRIBERS 


ROM TIME ID TIME WE MAKE THE BYTE 

subscriber list available co ocher companies who 

wish co send our subscribers macerial about their pro
ducts . We rake great care to screen chese companies, 
choosing only those who are repurable, and whose pro
duces, services, or information we feel would be of in
terest to you. Direct mail is an efficient medium for pre
senting the latest personal compucer goods and services 
to our subscribers. 

Many BYTE subscribers appreciate chis comrolled use 
of our mailing list, and look forward to finding infor
mation of interest to them in the mail. Used are our 
subscribers' names and addresses only (no mher 
information we may have i ever given ). 

While we believe che di tribution of chis information is 
of benefit to our subscribers, we firmly respect che wishes 
of any subscriber who does not wane ro receive such pro
motional literature. Should you wish ro restrict che use 
of your name, simply send your reque r co the follow
ing address. 

IJ\ITE MAGA2l i E 

ATT N: U BSC RIBt: R SERVICE 

P.O. Box 7643 

TEAN ECK , NJ 07666-9866 
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Share your laser 
with Buffu1o! 
All ten ports are user configllrdble as 
either an input or output so you can 
build your own peripheral sharing 
network with the Buffalo SL.@ 

FAST: can run your PC at 19,200 baud 
AFFORDABLE: 500 plus 
EXPANDABLE: from o - 4MB buffer 
FLEXIBLE: 6 eriaJ, 4 parallel ports 
POP·UP MENU: even over graphics 
GUARANTEE: 45 day money back 

BUF/i4LO® 

Tbe inexpensi ve peripheral sharing olutlon 

(800) 345-2356 
Duftialo Produclll. 280' 19th UCCI E. Salem, OR 97}02 (503) 58 ·}<114 



Take any 3 books for 

only $1°0 each 


UNDERSTANDING &- USING 

dBASE UP PLUS. By R. Krumm 674 

pp.. 11/us .. sofrbound. Widely re· 

ga1ded as the mosl comprehens1vt1 

one-\lciume reference on the subject. 

1t cO\'ers everything Imm basic con· 

cepts to advanced programming 

1echniques. 

503940-7 Pub Pr.. S22 95 


UNlX UTJLITIES- By A.S. Tare . 352 

pp.. 11/us.. softbound This practical 

manual shows how to make the bes! 

use ol UNIX utih11es II covers more 

utilities than any other book or its kind 

and provides numerous examples of 

real appl1ca11ons. 

628 '64X Pub. Pr . $24 .95 


VSAM : Perlormance , Design , 
and Ftne Tuning. By J . Ranade . 
280 pp.. ii/vs. Find ou1 how 10 adapt 
VSAM 10 your par11culru- needs and 
cul processing time 1n hall! This new 
wor'k by an au thon1y on VSAM pro
vides the detailed. hands-on as
sistance you need to design and 
1mplemen1 elhc1ent sys tems. 
583963-B Pub. Pr.. $34.95 

TURBO PASCAL PROGRAMMER' S 
LIBRARY'. By K. Jamsa af'ld S Name
roll 495 pp.. rllus., sofroovnd An 
outstanding and vaned collection ol 
morn than 200 rou lines !hat you can 
quickly key mio any computer that 
runs under PC·DOS. Includes some 
vital math lunchons not provided 1n 
Turbo Pascal's standard package 
583762·5 Pub. Pr.. $18 95 

ADVANCED GRAPHICS INC: Pro
grGmmlng cmd Tei;hnlq11•• · By 
N . Johnson. 430 pp., Illus., soft· 
bound. Now C programmers can 
wnte crisp graphics programs for !he 
ISM· PC using l he IBM EGA {En
hanced Graphics Adaplor) or the 
AT&T Image Capture Board {ICB)- In· 
eludes GR APHIC, a complete C 
graphics toolkit. 
881257-7 Pub. Pr., $22.95 
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when you join 
® 

BYTE Book Club 

Values up to $135.95 

• Your one source 1or computer books from over 

100 dillerent publishers 


•the latest and best information in your field 

• discounts of up to 40% 011 publishers' list prices 


A COMPREHENSIVI! GUIDE TO AI 
AND EXPERT SYSTEMS: Turbo 
Poscol Edltlon. By A.I Levine. D.E. 
Orang. and B Edelson. 256 pp.. 99 
ii/us . A must ror everyone who wants 
10 understand and utilize ar11flc1al in
telltgence for commercial . military. 
sc1enhhc. or educational applica119ns. 
trs all in clear. simple language with 
many ill us1rat ions and sample 
programs. 
374,708 Pub. Pr.. S22.95 

32·BIT MICROPROCESSORS. Ectired 
by H.J. Mitchell. 248pp., 104 ltlus. ancJ 
rabies. A oomprehensrve survey of the 
powerlul new microprocessors f0f large, 
1echn1cally complex projecls. Cover
age inciudes: AT&rs WE32100. lnmos· 
T4 14 and T424, Intel's 60386, Moto· 
rola's 68020, and ZilOg's Z80000. 
425 '85X Pub. Pr.. $45.00 

ClARCIA'S CJRCCJIT CELLAR , Vol· 
11me VI. By S. Ciarcia. 224 pp. , 75 

1/lus.. softbound. More marvelous 

pro/·ects from the incomparable Ctar

c1a . This new volume contaons easy

to-lollow plans ror a home secunty 

sys1em. a senal Eprom pmgrammer. 

a tumkey bulletin board. an audio

and-Vldeo multiplexer. plus 10 more 

prOjects. 

t09 '6B0 Pub. Pr., $19.95 


PROGRAMMER'S CHALLENGE: 50 
Challenging Problems lo Test 
Your Programming Skills. By S . 
Chen 464 pp. If yau en1ay testing your 
programming skills. !hen yau 'll en1oy 
solving these 50 challenging p1ob
1ems . Solut ions are provided 1n 
BASIC . Pascal. and C w11h full expla
nations and 1es1 data 
583883·4 Pub Pr.. S29.95 

ADVANCED TURBO C. " B y H. 
Schi ld!. 397 pp., illus .. solrbound. 
Complete Tu<bo C mastery can be 
yours-from slacks. queues. linked 
lists and binary trees, 10 operating 
system interfac ing. po rting, dqbug
g1n9. and much more. Fully explains 
how to get the most from ttle power 
and speed of Turbo C. 
881280·1 Pub. Pr. $22.95 

DATABASE SYSTEM CONCEPTS . 
By H. F Korth and A. Silbefsdlatz. 
546 pp., illus. From fundamental con· 
cepts to advanced p1001em solving, 
th is book provides a clear under· 
standing of the design and use of 
database syslems . Al so demon· 
stratas ltie best ways to protect data 
trom unaulhorized access and mali· 
cioos or accidental al teration o r de· 
struction. 
4471527 Pub. Pr., $42.95 

ARTIFICIAL INTELLIGENCE 
USINCO C: The c Programmer 's 
Gulde to AJ Techniques. By H. 
Sch1ld1. 412 pp.. J7 1/lus.. solroound. 
This hands·on guide shows you how 
to creale yaur own Al applications and 
systems using C. Aller an introduc 
tory overview rt provides coverage of 
experi systems, logic, na1ural lan
guage processing. machine learning. 
patlern rncogrn11on. and more, with 
ready-to-ru n programs 1llus1ra11ng 
each 1op1c 
681255-0 Pub. Pr.. $21 .95 

PROGRAMMING USING THE C 
LANGUAGE. By A.C. Hulch1son and 
S.B. Just. 519 pp.. illus . Wllelher you 
want 10 understand pr09rams m C 
wrinen Dy Olhers. or wnte betler C 
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You can fine-tune 
OS/2 1s CON FIG.SYS file 
to give optimum 
performance for your 
particular setup 

0 
ne of OS/2's two big draws is 
multitasking. (The other , of 
course, is large memory.) 
Multitasking is a bit of proces

sor leight of hand that make a single 
piece of silicon seem to do more than one 
thing at the same time. 

At first blu h, this seem simple: If 
you have n programs in the computer. 
just give each program a small amount of 
CPU time, called a rime slice. Program I 
gets 10 milliseconds. program 2 gets 10 
ms, and so on. How tough could that pos
sibly be? 

That approach isn't tough at all. But 
it' also inadequate for communications 
programs, as they can't afford to be to
tally inactive for a number oftime slices. 
It's also inefficient for 110-bound pro
grams, ince they may end up getting an 
entire time slice in which all they do is 
wait for a keystroke. 

Everyone Is a Systems Programmer 
Any decent multitasker-and OS/2 falls 
into that category- goes beyond simple 
time slicing. But beyond simple time slic
ing, there be dragons . There's no best 
way to multitask, so multitasking operat
ing systems have a wealth of tuning pa
rameters, variables you adjust to get max
imum performance. In the DOS world, 
the buffers= variable is one example of 
a tuning parameter. 

The names of some new multitasking 
parameters are priority, timeslice, 
and rnaxwai t. Such tuning parameters 
are important in multitaskers. For exam
ple, when I used to work in a large IBM

ILL STRATION : R. 1. KAUFMAN © 19.gg 

EXPERT ADVICE 

OS/2 NOTEBOOK • Mark Minasi 

OS/2'S 
MULTITASKING 
DASHBOARD 

mainframe-based DP shop, users would 
periodically learn that on such and such a 
day the ystem would be upgraded by the 
addition of more or better processors, 1/0 
processors, or the like . 

"Great," we'd say, as this would no 
doubt improve response time. But the 
day after the installation, response time 
would stink. Why? Because the system 
hadn't been tuned. There' s a whole cadre 
of people at mainframe shops whose jobs 
revolve around adjusting the tuning pa
rameters of the system to get maximum 
throughput: They're called sy tern 
programmer . 

The other day, I had a conversation 
with the president of a well-known data
base company while flying to California 
(there' something strange about this, 
but 50 percent of the people I meet on 
planes seem to be in the computer busi
ne , and I do a lot of flying). He com
plained, "OS/2 sounds good, but I'm 
afraid it's going to force me to become a 
sy terns programmer in my pare time to 

get anything out of it." 
There's no getting around it: You 'll 

have to fool around with OS/2's multi
tasking parameters a bit. But here are a 
few results and some insight into getting 
the most out ofOS/2 multitasking. 

Schizophrenic Slicing: 
The Priority Parameter 
Reviews of OS/2 often discuss the "OS/2 
scheduling algorithm," as if there were 
just one. In fact , OS/2 has two algo
rithms. You elect one or the other with 
the priority= variable in the CON
FIG.SYS file. The legal values for this 
are absolute, an egalitarian algorithm, 
and dynamic, a foreground-selfish 
algorithm . 

Absolute is pretty straightforward. I 
wrote a test program called TIME! that 
does imple computations over and over 
again . It does no l/O except for a final 
performance report, so it is a compute
bound program. Then I ran eight copies 
of TIME 1, one in the foreground and 
seven in the background. The programs 
report how many computations they got 
done per econd. The results are shown 
in table!. 

Note that all tasks get equal time. The 
foreground doe n't get any special treat
ment. But if you do the same run with 
priori ty=dynamic in the CON
FIG.SYS file, as shown in table 2, you'll 
see quite a difference. The dynamic al
gorithm gives a much greater share of the 
CPU's attention to the foreground than to 
the background. 

Microsoft included the dynamic op
tion (in fact, it ' the default value for 
priority=) as part of what Gordon 
Letwin, the architect of OS/2, calls the 
"OS/2 religion." In traditional minicom
puter and mainframe systems, he argues, 
the desire is to make each user seem to 
get a fair share of CPU attention. Under 
OS/2, however, we have a multitasking 
operating system without multiple users. 
In this case, we're not concerned with 

continued 
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Table 1: The results of TJMEJ. 
a simple compute-bound program 
run under OS/2. Eight copies of 
the program were run as 
simultaneous tasks, one in the 
foreground wzd seven in the 
background. The figures are the 
number ofcomputations each 
copy performed per second. Note 
thar all tasks got equal time. 

Task name Computations/sec 

Foreground 280 
Background 1 279 
Background 2 279 
Background 3 279 
Background 4 279 
Background 5 279 
Background 6 279 
Background 7 279 

Table 2: The re.suits whe11 the 
test in table 1 i.s repeated with 
priority=dynamic in the 
CONFJG.SYSfile. Theforegrowid 
task now receives a much grea1er 
.share ofthe CPU's attentio11. 

Task name Computations/sec 

Foreground 1338 
Background 1 142 
Background 2 140 
Background 3 141 
Background 4 141 
Background 5 142 
Background 6 141 
Background 7 67 

giving a fair shake to each program . In 
stead, we're interested in giving the 
lion's share of the CPU time to the fore
ground program-the one the user is in
teracting with al the moment. 

Minute by Minute: Timeslice 
The OS/2 command timeslice appears 
in the CONFIG.SYS file as 

timeslice = 
<maximum>< ,minimum> 

where the minimum is optional and the 
maximum must be al least 32 ms, the res
olution of the OS/2 clock (length of one 
timer tick). The ticks of the timer tell 
OS/2 that it's time to stop doing whatever 
it's doing and consider switching to an
other program. 

What 's a good value for timeslice? 
That depends on what you "re doing. 

Think of it this way . Suppose I have two 
projects to work on at the same t ime. r 
could work on project I for 6 month . 
then project 2 for 6 months. This would 
work, but !.he client for project 2 might 
gel a bit antsy knowing that I'm working 
only on project I for 6 months . 

It's the same thing with OS/2. If I set 
times lice to , say, 30,000 (30 seconds), 
OS/2 seems very balky. When it is pay
ing attention to the foreground task, the 
system seems quick. But then it eems to 
die for a few minutes, as it devotes a few 
time slices to the '.:>ackground programs. 
The length of the time slice causes the 
choppy behavior. So, time slices can be 
too large. 

Returning to my two projects, suppose 
I try the opposite approach. I'll spend a 
minute on project I, then a minute on 
project 2, then a minute on project I, and 
o on. Won't thi s seem a lot smoother to 

my clients? 
No, again. The reason: It takes time 10 

switch from one task to another. I've got 
m stuff whatever I'm doing on project I 
into a folder, then find the folder for 
project 2 and put the things from that 
onto my desk . That proces may take 10 
minutes . That implies that I work for a 
minute, switch tasks for 10 minutes, 
work for a minute, switch for another JO 
minutes . .. you get the idea. Notice that 
the switching time has no relation to the 
size of the time lice . If I switched only 
every 6 months , I'd still require only 10 
minutes . 

So time slices are like the beds Goldi 
locks found; There 's "too hard," "too 
soft, .. and "just right." For strictly 
CPU-bound programs, a la rger time 
slice (about lh second) is good. For com
munications programs, which can't af
ford to be out of commission for long, 
smal l time slices are good. Unfortu 
nately, you just can't adjust imeslice = 
on the fly . You must change your CO 
FIG .SYS file, then reboot- what a pain . 

Tu demonstrate the effect of time 
slice=, I ran my CPU-bound TIME! 
loop program in the foreground and in 
the background simultaneously. I ran it 
for different time slices, with values 
ranging from 32 ms to 8 seconds. The re
sults, which are found in table 3, show 
the range of good time slic,es, but they 
also seem to point to some strangeness in 
the OS/2 priority=dy amic scheduling 
algorithm, as I'll explain. 

Multitasking systems are stochastic, 
o rerunning the benchmarks could yield 

a completely different set of re ults. The 
numbers seem to show that a time slice in 
the range from 1024 ms to 4096 ms 
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OS/2 NOTEBOOK 

Table 3: The results ofthe TIME! test , run with two simultaneous copies. 
One in the foreground and one in the background. The figures are the number 
ofcomputations performed per second with the times lice parameter set 
from 32 ms to 8 seconds. Note that , in this case, the foreg round task receives 
the most CPU attellfion with times lice set to less than 512 ms(~ second). 

Foreground Background Total 
computations/ computations/ computations/ 

Time sllce (ms) sec sec sec 

32 2134 
256 1622 
512 1660 

1024 1245 
2048 1170 
4096 1477 
8192 1022 

yields the best total system throughput. 
Given the choice, though, you should 
take a smaller time slice. Sometimes a 
larger time slice leads OS/2 to put all the 
background jobs on hold until the fore 
ground ta k i done. But the strange part 
is how the allocation of time shifts from 
foreground to background. It seems that 
as the time slice gets larger, the back
ground priority gets higher . I haven't yet 
figured out why this is so, but I'll let you 
know a soon as I do. 

How Long Must I Wait?: 
The Maxwait Parameter 
Programs in OS/2 are assigned different 
priorities . Higher-priority programs 
generally get all the CPU's time, causing 
lower-priority programs to suffer from 
"CPU starvation." The prior i ty=dy
namic algorithm amends this by watch
ing how long each program has been 
CPU-starved. After a certain number of 
seconds, the CPU-starved program's 
priority is nudged up a bit. 

This still may not be enough to get it 
any CPU time, o even more seconds 
later the program' priority is nudged up 
again. Thi process continues until the 
program actually gets CPU attention for 
a single time slice; then its priority is re
turned to its original low level. The 
whole thing then starts over, as the pro
gram makes a slow climb up the priority 
ladder. 

The maxwait parameter controls the 
above procedure. The command looks 
like 

maxwa it = <11umber ofseconds> 

You include this line, like priority and 
'times ice, in the CONFIG.SYS file. 
The system nudges up the priority of 
CPU-starved programs every maxwai t 
econds. For example, say it takes four 

86 2220 
642 2264 
648 2308 

1246 2491 
1213 2383 
1181 2658 
295 2317 

nudges to give a program sufficient pri
ority to get some CPU time . The pro
gram ends up getting a time slice every 4 
x maxr..rai t seconds. If maxwait equal 
I, the program gets a time slice every 4 
seconds. If maxwai t equals 10, the pro
gram gets a time slice only every 40 
seconds. 

It would be nice if we could as ign a 
different maxwai t for every program, 
but we can 't. There is just one global sys
tem maxwait value. 

This command is most important for 
keeping background processes alive. 
When priority .. dynamic, recall that 
the background processes drop in prior
ity. With a large value of maxwait, the 
background performance drops mark
edly. Of course, with priori ty.. abso· 
l ute, maxwai t has no effect. 

My Settings 
OS/2's three new CONFIG.SYS com
mand -priority . timeslice, and 
maxwait-wlll all have a significant ef
fec t on your system's performance. Of 
the two priority option , priority" 
dynamic is the more interesting. I set my 
times lice to 512 (\l:z second), which for 
me is a compromise between choppy 
switching and excessive overhead. I 
don't do OS/2 communications much
al 1 my favorite communications pro 
grams still require DOS- but when I do, 
I ' ll no doubt have to drop this va lue. I 
leave maxwai t at I, or else nothing gets 
done in the background. • 

Mark Minasi is a managing partner al 

Moll/ton Mina.sJ & Company, a Colum
bia , Maryland. firm .specializ.ing in tech
nical seminars. He can be reached on 
BIX as "mjminasi. " 

Your questions and comments are wel
come. Write to: Editor, BYTE, One Phoe
nix Mill Lane, Peterborough , NH 03458. 
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To01orrow's LAN Solutions - Today. 

EtherLAN Plus'w/ The Affordable Ethernet Solution 

I, 

In today 's LAN world, every new 
LAN manufacturer seems to have a 
new idea of what a network should 
be. Standards for the industry are 
few and far between, but are there 
if you want to pay for them. 
Wouldn't it be nice if for once you 
could buy a LAN system. at a pr ice 
you can afford, and be fully 
compatible with the ethernet 
standard? Well now you can ! 

Turn Key Ethernet 

EtherLAN is here to give 

Even better yet, you can use 
standard DOS commands to 
control your network, so you are 
not stuck spending hours to learn a 
new set of commands. The 
operating system functions 
transparently, so you won't even 
know you 're on a network. 

Features You Can Rely On. 

• Fully ethernet and cheapernet 
compatible (IEEE 802.3) . 

• Fast - a full 10,000,000 bit per 
second. 

you everything you need to 
set up an ethernefLAN EtherLAN 6 Node Comparison 
system. You 'll receive the 
EtherLAN network adapter, Read an.d W1110 
25 feet of thinwire ethernet 

EtherLAN 11 and 10 secondscoax cable, T connector 
3Com 14 and 12 secondsand easy to understand 
Novell SFT 10 and 9 seconds Installation and User's 

Guides, all fo r one low 

you 'll also rece ive 
complete software needed to get 
your new EtherLAN system up and 
running quickly. You 'll get 
NETBIOS software and also a 
complete network operating system 
to make using your new EtherLAN 
system even easier. 

SimpleWARE . Makes 
EtherLAN Unbeatable 

The operating system you'll get 
works as a shell above DOS, so all 
your normal DOS programs will run 
on EtherLAN as well as locally. 
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• Low memory requirements. 

• NETBIOS compatible. 

• Everything you need is included 
at one low price. 

The best news of all is 
the price. 

At only $699.95 per node, you 
get all hardware, software. cabl ing 
and manuals needed. 

Introductory Offer 

Four Node Kit for only 
$2499.00. Save over 
$300.00. 

Rii1e11 

$4199 With features like 
$5670" these, and an 
$8265* affordable price 

per node, how can 
price. In addition to this, you lose? 

• NO dedicated servers are 
required. 

• Transparent operation -operates 
as a shell above DOS. 

• Easy to use DOS type 
commands or l2QQ.J!Q menus. 

• Share disks. subdirectories. 
printers and plotters. 

• DOS file and record locking. 

• Up to 5 printers per server. 

• Time and Date sharing. 

• Electronic Message System. 

Call Toll Free 

1-800-262-8010 
1-714-529-8850 (in CA) 

~ VISA. M C.COD. or ~ 
- Prepaid orders accepted. ~ 

See us at COMDEX Boot h #81540 

Simple Net Systems, Inc. 
545 W. Lambert Rd., Suite A 

Brea, CA 92621 

FAX: {714) 529-2413 


Roquoes IBM PC XT AT or compa1 Dlo. ruM•"9 DOS 3 10 ()r 
h>gh<l• Etno•LAN •S 0 r~1ster0<1 ltadEtmar OI Simple N&I 
Systems.Inc Other bfand and pmduclnames a.Jetracjemruks 
~ llletr re-s.pec11ve hokters. 

Circlt 302 on R«u!u Suviu Card (DEALERS: 303) 



E XPER T A DV I C E 

COMl: • Brock N. Meeks 

You CAN'T GET 
THERE FROM HERE
OR CAN YOU? 

The development of 
gateways could 
pave the way for a 
nationwide 
telecommunications 
network 

' ' y ou can't get there from 
here. " That's the classic 
comeback to the belea
guered traveler, and it 

usually draws a small, if weary, smile. 
But when you use that line in the context 
of the on-line community, people don't 
smile; they wince. 

On-line networks are fractured and 
compartmentalized. It's a small miracle 
that anyone finds his or her way around. 
Yes, we have packet-switched networks, 
but these information highways resemble 
ihe state of America's highway system 
around the turn of the century (few sign
posts exist, and maps are confusing, if 
they exist at all) more than today's 
" state-of-the-art" superhighways. 

The French solved this problem by in
stalling a single information highway 
called Minitel. Minitel has become the 
world's standard on linking information 
services with the end user. For the 
French, it was a relatively easy solution. 
The phone system is a monopoly . One 
system serves the entire country, no 
questions asked. But such an environ
ment doesn't exist in the U.S. 

When Judge Harold Greene ' s Modi
fied Final Judgment (MFJ) broke up Ma 
Bell's monopoly , thus creating the seven 
regional Bell operating companies 
(RBOCs), he put very rigid controls on 
what types of services t.he RBOCs could 
and couldn't provide. One constraint 
prohibited the so-called Baby Bells from 
providing "enhanced services, such as 
data networks that would allow links to 

information prov iders." This created a 
competitive environment wherein pack
et-switched networks could thrive . 

But that environment changed radi
cally last March, when Greene, during 
his triannual review of the MFJ, allowed 
the RBOCs the opportunity to create in
formation highways, now called 
"gateways." 

Cutting the Ribbon 
Judge Greene essentially "cut the rib
bon " on these new highways by allowing 
the RBOCs to provide such capabilities 
as voice store and forward, protocol con
ver ion, gateway ervices, electronic 
white pages, and information storage. He 
has allowed the RBOCs to participate in 
everything except the origination of in
formation content. In essence, Greene's 
decision has laid the groundwork for a 
revolutionary information infrastructure. 

Greene's action isn't a simple twist of 
free market ideology ; his decision tosses 
a gauntlet at the feet of the RBOCS, chal 
lenging them to prove themselves . 

You see, Greene is enamored of t.he 
French Minitel system. And he makes it 
no secret that he'd like to see something 
similar spring up throughout the U.S. He 
now wants to see just how much intelli
gence and market savvy the RBOCs 
really have. If they pass this test , if they 
create a viable market from within this 
gateway structure, he may at some point 
give the RBOCs much more freedom to 
compete in the information industry. But 
I.hat ' s a big " if." (And it raises disturbing 
questions better dealt with in another 
column.) 

Making It Work 
According to Robert Smith, president of 
the Videotex Information Association 
(VIA), the forthcoming gateways shou ld 
contain the following characteristics : 

• Ease ofuse. The gateways must be us
able by novice or untrained users, as well 
as by expert users. The implication is 

that gateways will need to offer a variety 
of navigation options to allow full access 
to novices while not being perceived as 
slow or cumbersome to experienced users. 
• Affordability. The use of the gateways 
must not significantly raise the cost of 
using information services. Ideally , they 
should lower information costs. 
• Ubiquity. For information services to 
be accessible to the widest audience pos
sible, gateways must be implemented 
across the entire North American land
scape, not merely in a limited number of 
markets. 
• Uniformity. Gateways should have a 
standard " look and feel" so that users 
traveling from one location to another 
will not be required to learn new proce
dures for using the gateway. There must 
also be a gateway-to-gateway connection. 

To the user, the gateway should appear 
as a directory . The directory would con
tain a series of menus listing each infor
mation provider connected to the gate
way. Standards for these directories have 
yet to be hammered out, but it's widely 
recognized that I.hey all should be uni
form in appearance. 

By dialing into t.he gateway, you'll 
have hundreds, perhaps thousands, of in
fo rmation services to choose from. You 
can search the directories by keyword. 
Once you've located your desired infor
mation service , the gateway will connect 
you directly to that service. This will 
eliminate the need to memorize the com
mands for several different networks . 

According to the VIA, by the year 
2000, the availability of gateways will 
have increased sufficiently so that travel
ers will be able to access their "primary 
gateway" via a simple, standardized in
terconnection procedure. Each gateway 
will be sufficiently compatible to include 
the ability to gather and store informa
tion about individual users. Each gate
way will match the user's terminal and 
navigational preferences and establish a 

con1inlled 

NOVEMBER 1988 • BYTE 153 



COMI: 


means of payment for use of the gateway 
and of services reached through it. 

The Four Cs 
Content is perhaps the most important 
issue when discussing gateways. John 
Gunter , a Bellsouth vice president , says 
that the aim of his company's Transtex 
Universal Gateway (TUG) market trial is 
to supply a " market basket" rich enough 
to draw a wide audience of users. The 
critical mix of this market basket is a host 
of localized information services. 

Gunter identifies such local informa
tion services a hospitals, schools, local 
governments, social services, and even 
small businesses. Industry observers say 
that the success of gateways will depend 
on the RBOCs' ability 10 recruit such 
" nontraditional informacion providers." 
In this way, information services avail 
able on the loca l gateway will be relevant 
to the everyday lives of the people using 
the ga teway. Such localized serv ices 
might include ticket purchases for local 
entertainment establishments and on
line restaurant reservations. 

The co t factor cuts three ways . First, 
the cost of accessing information ser

vices is likely to drop . This shou ld en tice 
more people into using on-line informa
tion services. Costs will drop because, in 
most cases, users won't have to lay out 
subscription fees for several different 
services . Instead , they will pay a small 
fee for using the gaceway 10 access those 
same services thal once required costly 
subscriplions or minimum monthly us 
age fees. This will encourage more casu
al use of information services in a kind of 
"pay as you go" atmosphere . 

Second. co ts 10 the information pro
viders themselves will drop . Currencly, 
start-up costs for an information pro
vider are prohibitive. This is due, in 
part , to capital inveslment in equipment, 
administrative overhead, and the costs of 
"hanging" lhal service on an exisling 
packet-swicched network . Because the 
RBOC gateways can store information, 
an information provider need supply 
only the information, not the equipment. 
Administrative functions, such as billing 
serv ices, can be handled by the gateway, 
too. And the means of access i , of 
course, taken care of by tying into che es
tablished gateway. Most agree chat the 
cost of "hanging " an infonnation service 

on a gateway wi ll be substanlia lly lower 
than a similar setup on a packet-switched 
network like Telenet. 

When a mas market for information 
services starts to materialize , many of 
the cost ly information services in exis
cence Coday will have to rethink the ir 
pricing structures. The current high cost 
of information is due to an extremely 
narrow market. However, as more users 
begin to access the gateways, informa
tion providers should be able to lower 
costs. making up in volume what they 
lose by lower prices. 

As costs are lowered, more people will 
access the service. This could lead 10 

even lower costs, owing to a higher vol
ume of users. The same "domino effect" 
has occurred over the past 3 years with 
long-djstance phone rates . As the 101al 
number of long-distance telephone call s 
rose dramatically , che FCC ordere<l rates 
cut in direct proportion to the high usage. 
Each time rates were cut, usage wenc up, 
and again the FCC ordered rate cuts. 

The issue of coverage was summed up 
by Congressman John D. Dingall when 
he said, "A democratic ociety is at risk 
if it allows only an elite few to reap che 

How the competition stands 

Introducing the modem with a sleek new 

stand-up* design. Telebit's new TlOOO Multi· 
peed modem. The modem that not only looks 

differ nt, but is different. With more features. 
More perfonnance. And a surprisingly low price. 
More modem for less money. 

What make the TlOOO so different? 
For one, you get a choice of more spe ds. Th 
TlOOO can send and receive data at 300, 1200, 
2400, or 9600 bps using ordimu-y dial-up 
phone line . 

So the TlOOO c;m talk to your installed 
base of low-speed modems, plus the large 
installed ba e f Tel bit' and other PEP'~ high
speed rnodem . 

But it costs about the same as a 

2400 bp n or-free modem. 
Another difference? The TlOOO runs at 

9600 bp. with any type of data-without com
pression. Error free. vVith M P and PEP 
error detection and correction . 
The TlOOO fits right in. 

The TlOOO Multi-Spe cl modem even talks 
Hayes-right from the box. And if you're using 
the AT command set or ev n Smartcom ill 
sofuvar ,we're compatible. You won't need new 
software. And you won't need new command:. 

The TlOOO al o ha internal support for 
the most widely-LL ed communication · protocol 
- Ke1mit, Xmodem, Ymodem and UNfX's 

CP o you can transfer files up to 3 time · 
faster than any other modem. 
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benefils of the information revolution." 
Ubiqujtous coverage is the ultimate goal 
of these gateways. 

Last May, Bellsouth Chainnan John 
Clendenin gave a speech during the Su
perComm trade show in which he said 
hi fond vision is the development of tele
communications to "offer the most rural 
community in this nation the opportu
nity , via a gateway network, to be a via
ble player in the global information mar
ketplace ." 

Conrlicts 
There is seldom any kind of innovation 
that does not fall prey to conflict. Gate
ways are no exception. For tarters , es 
tablished information services , such as 
CompuServe, have be-en very vocal in 
opposing gateway experiments. Compu
Serve is afraid that gateways will dilute 
its user base. On the contrary, with the 
likelihood of casual usage by potentially 
millions of users, CompuServe and ser
vices like it stand only to gain from being 
accessible via a gateway service. Indeed , 
after CompuServe lost its initial appeal 
to the FCC to have the gateway experi 
ment squashed, it has now signed with at 

least two different gateway projects. 
Other conflicts came from newspa

pers, which fear a loss of classified ad
vertising revenue . It 's a healthy fear. be
cause newspapers last year racked in 
some $32 billion in classified ads alone, 
according to the Newspaper Advertising 
Bureau . The danger is that users might 
tum to on-line serv ices where they can 
electronically search for services, rather 
than thumb through the daily newspaper. 
If the gateways are successful at recruit· 
ing local businesses, newspapers might 
well see a drop in ad revenues . 

Packet-switched network also stand 
to lose. With cost-effective rates offered 
by gateways, in addition to upplemen
tary services such as billing and infor
mation storage, information providers 
could easily be seduced away from the 
packet-switched networks. However, be· 
cause an information provider cannot di
rectly con nect to a gateway service out 
side of its own region (for example, a 
Boston company cannot directly connect 
to Paci fie Bell' s gateway}. packet 
switched networks can be used to bring 
the information provider to the "door" of 
a remote gateway service. This arrange

ment will likely cause a shift in the role 
of packet-switched networks. 

L-0oking Forward 
Currently, three gateway experiments 
are under way, conducted by Bell Atlan
tic, Bellsouth, and NYNEX. At least two 
others, Pacific Bell and Ameritech, have 
gateways on the drawing board that 
should be ready for testing soon, if not 
already in use by press time. 

Gateways, if successful , will change 
forever the way we think and interact 
with information services. If the RBOCs 
can truly create a ubiquitou information 
highway, they will create an environment 
of low-cost, easily accessible informa
tion that wi ll eradicate today 's informa
tion elite subset. 

Now that's somethj ng to srnj le about. • 

Brock N. Meeks is a San Diego-based 
freelance writer who specializes in high 
technology. You can reach him 011 BIX as 
"brock." 

Your questions and comments are wel
come. Write to : Editor, BYTE, One 
Phoenix Mill lane , Peterborough, NH 
03458. 

up to Tulebit's newest modem. 

And here's another big difference. Since 

the TlOOO nms the most popular communi
cations software at the highest possibl speeds. 
You can take full advantage of packages like 
HyperACCE S, Crosstalk-Fast, MicroPhone II, 
and Acknowledge. 

Just plug us in , and the TlOOO will fit 
right in. No matter what your environment. 
Remote management for ease of use. 

Here's the final difference. The TlOOO 
offers a host of remote management features . 
Including remote acce:s, remote configuration 
and remot diagnostics. 

So get the modern that's head and 
houlders above the rest. In features and per

formance . tjust the 1ight ptice. Telebit's new 

TlOOO Multi-Speed Modem. 
Cal l 1-800-TELEBIT or 

(415) 969-3800, today. 
Or write Telebit at 

1345 Shorebird Way, Moun
tain View, CA 94043-1329. 
Fax: (415) 969-8888. 

Because no one gets the 
message through like Telebit. 

~ 
TIOOO • TELEBIT 
• 198~ Tdebn \:or*p11T71\Mll . li..·kl:nt I) a r1,_·~istctt.:d 
lr.tdem4n'k 1uuJ PF.P 1..., J tr.1dc11M1k i1( Tdi:bH C(•tJ)f.ar .t · 
\Ion . Other br.:rnds · ~ r p ri 'Cioct ll;JJTic-:-. ;+re tradt·m;irk"' 41( 

their r..~pecll\'t: holdef"" 

..optional 
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Attempl 

file transfer. 


Reread manual once 
again to figure out 
how to send file. 

Announcing the first non-stop ·ommunicarions route 
berwecn busin sse.s any-where in the 1;vorld. 

Intel's Connect ion CoProcessor.'" 
It's a whole new way to send and receh·e pmgrams, 

files, text, graphics and electronic messag s. Not just 
between PG, but with fax machines as well. 

Print document 
from PC. 

sending a clocument :L<; hig as the New)brk phone book. 
. m,·rnur faxl's or files ctn fl\' cross cournn: Am.I \ 'OU 

c111 still 6e zooming around in your fligh1 simuiarrn: Or 
writing that letter to your biggest accoun1. Or recalculating 
your spreadsheets for tomorrow',.; meering.\X'ithout 
irnerruprion or dowmime. 

Look all over 

tor secretary. 


$end Ff\I.. yourself. 


The Imel Connection is a ne"· - ---------- - And \\'hen mu f<LX, there are no 
commun ications coproccssing hoard more stopm·er.· at the primer, or 
ch:1t frees rnur PC from the task of cooling ~ ·nur heels in line at the fax 
communicating. machine. Because Connection leL'i mu 

\Vhich means you can \York on your do evernhing withoul leaving rour PC 
COfflputer non-stop-e,·en while And when you send files directly to 
C' l~Jr rl1;:ICccp<:Y'.U~"l ~lfl 1 11.-,,1 11.lf1V..1f"ttl'l.Q..... 1"1,J l!"'#Jc1rur~u( frrtd U"J~<'tllllfl '\\~lf\M\,.t,,, l."l.I rq:.l.""'--n.-Jtr.llJl;-nu.O.. 1('1i..-iJl\-.h1( '"' I' .\.'hhw1 :1 ,.1i; tU•t"Jt•~"'f\-,Jl..-dJi;-!n~uk~il A..Jil••l TJ\C'C'111:..:0111111 tlillfl.trdl\.J. rt')l.t.'61.'"lt."1...I 
Mt1.i1Ji;nfl ,-..J.n.~r.tc..'ft'J1r;,.Jcm;ul.•f "hcn."Ntl(1Yfl'<.1l• 111 "L"-' l IX:A lnie'I c'immunk-.1.rn "f~"-,.,".,' 'tJ1ct.. 1l'1C1h•!fl I 
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Resend document. Transler failed_ cross fingers_Spend 17 minutes 
figuringoul 

lhe proble:m~. ............ 

Finallv. 'f'J send, 
but FAX hne is busy. 

another Connection-equipped PC, you won't have to fiddle 
around with moc!em parameters or protocols.l3ecause c11e 
Connection CoProcessor seL'i them for mu. At 9600 bps. 

Rest of all, Connection supports CAS;' a nen· 
com municalion standard thal is supponed by major 
sofrvvare and hardware developers like Ashcon-T<ue~ 
norland~ DCA~1\ Iicms< >ft ~ and WordPerfect• Which 
means you ·an send, for example, a word processing 
file ro your London offic . withour ev r xicing vour 
WordPerfect program. 

)nu just send the documem directly from mur 
application.That 's it.There isn't any compl icated 

communiGHions soft\Yare co learn. 
And ever~1hing is backed by toll-free technical 

suppore and a five-year wa rramy from IneeI. 
So whac are you wa iti ng fr>r) Call 800-538-.)373 no'\\· 

fix :1 free demo disk. 
Because wich Intel's Conneccion CoProce ·sur, 

communication b rea lly going to take off 
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FIRST IMPRESSIONS • Tom Thompson and ick Baran 

With an optical drive, 


a 25-MHz 68030, 


built-in floating-point, 


digital signal processing, 


8 megabytes of RAM, 


Unix, and more, 


this is a power user's 


dream machine


but will you be able 


to buy one? 


TheNeXT 
Computer 
Editor's note: In August, Nick Baran , Tom Thompson, and I attended a marathon, 
all-day briefing at NeXT's headquarters in Palo Alto. It was the first time a publica
tion was given an in-depth look at what surely is one of the most eagerly anticipated 
machines in recent memory: the Ne.KT Computer. 

On this and several follow-up visits we saw beta versions of the hardware, system 
software, and some early applications. We met with many of the engineers and pro
grammers who developed the machine's hardware and software, and we spoke with 
the managers who are determining where NeXT is going and what role it will play in 
the microcomputing community. 

We were11 't disappointed. This is a milesto11e machine-one that in all likelihood 
will cop machine-of-the-year honors all around. 

BYTE will have ongoing coverage of the NeXT Computer in upcoming issues. We 'Ii 
report definitive performa11cefigures,forexample, after we receive and test a produc
tion unit. Here are our first impressio11s ofthe beta hardware and software. -FSL 

I
t's been a long wait, but it ha fi 
nally arrived. In early October, 
Steve Jobs's NeXT, Inc. unveiled 
the fruit of its creative efforts: a 

workstation referred to as "the cube." 
NeXT asserts that the cube, having 

been designed to meet the computing 
needs of the next decade, is "the ma
chine for the nineties." A bold state
ment, to be sure, but the cube goes a long 
way to bol ter that claim: It sports the 
first commercially available erasable op
tical drive and advanced VLSI (very 
large-scale integration) technology , and 
it comes with a built· in digital signal pro
ce.ssor. On the software side, the Unix
ba ed cube features an object-oriented 
version of C as its standard programming 
environment. It use Display Post&:ript 
to present a graphical user interface that 
shields users from the traditionally user
hostile Unix command sy ntax, and it of
fers easy access to the cube's consider
able power. 

Targeted initially for the higher-edu
cation market, NeXT built the cube with 
the feedback of an academic advisory 
council that consisted of researchers and 
professors from schools such as Carne
gie-Mellon, Stanford, and the University 
of Michigan . 

The academic bent shows throughout. 
For example, the digital signal processor 
can be programmed for real-time labora

tory work and demonstrations. The 
cube's large mass storage and memory 
capacity make it ideal for accessing sub
stantial librarie of information. And 
Unix is the multitasking operating sys
tem of choice in academia. 

Although the cube delivers a lot of 
bang for the buck, it's priced in the 
neighborhood of $6500 (all prices 
quoted are aimed at the higher-education 
market), which may, at least initially, 
limit its availability to its intended user 
base: students . The cube's rich features 
list would urely be appealing to tho e in 
nonacademic settings (engineering and 
science applications come to mind), but 
we were su rprised to learn that for now , 
NeXT has no firm plans to pursue these 
markets. 

Outward Appearances 
The cube is starkly simple in appearance 
and physical layout. The main computer 
unit is a matte-black cube measuring 1 
foot to a side. There are no switches, and 
no indicator lights. There are two panel 
covering bays that can hold two 5 1.4-inch 
full-height devices. One bay is occupied 
by a full -height drive with a wide slot: a 
magneto-optical drive. The main system 
unit is a power user's dream: the latest 
generation Motorola 68030 processor 
and 68882 math coprocessor. plus 8 

co111i11ued 
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megabytes of RAM as standard hard
ware (a 4-megabyte version of the system 
is available). An army of connectors 
(such as a SCSI [small computer system 
interface] connector and "thin" Ethernet 
connector) located along the rear of the 
computer can hook the cube to nearly any 
peripheral device (see photo I). 

The system is designed to avoid the 
rat' ne t of wiring all too common with 
complex systems. The entire cube system 
requires just one power cable, which con
nects the main unit to a wall socket. 

A single 10-foot-long shielded umbili
cal connects the black 17-inch mono
chrome monitor to the main unit (see 
photo 2). This cable carries power for the 
monitor, video, keyboard, mouse, sound 
1/0 , and auxiliary input signals in a com
plex shielded array. The black keyboard 
attaches via a connector to the base of the 
monitor, whose housing also contains a 
small speaker, stereo earphone jack, two 
stereo channel jacks, and a microphone 
jack. A two-button mouse (also black) 
connects to the keyboard (see photo 3). 
The beta cubes we looked at were FCC 
Class A certified . 

This arrangement is very convenient: 
Your desk need only accommodate the 
monitor, keyboard, and mouse, and the 
ample length of the umbilical gives you 
the freedom to place the main unit well 
away-say, on a shelf. A key on the key
board switches the system's power on or 
off so you don't have to touch the main 
unit at all. 

Fine-Tuned for High Throughput 
The cube's internal construction mirrors 
the simplicity of its exterior (see photo 
4) . The main unit's cubi.c housing is 
made of lightweight magnesium. Inside 
are four 32-bit NuBus slots, one of which 
holds the system's main CPU board. All 
the cube's system electronics reside on 
this densely packed CPU board, which 
makes heavy use of surface-mount de
vices; the cube is essentially a single
board computer. With the exception of a 
bipolar array used to manage the video 
djsplay and perform Manchester encod
ing/decoding for Ethernet communica
tions, all the CPU board's parts use low
power CMOS components. 

A power supply mount inside the 
housing on two screws; the entire box is 
cooled by a large, quiet, low-speed fan . 
The nonswitching power supply can han
dle voltages ranging anywhere from 90 
volts to 260 V. and frequencies from 50 
Hz to 60 Hz. This means that you can 
plug in the same hardware almost 
anywhere in the world without having to 
set switches. The cube should also prove 
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resistant to the vagaries of commercial 
electrical power. Its power supply gener
ates 200 watts, of which the monitor uses 
50 W, and 25 W is al located for each 
lot. 

NeXT's design for a workstation for 
the nineties used four important strate
gie . First, when possible , high-perfor
mance components were used . The CPU 
boa.rd is built around the 68030 processor 
and 68882 floating-point unit , both run
ning at 25 MHz. For SCSI peripherals, 
the NCR 53C90 SCSI interface chip pro
vides a maximum 4-megabyte-per-sec
ond transfer rate. That's considerably 

Photo 1: The 
cube's 110 ports. 
Top to bottom: 
DSP port, rwo 
serial ports, 
SCSI port, laser 
primer port, 
Ethernel port, and 
monitor port. 

Photo 2: The 
monitor 110 ports, 
lefr ro righr: 
srereo earphone 
jack, left and 
right stereo 
channels, um
bilical connection, 
keyboard con
nector, micro
phone jack. 

fa ter than the 1.5-megabyte-per-second 
rate of the older NCR 5380 chip. For 
mass storage, an optional high-speed 
hard disk drive using the SCSI bus is 
available. This hard disk holds 670 mega
bytes of formatted data and has an aver
age seek time of 18 milliseconds. 

However, even a high-performance 
processor can be slowed to a crawl if it 
must service every l/O call, or wait on 
low peripherals. (Steve Jobs put it this 

way: " MIPS is only one-third of the 
equation; sustained system throughput is 
the key.") So, the second part ofNeXT's 
design strategy was to minimize the 
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Photo3: The 
cube 's keyboard. 
The keys above 
the cursor keys 
control the 
monitor's 
brigJ11ness. the 
system 's power, 
and sound 
volum e. 

Photo 4: The 
inside ofthe cube. 
At top center is 
a bay for an 
additional full
height peripheral; 
at center is the 
magneto-optical 
dri11e. The 
power supply is at 
the bouom. To 
the right ofcenter 
is the main 
CPU board. 

Photo S: The 
NeXT 17-inch 
monitor. The 
screen can be 
tilted forward 
or back; the 
tractor-style 
wheels allow it to 
be rolled 
across a table. 

overhead of communicating to the out
side world by offloading a much l/O 
from the CPU as possible onto smart 1/0 
processors managing each peripheral 
(see figure 1) . This happens to be a mat
ter of necessity given the amount of 1/0 
the cube is doing. Con ider that the 
cube's synthesized digital sound is han
dled by a Motorola DSP56001, a 20
MHz digital signal processing (DSP) 
chip. The DSP5600l provi_des the cube 
with its ability to synthesize compact
disk-quality stereo sound-no mean feat 
when you consider it must handle two 
channels of 16-bit data sampled at 44 . l 
kHz. Although the primary function of 
the DSP is to minimize system overhead 
while processing h igh-quality sound , 
you can program the DSP5600 I to ~a
nipulate any sort of digital data, say , sig
nal filtering or image processing (see the 
text box "The Cube's Digital Signal Pro
cessor" on page 166). The DSP makes 
the cube en excellent machine for labora
tory and experimental work . 

That's only part of the 1/0 traffic . 
Looking at the back of the cube , we 
counted no less than seven 110 ports . 
These include the following: 

• A DB-19 monitor port carries all video 
signal s, video data, control signals, 
mouse movement, stereo sound, and 12
V DC power to the NeXT monitor. Both 
the sound I/O data and video data ( I 
pixel every 10 microseconds) are man
aged by dedicated OMA (direct memory 
access) channel . 
• A "thin " coaxial Ethernet port oper
ates at 10 megabits per second and is 
driven by an AM7996 Ethernet trans
ceiver chip. 
• A DB-9 serial primer port drives the 
NeXT laser printer (see the text box 
"The NeXT Laser Printer" on page 
168). This port transfers data at 1.8 
mbps when printing at 300 dots per inch , 
and 3.2 mbps when printing at 400 dpi. 
• A DB-25 SCSI port. Its signals are 
identical to those of the Apple Macintosh 
SCSI port. As mentioned earlier, the 
SCSI bus can transfer data to a peripheral 
at up to 4 megabytes per second . . 
• Two serial ports that use the Macintosh 
mini DIN-8 serial connectors and sig
nals . Both serial ports can handle up to 
230.4K bits per second synchronously 
(the same as Apple's LocalTalk) , and 
38.4K bps asynchronously. 
• A DB-15 DSP port connects to both the 
asynchronous (SCI) and synchronous 
serial (SSI) channels on Port C of the dig
ital signal processing chip. This port can 
be used to receive or output digital data. 

conrinued 
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Figure 1: Block diagram ofthe NeXTsystem. Nore that the PROM is read by driving 16 bits ofaddres onto the bus and 
reading bytes off the most significam address lines. 
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The Only Character 

Recognition System That 


Outperforms Ours. 

Consider the facts: 

ature's character recognition system can 
be trained to read all characters and languages 
it sees. SPOT (Flagstaff Engineering's Optical 
Character Recognition program) is trainable too. 
It reads most printed documents in English and 
more than 130 other languages. 

Like nature's original, SPOT is very discerning. 
It can glance over an entire page or zoom in on 
a few lines of text. SPOT can read newspapers, 
magazines, books, manuals, invoices, contracts, 
government documents and much, much more. 

Your eyes are teamed up with that marvelous 
computer, the brain. SPOT uses the latest man
made personal computers in conjunction with the 

Circle I 30 on &adtr Service Card 
(DEALERS: 131) 

most popular low-cost scanners, and requires 
no additional hardware. 

SPOT's advanced logic closely approximates 
what the human eyes and brain do. That's why 
SPOT will continue to be the leader in OCR ... 
with an intuition inspired by the original. 

Seeing is believing. Since 1982, Flagstaff 
Engineering has helped thousands of international 
customers read information from various com
puter and printed media. Demonstration pro
grams are available. Call today. 

Helping People Read a World of Information 

1120 Kaibab Lane • Flagstaff, AZ 86001 
602-779-334 1 • FAX 602-779-5998 



Figure 2: The NeXT Computer's main CPU board, with its two custom VLSI chips. 
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Looking inside the case, the main 
CPU board has two more ports: a 20-pin 
connector for the optical disk drive, and 
a 50-pin SCSI connector for a hard disk 
drive. Finally, inside the cube's housing 
are four 32-bit NuBus lots. Each slot 
uses a Eurocard type C connector. NeXT 
has implemented a CMOS NuBus with 
twice the data rate of the standard NuBus 
for its backplane bus . The CPU board as
sumes the ID of the slot it occupies. Al
though they're not used for outside com
munications, each of these devices can 
make demands on the system. 

For cligital sound synthesi , there hap
pened to be an off-the-shelf component
the DSP5600 I - that could be assigned 
the job . Unfortunately , there aren't high
speed processors available that could 
deal with the rest of the system's UO, and 
certainly none that could handJe the mag
neto-optical drive. Two custom VLSI 
chips were designed to manage the 
cube's remaining UO subsystems. These 
chips handle the SCSI interface, the mag
neto-optical drive {including error-cor
rection logic), the seriaJ ports, and Eth
ernet transfers. 

Both these chips pack a lot of compo
nents : According to NeXT, each chip 
contains about JO times the amount of 
logic circuitry used by an entire Mac II. 

But there's still a problem lurking 
here, subtly related to 1/0: how to man
age data to and from these 1/0 proces
sors. If the CPU must periodically trans
fer data between memory and the various 
I IO processors, the system's perfor
mance is stil I degraded. 

NeXT's third design strategy was to 
improve data throughput within the sys
tem itself by managing these transfers 
with custom DMA hardware. This DMA 
hardware is implemented in one of the 
same VLSl chips that helps manage the 
system UO. There are no less than 12 
DMA channels on the main CPU boa.rd . 
They include the following: 

• two ELhernet channels (one for trans

mined data, one for received data), 

• one video channel, 

• one serial channel (for both serial 

ports), 

• one DSP channel, 

• two disk channels (one for the mag

neto-optical drive, one for a SCSI hard 

clisk drive), 

• one printer channel, 

• one memory-to-OMA register 

channel, 

• one OMA register-to-memory chan

nel, and 

• two sound channels (one for input, one 

for output). 


For the memory-to-register and regis
ter-to-memory OMA channels, "regis
ter" corresponds to a 16-byte register 
buffer in the OMA hardware . The con
tents of these registers can be copied re
peatedly under OMA control to memory. 
An ex.ample of this would be to copy a 
background pattern for the video display 
into the DMA registers, and then use the 
register-to-memory DMA channel to 
copy the pattern into all of the video 
memory. 

The final aspect of NeXT's overall de 
sign strategy to improve throughput is 
that when the 68030 processor must ac
cess memory, it attempts to do it effi 
ciently. The 68030's burst read cycle is 

The optical 
cartridges resemble 
overgrown 31A-inch 

floppy disks, but hold 
a whopping 256 

megabytes ofdata. 

used where possible, since this mode 
allows four long words (128 bits) to be 
transferred in 9 clock cycles, instead of 
16 clock cycles- roughly twice as fast. 

Memory and Mass Storage 
One way to improve system performance 
is to keep as much of the executable code 
in memory as possible, particularly 
where multitasking is concerned. The 
cube has no problem in this area: It 
comes equipped with 8 megabytes of 
100-nanosecond SIMM-mounted RAM 
(see figure 2). The main CPU board has 
16 SIMM (single in-line memory mod
ule) sockets, and 8 of these are populated 
with the standard RAM. 

You can add additional I-megabit-den
sity SIMMs in 4-megabyte increments to 
expand system RAM to either 12 mega
bytes or the miuimum of 16 megabytes. 

Also located on the main CPU board 
are 32K bytes of 45-ns static RAM . BK 
bytes of this SRAM are used for the mag
neto-optical disk buffers , and 24K bytes 
are allocated for the DSP56001. There 
are also 256K byt.es of dual-ported video 
RAM for the video display. A l28K-byte 
PROM contains the bootstrap and some 

diagnostic code for the cube. This boot
strap code simply loads the Unix kernel 
and starts it. There are no special graph
ic or system functions similar to the 
Macintosh Toolbox embedded in this 
ROM. The operating system, drivers, 
and custom djsplay software reside on the 
boot drive. 

The most interesting peripheral on the 
cube is its read/write magneto-optical 
drive. The optical drive fits into a 5 1A
inch full-height bay on the cube and bas a 
slot to accept an optical cartridge. The 
cartridge is removable through a soft
ware-actuated eject mechanism using an 
internal motor. 

The optical cartridges themselves re
semble overgrown 3 11.z-inch floppy disks, 
complete with a rigid shell and shutter 
door, but the resemblance ends there; 
each optical cartridge holds a whopping 
256 megabytes of user data. This allows 
you "to take your entire world with you " 
since the Unix kernel, the bundled appli 
cation oftware, and lots of user data 
will fit on a single cartridge. 

The optical platter is composed of the 
same clear rigid polycarbonate material 
that's used in CD-ROMs . Embedded 
within the platter is a layer of reflective 
aluminum backing that's overlaid with a 
magneto-optical substrate. The platter 
rotates inside the cartridge at 3000 revo
lutions per minute, 10 times the rotation 
peed of a CD-ROM , and almost as fast 

as a hard disk drive. 
How does the magneto-optical drive 

work? A single laser performs both read 
and write operations. To write data to the 
disk, the drive first applies a magnetic 
field to the platter. The orientation of the 
magnetic field determines the data to be 
written to the platter-either a 0 or a I . 
The magnetic field is first oriented to 
write Os at the start of what's called the 
erase pass . 

The laser uses a high-power beam to 
heat a sector on the platter 's substrate to 
its Curie point-the temperature at which 
the crystals in the substrate "forget" 
their previous orientation and reorient 
themselves to the surrounding magnetic 
field. All the data in the target sector is 
thus erased to Os. 

Next, the magnetic field is oriented to 
write ls in the write pass, and at every 
spot in the sector where a bit must be set 
to a I , the laser again heats the substrate 
to the Curie point. Finally, the sector is 
read in a verify pass to check the accu 
racy of the data. 

To read data off the platter, the drive 
removes the magnetic field, and the laser 
directs a low-intensity beam at the plat

conrinued 

OVEMBER 1988 • B YT E 165 



NeXT COMPUTER 

..._. -"~ ...... - ----- -------- -·~~~------------~ ~--"'--'----= --=-- 

The Cube's Digital Signal Processor 
T he Cube comes equipped with a 

Motorola DSP56001 , an 88-pio 
CMOS chip designed for data-intensive 
real-time signal processing applica
tions. At the core of the chip are three 
execution units-data arithmetic logic 
unit (ALU), address-generation unit, 
and program-rontrol unit-that operate 
in parallel to provide the necessary 
throughput . 

The DSP works with 24-bit digital 
data, providing 144 de.cibels ofdynamic 
range. Two internal 56-bit accumula
tors provide 336 dB of dynamic range 
during arithmetic operations so the pre
cision of the intermediate results is re
tained during data processing. 

The DSP56001 is programmable, al
lowing it to be tailored for a specific 
purpose. The 16-bit address-generation 
unit , combined with hardware select 
lines for program code or data, can ac
ce s three separate 64K words of an ex
tern al memory space (192K words 
to1al, where a word is 24 bits of data) . 

The DSP56001 has on-chip program 
me.mory composed of 512- by 24-bit
wide RAM cells, of which the bottom 
64 cells are used for interrupt vectors. 
DSP programs can O<Xupy the remain
ing memory , or if they're large, they 
can reside in the external program 
space. In the latter case, the on-chip 
program memory can serve as a fixed 
cache. Program instructions are 24 bits 
wide, and each bit is significant. 

On the cube , the DSP56001 is 
clocked at 20 MHz, and instructions 
execute every two clock cycles to give 
the chip a 10-MIPS (millions of instruc
tions per second) rating. The DSP in
struction set consists of 62 mnemonics 
that include math, logical, bit-manipu· 
lation , loop, and program-control in
structions . The math instructions en
compass such operations as absolute 
value , add, subtract, shift left/ right, 
shift left/right and add (useful for im
plementing the butterfly computation in 
certain fast Fourier transforms), com
pare, signed multiply, signed mllltiply 
and accumulate, a.nd signed multiply 
accumulate and round (MACR) . 

All these inst.ructions- notably some 
of the math instruct ions just men
tioned-are not pipelined and execute in 

one instruction cycle (two clock cycles) . 
For example, as the KACRinstruction ex
ecutes, an instruction prefetch, 24- by 
24-bit multiply, 56-bit add with conver
gent rounding, two data moves, and two 
pointer updates are performed, and all 
within one instruction cycle. Such 
powerful instructions are possible be· 
cause of the parallel operation of the 
three execution units. These powerful 
arithmetic instructions, coupled with its 
high throughput, allows the DSPS600! 
to literally process data on the fly. 

Inside the DSP56001 are fou r 24-bit 
bidirectional data buses: X, Y, pro
gram, and global. Digital data is split 
into X and Y components and can be 
treated as such in two separate 64K· 
word external memory spaces. On the 
cube, 24K bytes of talic RAM provides 
SK words of contiguous scalar data , or 
4K words of X and Y data. How this 
data is ordered in SRAM on the cube is 
determined by what range of addresses 
you write into in the chip's external 
memory space. 

The two 56-bit accumulators in the 
data ALU can operate on the X and Y 
data sets in parallel. .Breaking the data 
in10 X and Y components provides cer
tain advantages. For example, the data 
can be treated as X and Y coordinate 
data for image processing or graphics, 
or as real and imaginary compone.nts 
for complex math, or as coefficients and 
data for digital filtering . Each X and Y 
data bus has an on-chip memory com
posed of256- by 24-bit cells that is used 
to improve performance. The program 
bus prefetches DSP program instruc
tions into the on-chip program memory. 
The global bus is used for internal data 
routing within the DSP. 

The DSP56001 has three 110 ports : 
A, B, and C. Port A bas a 24-bit bidirec
tional data bus, and the address unit can 
access external memory for off-chip 
program code or data. Various control 
lines determine operations such as 
whether to access program or data 
memory, X and Y data , and if the oper
ation is a read or a write. 

Port B handles 8-bit data to and from 
a host processor that could be a CPU, 
OMA (direct memory access) hard
ware, or even another DSP. Control sig

nals for this bus permit interrupH:lriven 
or DMA transfers of data. 

Port C consists of two full-duplex 
serial ports . The first port is the serial 
communication interface (SCI) that pro
vides standard asynchronous rates up to 
312.5K bits per second, and up to 2.5 
megabits per second for synchronous 
data tran.smission. Although these sig· 
nal 1imings are RS-232C-compatible, 
the voltage levels range from 0 volts to 5 
V, so a line driver is required to pro
duce a tr ue RS-232C signal. 

The second port is the synchronous 
serial interface (SSJ) and is a program
mable serial interface. You can set the 
number of bits per word, protocol, clock 
rate , and mode as required to transfer 
data at up to 5 megabits per second to 
a nd from a variet y of peripheral 
devices. 

An example of the DSP5600 l 's pro
cessing capability is given by one of Mo
torola 's appl ication notes , where the 
chip is used as a 10-band graphic equal
izer for a digital stereo system. In this 
document, a compact-disk digital stereo 
signal (two channels of 16-bit data sam
pled at 44.1kHzor88,200 16-bit digital 
samples a second) goes through the 
DSP56001 's SSI on port C. Next, real
time digital filtering is performed on 20 
bands (10 bands per channel}, and the 
filtered data returns to the stereo sys
tem, again via the C port's SSI. This ad
mittedly down-to-ea.rth example shows 
1he proce ssing power 1ha1 the 
DSP56001 can bring to bear on a prob
lem. The sampling rate of the 
DSP56001 depends on the amount of 
data processing going on at the same 
time, but it can reach a maximum of 
1.66 megawords per second . 

As a computer peripheral , you could 
use the ch ip in any number of applica
tions: speech synthesis, voice recogni
tion, high-speed modems, image pro
cessing, two-dimensional graphics, and 
real-time filtering of digital data. Al
though the signed 24-bit resolution may 
seem limiting for some scientific and 
engineering appl ications, you can al
ways use the cube' s math coprocessor. 
But for those problems that do fall with
in this range, the DSP5600 1 will be 
more than adequate. 
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Advantages are 
enha nced by Tatung 
VGA provides 
significantly higher 
reso lution. In lact , 
Image clarity is 37% 
higher than EGA. And 
while EGA gives you 
16 on-screen co lors, 
VGA puls 256 colors 
(J rom a palette of 
262, 144 colors) on 
a monilor's screen 
at a t ime. Distortion, 
ghosting, and even 
eye fatigue is sharply 
reduced. In text 
modes, characters 
(even those with 
descenders like y, p 
and g) are more clearly 
defined thanks to a 
9 x 16 dot matrix. But , 
while the monitor Is a 
vital part of a VGA 
system, we th ink the 
real key is the VGA 
card that goes with it. 

The Tatung VGA card 
is all performance 
Ours is a 15-bit 
graphics array board 
with a single high 
speed, register com
patible, VGA chip... a 
graphics controller 
that's incredibly fast 
(it has a bandwidth 
more than 7 times that 
of other VGA boards)! 
You can access th is 
speed lhrough the 
16-bit data path to 
display memory, BIOS 
ROM , and 110. Our 
exclusive SwiftWrile 
makes the wait state 
virtually non-existant. 
More? With 16 colors, 
resolution increases to 
800 x 600. On·board is 
a 256K DRAM; and the 
card is backward com
patible with EGA, CGA, 
MDA and Hercules 
graphics standards. 

Tatung Monitors 
deliver the new standard 
We offer the broadest 
line of VGA monitors 
ava ilable; 5 newly sty led 
and engineered 
monitors. Each model 
provides 640 x 480. 
640 x 350 lines of 
graphics resolution; 
720 x 400 lines for 
lext. Tatung's new 
VGA monitors offer a 
broad range of 
fea tures that con
tribute lo their 
superior value: dark, 
non-glare CRT's, auto· 
matic vertical sizing 
encoding, multi-color 
text or reverse video 
switch. 110/220V swit· 
chable power supply, 
removable lilt /swivel 
bases ... all supported 
by Tatung's lull year 
wa rranty. 

Tatung bundles 
provide superior value 
By bundling VGA 
monitors and cards. 
Tatung puts VGA 
with in the reach of 
everyone. In most 
cases. the Tatung VGA 
bundle wil1 cost no 
more than EGA 
packages! That's why 
we be lieve that fealure 
for feature, dollar for 
dollar, the Tatung VGA 
bundle represents in
comparable value . The 
kind of va lue only the 
largest manufacturer 
of monitors in the 
world can deliver. 

In addition, Tatung 
offefs users a huge 
advantage: a Tatung 
VGA bundle Is 100% 
IBM!M VGA compati· 
ble and more... your 
Investment in software 
is fully protected . 

Tatung offers 
guaranteed compatibili ty 
Whenever a new stan
dard is introduced, 
system users have a 
justifiable concern 
about software com· 
patibil ity. That's why 
Tatung offers a un ique 
guarantee· : if you 
note any software in· 
compalibilllies within 
the 1 year warranty 
period, Tatung wil l 
correct them free of 
charge w ithin 30 days, 
otherwise the lull 
value of the Tatung 
VGA card will be 
refund ed. 

That's the Tatung 
VGA story. It's a story 
worth seeing. For 
complete informat ion, 
speciricalions. and the 
name of the Tatung 
dealer near you . and 
to arrange for a 
demonsiratlon, 
call us today. 
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NeXT COMPUTER 

The NeXT Laser Printer 


L et ' ' face it : There are certain situa
tions in your computer work where 

you must have printed outpu1. NeXT's 
answer to this problem is a low-cost 
400-dot-per-inch laser printer. There's 
no entry-level dot-matrix printer of
fered; NeXT is banking on users prefer
ring laser-printed output. Since the cube 
handle screen imaging with Display 
PostScript, it also makes ·ense to take 
advantage of a high-resolution Post
s cript-compatible printer. The printer 
costs $1995. 

The NeXT printer is built around a 
custom-designed laser engine based on 
the Canon LBP-SX laser engine. It can 
print eight pages per minute and uses 
the same toner cartridge as the Apple 
LaserWriter Il printers. A user-selecta
ble printing mode lets the printer pro
duce pages at either 300 or 400 dpi . The 
printer has its own power cord, and the 

ter. The beam travels through the sub
strate and is reflected off the aluminum 
backing . However, in a phenomenon 
known as the Kerr effect , the crystal 
alignment in the magneto-optical sub
strate alters the polarization of the re
flected beam. The amount of beam po
larization determines its intensity as it 
passes through a polarizing filter to a 
photodetector . The beam intensity indi
cates whether a I or a 0 was read at the 
spot on the platter. 

The optical drive 's 110 processor uses 
a robust error-correction coding to pro
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power supply i set for l 10 volts or 220 
V levels with a switch. 

The printing process involves imag
ing the page inside the cube using 
Display PostScript, and then bit-blast
ing it to the printer. This is similar to 
the method used by Apple's Laser
Writer IISC, except that the cube uses 
Display PostScript, and the Mac uses 
QuickDraw. Since massive amounts of 
data must be transferred to the printer to 
produce a page, the printer port has its 
own direct-memory-access channel. 

One limitation of the printer is that it 
will only work with the cube. Also, you 
cannot network it like Po tScript 
printers that use Apple's LocalTalk, al
though you could use a cube with a 
NeXT laser printer to act as a print 
server on a network. The cube can print 
to non-NeXT Postscript printers using 
its serial ports and Unix printer drivers. 

tect the integrity of the data read from the 
platter. (In addition to the 256 megabytes 
of user data, each cartridge carries a 30 
percent overhead just for the error-cor
rection code.) Data and its associated 
ECC information is read from the disk 
and fed into one of two 1296-byte buffers 
located in high-speed SRAM. As the 
data is checked and corrected for errors, 
it is transferred to the second buffer . It's 
the contents of this second buffer that is 
actually used by the system. 

While the operation of the magneto
optical drive seems simple in principle, 

the new technology needed to make thi 
storage device possible was considerable . 
NeXT admitted that it had literally 
"gambled the company" on this technol
ogy becoming available for use in the 
cube. 

But it djd work, and one magneto-opti
cal drive comes standard on the cube. 
While the drive is designed to boot and 
run the operating sy tern, its 96-ms aver
age seek time may prove a bottJeneck in 
some applications. For the beta software, 
if you were using the magneto--0ptical 
drive as the system disk, you could not re
move the cartridge without rebooting the 
system. However, NeXT plans to modify 
the software so you can copy files to an
other optical cartridge with a single mag
neto-optical drive. 

Optical cartridges are expected to cost 
$50 initially. although the price may fall 
as they are produced in volume. Since 
the cube has room for an extra 5 \.4 -inch 
full-height device, you can purchase 
either a second optical drive for $1495, 
or the 670-megabyte hard disk drive for 
$3995. 

Getting the Picture 
A we used the cube, we couldn't help 
being impre sed by the crisp quality of 
its display . This is no ac.cident: The 17
inch NeXT monochrome monitor has an 
ample 1120- by 832-pixel display that 
contains more pixels than most 19-inch 
monitors (which usually have 1024 by 
768 pixels). The monitor has a 94-dpi 
screen, as compared to the Macintosh's 
72-<lpi screen. However, this display is 
only 2 bits (four gray levels) deep. The 
graphic interface looks very good and 
makes effective use of the four gray 
levels. 

A 17-inch monitor was chosen for the 
video display as a compromise between 
display size and weight . On the monitor' 
base are two small tractor-style wheels 
that let you move the monitor ea ily 
across a table surface (see photo 5) . 

The video display has a bandwidth of 
100 MHz, with a vertical refresh rate of 
68.3 Hz. The monitor use the positive 
and negative 12 V DC supplied by the 
cube's monitor port for power. Inside the 
monitor's housing are two boards. A 
step-up transformer on the first board 
generates the high voltages required to 
drive the video tube. The second board 
handles the rest of the 1/0 managed by 
the monitor : keyboard, mou e , and 
sound. 

The 84-key keyboard connects to a 
port located on the monitor's base. The 
keyboard al o has cursor keys, a numeric 
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This is the year of the dragon~ 

Harness its power


and reap its good fortune. 

It 's a year that begins with a powerful array 

of computer systems designed, engineered, and 
manufactured exclusively by us ... business/ pro
fessional systems that ptoudly carry our name. 

Leading the way is our new TCS 8000. Designed to 
harness advanced 80386 microprocessor technology, 

It is remarkably powerful., extremely fast and extra
ordinarily versatile. The TCS 8000 gives you all the 

strength of the MS-DOS["' concurrent DOS 386T"' PC 
MOS 386!"' and the Incred ible capabilities of OSl2!"' 

The TCS aooo is equipped with 1MB of memory, 
but it will easily accommodate up to 16MB on the mother· 

board by u1 il izing memory modules ...standard modules 
that dramatically reduce the cost of expanding 
memory and Increasing memory access speed . 

As part of a network, In 1
/multi-user system, or as a 

stand-alone system the TCS 

8000's performance proves that 


every detail has met Tatung's 

uncompromised quafity 


controls. 


--,......-! 

Like the ancient dragon, the res 8000 is a symbol of 
power and good fortune. It will provide your customers 
with tremendous value, and you with superior profi t· 
abi lity. Indeed, the excit ing new TCS 8000 is dest ined 
to be a genuine " fire breather." 
For complete detail s and specifications, call toll-free: 
1-800-421-2929 Ext. 256. 

The TCS 4000 ... 
The remarkable TCS AT compallbillty In a 
7000 AT compatlbla. very small footprint. 
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Display Postscript 

D isplay PostScript is an extension of 

Adobe's PostScript page-descrip
tion language (PDL) and is designed as 
an imaging model for graphics displays . 
In theory, software developers could 
write the display portions of their appli
cation just once u ing Di play Post
Script: These application would run 
without modification on any computer 
and operating y tern that upport 
Di play PostScript. Another major ben
efit is that the image on the screen would 
reproduce identically on a printer sup
porting the Postscript POL. 

Display Postscript is device-indepen
dent, an important feature when you 
consider that specific dimensional siz
ing is display-dependent in most graph
ics handlers. For example, if you write a 
Display Postscript routine to draw a 2
inch square on the screen, the routine 
will always draw a 2-inch square on any 
di play supporting Display PostScript, 
regardle~s of the resolution, color capa
bility, or size of the output device. Jn 
other word , Display PostScript permits 
a "non-unitized" description of an 
image until it is interpreted for a partic
ular display. 

This non-unitized approach is in con
tra t 10 pixel-based graphics handlers 
that can only handle proportional siz
ing. Of course, you can also specify 
proportional sizing in Di play Post
script. Additionally, Display PostScript 
automatically uses the maximum color 
capabilities of the host display, whether 
it has just black and white, or 16 million 
colors. The programmer does not have 
to worry about the characteristics of the 
output device while writing the 
application . 

The core of Display PostScript is 
called the DPS Kernel. The DPS Kernel 
is an interpreter that translates Post
script routines into the images on the 

screen and is designed to be machine
independent. The DPS Kernel is sup
plied precompiled in object format to 
the OEM. 

In addition to the Kernel, Adobe sup
plies the OEM with "front· and back
end" adapters that consist of source 
code for interfacing to the display de
vices, the opera.ting system, and the 
windowing system. The Di play Post· 
Script adapters become part of the host 
computer manufacturer's system soft· 
ware . Of course , modifying these 
adapters for the host computer system is 
not a trivial task, and it is u ually under· 
taken by the OEM as a joint or coopera
tive effort with Adobe Sy terns. Again, 
the important point here is that the soft
ware developer need not worry about 
these "adapters ." 

The main underlying concept of 
Display Postscript is to isolate the 
display operation from not only the host 
computer's operating system but also 
from its windowing system. The core 
of Display PostScript fits inside the 
ho t windowing sy tern, which in thi 
case is the NeXT windowing system, al
though it could be anything from Micro
soft Windows to X-Windows to Quick
Draw. 

While the windowing system handles 
functions such as cut, paste , and copy, 
and manages the window bo11es on the 
screen, Display Postscript handles the 
actual painting of the window's con
tents. Thus, routines for displaying 
icons, text fonts, and graphics images 
have to be written only once using 
Display PostScript. However, the soft
ware developer still has to write sepa
rate window calls for each windowing 
system. 

Programmers can use the Display 
PostScript langua.ge directly, or they 
can use a library of C procedures called 

PSWrap, which is recognized and inter
preted by the DPS Kernel. 

NeXT fully supports the PSWrap li
brary, but has added many of its own 
procedures. Some of these are used by 
the Application Kit to create and man
age windows; other procedures handle 
events, mouse, and cursor operation ; 
and still others support "compositing." 

The compositing procedure are 
multibit pixel operators designed by 
NeXT's sister company, PJXAR. Each 
pixel has two values associated with it: 
its data value (or color), and its alpha 
value (the data's transparency or opac
ity) . On the cube 's 2-bit display, com
positing makes an icon transparent as it 
move over another object on the 
screen. These compositing operators 
are easily extendable and will allow the 

eXT software to migrate to color dis
plays when the time comes. 

From brief glimpses of alpha versions 
of Display Postscript, several industry 
observers have concluded that Display 
PostScript bas serious performance 
problem -it i too slow. Adobe Sys· 
tems vehemently denies this and say 
critics have jumped to conclusions 
based on these preliminary demonstra
tions. Adobe says Display PostScript is 
very fast provide.cl the code is written 
properly. 

A number of techniques have been 
developed to improve Display Post
script's performance , including a 
binary preprocessor (described 
below), graphic state objects (multiple 
Postscript graphic states that can be 
switched quickly by changing a point
er), and user paths (an aggregate of 
PostScript drawing commands that 
represent a PostScript path) . NeXT 
uses these techniques and its own com
po iting function to boost the speed 
of the display. 

keypad, a power-on/power-off key, and 
pairs of keys that control the volume and 
screen brightnes (pressing one key in
creases the chosen output; pressing the 
other decreases it). There are two Com
mand keys and two Alt keys (located on 
opposite sides of the keyboard) that are 
mapped separately. There are no PC
style function keys. A two-button opto
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mechanical mouse also connects to a 
port on the keyboard. 

There are also left· and right-channel 
analog tereo jacks, and a jack for stereo 
headphones on the monitor's base . 
There's also a jack for a microphone so 
you can record sounds through the moni
tor, say, for voice mail. This port uses a 
telephone codec input that's sampled at 8 

kHz, and it uses 8-bit Mu-law scaling for 
the digitized data. The data is saved 
within a.Sound object that can be utilized 
by the NeXT Unix mail facility or by 

eXT applications. 

The Software 
As much as the NeXT hardware repre
sents an impressive step forward in areas 

http:provide.cl
http:langua.ge
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As an example of bow binary encod
ing works, say we want to issue the Post
Script operator 72 426 moveto. Nor
mally the DPS kernel would have to 
translate the ASCII digits 72 and 426 
into a floating-point format, a.nd the 
ASCII moveto operator into a binary 
code. A lookup table uses this binary 
code in the DPS Kernel 10 steer execu
tion to the routine that implements the 
moveto operation. A NeXT application 
normally calls a PSWrap function, 
PSmoveto( ) , that passes the IEEE 754 
floating-point values of the numbers to 
the DPS Kernel, along with the corre
sponding binary code for moveto. This 
effectively eliminates the overhead of 
the ASCII translation stage for the DPS 
Kernel. The NeXT DPS Kernel can pro
ce s ASCII PostScript commands if 
required. 

Display Postscript has one major lim
itation in that it does not support three
dimensional imaging. It is therefore not 
suitable for CAD software. Adobe ad
mits that Display PostScript is not in
tended for high-end mechanical design 
applications. (Steve Jobs said that NeXT 
will suppon the Renderrnan Standard, 
which he called " the Postscript of 
three-dimensional graphics .") 

Display PostScript has some very 
compelling features for software de
signers and for end users . It could great
ly facilitate the porting of software ap
plic_ations across incompatible hardware 
systems. 

But the various competilOrs for 
display standards-such as IBM and 
Apple- will have to make some com
promises before Display Postscript can 
succeed. Until these compromises are 
made, both the end user and the soft
ware developer will continue to be 
plagued by an incompatible world of 
competi.ng display standards. 

suc!J as digital signal processing, optical 
disk storage, and VLSI technology, the 
NeXT system software is a step forward 
for software technology. The system of
fers an easy-to-use graphical interface to 
Unix and an object-oriented program
ming environment for programmers and 
software developer . 

It's an i;nderstatement to say that 

NeXT expects Unix to catch on. Steve 
Jobs told us, "I believe thi s with every 
bone of my body: Unix will be the prime 
operating system of every major com
pany in the 1990s." 

So it's not surprising that the cube is a 
Unix-based system. It features a propri
etary windowing system that is designed 
to shield the Unix command-line inter
face (CLI) from the user, substituting 
simple point-and-click mouse operations 
to manage files and execute applications. 
NeXT also uses Adobe Systems' Post
script imaging model (Often referred to 
as Display PostScript) for displaying all 
text and graphics on the screen. Display 
Postscript is an extension of the Post
script page-<iescription language (see the 
text box "Display Postscript " at left) . 

The NeXT system software also in
cludes development tools for building ap
plication interfaces and integrating ob
jects into application programs. These 
tools are called the Interface Builder and 
Application Kit, respectively. 

The Operating System 
NeXT uses the Mach Unix kernel devel
oped at Carnegie-Mellon University. 
The Mach kernel is compatible with BSD 
(Berkeley Standard Distribution) Unix 
version 4.3, but provides major enhance
ments such as shared memory, fast inter
process communication, and potential 
multiprocessing support through the use 
of threads. Shared memory allows multi
ple processes to share common segments 
of memory. IPC allows processes to 
communicate with other processes and to 
transmi t messages and data between 
them. Threads are "lightweight pro
cesses" that have their own execution 
stack , but within the context of a the task 
that created it (i.e. , the th read has access 
to all the resources made available to the 
parent task such as memory, and opened 
files). 

Multiprocessing support is possible by 
assigning threads to particular proces
sors. However, multiprocessing is not 
supported in the initial release of the 
NeXT operating system. Since you can 
add multiple CPU boards to the cube's 
backplane, we can expect to see multi
processing support in later releases of the 
operating system. 

In NeXT's first release, the operating 
system consists ofa single kernel with the 
Mach implementation of IPC, schedul
ing, and virtual memory operating as a 
layer within the BSD Unix kernel. How
ever, the ultimate goal of the Mach im
plementation is to provide a modular ar
chitecture for Unix that would allow for 
a much smaller kernel with separate pro

cesses dedicated to file handling, net
working, and Transmission Control Pro
tocol/Internet Protocol (TCP/IP). 

Like most Unix-based systems, the 
cube implements virtual memory using a 
paged·memory system to allow applica
tions to run even if their memory re
quirements exceed the available physical 
memory. Idle portions of a running ap
plication are "paged" (i.e. written to 
disk) in SK-byte blocks, called pages. 
However, as in all virtual-memory sys
tems, it is possible to overload the system 
with too many applications , causing ex
cessive paging or "thrashing," which 
can bring the system to a crawl. While 
NeXT was not ready to provide numbers 
for the amount of memory consumed by 
the system software, the 8-megabyte base 
memory configuration is designed to 
allow "three or four" applications to run 

It's an 
understatement to say 

that NeXT expects 
Unix to catch on: The 
cube is a Unix-based 

system. 

simultaneously in addition to the system 
software. 

For networking, NeXT uses TCP/IP 
and Sun's Network File System , which 
has become the standard Unix file-shar
ing system. Since the cube comes with an 
Ethernet. interface, it is "network-ready" 
for TCP/IP-based networks. The thin 
Ethernet cabling allows up to 600 feet of 
cabling and connection of up to 30 ma
chines without gateways or repeaters. 
While NFS does not require one, a dedi
cat.ed server is preferable in networks of 
more than a few machines, due to perfor
mance degradation. In other words, if 
you're planning lo network a bunch of 
cubes, you'll need a dedicated NFS 
server, or a cube to serve that purpose. 

User Interface and Window Server 
NeXT provides a graphical windowing 
interface to Unix that hides the laborious 
Unix commands from the user. While 
veteran Unix users still have the option of 

continued 
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issuing those intuitive commands (like 
grep and l s) within a Unix CU window 
called the Console, most cube users 
should never have to deal with Unix. The 
windowing interface, called the Work
space Manager, provides all the neces
sary functions for file management , 
open.ing and closing applications, and 
communicating with other resources on 
the system uch a peripherals or nodes 
on the network. 

The main interface screen is called the 
Workspace (see photo 6). Noticeably ab
sent from the screen is the ever-present 
menu bar found on the Macintosh screen , 
or on a PC running Windows. Unlike the 
Macintosh Desktop, menus can be 
moved anywhere on the Workspace and 
float above any open windows. 

Menus are hierarchical, and you can 
split off subhierarchies from their parent 
menus. Windows have scroll bars located 
on the left and bottom, and there are 
small boxes on the window frame for re
sizing or closing the window. It also has 
a "mioiworld" function that collapses 
the window and its menus into an icon 
whi]e the process owned by the window 
continues to run. 

Icons become transparent when they 
overlay other icons, allowing you to al
ways see everything that's currently 
available on the Workspace. The icons of 
frequently used applications can be 
"docked" along the right side of the 
Workspace for easy re.call. 

The Workspace is similar to the Desk-

Photo 6: The cube's 
Workspace. Each window 
represents a running 
application. Note that the 
menu has its own Close 
box. The ico!IS at the right 
represent "docked" 
applications. 

top metaphor on the Macintosh, and the 
Workspace Manager is analogous to the 
Mac's Finder. However, no one will ac
cuse NeXT of copying Apple's look and 
feel. 

The Work
space resembles the 
Desktop, but no one 
will accuse NeXT of 

copying Apple. 

File management operations are simi
lar to those used by the Mac Finder. 
When you click on a directory in the 
Workspace , you can examine the djrec
tory in a number of ways. There is a 
"browser window," which displays the 
directory tree in a window with the di
rectory hierarchy ordered from left to 
right on the screen . This browser win
dow normally lets you see three levels 
deep, but you can position the point in 
the hierarchy where you wish to view 
files, or resize the window to examine 
additjonal levels. 

You can also choose to view the direc

,,.... 
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tory as icons with subdirectories repre
sented by folders , or as a conventional 
text-onJy Unix directory listing. 

The version we saw was definitely 
beta, so the final word on the Workspace 
will have to wait . Nevertheles , it eem 
very intuitive and easy to learn. Its per
formance seems good, and the display 
quality is excellent. 

Rather than use an existing Unix win
dow server such as X-Windows, NeXT 
designed its own proprietary Window 
Server. The Window Server manages all 
interactions between the windows, key
board, and mouse for all applications at
tached to it. The Window Server obtain 
events from the operating system and 
handles the ones it can (e.g., resizing a 
window or moving it to another part of 
the screen). If it's not an event that it can 
service, the Window Server determines 
which application can and dispatches it to 
that application. 

Embedded inside the Window Server 
is the Display PostScript interpreter, 
which acts on the PostScript commands 
passed to it. This embedded interpreter 
executes the PostScript commands it re
ceives and writes the results inlo the 
cube's video RAM, making it appear on 
the monitor. 

The Window Server supports Mach 
IPC connections as well as connections 
through TCP/IP, allowing other cubes on 
a network to access another machine's 
Workspace. The proprietary Window 

continiud 
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In 1988, $3.5 billion in micro
computer software will be sold 
worldwide. During that same time, another 
$3.0 billion in sales will be lost to free distribution - better 
known as software piracy. And right now, Rainbow Technologies' 
Software Sentinel™ is protecting close to $1.0 billion in software for 
developers who never wanted to be part of the free software distribution 
network in the first place. ) The Software Sentinel hardware k y is 
"execution control" software protection. It ships with the software and 
simply plugs into the PC's parallel port to be one 
hundred percent invisible to both user and the sof t 
ware. Users can make as many copies as they want. 
Make working submasters. Use a hard disk. Virtually anything that can 
be done with unprotected software. Except start freely 
dist rib u ting that software to other users. J The 
Rainbow fam- ily of Software Sentinel product . Se
lected by the very big to the not-so-big developers of 
DOS, OS/2 and Xenix software in worldwide markets. To the cool 
tune of close to a billion dollars. So far. 

Come see us at COMDEX, Booth W747. 

18011-A Mitchell Sout h. Irvine, C 927 14 • (7 14) 261-0228 • TELEX: 386078 • FAX: (7 14) 261-0260 
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NeXT COMPUTER 

Bundled Software 

H ere is a list of the software that is 

scheduled to be bundled with the 
NeXT Computer. It includes the Mach 
operating system and its development 
software. Also included are the works 
of Shakespeare, a dictionary, and a 
thesaurus. 

You can call up quotations or the dic
tionary entry for a specific word at any 
time by using the cube's find function. 
This capability would be valuable not 
only to college students and faculty 
members, but to anyone who has to 
write frequently-whether it's a busi
ness proposal or a technical document. 

System software: 
Mach operating y tern 
PostScript Window Server and fon1s 
System administration tools 

Development tools: 
GNU C compiler 
GNU debugger 
GNU EMACS 
Objective-C 4.0 
Berkeley Unix utilities 
Terminal emulator 
Window-based text editor 
Interface Builder 

Server means that existing applications 

that run on other Unix windowing sys

tem will have to be modified to run 

under the NeXT windowing system. 

However, a Unix application that uses 

conventional console 1/0 will run inside 

the Console window without modi 

fication. 


The Development Environment 

The primary objectives of the NeXT pro

gramming environment are to simplify 

the development ofiat.eractive user inter

faces and to simplify the creation of new 

applications through the use of object

oriented programming. 


Other systems employing graphical in
terfaces- like the Macintosh, for exam
ple-are great for the end user but ex
tremely complex for programmers , 
particularly in developing a working user 
interface. To ease the burden of this task 
for the developer, the NeXT system in4 
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Object-oriented software kits: 
Application Kit 
Sound Kit 
Music Kit 

High-speed text-retrieval 
application (called ''Findn) for 
Standard reference works: 

Merriam-Websrer's Ninrh 
New Collegia:e Dictionary 

Merriam-Wtbsrer's ColltgiaJe 
Thesaurus 

The Oxford Dictionary 
ofQuouuions 

Documentation for all bundled 
software: user' manuals 
and programmer's manuals 

Literature: 
Oxford University Press' William 
Shakespeare: The Complete Works 

User-created text files, 
such as mail or documents 

Applications: 
Personal text database 
Electronic mail application 

with graphical interface and ability 
to attach voice messages 

Word processor 
Window-ba.sed file manager 
Mathematica 

(Wolfram Research, Inc.) 

eludes tools for building interfaces to the 
NeXT windowing system, and also tools 
for object-oriented programming. 

The NeXT system software includes 
an ANSI C compiler and an object-ori 
ented preprocessor called Objective-C , 
developed by Step tone Technologies. 
Objective-Callows you to define objects 
as groups of C procedures . 

NeXT provides several libraries of 
ready-to-use objects, calles kits, for inte
gration into Objective-C programs . 
These kits provide a library of around 34 
objects for implementing the core func
tionality ofa NeXT application, although 
a programmer would normally use only a 
small subset of these objects. This li
brary is known as the Application Tool
kit, and the Objective-C interface can ac
cess it directly. 

Object-oriented programming allows 
a one-to-one correspondence between 
objects oo the screen and objects in your 

program. An object consists of data 
(called instance variables) and execut
able code. If the object is to be visible on 
the screen (a window, for example) , the 
code also contains an entity cal led draw
Self:: that's composed ofC code, Ob
jective-C code, and Postscript code, 
which is used to describe the appearance 
of the object to the Window Server. 

Probably the key concept with respect 
to u er interfaces is that objects can re
spond directly to messages generated by 
user actions. Rather than having to write 
lines of conditional statements in C code 
to respond to user actions, the user ac
tions are interpreted as message.s other 
objects can understand. For example, 
you might have an object in your pro
gram called "Window," which can 
understand the "Close" message sent by 
a user response. 

NeXT provides a program ca lled In
terface Builder that allows you to interac 
tively build user interfaces for your pro
grams. Interface Builder Jets you de ign 
the layout ofa graphical user interface by 
selecting buttons, menus, and other ob
jects from an object library to include in 
your application. 

This function i somewhat imilar to 
Res Edit on the Macintosh . However, In
terface Builder goes further-it allows 
you to define connections between ob
jects. That is, Interface Builder lets you 
specify actions for the objects to perform 
in response to user actions on other ob
jects. For example, you could build a 
Beeper button object into your program 
interface simply by selecting a prototype 
button from Interface Builder's on
screen inventory, moving it to where you 
want on the screen, giving it a label , and 
assigning an action (say, emit a beep) to 
be performed when a user clicks on the 
button. 

This is similar to the function of 
HyperTalk in Apple' HyperCard pro
gram. The big difference, however, is 
that Interface Builder generates the 
binary description of the object that you 
can integrate into programs . 

You can also create custom objects by 
selecting an object that most closely re 
sembles what you want and customizing 
its appearance and behavior. NeXT's 
goal i to upply enough objects so that a 
programmer could select objects and de 
fine their connections, making it possi 
ble to built an application from scratch 
writing little or no code. 

In addition to the Application Kit and 
Interface Builder, the NeXT ystem oft 
ware includes kits for working with 
music and sound. The Music and Sound 
Kits provide objects for integrating these 



eXT COMPUTER 

features into your programs. There is 
also a number of library functions (not 
objects) that allow you to tap into the pro
cessing capabilities of the DSP. These li
braries provide some 50 functions for 
performing tasks like fast Fourier trans
forms, and spectral filtering. 

NeXT supports the concept of "shared 
libraries" in its development environ
ment. This means that multiple applica
tion and processes can share a single 
copy of executable code from the object 
library. Although library sharing was 
not implemented when we saw the cube, 
it should improve performance and re
duce the memory and storage require
ments of applications. 

Applications 
NeXT will bundle several applications 
with the machine. These include the 
word processor, WriteNow, that is 
owned by NeXT and is currently distrib
uted by T /Maker for the Macintosh. The 
system software also includes the stan
dard Unix Mail program equipped with a 
graphical front end that can attach voice 
messages to mail files, a file-searching 
program called Find, C and Objective
C, a symbol ic debugger, and on-line 
documentation. It also has educational 
and reference tools such as Webster's 
Dictionary, the complete works of 
Shakespeare, and Mathematica from 
Wolfram Research (see the text box 
" Bundled Software" at left). A personal 
text database allows you to automatically 
index all your word processing and elec
tronic maiJ communications so you can 
recall documents or memos based on 
keywords instantly. 

An important goal of the NeXT soft
ware environment is the development of 
"digital libraries." With its erasable 
256-megabyte magneto-optical disk, 
NeXT hopes to promote the idea ofeasily 
accessible text databases. In the educa
tional market, these databases will in
clude encyclopedias, dictionaries, text
books, and other reference works. 

NeXT's first software release lays the 
groundwork for the company's plans for 
the nineties. The DSP and the kits for 
programming it offer exciting possibili
ties for new real-time applications . It 
will be interesting to see how the soft
ware will be used and what new applica
tions will be developed. 

One Giant Step Forward? 
The cube is an impressive technical 
achievement. We liked the carefully 
thought-out design that didn't just use 
fast components, but covered every as
pect of moving information through the 

system. The choice of NuBus for the 
backplane bus is an excellent one; it goes 
a long way toward providing the hard
ware support fo.r the cube's planned 
multiprocessing capability. 

Considering the amount of informa
tion that the machine is expected to use, 
the high-capacity magneto-optical drive 
i a good design choice. The graphical 
interface uses the wel I-documented Post
script imaging language and goes a long 

C onsidering 
the machine 's 

capabilities, we can 't 
help but wonder if 
NeXT is being too 
conservative in its 
marketing plans. 

way toward hiding the uglier side of Uni;o; 
from the user. The facility with which 
NeXT' s object-oriented programming 
environment reduces the work needed to 
write an event-driven program is also 
impressive. 

It is indeed a machine for the ninetie . 
It represents a bold step forward both in 
hardware and software design and effec
tively redefines what constitutes "stan
dard equipment." 

However, as we go to press, some big 
questions remain unanswered. One re
lates to the performance of the machine. 
In our limited time with severaJ beta 
cubes, it was djfficult to judge the overall 
performance. Display Postscript opera
tions were very fast, putting to rest the 
controversy of Display PostScript's per
formance, at least as far as the cube is 
concerned. 

However, djsk read/write operations 
seemed pretty slow-perhaps because so 
much beta debugging code was being 
carried along as baggage, and because Ii 
bra.ry sha.ring was not yet implemented . 
We saw the magneto-optical disk drive in 
operation, but it still had some operating 
bugs, and its 96-ms access time might be 
a source of frustration if it's used as the 
main sy tern drive. At this point, we can
not comment on its reliability. 

Another question is whether software 

developers will support NeXT. The pri
mary obstacle to the acceptance of Unix 
in the general marketplace has been the 
Jack of software applications. Software 
developers are faced with choosing be
tween Macintosh, OS/2, DOS, and now a 
new version of Unix with a proprietary 
windowing sy tern. To be successful, 
NeXT will need substantial support from 
software developers; at the time of our 
visit, only about 10 developers had 
signed on, and NeXT would not release 
their identities. 

The concern about outside develop
ment is perhaps tempered by two facts. 
First, the object-oriented environment 
should simplify moving existing Unix 
programs to the machine. Second, each 
cube is a complete development system. 
since all the development tools-com
piler , object libraries, and Interface 
Builder, are bundled with the machine. 

Then there's the question of NeXT's 
target market-higher education . While 
I.he machine is certainly a perfect fit for 
the university community, universities 
are not known for being big spenders . 
Certainly, many students will have a 
hard time coming up with $6500 or more 
for a computer, let alone another $1995 
or so for the laser printer, and perhaps 
$1495 for a second magneto-optical 
drive for backups. 

Of the cube's design, Jobs told us, "If 
you want to make a revolution, you have 
to raise the lowest common denomina
tor ... That's true, but you also have to get 
the product into the hands of enough rev
olutionaries to make a difference. Yet it's 
clear NeXT is thinking small, at least in 
terms of initial marketing. 

Dan'I Lewin (NeXT's vice president 
of marketing and sales) told us , "We 
built the company not to need huge num
bers." And Jobs said, "We'll focus on 
other markets in the future, but we 're not 
going to do it today. There's no reason 
why we can't do very well in [the educa
tional] market alone." 

Perhaps. But considering the ma
chine's capabiJities, we can't help but 
wonder if NeXT is being too conserva
tive in its marketing plans . Ifso, it seems 
that NeXT may have to be able to endure 
some lean years until the machine 
catches on in the early nineties. • 

Tom Thompson has a BSEE from Mem
phis State University and is a BYTE se
nior technical editor at large. He can be 
contacted on BIX as "tom..Jhompson. " 

Nick Baran has a BSMEfrom Stanford 
University and is a BYTE technical editor 
based in San Francisco. He can be 
reached on BIX as "nickbaran. " 
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eDellSystem 220. 
ce ~the critics 

stole th'ewords · t 
out of ourmout 

"The Dell S)Jstem 220runs most PCLabs zystem 
benchmark tests atspeeds that would make )JOU think 

)Jaure nmning a 386.'' 
- PC MAGAZINE 

~'.. the Dell machine is renewed evzdence that the 

price ef286...hased desktop equipment condnues to 


drop rapidly, making such machines very attractivefor 

daily work under MS...DOSeven as the;; hold out the 


promise efrunning 05/2in thefature.'' 

-WILL FASTlE. PC \VEEK 

':.. includes a )Jear's on--site support... in the price cfthe 
computer. This is the sweetest support deal q/fered by any 

computer vendor in the industry." 
-ERIC KNORR. PC WORLD 

"The hot itemftom a technicalpointcfview is the 

S)Jstem 220 This machine runs a 286processorat20MHz, 


which is its major claim tofame." 

-\':(!]LL FAST!E. PC WEEK 

':.. the S)Jstem 220has more going for it than just speed" 
-PC WORLD 
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The reviews are beginning to pour in. 
And they read like a wish list for 

every power user looking to exceed the 
ordinary limitations of a 286 computer. 

The computer everyone is praising in 
such glowing terms is the Dell System 220. 

The first 286 computer with a clock 
speed of 20 MHz. 

It's totally MS--DOS and MS®OS/2 
compatible. Yet it sells for much less than 
you may pay for a 386t computer. 

Because you buy it direct from us. 
Eliminating the mark--ups and mar-

gins of computer stores. 
We design and build every Dell 

computer right here in Austin, Texas. 
We put each and every one through 

a comprehensive burn--in and a battery of 
diagnostic tests before we ship it 

And after we ship, we give you the 
best technical support you'll find any-
where in the computer industry. 

Our technicians are on the phone 
from 7AM to 7PM every business day. 

Almost any question you may have 
about a Dell system can be answered over 
the phone. 

And, in the rare case, that your ques-
tion can't be answered by an on--llne tech-
nician, we'll send a Honeywell Bull tech-
nician by the next business day 

A full year of on--site Honeywell Bull 
service is included within the purchase 
price ofyour Dell system. 

Your Dell computer also comes with 
a thirty--day money back guarantee. 

And we back every one of our com-
puters with a one year limited warranty 
on materials or workmanship. 

For more information about Dell 
omputers, read the reviews in the trade 

press, turn the page, review our product 
offerings, and call us at (800) 426--5150. 

You'll like what we have to say 

TO ORDER CALL DELL 
c OM l'U T £ R 800·426:5150 
COR!'ORATION IN THE .. S. AND CANADA 
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TheDell 

Computer


Store. 

Welcome to our store. 
We believe you'll find this an extremely 

pleasant shopping experience. 
Our sales staff is on hand to serve you 

from 7AM to 7PM (CSTI from Monday 
thru Friday. 

Just call (800)426,5150 and we'll give 
you the technical assistance and informa, 
tion you need to make sure youre buying 
the system that's right for your needs. 

Then you have the option ofeither 
a direct purchase or your company can take 
advantage ofour Leasing Plan. 

Once you've made your choice, our 
Total Satisfaction Guarantee gives you 
thirty days from the day you receive your 
system, to decide if you are absolutely, 
totally satisfied with the product. 

Ifyou're not, simply return the system 
and you'll receive a full refund. No ques, 
tions asked. 

Your Dell computer is supported by a 
team oftechnical experts thatcan be reached 
every business day, from 7AM to 7PM (CST), 
simply by calling (800) 624,9896. 

In most cases, any question you may 
have about your Dell system can be 
answered by one of our technician on 
the telephone. 

Our technicians are also supported by 
Honeywell Bull service engineers who can 
be sent to your office by the next business 
day, should on,site service be required. 

This optional service contract is avail, 
able in over 95%of the United States, with 
over 1000 engineers in 198 service locations. 

We also offer a OneYear Limited 
Warranty,* which warrants each system we 
manufacture to be free ofdefects in mater, 
ials and workmanship for one full year. 

Feel free to call or write for the com, 
plete terms of our Honeywell Bull Service 
Contract, Guarantee and Warranty Dell 
Computer Corporation, 9505 Arboretum 
Blvd., Austin, Texas 78759;7299 
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THE NEW 
20 !vfHz 386t 

SYSTEM 

310. 

The top of the line. Its our highesr 
performance computer avail.able, 
fasM than the lBMt PS/ 2t Model 
80 and the Compaqt 386/20. It 
runs ar 20 MHz with rhe latest 32· 
bit architecture. Since it also has 
Intel's Advanced 82385 Cache 
Memory Controlle r, and high pel' 
formance disk d rives. d1e System 
3l0 is ideal for intensive database 
manag1:menc, complex spread· 
sheet development. CAD/CAM, 
desktop publishing or perfor· 
mancc as a network fi le server. 

Standard Features: 
• lntelt 80386 microprocessor 

running at 20 MHz. 
•I MB of RAM (640K usable) 

expandable co 16 MB without 
using an expansion slot. 

• Adv<inced Intel 82385 Memory 
Controller wirh 32 KB of high 
peed static RAM. 

• Socket for 20 MHz 80387 o r 
Weirek coprocesso r. 

• 5.25" 1.2 MB or 3.5" 1.44 MB 
diskette drive. 

• Dual diskerte and hard disk 
drive conrroll.::r. 

• Enhanced IOI•key keyboard. 
• I par<illel and 2 serial ports. 
• 200-warr power supply. 
• expansion slots (6 available). 

Performance Enhancements 
(Systems 310 and 220): 

• 384 KB of dedicat d RAM is 
used by portions of rhe system 
software for in creased 
performance. 
••Lease for as low<JS $148/Momh. 

S)~Mn 3 l0 With Mamtor &· Adapter 

lidrd Disk VGA VGA 

Dri .. e ~1ono 
Color 
l'lm 

~o ~m - H 099 $439928 rn '.l

90 MB 
IS"" $.4.899 $5. 199 
ESIJ I 

150 MB 
l8 ms S5J9'l s~.t>w 
E.SVl 

122 !>m 
18 rru S7J99 $7.699 
ESIJI 

THE NEW 
20!vfHz286 
SYSTEM 

220. 

As fast as most 386 computers, 
ar less than half the price-more 
power for the money rhan an>• 
other system. An 80286 system 
that runs at 20 MHz. wich less 
than one wait state. Completely 
compatible for both MS-DOS~ 
and MS:!> OS/2 applications (it 
runs fas ter than IBM PS/2 Model 
80), and with a remarkably small 
footprint, the System 220 is the 
ideal executive workstation. 

Standard Features: 
• 80286 microproce:;ror running 

at20MHz. 
• I MB of RAM (640K usabld 

expandable to 16 MB (8 MB* 
on svsrem board). 

• Page.mode interleaved memo[): 
• Integrated diskette and VGA 

video controller on system 
board. 

• One 15" l.44 MB diskette drive. 
• Imegrared high performance 

hard disk interface on sy tern 
board. 

• Enhanced IO l·key keyboard. 
• I parallel ~nd 2 seria l ports. 
• UM ·tO supporr for memory 

over I MB. 
• Three full-sized ATt compatible 

expansion lors available. 
• Socket for 80287 coproces or. 

Options: 
• Exrernal 5.25" L2 MB diskette 

drive. 
• 3.5" 1.44 MB diskette drive. 
• Imel 80287 coprocessor. 
• l MB RAM upgrade kit. 

..Lease for as low as $85/Month 

\lh rh ~,Of'l l (Ot 

~~'"" VG1\ VGA 
\ 'GA 

220 
Mono Color 

Color 
Plu• 

One 
D1:>kctt< $2299 S2A99 52.599 

Dn,,:e -
~Q Mtl • 
~9rru. ' 2.9'.19 . 3.199 il299 

H..vd D1 ~ lii. 

IOO MB 
29 ms $1199 SJ.999 S4.099 

li.rJ Di>k 



THE 
12.5 MHz 
SYSTEM 

200. 

A great value in a foll-fcarured AT 
comparib!e. An 2 6 computer 
running at 12.5 MHz. rh is compu· 
ter is com letely MS-DOS and 
MS 0512 compatible. The System 
200 offers high speed drive options, 
mdusrry standard compatible BIOS 
and on-site service. As xc utivc 
Computing said of this compurer"s 
predecessor. "(ffa~ter proces.sing 
spe.00 and !ow COOi: are two key issues 
affecring your pur hasc d~ ision. 
this ma hine might be the ideal 
hoi e for ym1r ofli e~ 

Standard Fearures: 
• Intel 802 6 mi opr essor run· 

ning at l2.5 MHz. 
• 6.JO KB of RAM ex pandabl" ro 

16 MB (4.6 MB" on sysu:m boa rd ). 
• 515" 1.2 MB or 15" 1.44 l'vtB 

disk<'.ttc drive. 
• Dual diskette and hard di k 

drive conrroller. 
• Enhan ed IOl·key keyboard 
• 1 parallel and 2 serial pores. 
• 200 wart power supply 
• Real-rime clock. 
• 6 expansion !or.;. (4 available 

with h<ird J isk drive controller 
and ,•idro adapror installed). 

• Socket for 8 MJ-~ 802 7 
copnxt r. 

Option : 
• 512 KB RAM upgrade kit. 
• 8 MHz Intel 80287 copr essor. 

..Leaseforaslowas $181Month 

5)-s:tt'lll \'l'1<k Monuor & A<Lpw200 
· 

H..d Yl>A\'(jJ\ ("olorDo I. Mono P1ta 

40 Mll 

Dn"'c:s 

Z,b9') S2.<J99 
28 "" 

'lOMI\ 
3.49') :99I Ill> 

tSOI 

l'iOMB 
$3.999 $.12CJ'JI nu 

!:SOI 

322 MB 
18ms SU.299 

ESDI 


5.999 

Ci~le 99 on Reader se,..,,ice Cam 

A Full L~eOfComputers~ith 

A Full Line OfConhgurations. 


At D 11, we under tand that 
different u er hav different needs. 
So we tailor each system to the 
users individual requirements. 

We offer monitor , graphics 
boards, tape backups, dot matrix 
and laser printers, hard disk and 
diskette drives, expanded memory 
boards, serial mic and more. 

We also offer third party soft, 
ware applications for virtually 

every business appU ation includ-
ing: accounting, conununication , 
de ktop publishing, graphics, word 
processing, integrated application 
and user training. 

So when your Dell System 
arrives, you can do prcx:luctive 
work the minute you unpack 
the box. 

We can build you the system 
you've been looking for. 

COMMON TO THE SYSTEM 310, SYSTEM 220 AND SYSTEM 200: 
The Dell System Analyzer. Guaranteed hardware and software compatibili ty. Security lock 
with locking chassis. 12 month on-site service concracr (A ailable on complete systems). 

PRINTERS/SOFIWARE. we qffer a fall line efpnnters andpopular scftware. 
Allprinters come with our3().cfay money-back guarantee. 

~~~~~~~~~~~~~~ 

LASER PRINTERS. 

LASER SYSTEM LSO; $.5.995. LASER SYSTEM 80; $3,295. LASER SY TEM 60; $2,195. 

15 pages per minute, text 8 pages per minut , rext 6 page per minute, text 

and full-page graphics. and full-page graphi ·. and full-page graphics. 

Dual 250 hect·input trays. 


DOT MATRIX PRINTERS. 
PRINTER SYSTEM 800; PRINTER SYSTEM 600; PRINTER SYSTEM 300; 
699.95. $499.95. $199.95. 

Highest resolution text and 9-wire dot matrix. 9-wire dot mao·ix. 
graphics from a 24-wire dot Draft quaUty at 240 cp . Draft quality at 144 cps. 
matrLx printer. ear-letter quality at 60 cps. ear-letter quality at 36 cps. 
Draft quality at 200 ps. randard parall I interface. four standard fonts. 
Correspondenc ualiry Wide carriag . Paper parking. 
at 132 cps. Standard parallel interface. 
Letter quality at 66 cps. 
Standard parall I and s rial 
interface . 
Wide carriage. 

OPERA TING SYSTEMS. 

Dell Enhanced MS· DOS 3.3 with disk cache and other utilities; $119.95. 

Dell Enhanced MS OS/ 2 Standard Edition 1.0 $324.95. 


TO ORDER CALL
DELL 

COMPUTER 800·426:5150 

CORPORATION IN THE U.S. AND CANADA 


All prices and specif1ra tions art' subjea to ch<lnge w1rhouc nonce. Plea"' inquire for current derails. Ddl cannot be responsible for 
errors in typogr.>phy 0 1 photograph)' In anada. leasing is not currently available and con 1guracions and prices ma) var): Mi osoft. 
1'..\$ and MS-DOS- are owned by Microsoft Co rp. tSigmfics registered or luuci,~stcred tradema rks owned by enciciesothe r tha n Ddl 
Compu!cr Corporacion. •Available January I. I 9 . ... Pa,mcnts based on a 36-momhopen·end lease. Please inquire for funhcrdc td1k 
c 1988 DELL COMPt.m::R CORl'ORi\llON. I llD CODE NO llfJllJ 
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PRODUCT Focus • PROJECT MA AGEM E T 

The Promise of 


range from inexpensive hareware to Remington Rand Univac in the 1950s, A roundup of 10 
products priced up to $ 10,000. and PERT (program evaluation and re

Most project management software view technique) charts , developed by thepackages reveals project uses practices that were in circulation by U.S. Navy about the same 
World War I They are, by and large, timemanagement software s 
database programs with built-in workday Some programs take the 
and workweek calendars, produci ng concept even further by propotential and its pitfalls Top Level 

the Kaiser 's war would feel at home like automatic resource lev
reacting. But they also use later tech eling, a graphica l interface, 
niques- like the CPM (critical path and interactive graphics ctis

charts that anybody who built ships in viding a variety of features , 

Lamont Wood 
method), formulated by Du Pont a.nd plays . However, no package 

The concep1s 1hat underlie project 
management softwa.re have been 
around fo r decades. Only re
cently , however, have these con

cepts been moved to the microcomputer. 
Manager 1 Today, managers are increasingly em

bracing project management software for 
microcomputers. Some 100 packages are 
available. Functionality ranges from the 
trivial to the overwhelming, and prices 

Project A Project B Project C 

- ·-~ 

Phase 2 Phase 2 Phase 1 Phase 2 
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Project Management 


now available offers an ideal mix of such 
features. 

I examined a representative sampling 
of popular project management packages 
available for under $2000. I tested 10 
such packages. Due to the idiosyncratic 
nature of projects and the different tech
niques with which the packages input and 
manage information , across-the-board 
performance benchmarks would not pro
vide meaningful results, and I didn ' t at
tempt any. 

Major Considerations 
Project management software isn't for 
everyone . The types ofprojects that these 
packages handle best are long-range 
group efforts with a definable beginning 
and end. Project management software is 
not designed for scheduling the coverage 
of daily chores, although you could prob
ably trick some of these packages into 
doing so. An example of a suitable proj
ect commonly used by project manage
ment software vendors is the construe

Manager2 

Pro)ect A 

r---i-

ProJeet B 

tion of a house. The construction of a 
nuclear submarine is a commonly used 
example of a complex project. 

The advantage to using project man
agement software is that it makes plan
ning and updating easier as a project pro
gresses. By contrast, with traditional 
paper tracking, you would need to log 
everything in and then redraw related 
charts and recalcuJate schedules. With 
project management software, you sim
ply log in the update information and the 
program handles the rest automatically. 

Planning and managing a project re
quires juggling tasks, resources , and 
time, and you must input relevant infor
mation for all three categories. The man
ner in which you enter this information 
varies from program to program. Tasks 
are the discrete activities into which you 
break up the project . Examples include 
pouring a foundation or framing the 
walls for a house. Resources include the 
labor , equipment , and materials needed 
for each task. 

El Phase 2 Phase 1 1 Phase2 

I II 

Some tasks must precede 
others, and you must define 
these relationships when you 
input project information. 
For example , you have to 
pour the foundation before 
you can frame the walls, and 
the walls must be up before 
you can start the roofing. If 
one task can start only after 
a.nother ends, the relat ionship 
is categorized as finish-to
start. Ifboth must start at the 

-·~ 

same time , then 
it' s called start-to
start. 

Once you've de
termined all the 
tasks involved to 
complete the proj
ect, it becomes ob
vious that the tasks 
follow in ucces
sion and that inter

cominued 
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Table 1: Capabilities,features, and pricing vary widely among the JO project management programs reviewed. 

Product Price Diak format Language Minimum system requirements Manual 

DOS Dlaplay RAM Diak drives Hard disk 
veralon apace 

4 5V4·inch 2.11 162·page manual: 
or 2 3Y2·inch or hard 36-page PERT 

lnstaPlan 1.03B $99 c Mono 512K 2floppy 1.2M 

option guide 

MicroTrak 1.6 $595 2 51/4-inch c 2.0 Mono 256K3 1 floppy 0.4M 295pages 
or 2 3V2·inch or hard 

Pertmaster $1495 7 5Y4·inch c 2.0 Mono 320K 2floppy 2.1 M 372-page manual; 
Advance2.0 or hard 82-page tutorial 

PMS·ll 8 .1 $1295 4 5V4·inch BASIC, C, 2. 1 Mono 512K 1 lloppy, 1M 14 7-page user's 
or 2 3V2-inch assembly 1 hard guide: 90-page 

tutorial 

Pro Path Plus $495 3 5V•·inch BASIC. 2.1 Mono 384K 2Hoppy 1.1M 267 pages 
1.0 Level 26 assembly or hard 

Super Project $695 4 51/.1- inch c 2.0 Mono 512K 2floppy 1.4 M 495·page manual ; 
Expert 1.0 or 2 3112 .inch or hard 36-page 10· 

minute guide 

TimeUne3.0 $595 4 51/,·inch Modula·2 2.0 Mono 470K Hard 1.9M 300-page manual : 
8-page getting 
started booklet 

Timepiece 1.3 $495 7 SV4·inch c 20 CGAor 512K 1 floppy, 0.7 M 276-page user's 
Hercules 1 hard guide: 76-page 

mono tutorial ; 15-page 
installation guide; 
14· page product 

updale 
Topdown Project $99 45V•·inch c 2.11 CGAor 384K 2floppy 0.6M 150pages 
Planner 1.01 and 2 3Vz-inch Hercules or hard 

mono5 
ViewPoint 3.0 $1995 65114-inch c 3.0 CGA 512K 1 floppy, O.SM 408pages 

1 hard 

• T - llfl'l&sc:aled l'lelv.O<lc ciagram. G - GAnll. H - 1esouree-diotnbu!ion r.siogram. P - PERT. W - v.or1< b<eakdown s.lfudure. 
' With no resources deMed 
' Mdioona/ 384K bytes needed With Plo4Ttak ~ion 
• 'Mth no tlisl<S ooriood. 
• ~u11es optional S40 drrwr sollware. 

task relationships must be determined. 
The delay of one task may create a dom
ino effect that delays the entire project. 
Such tasks form what is called the criti 
cal path. Other tasks are noncritical 
unless they get excessively delayed. A 1
day delay in pouring the foundation will 
delay the project by l day. A l -day delay 
in landscaping will not delay the project 
(aJthough a 2-month delay might). The 
amount ofdelay a task can experience be
fore it delays the whole project is called 
its float. 

Resource planning, meanwhile, is 
complicated because resources come in 
discrete, finite quantities and also cost 
money. A carpenter, for instance, can 
work only 8 hours a day. To hold costs 
down, you'll want to schedule the car
pentry work efficiently. 
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As you enter the resource information, 
some packages ask you to show whether 
each item has a fixed cost or a variable 
cost. For example, labor is a variable 
cost, since you can reduce the overall 
cost of it with efficient scheduling. But 
with fixed-cost items, like lumber, sched
uling only changes the delivery date. 

Then there's time scheduling. Project 
management software usually lets you 
define your own calendar, taking holi
days and weekends into account. The 
software then uses this calendar for 
scheduling and ploning purposes , auto
matica lly working around days that 
aren't workdays. Simpler packages as
sume one calendar for the whole project. 
Others let you define a calendar for each 
resourc~. and they let you figure in indi
vidual vacations and even downtime ex

pected due 10 bad weather , for example . 
Once you've input task , resource, and 

cost considerations, the software should 
schedule tasks and calculate project costs 
automatically. All the programs in this 
review have this capabi1i1y. As the proj
ect proceeds, all these programs provide 
a way to update the information to show 
how long tasks really took and how much 
they actually cost. Most of the programs 
also lei you show variances- the differ
ence between the plan and what actually 
happened . Some packages also let you 
specify multiple time es1ima1es (i.e., op
timistic, pessimistic, and most likely 
time cenarios) and mak.e projections for 
each. 

Surprisingly, one thing you don'I al 
ways get is automatic resource leveling
the ability to schedule a project. to make 



• • 

• • • 

• • 
• • 

• • • 

• • • 
• 

• • 
• • • 

• 

• 

• 

PRODUCT FOCUS 

PROJECT MANAGEME T 

Maximum capabilities 	 Time Task Automatic Variance Printer Charts User 
scale prioritizing resource tracking graphics supported ' Interface Tasks Resources Calendars Intertask 

lavellngrelatlonahlpa 

14002 Limited by 1 per Unlimited Hours to 0 Option T, G,H, and Lotus-type 
memory resource years others; P menus 

optional 

5000 Lim•ted by 1 per 100 preceding, Days to 0 0 Option TandG Menu•disk space project unlimited months (optional) 
succeeding 

1800 Limited by 1 per 1800 1/SOdayto 0 T. G.P, H, W, Lotus-type 
disk space resource. months others menus 

task, and 
project 

3000 192 1 per 1500 Days to 0 Option T,G, P, H, Menu 
project months others 

500 60 1 per 10 preceding, Quarter 0 0 G, P,H Menu 
project unlimited hours to 

succeeding years 
15602 15004 1 per Unlimfled Hours to T, G, P, H, W, Lotus-type 

resource years calendars menus 

1000 300 1 per Unlimited Minutes to Option G, H, net'M'Jrk Lotus-type 
project months diagram menus 

500 	 Limited by 2 per Unlimited Hours to 0 0 T,G, H Graphical 
disk space project years 

15002 3~ 1 per Unlimited Hours to 0 T,G,P,H, Graphical 
resource years others 

Limited by Limited by 10per Unlim~ed Days to Option T, G. P, H, W Graphical 
disk space disk space project years 

• ·Yes O•No 

tasks fit available resources and time. 
Some packages with automatic resource 
leveling also let you prioritize each task 
and use that information during auto
matic resource leveling. 

While most of the programs require 
entering task relationships by typing in 
an ID number or a task name, some offer 
a graphical, point-and-shoot type of in
terface, which lets you draw connections 
on the screen using the arrow keys or a 
mouse. These packages tend to be more 
expensive, however. 

Producing Charts 
Whether scheduling is automatic or man
ual, the interaction of tasks, resource , 
and time gets complicated fast and is best 
tracked visually. A key feature of project 
management software is its ability to 

generate a variety of printoulS for this 
purpose. Each program generates a vari
ety of charts that fall into the following 
broad categories: 

• Gantt charts: Designed to help manage 
shipbuilding during World War I, Gann 
charts represent tasks as horizontal 
shaded bars that are drawn to a common 
time scale (see photo I). Usually, there's 
one task per row, and simultaneous tasks 
appear as bars stacked on top of one an
other. The course of events, when sorted 
by date, fl~ from the top left to the 
lower right. The method is named for its 
inventor, Henry Laurence Gann. 
• PERT charts: Created by the U.S . 
Navy to help in the design of the Polaris 
nuclear submarine, PERT is actually a 
technique incorporating the CPM. PERT 

charts are project network diagrams that 
put each t.ask in a box, with lines between 
boxes showing task relationships (see 
photo 2). Relationships, not scheduling, 
are the main concern here. 
• Time-scaled network diagrams: These 
charts differ from vendor to vendor, but 
they are often the ultimate product of 
project management software, combin
ing the concepts of PERT and Gantt. 
Tasks are shown in boxes laid out accord
ing to a time scale and connected by rela
tionship lines. A heavy or double line 
usually denotes the critical path line. 
• Resource-distribution histograms: 
These graphically show the demand for a 
particular resource over time (see photo 
3). For example, you might plan to hire 
three carpenters on Wednesday, but the 

continllld 
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histogram may reveal that on Wednesday 
you'll need five carpenters to handle all 
the tasks scheduled for that day. 
• Other plots: One example is a work 
breakdown structure (WBS), which ar
ranges task graphically to present the 
structure of activities or cost accounts 
(see photo 4). These usually look like an 
organization chart. 

What follows is an evaluation of the I 0 
project management programs I exam
ined (see table l). I ran them on an IBM 
PC AT clone using a 16-MHz 80386 
CPU and Hercules monochrome graph
ics (except where color was mandatory) 
and running under MS-DOS 3.3 . I tested 
printing capability with a Quadram 
QuadLaser emulating a Hewlett-Packard 
LaserJet, a Qume daisy-wheel printer, or 
an Epson dot-matrix printer, as each 
package required . 

lnstaPlan 1.03B 
This $99 package from InstaPlan Corp. 
requires two 51.4- or 3 lh-inch floppy disk 
drives and 512K bytes of RAM . Three 
options are available: a $70 set ofnotepad 
utilities, a $70 facility for tracking with 
variance reporting, and an $80 PERT
chart generator. The review copy had the 
latter two options. While InstaPlan 's 
base price seems low, many of the other 
packages include lnstaPlan's optional 
functions. A fully configured version, at 
$320, moves the program closer to the 
prices of other low-end packages. 

InstaPlan uses a command interface 
reminiscent of Lotus 1-2-3 (e.g ., press
ing the Slash key brings up a command 
menu). Aside from the commands used 
for filling and editing the lists of tasks 
and resources, you can view the data as a 

PERT chart, a Gantt chart, and a " load 
chart," or resource-distribution histo
gram. 

The on-screen PERT chart is actually 
a three-tiered vertical WBS in a screen 
window (see photo 5). The task currently 
highlighted in the task list is in the mid
dle of the window, with its predecessors 
boxed above it and its successors boxed 
below it. Critical path connections ap
pear as double lines, and you can see 
more of the chart by scrolling through 
the list. The histogram highlights over
load situations, where resource demand 
exceeds supply, and you can assign sepa
rate calendars to each resource. 

After you've defined tasks and re
sources, the program assigns them to 
each other through what appears to be a 
spreadsheet~resources are displayed 
along the top, and tasks along the left 
side of the screen. At the cell where a re
source and a task intersect, you can de
fine the relationship . For example, 
where a carpenter resource and a fram
ing task intersect, you might enter 8h/d 
for 8 hours daily. Costs for each task 
group and the project total are also 
shown on this screen, and these change 
as you define relationships. 

Insta.Plan includes automatic resource 
leveling, but you should use it only when 
you don't mind changing the completion 
date. You can tell this function not to 
change tasks on the critical path, or you 
can have it schedule a specified percent 
of available resources (using more than 
100 percent lets you see what adding peo
ple would do to the schedule). 

The optional tracking module lets you 
save your initial plan as a "reference 
plan," and then you can update the work
ing version of the plan with ongoing com

pletion data, using the spreadsheet view. 
Subsequent Gantt charts will then show 
the current plot and the baseline plot of 
each task, so that problem areas will 
stand out . 

The PERT-module option prints beau
tiful charts, complete with a symbol key 
and even a "sign-off block " as is nor
mally included in the corners of blue
prints for an approval signature. The 
charts come out lengthwise on multiple 
heets, which you reassemble . 

The Gantt charts are equally hand
some, although the bars are so large that 
only eight tasks fit on a page. Relation
ship lines also connect the bars in the 
Gantt chart. InstaPlan covers the basics , 
but it doesn't have task prioritizing and it 
doesn 't support plotters . II also doesn't 
let you specify multiple time estimates, 
but neither do most packages in this price 
range. lr.staPlan 's low price and its high
quality printer graphics make it an excel
lent choice for those who can live without 
more advanced features. 

MicroTrak 1.6 
This $595 package from SofTrak Sys
tems requires a 514-inch or 3 '1:t- inch 
floppy djsk drive and 256K bytes of 
RAM. To print network diagrams. how
ever, you must buy a $295 companion 
product called PlotTrak, which requires 
an additional 384K bytes of RAM . 

High-priced multiuser versions of 
MicroTrak are also offered for Unix
based systems and for DEC minicomput
ers . The user interface shows the mark of 
the mainframe world- it's less flexible 
than InstaPlan and other programs. You 
fill in "fields" on the screen , and when 
you 've filled all of them , the program 
ask if you want to edit the screen or go 

Photo 1: A Gantt chart generated by Super Project Expert. 	 Photo 2: A typical PERT chart created wirh SuperProjecr 
Expert. 
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on to the next one. 
MicroTrak doesn't support ASCII 

character graphics, and the time scale 
network diagrams that it produces are 
based on typewriter-style graphics that 
aren't terribly edifying. Likewise, the 
Logic Diagram Report, a PERT chart, is 
created with equal signs, minus signs, 
and periods. Printer graphics are avail 
able in the optional PlotTrak module. 

Most of the output was in the form of 
tabular reports, with rows and columns 
of information and a variety of options as 
to what subject and how much detail to 
include. The Overuse/ Underuse tabular 
report seemed to fill the niche usually 
filled by a resource-<iistribution histo
gram. 

MicroTrak does not support automatic 
resource leveling. There is onJy one cal
endar for the whole project, and it's modi
fied by simply listing the holidays. By 
contrast, other packages let you maneu
ver through an on-screen calendar grid. 

PlotTrak lets you plot Gantt and PERT 
charts using a MicroTrak schedule, and 
it supports Hewlett-Packard, Joline, Hous
ton Instrument, CalComp, and Roland 
plotters. 

MicroTrak is a program done by and 
for people who are at home in the main
frame world. Its interface, its price, and 
its all-or-nothing approach to graphics 
all reflect thi . As a project mana&ement 
package, it provides bare-bones func 
tionality. It has no automatic resource 
leveling, you can create only one calen
dar, and the user interface is crude. 

Timepiece 1.3 

The interface in Timepiece is more ac 

commodating. It provides menus and in

put fields that change as you go along. 


This package from Communications Dy
namics, which costs $495, requires a 
5 1-4 -inch floppy disk drive, a hard disk 
drive, a CGA or Hercules graphics 
display, and 512K bytes of RAM. It sup
ports on-screen graphics and graphics 
printers, and it produced handsome 
graphs on my laser printer. 

When inputting resource data in 
Timepiece, you update the default set
1ing, which says, for example, "cost 
type: variable. $500 per day. hours avail
able per day; 8." If you change "vari 
able" to "fixed," the rest of the field dis 
appears, since it no longer applies. When 
defining tasks , you can assign resources 
to them as you go along, selecting them 
from a pop-up menu that shows which re 
sources you previously listed. 

Alternately, you can define the project 
by drawing a network ch.art on-screen, 
instead of listing the factors and having 
the computer draw the chart. You start 
with a chart on the screen showing Start, 
End, and a task box in between them. 
You can name and define multiple tasks, 
listing precedence relationships as you 
proceed , and Timepiece draws them in 
a.s you go along. While Timepiece adds 
tasks from left to right, you can nudge 
them up and down if the screen gets 
cluttered . 

Time-piece supports only two ca len
dars per project and ha no automatic re
source leveling. It can do variance re 
por ting, but it won't allow multiple time 
estimates. For project reporting, there 
are 19 canned report formats, with vari
ous options and levels of detail. You also 
c.an update the plan with percentages, 
completion dates, and actual costs , so 
you can track an ongoing project. 

Timepiece is undemanding- you don 't 

have to know much about the software to 
use it, and for that matter, you don't have 
to know much about project manage
ment. It seems aimed at middle manag
ers who need to spend time where the ac
t u a 1 work is happening rather than 
learning software and fiddling with 
schedules, and its graphical user inter
face makes Timepiece easy to use. 

Pertmaster Advance 2.0 
If Timepiece provides a good user inter
face, Penmaster Advance raises project 
management nearly to the level of a video 
game. This British package from Projec
tronix demonstrates many things a proj
ect management package should do. Not 
on ly does it support automatic resource 
leveling, it also has a "nudging" feature. 

At $1495, Pertmaster Advance is a se
rious system for serious users- at a seri 
ous price. The program requires 320K 
bytes of RAM and two 5 1-4-inch floppy 
disk drives , although a hard disk drive is 
preferable. 

Pertmaster Advance supports up to 
two graphs al once in half-screen win
dows (see photo 6) . Ifyou have , say, a re
source-distribution histogram showing 
some overload, you can place it at the 
bottom of the screen . Al the top of the 
screen, you open a Gantt chart showing 
only those tasks involving the overloaded 
resource. Then you set the two graphs to 
the same time scale with the same start
ing point , so that they track each other. 

Next you can go into the Gantt chart 
and move one of the bars . This capability 
is unique among these packages-the 
software usually arranges the bars in re
ponse to your scheduling data. The 

tasks linked to that task rearrange them
conri.nued 

Photo 3: A resource-distribution histogram display in 
ViewPoint. 

Photo 4: A work breakdown structure created with 
SuperProject Expert. 

NOVEMBER 1988 • BYTE 185 



PROD U CT FOCUS 

PROJECT MANAGEME T 

selves, and if you've affected the re
source demand, the histogram changes. 
So you can move bars on che Gann char! 
back and forth until the histogram no 
longer shows a problem. 

An alternative is to crust Pertmascer 
Advance's resource-leveling "plan fit" 
command. If there is no required finish 
date, it can make everything fit. Other
wise, the program may leave some re
sources overcommitted. 

You can assign separate calendars to 
each task and resource, and you can have 
resources and subresources. Examples 
include assigning workers to crews, 
trucks to crews, and drivers to trucks. 

Pertmast~r Advance can track ongoing 
projects and show variances. It also of
fers a mix of standard reports, including 
one numerical table that shows the de
mand for each resource on each day. Bui 
it doesn't let you create multiple time 
estimates. 

The program is al o rather weak when 
it comes to printing. Its reports are well 
organized, but charts a.re limited to type
writer-style graphics unless you have a 
CalComp, Hewlett-Packard, or Houston 
Instrument plotter. 

PMS-II 8.1 
If Pertmasler Advance is for the more se
rious user, PMS-II from North American 
MICA is for the full-time, dedicated 
user- the person who sits in a shipyard 
office and does nothing but scheduling. 
This orientation is reflected in the man
ual, which assumes some training with 
the software and familiarity with the 
world of project management. It limits it
self to a general prose discussion of what 
needs to be done and how PMS-II accom
plishes it. There is, however, a separate 

on-line manual with specific directions 
on using the software. 

PMS-II requires a 51A-inch or 31h 
inch floppy disk drive, a hard disk drive, 
and 512K bytes of RAM . By itself, PMS
11 does task and resource scheduling 
only, and it costs $1295. However, I also 
looked at ix submodules, and the price 
for the entire combination is $3695. 

PMS-II's manual is refreshingly jar
gon-free, with discussions on "loading 
your hard disk" instead of "installation 
procedures." Even the on-screen mes
sages are less stilted, like Pl ease be pa
t ient 11hile 11e figure this out. 

The si11 submodules define the re
source database, ma1erial delivery 
cheduling, graphics printer support, 

color plotter support, a report generator, 
and batch-processing macros for unat
tended operation. 

The material-scheduling submodule
unique among the packages I reviewed
is designed not only to let you know when 
to order things, but to help pool orders to 
get the best quantity discounts. 

You can define only one calendar per 
project. Each activity on the network dia
gram can have a text note appended to it 
recording your planning assumptions, 
interactions with contractors, or what
ever you want. The report generator in
cludes a database-type language with 
IF . . . THEN ... ELSE logic to define re
port parameters. You can divide resource 
costs between general and admini trative 
budgets. 

Amid all its features, PMS-II makes 
no effort to achieve a sophisticated user 
interface-PMS-JI worries about your 
data, not about you . And for a system 
with its price tag, you'd expect automatic 
resource leveling, but it 's not there. 

Pro Path Plus 1.0 Level 26 
The main thrust of Pro Path Plus, a $495 
program from SoftCorp, seems to be to 
provide nicely formatted reports for use 
at morning progress meetings at an on
site construction office. It supplies the 
usual Gantt and PERT charts, but it also 
has reports that might be useful in a 
world inhabited by people more inter
ested in precise pieces of information 
than in pretty charts. 

Pro Path Plus uses a pop-up menu user 
interface, and ii can produce reports on 
cash flow , project milestones, and ex
pected completion dates. It also gener
ates to-<lo lists and Gantt charts . You can 
reduce the time scale of the Gantt charts 
from yearly down to quarter-hour incre
ments, with each character representing 
15 minutes . On-screen, you can change 
the time scale by pressing the Plus or 
Minus key. 

You can also create Gantt charts with 
one of three different time lengths for 
each task: the expected time, an optimis
tic lime, and a pessimistic time. From 
these three values, it predicts a fourth, 
the duration you can expect within 50 
percent accuracy, and produces a Gantt 
chart. It then prints a report with a list of 
possible completion date for each task 
and the chance of finishing by that date. 
Printouts are limited to typewriter-style 
graphics, however. 

Pro Path Plus does automatic resource 
leveling by delaying one or more tasks a 
sociated with an overloaded resource. On 
the Gantt chart, it marks the tasks it de
lays with one "r" symbol for each unit of 
time that it has delayed the task. If what 
you see on the chart confuses you, press
ing Fl brings up a symbol legend. 

co111i11ued 

Photo S: lnstaPlan is less sophisticated than some other 
packages, but it's also one of/he leas/ expensive. 

Photo 6: Pertmaster Advance leis you combine PERT charls 
and resource-distribution histograms on one screen. 
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"I brought the excitement 
back to project scheduling with a 
product that really works for you:' 
ROGER MEADE, PRESIDENT, SCITOR CORPORATION 

Project Scheduler4. 
The difference is 
graphically clear."' 

"Software products claim
ing to be #1 in project 
management aren't living 
up to their boasts. They 
have evolved by tacking 
new power features onto 
outdated versions at the 
expense of speed and 
usability. Their basic re
ports continue to be con
fusing and unreadable. 

"I challenged my devel
opment team to reverse 
this trend and build a 
totally new product with 
Uiunatched speed, power, 
and ease-of-use. They 
met this challenge with 
Project Scheduler 4. 

"Project Scheduler 4 
is the first PC-based pack
age that integrates high
resolution graphics with 
all the management tools 
you need. You understand 
more because you see 
more on the screen. At 
last, PERT and Gantt 
charts make sense. And 
responsibilities, deadlines, 
and resource bottlenecks 
are all spotted at a glance. 

"You see more on paper, 
too. Project Scheduler 4 
gives you beautiful, 
graphic reports that don't 
require tedious cut-and
paste assembly. They're 
instantly understandable. 
Not to mention simple to 

generate for impressive 
presentations. 

"Because scheduling 
is primarily a visual pro
cess, Project Scheduler 4 
uses an intuitive, graphic 
interlace that gives you 
a clear view of the big 
picture. Gone are hard
to-remember conunands 
and keystroke sequences. 
Here is the future of 
advanced productivity 
tools. 

''A project scheduler 
should help you manage 
your time. not waste it. 
Project Scheduler 4 is fast. 
In fact, it's much faster 

than most character
based systems. Its tremen
dous power is provided 
with ease and elegance. 
In other words, it's a proj
ect scheduler that really 
works for you'.' 

When your time is on 
the line, you should be 
using Project Scheduler 4. 
Call 415 570·7700 for more 
information and a free 
brochure. 
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Playing what-if games with resourc~s 
is difficult becau e there is no central list 
of them-resources exist only by being 
listed under a particular task. 

Pro Path Plus is a limited package de
signed for middle-level managers, for 
whom fiddling with charts and com
puters is a secondary concern. 

SuperProject Expert 1.0 

SuperProject from Computer Associates 

International is available in high-end Ex

pert ($695) and low-end Plus ($395) ver

sions. I reviewed SuperProject Expert; 

SuperProject Plus is similar to Expert, 

but it lacks automatic resource leveling, 

probability scheduling , and graphics 

printing. 


Like Lotu 1-2-3, SuperProject Ex
pert uses the Slash key to invoke a com
mand menu. You select options, like 
what chart to display , from pop-up 
menus . You can also compile project in 
formation in an "outline" screen, and 
you can switch from there to a Gantt 
chart, PERT chart, WBS, or resource
distribution histogram. The PERT-chart 
screen is somewhat interactive- you can 
"scroll" from one task to another with 
the arrow keys, and pertinent informa
tion for that task appears in a pop-up box . 
You can also change this information on 
the fly and thus edit the chart as you go 
along. 

Each chart 's scale is changeable. This 
includes changing not only the time sca le 
in a Gantt chart , but also the size of each 
task box in a PERT chart. You can reduce 
the size of the boxes until there is onJy 
enough room for the task ID number, 
making more of the project visible on the 
display. 

You can also specify optimistic, pessi
mi tic, and likely durations and output 
them in Gantt-chart format. With this 
option, the software calculates the ex
pected duration (i.e., the optimistic, the 
pessimistic , and four times the likely du
ration, divided by 6) , which it then uses 
for most other calculations. 

When lracking a project ' s progress, 
each task can have six different condi
tions: scheduled for the future, started 
late , in progress, interrupted , com
pleted, and finished late . The program 
does automatic resource leveling and can 
report variances. Also, you can have a 
separate calendar for the project and one 
for each resource. SuperProject Expert 
also includes a macro language that auto
mates repetitive tasks or lets you set up 
unattended batch processing. 

Printer facilities include Sideways, a 
utility that outputs charts in landscape 
mode. Charts generated using Sideways 
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support graphics prmtmg. On a laser 
printer, SuperProject Expert produced 
handsome PERT charts, but they lacked 
the accompanying symbols, legends, ti
tles, and frames produced by the other 
packages. 

Like most of the other packages, 
SuperProject Expert makes no effort to 
use a graphical interface . You enter data 
by fiJling out lists and fields . Other than 
that, however, there 's little else you 
could ask for amidst its barrage of op
tions and features . For the price, it's one 
of the best deals in the group. 

Time Line 3.0 

This $595 package from Symantec re

quires a hard disk drive and 470K bytes 

of RAM. A $195 graphic option makes 

presentation-quality charts on Hewleu

Packard, Houston Instrument, and Ro

land plotters . The basic package pro

duces typewriter-style graphics. 


Time Line's eye-appealing packaging 
gives it away: This is product manage
ment software for the mass market. The 
documentation is lucid and stocked with 
examples, the user interface is polished , 
and great attention has been paid to some 
carefully selected features, to the exclu
sion of some others. 

The program display a network dia
gram that is a variation on the standard 
PERT chart. Time Line organizes tasks 
as "summary tasks" composed of sub
tasks . Each summary task is in a large 
box that contains ubtask boxes , and the 
summary task boxes are c.onnected by 
precedence lines . Each subtask can also 
have tasks under it, and charts quickly 
become complicated. Projects can end up 
looking like a complicated nest of boxes 
that's bothersome to decipher. 

Also , while Time Line does calculate 
the critical path, you can highlight only 
the boxes, not the precedence lines, on 
the critical path. To do so, you must use a 
"filter." 

Time Line does not have a time-scaled 
network diagram, but it does have a 
Gantt chart that includes coded informa
tion to the right of each task name, indi
cating whether a task is on the critical 
path or has an overscheduling problem. 
You can scroll around in the chart by 
using the arrow keys, but you can't nudge 
the bars- they are placed according to 
the information you give in various data 
input screens. 

Time Line can also display resource
distribution histograms, but only in com
bination with a Gantt chart. You can 
show up to five histograms on the bottom 
of a Gantt chart, set to the same time 
scale. and you can print out these com

bined charts. Resources that are over
scheduled are highlighted. Time Line 
can also perform automatic resource 
leveling. 

The number of reports available is not 
extensive. It can do status reports , show
ing what tasks occur in a specified week 
or month; cross tab reports, showing ex
penses involved in a particular task (or 
resource) in a specified time frame; and 
resource reports, whose columns contain 
whatever data fields you specify. 

The Lotus 1-2-3-like user interface 
includes numerou shortcuts using the 
function keys. You can conveniently select 
items (like when you assign a resource to 
a task) using a variation of the point-and 
shoot method from pop-up screens. 

The manual assumes the reader has no 
background knowledge of project man
agement, and it carefully introduces new 
concepts li.ke critical path and fixed cost. 
There is a lengthy on-line tutorial that 's 
too simple. And when you run the pro
gram for the first time, Time Line gives 
you special "First Aid " screens that help 
you create a schedule . Also , contextual 
help screens that you can invoke with F 1 
are thorough. 

Time Line uses a lot of memory and 
relies a great deal on disk swapping. The 
only time this proved to be a problem was 
when it produced a network diagram-a 
project with 50 tasks took 3 minutes, 
even on a 16-MHz 80386 machine. 

Time Line is a slick, simplified ver
sion of SuperProject Expert. Both work 
from an outJine task list, but Time Line 
adds a comfor1ing cocoon of help screens 
and tutorials. It lacks some extras, like 
multiple time estimates, a time-scaled 
network diagram, multiple calendars, 
and more extensive report formats. 

On the other hand, because of its copi
ous help features and plain-language 
documentation , it can be safely placed in 
the hands of someone who is approach 
ing computer-aided software manage 
ment for the first time. 

Topdown Project Planner 1.01 
Topdown Project Planner from Ajida 
Technologies is a $99 package that re
quires 384K bytes of RAM, two floppy 
disk drives , and a color graphics display. 
The program is based on a descending hi
erarchy of PERT charts, each covering 
one screen. You define the main tasks by 
placing, defining, and connecting PERT 
boxes on the initial screen, using the pro
gram's graphical interface. Then you go 
into each box, where you start over with 
a blank screen and define the tasks that 
go into the main task . This continues for 
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line scheduling. It uses individual 
resource calendars for realism. And it 
lets you evolve your plans qu ickly 
with Move, Copy, and Append func 
tions, and a work assignment spread
sheet. 

The lnstaPlan 2.0 NotePad Option 
allows you to docu ment every activ
ity, resource and work assignment in 
your plans. It's an electronic logbook 
to keep you better organized. 

M anage With Perspective. 
If you have a team wi th too many 
projects and too litt le time, InstaPlan \1 ...'" 
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Company Information 


as deep as you want to go, with in ordi
nary memory limitations. 

You can go into a screen mode that 
shows the boxes without any text. In this 
mode, you can see, drawn in miniature 
within the boxes, the charts for the next 
level. Perhaps mercifully, you can't see 
to the third level. 

You can assign tasks priorities, and 
automatic resource leveling is available, 
although you can' t perform va riance 
tracking. The latter works by delay ing 
tasks with lower priorities. The manual 
suggests resolving obvious conflicts by 
assigning priorities and then Jetting the 
computer take over, but it warns that re
source leveling should be used with care 
because it can cause major reschedu ling 
for noncritical tasks. In the real world, 
such changes can make a sche<iule diffi 
cult to implement. Automatic resource 
leveling is still u eful, however, as long 
as you make provisions for making some 
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manual adjustments. 
Topdown Project Plan ner can combine 

two graphs on one page, like a Gantt 
chart on top of a cumulative cost chan , 
and can set both to the same time cale . 
You could also have a Gantt chart with a 
daily cost projection below it, for budget
ing purposes, or a Gantt chart with a his 
togram below it, so you could spot over
loads and immediately see the source. 
Printouts are essentially screen displays 
scaled to fit a page, and they require a 
graphics printer. 

The program also lets you track prog
ress on a project, and the Gantt charts re
flect what has been done. You also can 
assign a ca lendar to each resource and 
append text notes to each ta k on-screen. 
The only thing I didn't like is that Top
down Project Planner limits each PERT 
chart to one screen. By contrast. other 
programs let you create charts that are 
bigger than your display. 

View Point 3.0 
ViewPoint from Computer Aided Man
agement is one of the higher-priced pack
ages in the group, but it also offer the 
most features . It costs $1995, but I also 
tested its graphics printing and plotting 
option, which cost.s $995. The program 
requires a floppy disk drive, a hard disk 
drive, and a color monitor. 

When you start defining a project in 
ViewPoint, you see a screen with a blank 
work area and a cross-hair cursor that 
you can move with a mouse or cursor 
movement key . The date counter in the 
comer moves forward as the cursor moves 
right, and backward as it moves left. You 
move the cursor to a likely date, pre s the 
Plus key on the numeric keypad, and up 
pops a window . Press T, for task, and a 
"task description window" pops up. You 
fill in the information, and a box repre
senting that task appears on-screen. 

After entering a few tasks, you assign 
precedences by drawing lines between 
the boxes. To establ ish a finish-to-start 
relation, you draw from the right (finish 
side) of the first box to the left (start side) 
of the other. If the new 1ine is part of the 
critical path, the line appears in red. 

If the precedence relations {and dura
tion of the preceding tasks) indicate that a 
task should start at some time different 
than its original placement, ViewPoint 
may relocate the box after you draw the 
lines . You can also change the time scale 
to view more of the project on-screen. 
The larger the time sca le, however, the 
smaller the boxes get; task names may be 
truncated beyond recognition. 

You can play with the layout of the net 
work and with the task data until you get 
what you want. After you define a list of 
resources, you can assign them to tasks 
by a simple point-and-shoot method: You 
highlight the task, call up the pop-up re
source list, and highlight the resource. 

You can also "constrain" resource 
graphically. On the resource-distribution 
histogram, you can draw a line at what
ever level you want to limit the resource 
to. You can move the line up and down as 
you go left to right, reflecting any 
cha.nges you expect . View Point then does 
resource leveling, changing the end date 
or eating up the available float to push 
tasks to a point on the time line where 
they can get the resource they need . 

The new schedule is labeled "pend
ing" until you decide to accept it. .. ega
tive float" may appear on the new sched
ule- meaning the software has moved 
the start of some tasks forward to level 
resources. 

The program's constrain function also 
conrin11ed 

Ajida Technologies, Inc. 

613 Fourth St. 

Santa Rosa, CA. 95404 

(707) 545-7777 

Inquiry 952. 


Communications Dynamics 

7300 Southwest Hunziker, Suite 200 

Tigard OR 97223 

(503) 684-5151 

Inquiry 951. 


Computer Aided Management 

1318 Redwood Way, Suite 210 

Petaluma, CA 94952 

(707) 795-4100 

Inquiry 953. 


Computer Associates 

International , Inc. 

2195 Fortune Dr. 

San Jose, CA 95131 

(408) 432- 1727 

Inquiry 949. 


InstaPlan Corp. 

655 Redwood City, Suite 311 

Mill Valley, CA 94941 

(415) 389- 1414 

Inquiry 944. 


North American MICA, Inc. 

11772 Sorrento Valley Rd. 

Suite 257 

San Diego, CA 92121 

(619) 792-1012 

Inquiry 947. 


Projectronix, Inc. 

4546 El Camino Real, Suite 324 

Los Altos, CA 94022 

(41 5) 966-1527 

Inquiry 946. 


SoftCorp, Inc. 

2340 State Rd. 580, Suite 244 

Clearwater, FL 34623 

(813) 799-3984 

Inquiry 948. 


SofTrak Systems, Inc. 
1574 West 1700 South, Suite 2C 
P.O. Box 16750 

Salt Lake City, UT 84116 

(801) 973-9610 

Inquiry 945. 


Symantec Corp. 

1020I Torre Ave. 

Cupertino, CA 950 14 

(408) 253-9600 

Inquiry 950. 




STAT 


Select the points you want to remove from your ... Then press F6 to refit the model and 
regression model . .. recalculate the stat.lstics. 

Because "Statistical Graphics" 
Is Better Than Just Statistics and Graphics ..

Most of today's PC statistical 
packages give you all the 
statistics you' ll ever need. Some 
even give you a few graphics. But 
only STATGRAPHICS from STSC 
gives you integrated statist ical 
graphics in an environment you 
control. 

Unique "What If" lnte,activity 

STATGRAPHICS lets you explore 
data relationships fully, 
producing higher quality, more 
timely solutions. Define your data 
and assumptions, run the 
procedure and review the results, 
modify data and assumptions 
repeatedly and take another 
look-and another. All without 
leaving the procedure or making 
permanent changes to your data. 

lnteg,ated Statistical Graphics 

Coupled with STATGRAPHICS' 
interactive environment are over 
50 types of graphs-traditional 
pie and bar charts, histograms, 
3-D line and surface plots, quality 
control charts, and more. All are 
integrated with the procedures 
so that they can be displayed 
instantly and modified 
repeatedly. 

Query data points, do on-screen 
forecasting and model fitting , 
overlay graphs, or zoom-in on any 
area for a closer look. With 
f lexibility like that, you can spot 
and investigate visual trends in 
your data-trends you may have 
missed if you looked only at the 
numbers. 

A wide variety of graphs supported on over 100 displays, printers and 
plotters, including the new IBM PS/2'u Series. 

Circle 318 on Reader Service Card 

Ove' 250 StatisticalProcedures 

•Direct LotuS3 and dBASI? 
interfaces 

• ANOVA and regression analysis 
• Experimental design 
• Quality control procedures 
• Multivariate techniques 
• Nonparametric methods 
• Exploratory data analysis 
• Forecasting, time series 

analysis, and more. 

STATGRAPHICS-

The Best Way to Do Statistics/ 

Put the power of STATGRAPH ICS 
to work for you today- all for only 
$895". For our free convincer kit or 
the name of a dealer near you, call 

(800) 592-0050 ext. 400 
In Maryland, (301) 984-5123; 
Internat ionally, (301) 984-5412. 
Telex 898085 STSC ROVE 

See us at COMDEX
Booth H7416 

STSC 
STSC, Inc. 
;ms East Jefferson Street 
Rockville, Mruyland 20852 

-suggested retai l pr ice in U.S. and Canada. 
International prices vary. Available through 
dealers and distri butors worldwide. 
STATG RAPHICS, Lotus, and dBASE are 
reg i stered 1rademarl<s ol Stal islical Graphics 
Corpora t ion, Lolus Development Corporation , 
and Ashlon:ra1e, respectively. 
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...At an Affordable Price. r r> l· u- ·... 1J1 

All Hol mes C.orresopnJcnr ' ~ Modems are fully Hayes'~ compatible. 

PRODUC T FOC US 

PROJECT MANAGEME T 

prevents expenses from rising above a 
specified daily level, since you can draw 
a constraint line on the cost histogram. 

To measure a project's progress, you 
make a "snapshot" of your original "ref
erence plan," which thereafter appears 
a pale blue lines placed over white bars 
that represent progress. ViewPoint offers 
a full range of report options, and the 
printer-graphics option generates Gantt, 
PERT, WBS , and other project network 
charts . 
------------------------------~ 

They inc luJe au to answer , auto d ial, 
anJ us.; v ·ry lutle powe r. Tues.; 
fea tures. Jlong '~ith a rwo vear 
ll'arran ry anJ a complete so(t\\otr~ I C R OS Y S T E M S. I N C 
package ma ke Holmes the best value 
availabl~ . l-H00-443-Jl'.34 
WE'VE GOT THE MODEM FOR YOUR LAPTOP! 

ViewPoint comes across as both fun 
and powerful - a rare combinat.ion. Un
fortunately, it's also expensive. Many 
other packages provide most of the func
tionality for substantially less money. 

Overview 
All the packages reviewed here could 
help you manage a project with varying 
degrees of depth and sophistication. But 
many of them lack a good user interface , 
and some offer only basic project man
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agement capabilities. MicroTrak, for ex
ample, does little more than the on
screen equivalent of paper modeling, 
although it's fa ter than manual methods 
once you've entered the data. Most of the 
others make an effort to break with the 
past and make use of the computer's 
power, like Pertmaster Advance, with its 
nudging function , and ViewPoint , with 
it abi lity to let you graphically build and 
interact with a network diagram on the 
screen. Topdown Project Planner and 
Timepiece have similar functions , but 
they aren't so sophisticated. 

Another consideration i whether you 
need project management software at all. 
Ultimately, a project must be of a large 
enough scale to benefit from project 
management software. How many ta ks 
hould you have before project manage

ment software becomes worthwhile? The 
answer depends on the manager and the 
project. You may find the software help
ful for tracking as few as 20 tasks , if fre
quent updates are required; others may 
find manual methods easier until a proj 
ect requires tracking 100 or more tasks. 

Whil.e many of these packages have 
one or two attractive features , none has 
all of them in one package. The optimal 
package would be a combination of Pert
master Advance and ViewPoint, which 
would involve a graphical point -and
shoot imerface, automatic resource level
ing, and manual editing capabil ity using 
the graphics interface. Unfortunately , 
such a program doesn't exist. 

Of these IO programs , wh ich is be t 
depends on your needs . If you want sup
port tools for managers who wou ld 
otherwise keep everything in their 
heads , something like lnstaPlan will do 
the job for a reasonable price. If you ' re 
trying to ease the burden for someone 
who spends many long hours trying to 
squeeze the last bit of fat out of a high
cost project, Pertmaster Advance or 
ViewPoint would be desirable. Good 
compromises are SuperProject Expert 
and Topdown Project Planner, which of
fer much of the capability of the high-end 
packages at more reasonable prices. • 
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~·.,. e easy 
ways to boost 
yo11r BASIC 
!!?~· 

Programming Library 

Announcing PRoBAB Version 3.0, now with 
over 335 assembly routines to really kick 
QuickBASIC and BASCOM into high gear. 
BYTE magazine calls PROB.AS a "Super· 
charger for QuickBASIC". Thousands of 
programmers rely on PBoBAS to make their 
life easier and to enhance their programs 
with features l ike: 

• An 8-00·page 3·part manual 
• Full-featured windowing 
• Screen snapshots (Texl & Graphics) 
• String, array, and pointer aorta 
• L.lghtnlng-fast file 110 
• Full mouse auppor1 

Create dazzling screens in text mode, CGA, 
EGA, VGA or Hercules graphic modes. Save 
and resto re screen snapshots to arrays, 
EMS memory or files. Full featured window· 
ing to meet the most demanding Jobs. The 
PRoBAS system of virtual screens allows 
you to draw full or partial screens to 
memory, and then snap them on in an 
eyeblink. You can even create vilu ra.l 
screens far larger than the display screen. 

Sick of running out of string space? Store 
hundreds of K In numeric arrays or mega
bytes In extended or expanded memory. 
Tired of using a kludgy SHELL to DIA to 
read a directory or archive files? Scan sub· 
directories or .ARC files using wlld-cards 
and store thousands of file names, dates, 
and times. Wish you could drag a window 
containing text or a menu around the 
screen with a mouse? It 's easy! 

PaoB.&s gives you a com plete set of 
blazingly-fast file rou tines. Read or write 
huge chunks of data at a clip, w ith file lock· 
Ing and error handling so that you can even 
use them in subprograms. You' ll never want 
to use BASIC's file f/O again! Sort data with 
lightn ing fast array and pointer sorts. 
Search flies or arrays at assembly speeds.
PBoB.u also has over 200 other essential 
services including handy string, date, time, 
directory and array manipulation, string, 
screen and data compression, full mouse 
support , valuable equipment and input 
routines and faster replacements for most 
BASIC commands. 

Whether you are a professional or a novice, 
PRoBAS wlll boost your BASIC In ways you 
never dreamt possible. PBoBAB allows pro
fesslonals to save time and wor1< and lets 
novices write professional-quality programs 
quickly and easily. After all , how much ls 
a few hundred hours of your lime really 
worth? 

For all versions of OulckBASIC and 
BASCOM lncludlng BASCOM 6.0 for OS/2. 
Jm $135.00I 

~ff:!™ 

For PRoBAS 

PaoREF provides pop·up help for the 
routines in PeoBAS and is an extension of 
the QuickBASIC programming environment. 
Find help on any routine with a few key
strokes or mouse clicks. Pop-up an ASCII 
chart, calculator, scan code module, box 
diagram, your own help Information or 
almost any DOS program via a hot-key. 
Just 150.001 

Profeaaional Screen 

Maaacement Syatem 


PllOScBE£N is a full-featured screen gener
ator/editor that will save you more design 
and cod ing time than you ever thought 
possible. PB05cBEEN treats screens like a 
word processor treats text to provide com· 
plete control over characters. colors, and 
placement. Design Input screens wi th up to 
130 fields and 19 pre-defined and 2 user
defined masks. Use PaoBu or the includ· 
ed BASIC/Assembler subroutines to access 
the screens. No kludgy code generators 
herel Comes with subroutine source, exten
sive on·li ne help, and a 285 page manual. 

'""soo.ao1 

Pao~THTM 

PaoM.&TH Is a collection of over 150 high· 
level routines that provide mathematical 
functions and operat ions for programmers 
who often work in mathematics, science, 
or englneering. Comp,lex variables, real and 
complex matrices, real and complex trigo
nometric and hyperbolic functions and their 
inverses, solution of linear equations, in
teg ration, differential equations, Fast 
Fourier transforms and many other useful 
routines are provided. 

For years Fortran has been the language of 
choice for scientific and engineering ap
plications, but it lacks many of the useful 
features of QulckBASIC. PaoM.&TH con· 
tains most of the Fortran mathematical and 
numeric funct ions and allows you t.o easily 
translate Fortran code to BASIC or wri te 
new progrMJs In BASIC white retaining For· 
tran's numerical prowess. 

The PBOM.&TB manual is over 200 pages 
and provides a complete description of 
each routine, Including any algorithm and 
the mathematical formula the routine uses, 
shown In standard notation. For Quick· 
BASIC 4 and BASCOM 6 only. Just $99.00! 

The TooLKrr is a collection of assembly 
and BASIC modules that use the PaoBAS 
library to save you even more hours of grunt 
work. Why spend hundreds of hours re
inventing the wheel when you can just plug 
in TooLKrr modu les like: 

• Menu Generators 
• Fast l.Mree Indexing 
• Mlnl·edltor with word·wra.p 
• Patch .EXE files 
• Protected storage areas 
• Jullan date routines 

The Tooi.Krr also Includes clock, calendar, 
windowing, BCD math routines and much 
more, complete with BASIC source code 
and a comprehensive manual. The PaoBAS 
TooLKIT adds capabil ities and helps con
serve your most valuable asset of all-time! 
Requ ires PaoBAS . Just $99.001 

PROBAS1M 
TELECOMM TOOLKIT 

The PROBAB lEu.;ColWll Tooi.Krr is a col
lec ti on of high-level communicat ions 
modules that you plug into your code to pro
vide popular file transfer protocols, terminal 
emulations, login scripts and baud rates up 
to 115,200 baud. You get: 

• Xmodem/Modem71Xmodem·1 k 
• Ymodem (single and batch) 
• CRC-16 and Checksum 
• VT52, VT100, ANSI BBS etc. 
• Auto Dialer & data bue 
• Documented BASIC source 

Why use clumsy SHELLS to complex 
terminal programs when you can plug 
Just the communicat ions routines you 
need into your code? Implement just 
the features and commands you want . 
Requires PBOBAB. Just S75.001 

Our thirty day, money·back guarantee assures 
you the highest quality and our technical sup· 
port staff is always ready to help. Try our BBS 
111 (301) 953-n38 or give us a call at: 

BOOB SANDY SPRING ROAD • LAUREi;,_MO 20707 

INTERNATIONAL CALLS; (301) 9;);.l.-2191 


(800) 343-7484 
Add $5.00 per Item ($8.00 Canllcle) lor shipping per order. 
Eu rope: $39.00 for Isl llem plus SS.00 lor each addltlonlJ 
llem. Vlu, MIC. C.0 .0 . (US Only) c heck& and== 
POs ..::ceplecl. Treclemms "-ollu, l'loofbir, P 
...,..Am; Hammerly Compu lef Servlcea, Inc . Quick· 
eASfC, eASOOM: Mlcroaofl Corp. 

Clm.148011...,~~ 



Behold the new ToshibaTl200E 
It's easily small enough to fit 

in the average briefcase, yet it's 
packed with a full megabyte of 
RAM, two 720KB 3112" diskette 
drives, and a variety of ports. 

It comes in either reflective 
or backlit LCD models. A full
size keyboard And for a limit
ed time, it also comes with our 
exclusive version of Sprint; 
Borland's powerful word proc
essing oftware. Absolutely free. 
And becau e it weighs only 9.8 
pounds, it's one of the lightest. 

IBM-compatible dual diskette 
PCs on earth. It even has remov
able, rechargable batteries, so you 
can work with it ju t about any
where you want 

Those whdve used the Tl200F 
have hailed it as a small miracle. 

Because 
rarely has 
so much 
power been 
so easily 
wielded. 
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Where is it written that hard 
disk has to mean hard to carry? 

Witness the Toshiba T1200HB. 
It only takes up about one 

square foot of desk and weighs 
less than eleven pounds, but it's 
packed with all the features of our 
Tl200F and comes with a single 
diskette drive and 20 megabyte 
hard disk* 

Which means it's big enough to 
store just about all the applica
tions you'll ever use. All the time. 

And, like the T1200F, it has the 
convenience of Resume mode, 

In Touch with Tomorrow 

which remembers your place even 
after the unit is turned off 

For more infonnation on all 
our comput.ers and printers, call 
1-800457-7777 or visit one of our 
nearby Toshiba dealers. 

They'll make a believer out 
of you. 

TOSHIBA 
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Sharing Information 
Wh11tever your industry, your computers 
need 10 share iafonnatioa with your 
mainframe. Or, they need to exchange 
data with other computers. In either 
case, you need a total. communications 
solution. You need software, hardware 
interfaces and modems that all work 
together smoothly. You need CLEO! 

CLEO software products allow your 
computer to communicate with minJ
computers and mainframes, and to 
emulate their worksmions. Since 1981, 
CLEO has provided communications 
between micros, minis, and mainframes 
for the automotive, insurance, medical 
and banking industries. Tuday over 
78,000 CLEO users worldwide are 
running on all major computer brands. 
The greate t number of these users run 
CLEO oftware on IBM Personal 
Computers and NETBIOS LANs. 

Complete 
Software/Hardware Package 
Every CLEO package contains all the 
oftware and hardware accessories 

you'll need. Your selected CLEO S A, 
BSC, or Coax software is packaged with 
I) an internal modem card for dial-up 
applications, or 2) an interface card and 
cable for use with your existing modem, 
or 3) a Coax card for local connectivity. 
There's 110 waiting for non-CLEO 
add-on . And, you get prompt, single-

Package price 
range from 5795.00 
for most stand-alone packages, up to 
Jl,995 .00 for the 32-user S A gateway. 

Call u today 10 discuss 
your application. 

CLEO Software 
1639 orth Alpine Rd. 
Rockford, IL 6ll07 
Telex 703639 
FAX 815/39 ·6535 

Headquarters: 

USA: 1-800/233·2536 
Illinois: 1·800/4 22·2536 
International: 815/397·8IIO 
Sales and Dlstribudoo: 
Bcnd uJ<: 3 1 (0) 3-9~8888 
C:.uud:a , E1s1: 800/361·318S 
C;m;lda, \Vql : 800/361-l210 
C:m:ida, Montreal : }141737·3631 
Colombia, .A.: 121 2266 
Deruu:uk: 02 9 81 19 
Engl:a.nd: {0993) 776 543 
Fnnce, 146861136 
!12ly : (033 1) 634 S62 
Mexico tty: 596-5539 

wcdcn: 468311780 

CLEO~ 

CLEO :ind 3780PllJS 21t' rqihtmd tndenwts of CLEO Softwm. IBM ls :i qistrnd tlldcnwk of lnlmUlional Bustncs.s Madllnes Corporz1ion. 

http:Engl:a.nd
http:Jl,995.00


SYSTEM REVIEW 

. SX Appeal• 

Compaq's 386s is the 
first of a new generation 

of microcomputers 
that implement Intel's 

low-cost 80386SX 

Jeff Holtzman 

0 ne of the i_nost ~xciting devel
opments m microcomputers 
this year has been the intro
duction of the 80386SX 

microprocessor , which promises 80386 
performance and software compatibility 
al AT prices. Compaq ' s 386s is the first 
personal computer built around this new 
chip. It's the harbinger of a new class of 
machines that's destined to become the 
entry point for 80386-level computing 
and eventually replace the AT as the mid
range microcomputer of choice. 

The Compaq 386s has a small foot
print, is lightweight, and packs a lot of 
power. But while the 386s's design takes 
full advantage of the SX chip's potential , 
the machine's relatively high price puts it 
in competition with more powerful 
80386 systems. 

Compaq offers the 386s in three con
figurations . The Model I ($3799) has 1 

megabyte of memory, a 5 IA -inch floppy 
disk drive, a 101-key enhanced key 
board, and a 140-watt power supply. The 
Model 20 ($4499) adds a 20-megabyte, 
29-millisecond, 3-to- l interleave en
hanced-small-device-interface hard disk 
drive. The Model 40 ($5199) offers a 40
megabyte, 29-ms, 1-to- l interleave ESDI 
hard disk drive. 

All models come with hard/f loppy 
disk controllers, serial and parallel 
ports, a mouse port, and a 16-bit VGA
compatible video adapter on the mother
board. The 386s also includes Compaq's 
Expanded Memory Management soft
ware (CEMM), a disk cache, a RAM 
disk, and other utility programs. DOS 
(version 3.31) and OS/2 (version 1.0) are 
extra-cost options, however. 

The motherboard h~s four 16-bit AT 
expansion slots and one proprietary 16
bit memory-expansion slot that holds up 
to 13 megabytes of RAM. Color and 
monochrome analog VGA monitors, tape 
backups, and a mult itude ofother options 
are also available. All models come with 
a I-year warranty and carry FCC Class B 
certification. 

1 tested a Model 40 with 1.2-megabyte 
5 1A-inch and 1.44-megabyte 3 ~ -inch 
floppy disk drives, a 40-megabyte hard 
disk drive, a 40-megabyte Irwin Magnet· 
ics tape backup with backup software 
that runs under both DOS and OS/2, 5 
megabytes of RAM, an 80387SX math 
coprocessor, and a color VGA monitor. 
This brought the cost of my system to 
$10,740. 

Internal Affajrs 
Getting inside the 386s is easy; the cover 
is held on with three thumbscrews. It 
must have been a challenge for Compaq's 
engineers to fit everything into the nar
row (15-inch) chassis. As the photo on 
page 198 shows, they did so by using 
some unusually shaped components and 
by arranging them efficiently. 

The front of the chassis provides open· 
co111i11ued 
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In1emally, rhe 386s has a clean. compact design rluufits nea1ly imo a 15-inch
wide chassis. 

ing for two one-third-height drives and 
one half-height storage device. Directly 
behind these are spaces for two 31/2-inch 
internal drives . All drives mount in a 
separate subchassis; together, the power 
supply and the drive chassis occupy 
about 60 percent of the width of the case. 
Unfortunately, there i no re et switch . 
An LED lights up when power is on; an
other indicates hard disk drive activity. 

Next to the drive chassis is a slot for 
Compaq ' s proprietary memory card, 
which also contains a VGA feature con 
nector. There's no video circu.itry on the 
memory card, however; it merely pro
vides a path for signals from the mother
board and an additional sandwich card 
mounted above it. 

As with Compaq's 80386-based ma
chines, the memory slot operates at 
microprocessor speed (16 MHz), not ex
pansion-bus speed (8 MHz). Both ! 
megabyte and 4-megabyte expansion 
boards are available. Each is expandable 
by addJng I- or 4-megabyte modules, to a 
maximum of 13 megabytes of memory. 
You can add even more memory by using 
the regular expansion slots, but this will 
decrease system performance. 
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The motherboard, which measures 11 
inches wide by 13 inches deep, is built 
almost entirely from surface-mount 
components and has an extremely clean 
look . More than half of it is obscured by 
the drive-bay subchassis , but most im
portant things are easy to get at, in 
cludi og the CPU , ROM, and math copro
cessor sockets and two system-config
uration DIP switches. Unfortunately, a 
third DIP switch that specifies the 
amount of installed memory is partially 
obscured by the drive bays and memory 
card; they have to be removed to access 
the switch . 

A chassis lock on the rear of the chas
si doesn't provide an electrical key
board interlock, as most AT compatibles 
do. However, an optional password fea
ture performs the same function. 

Run Time 
The 386s's high-caliber documentation 
makes getting up and running easy, and 
the best part of Compaq's documentation 
is affixed to the chassis: two metallic 
labels that show the location of the major 
system components and the DIP-switch 
settings. If your machine gets separated 

from its manuals, you ' II still have no 
crouble setting it up. 

The 386s also comes with an opera
tions guide that contains Getting Started , 
Technical Overview, and User Program 
Reference booklets . The latter includes 
information on CEMM , CACHE, and 
VDISK. Compaq also sells two technical 
reference guides-one for the VGA sub
system and one for the 386s itself. Both 
contain in-depth descriptions of topics 
such as block diagrams , timing dia 
grams, and BIOS functions . 

The setup process involves a bit more 
switch-flipping than do AT compatibles. 
Three DIP switches indicate the presence 
of the math coprocessor, boot speed, 
monitor type, optional power-on pass
word , amount of memory , and so on. 
The switches aJso let you disable the on
board controllers (e.g., video, disk, and 
110 ports) in case a fault develops on the 
motherboard or an expansion board re 
quires it . 

A conventional RAM-based setup pro
gram lets you specify items such as time 
and date, hard disk type, NumLock key 
boot state, the power-on password , and 
network server mode. In the network 
server mode, the machine boots only 
from the hard disk, and the keyboard re
mains inactive until you enter a pass
word. The machine stores the password 
in CMOS RAM . 

Compaq has taken an innovative ap
proach to providing compatibility with 
software des igned to run at slower 
speeds. You can use MODE.COM to se1 

the machine's speed to all)' value be
tween I (slow) and 50 (fast) . The values 
that correspond to djfferent PC speeds 
are listed in the technical reference 
guide. 

Actual clock speed doesn ' t change; 
the expansion bus continues to operate at 
8 MHz with one wait state . But the ma
chine's refresh timing changes, increas
ing as the speed selected decreases to 
effectively lengthen the time each in
struction takes to execute. 

The 386s keyboard has an excellent 
feel and i the best I've tested . It provides 
the " clicky " tactile feedback of the IBM 
Enhanced keyboard , but it' s not so noisy. 

Compatibility Testing 
I had no trouble installing and using a 
Hayes 2400-bit-per-second internal 
modem (Model 2400b) and a Microsoft 
Serial mouse . I also had no trouble in
stalling and running DESQview 2 .01 
(with QEMM), 386MAX 2.36, Word
Star Professional 4.0, a beta version of 
WordStar Professional 5.0, Turbo Pascal 

cominu~d 
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Compaq 386s 

APPLICATION·LEVEl. PERFORMANCE 

WORD PROCESSING 
Xywrtte 111+ 3.52 Medll.lrge 

Load (latge) :13 
Wordccunl :04/:27 
Search/replace :06/:26 
End of docurnenl :021:1 5 
Block moves :101:10 
Spelling check :11 11:22 

Mlcro10f1 Word 4.0 
Forward delete :18 

Aldua PageMaker 1.0e 
load document :10 
Change/Bold :32 
Align right :24 
Cut 10 pages :21 
Place grapl'lic :04 
Print to file 2:29 

D Index: 2.24 

SPREADSHEET 
Lotu• 1·2-32.01 

Block copy ;04 
Recalc :02 
load Mortte Carlo :15 
Aecalc MOflte Carlo :06 
Load rlarge3 :04 
Aecalc riarge3 :01 
Recalc Goai-set1k :04 

Mlcro10ft Excel 2.0 
Fill right :07 
Undo fill 2:34 
Recalc :02 
Load rlarge3 :26 
Recalc rt8/ge3 :02 

0 Index: 2 .15 

DATABASE 
dBASElll+ 1. 1 

Copy 
Index 
Lisi 
Append 
Delete 
Pack 
Count 
Serl 

D Index: 

SCIENTIFIC/ENGINEERING 
A1.l'loCAD 2.52 

Load SoltWesl 
Regen SoftWest 
Load StPauls 
Regan StPauls 
Hide/redrii!W 

STATA 1.5 
Graphics 
ANCNA 

MattiCAD:Z.O 
IFS 800 pts. 
FFTllFFT 1024 PIS· 

D lndex: 

COMPILERS 
Mlcro110ft C 5 .0 

XLlsp ccrnpile 
Turbo Paacal 4.0 

Pascal S com~e 

D Index: 

1: 17 
:06 

1:00 
2:11 

:02 
1:41 

:05 
1:01 

2 .06 

:57 
:45 
:12 
:07 

14:56 

:32 
:13 

:19 
:20 

~.01 

5:01 

:OS 

2.05 

All llrneS are on rrwiutes.~ fr.dexes $l>aN refalM! perlOrmance: ror an indexes. an 8-MHz IBM PC AT · 1 

Compaq 386s 11 .5 * 

IBM PSl2 Model 80-071 10.9 

Compaq 386116 10.4 

IBM PC AT 5 

11.5 

Word 
Processing D 

Spreadaneet D 

Database D 
Scientlftc/ 

Engineering D 

Compilers D 

·cumu1a100 aPflllCabOnS index. Graphs are 
ba$ed on inde"'5 at left and !;how relawe 
performance. 

LOW·LEVEL PERFORMANCE' 

CPU OISKUO VIDEO 
Matrix 6 .69 Hmrd Seek~ Text 
String Move Ou\ettrack 3 .32 ModeO 

Byte·wide 52.48 Inner track 3.33 MQde1 
Word·wide: Hall platte. 9.92 Mode2 

Odd-bnd. 44 .27 Fu11 platter 9.97 Mode3 
Even-bnd. 26.25 Average 6.63 Mode7 

Doubl6WOl'd·wide: DOS Seek Gr11phlc1 
Odd·bnd. 29.41 1-sectOI 14.37 CGA: 
Even·bnd. 19.7 32-sedor 24.61 Mode4 

Sieve 36.10 Fife 11()1 Modes 
Sort 30.79 Seek 0.13 Mode6 

Read 0.64 EGA: 
C lndex: 1.88 Write 0.99 Mode13 

1·fll11911byle Mode14 
FLOATING POINT Write 4.70 Mode 15 
~th 11.17 Read 3.59 Mode16 

Error2 O.OOEt-00 VGA: 
Slne(x) 3.23 D lndex: 1.78 Mode18 

Error 2.00E- 09 Mode 19 ... 3.49 
Error 1.00E-09 D Index: 

D lndex: 5.03 CONVENTIONAL 
BENCHMA.RKS 

' AJ limes are In seconds. Fi11ures were genera ed USi~ !tie 8088le066 and U NPACK 
80388 veraioos (1 .1) ol Small-C. Livermore Loops• 

• The emn lof Floating Pooni 1ncllca1e lhe d1Uerenoe ~ expeaed and (MFLOPS)
BC!tJal values. corrnct to 10 digils or rounded IO 2 digits. Ohrysloroe (MS C 5.0)

• Times rejl()lted by lhe Herd See~ and DOS Seek ere for mu!liple seek 
(Dhry/sec)operabOnS (runt:Je< a &eek& petlotmed currenmy &et to 100). 

• Read and wntB limes fof file 1/0 are on 60000d& per 64K byies. 
• For ll'1e ~ Loops and Dhr,stooe 1as1B only, t.gher numbers mean 

laslllr perloonance. 

4.63 
4.63 
4.61 
4.61 
N/A 

2.47 
2.49 
2.62 

4.36 
4.76 
NIA 
4.74 

4.98 
2.69 

1.87 

242.66 

0.12 

3553.00 

IBM PS/2 Model 80-071 

Compaq386/16 

IBM PC AT 

CPU D 
FPU D 

Olskl/O D 
Video D 
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SX APPEAL 

Compaq Deskpro 388s Model 40 

Company 
Compaq Computer Corp. 
20555 FM 149 
Houston, TX 77070 
(713) 370-0670 

Components 
Processor: 16-MHz 80386SX; oplional 
803B7SX math coprocessor 
Memory: 1 megabyte of static-column 
RAM , expandable to 13 megabytes in 
proprielary slot 
Mass storage: 1.2-megabyte 51/,·inch 
noppy disk drive; 40-megabyte ESDI hard 
disk drive 
Display: On-board VGA adapter: 
optional monitors 
Keyboard : 101-key enhanced 
110 Interfaces: RS·232C (9-pin), parallel 
(25-pin). a.nd mouse (PS/2-style DIN) 
ports; four 16-bil AT expansion slols: 
one 16-b4t proprietary memory Slot 

Size 
6 x 15 x 16 inches; 28 pounds 

Software 
Diagnos ics lest; system setup; ROM 
version; disk cache: RAM disk; CEMM 
software 

Options 
16-MHz 80387SX: $799 
1-megabyte memory-expansion board : 

$799 
4-megabyte memory-expansion board : 

$2999 
1-megabyte memory module: $799 
4-megabyte memory module: $2999 
1.2-megabyte 51/4-inch lloppy disk 

drive: $275 
360K-byte SV•-inch floppy disk drive: 

$225 
1 .44-megabyte 3112-inch floppy disk 

d rive: $245 
110-megabyte hard disk drive: $3499 
135-megabyte lape backup: $1999 
40-megabyte tape backup: $799 
Serial/parallel adapter : $149 
VGA color morn or: $699 
VGA monochrome monitor : $255 
MS·DOS 3 .3 and BASIC: $120 
OS/2 1 .0: $325 
Technical Relerence Guide: $149 

Documentation 
40-page Getting Slarted: 60-page 
Technical Overview; 80-page User 
Program Reference 

Price 
Model 40: $5199 
System as reviewed: $10 , 740 

Inquiry 883. 

4.0, Microsoft BASIC 6.0, Lotus l-2-3 
version 2 .01, VP-Planner 1.0, Profes
sional CED I .Ola, Brooklyn Bridge 
1.30, Desk.Link 2.21, AutoCAD 9.0, 
AutoSketch enhanced version 1.01 , Ex· 
eel 2.0, PageMaker 3 .0 , and Smartcom 
Ill. 

I did experience a problem with Com
paq 's OS/2 version I . OB rev. B and the 
internal modem I'd installed. After in
stalling 0512 , I received an error mes
sage stating that COMl did not insta l 
because The device adapter could not 
be located. I removed the modem and 
reinstalled OS/2 without any problems. 
And when I also reinstalled the modem, 
I was unable to reproduce the problem. 

Unlike some non-IBM versions of 
OS/2 , you see the Program Selector 
screen when you boot the installation 
disk· this lets you choose either a DOS 
prompt , an OS/2 prompt, or a separate 
in tallation program. This program 
copies files from the floppy disk to the 
hard disk and lets you create a custom 
configuration for your system. 

Also, Compaq ' OS/2 pucs about three 
dozen files in your root directory and di
vides the remainder among two sub 
directories: \OS2 and \052.000. Unfortu
nately, like IBM 's version of 05/2, 
Compaq's OS/2 doesn't include a dual
boot option. After installing the operat
ing system on your hard disk, you must 
boot from a floppy disk to run DOS. 

The only other distinguishing feature 
of Compaq's OS/2 is a configuration 
program that gives you a menu-based 
means of setting up the CONFIG.SYS 
file. The advantage is that you needn ' t 
switch into real mode to edit the file. 
(OS/2 does not come with a protected
mode editor-not even a protected-mode 
version of EDLIN.) 

I also installed version 2.1 of Win
dows/386. Windows itself ran fine, as 
did applications including Excel 2.0 and 
PageMaker 3.0. However, I couldn't get 
Microsoft 's extended memory driver, 
HIMEM.SYS, to run. According to 
Microsoft , the driver incorrectly identi
fied the 386s as using the PS/2 method of 
switching address line A20; consequent
ly , it detected no extended memory. 

A version of HIMEM .SYS provided 
with an updated version ofWindows/286 
ran fine, providing an ex.tra 58K bytes of 
memory. Microsoft is working to correct 
the fault with Windows/386, and a fix 
should be available by the time you read 
this review . 

Architectural Details 
Compaq built most of the 386s around 
AT standards, including the expansion 

bus, direct-memory-acces controllers, 
real -time clock, memory refresh , inter
rupt control, and keyboard controller. 
One interesting addition is a fail-safe 
timer that an advanced operating ystem 
(OS/2 or Unix, for example) can use to 
generate regular interrupt that prevent 
an errant program from hogging or lock
ing up the system . Another timer is used 
in a one-shot mode to extend the refresh· 
request signal. This decreases system 
throughput, as discussed in conjunction 
with the mode speed command above . A 
BIOS function also allows programmed 
speed setting. 

The memory system use Compaq's 
page-mode architecture with no static 
RAM cache. Access to locations in a sin· 
gle 2K-byte page occurs with zero wait 
states; access to a location outside the 
current page occurs with two wait states. 
On the average, approximately 60 per
cent of memory accesses in the 386s oc
cur outside the current page, resulting in 
an average of0.8 wait state per memory 
access, according to Compaq . 

The motherboard contains l megabyte 
of memory, of which 64-0K bytes is nor 
mally mapped to the first 64-0K bytes of 
CPU address space and the remaining 
384K bytes is mapped to the top of the 
16-rnegabyte address space. You can also 
configure the system to allocate only 
256K or 512K bytes of memory begin 
ning at 0000 hexadecimal; in each case, 
the remainder (768K and 512K bytes, re
spectively) is mapped to the top of the ad
dress space. 

Whatever the base memory (256K, 
5 I 2K, or 640K bytes) , you can map 
down the upper l28K bytes of unused 
memory from FOEOOOh to OOEOOOh 
(i.e ., OOOO:EOOO) , where it can run a 
write-protected copy of the ROM BIOS, 
the VGA BIOS. or both . Compaq also 
provides a special BIOS function for 
moving ROM contents. In addition , the 
location of the 128K-byte block of mem
ory depends on the state of a special reg 
ister that's accessible at UO port address 
878h or at memory address 80COOOOOh. 
Two bits in that register specify where 
the RAM is to reside and whether it's 
write-protected. 

A Promise Fulfilled? 

Does the 386s meet the promise of high 

performance at low cost? The answer, 

unfortunately , is not simple. 


In terms of raw CPU performance, the 
386s simply doesn't hold up to the per
formance attained by most of the 16
MHz 80386-based machines that BYTE 
has tested. Overall , the Deskpro 386/ 16 

continued 
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The most influential 

laser printer in history. 


This p;ige w;,s cteated usmg Word.Perfect 5 0 sol wau:: 

The HP LaserJet Series II Printer. 

The laser printer that's from the start b €{;ause the H P 
influenced the ent i re printer LaserJet Series II Printer works 
industry can help you be more wi th all popular PCs and more 
influential. too. The HP LaserJet than 600 PC software packages_ 
Series II Printer is today's over Tu see the HP LaserJet 
w helming choice for simple Series II Printer in action, call 
word processing, integrated 1-800-752-0900, ext. 900E, for 
text and graphics. and your nearest Hew lett-Packard 
desk top publishing. dealer. You'll be more than influ 

You can begin producing enced_ You'll be convinced. 
impressive documents right 

Fhfl'I HEWLETT 
CHew ! t' -Pac kard l9BB PEl 28ot ~~ PACKARD 
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The Laser Printer 

that Created 


the Future 


In 1984 when we 
in1ror.luted what we now 
food!y <'&II tbc ·~rJe1 
Printer Cla.uic", peopl c 
......O..red if 11 -.kl >c:IL h 
wu •diffettn.t•. h was 1 

b<c&klhroogh. 
lo the da)'!i bcfoR lllSCf 

printeis. the standard fur 
~rnal e<)rTC5pOndcnao W3$ 
priming lhal malchecl a 
l)'pcWrilcr fonL Mind lat 
and ar-phla rcpon:s could 
ouly be done "cu.t Md po.ue•, 
Pr!t>1l"41 .,.... noisy ...i si-. 
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Computers For 

The Blind 


Talking computers give 
blind and visually 

impaired people access 
to e lectronic 

information. The 
question is how and 

how much? 

The answers can be 
found in "The Second 

Beginner's Guide to 
Personal Computers for 
the Blind and Visually 
Impaired" published by 

the National Braille 
Press. This 

comprehensive book 
contains a Buyer's 
Guide to talking 

microcomputers and 
large print display 
processors. More 

importantly it includes 
reviews, written by 

blind users, of software 
that works with 

speech. 

This invaluable 
resource book offers 
details on training 

programs in computer 
applications for the 

blind, and other useful 
information on how to 

buy and use special 
equipment. 

Send orders to: 


National Braille Pres lnc. 

88 Sc. Stephen treec 


Boston, MA 0211 5 

(6 17) 266-6160 

$12.Qo\ /or hrmllt.: nr cav;cttc, 5, .;_9o;, /nr 

['>rl1( ($j CX(TG faT UPS sh1[>['mg/ 

NF\11 i!li ~ n.anproilt br.aallc print!ntt .am.1 

J'1,1hli hin~ hou..: . 
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R EV IEW 

SX APPEAL 

attains a CPU index of2.20; the 386s. at 
1.86, attains about 85 percent of the 
386116's raw comput ing horsepower . 

The two machines performed nearly 
identically in the String Move tests, 
which indicates that raw memory 
throughput is not degraded by the 16-bit 
386SX. But I.he 386s provided about 73 
percent of the performance of Compaq's 
DeskPro 386/16 in I.he Sieve and Sort 
tests and about 79 percent in I.he Matrix 
test. The 20 percent 10 25 percent differ
ence in performance in the Sieve, Sort, 
and Matrix tests indicates that the 386SX 
simply can't keep up compu1a1ionally 
with the 80386. 

The Floating Point tests reveal that the 
386s 's lack of a 32-bit interface between 
the CPU and the FPU is a definite hin
drance to math performance . The 386s 
exceeds only 80386 PCs with 80287 co
processors-Compaq's early 386116 
models, for example. Machines with 
80387s (such as the IBM PS/2 Model 80, 
Compaq's Olher 80386 systems, and the 
Dell System 310) easily beat the 386 . 

Disk performance is another story. 
The 386s does well here and in video 
performance because the lack of a 32-bit 
data bus isn't a disadvantage. The 386s's 
ESDI hard disk drive achieved a BYTE 
index of I. 78, which easily surpassed the 
Deskpro 386/ 16, the 16-MHz and 20
MHz versions of the Model 80, and sev
eral other machines, including a prepro
duction version of IBM's PS/2 Model 70. 

Video performance was also impres
sive . The unit's built-in 16-bit VGA 
adapter achieves an index of I . 87, which 
surpasses Compaq's 386116 by a large 
margin and is just slightly slower than the 
16-MHz Model 80. Most of I.he 386s's 
speed advantage is in text mode ; in 
graphics mode, the Model 80 was about 
15 percent faster , and the Desk pro 
386/ 16 was about 2 percent faster. 

Faster 80386 machines leave the 386s 
in the dust. The 25-MHz Deskpro, for 
example, achieves nearly twice the video 
performance. Because the width and 
speed of the two machines' expansion 
buses are identical, the raw speed with 
which the CPU processes video data is 
the determining factor here. 

The real test, of course, is applica 
tions , and in this area the 386s is well 
above AT levels and solidly in the run
ning with the 16-MHz 80386 machines . 
At 11.5 l, the 386s has an overall applica
tion index that's more than twice that of 
an AT , and it edges out Compaq's Desk
pro 386/ 16 and the 16-MHz Model 80 . 
The 20-MHz 80286-based Dell 220 with 
2 megabytes of RAM and the 20-MHz 
Model 80 came in just above the 386s. 

The 386s's application index is also 
well above that of high-performance 
ATs , such as the five machines reviewed 
in the July BYTE. The highest-perform
ing member of that group, the Amdek 
System 286/ A, achieved an overall appli
cation index of9.8. 

Reaching a Compromise 
The 386s is a solid-performing machine 
that provides compatibi lity with 80386 
software and proves that , with proper 
system design, the 80386SX is a good 
platform for demanding application . 

Not surprisingly, the 386s is not a ma
chine for those demanding the utmost in 
performance. The fast disk and video 
ubsystems help overcome the limita

tions of the 16-bit data bus, which re
stricts CPU and FPU performance, but 
the 386s doesn ' t support the Weitek math 
coprocessor, it has only four expansion 
slots, and the 140-watl power supply 
seems underpowered. The power supply 
in my review unit , which included only a 
memory card and a Hayes modem, ran 
uncomfortably hot lo the touch . 

It's hard to figure Compaq's pric ing 
structu re . For example , a 386s with I 
megabyte of memory , a 40-megabyte 
hard disk drive , and a color VGA monitor 
costs $5898. By cont rast, the Deskpro 
386116 costs $7797-almosl $2000 more. 
although it performs roughly the same . 
Al the other end of the sca le , a 12-MHz 
80286-base<l Compaq costs $5497. For a 
$400 difference, why buy the 80286? 

The bottom line is that you can buy 
faster machines for considerably less 
money from competing manufacturers . 
A comparable Dell System 310, for ex
ample, costs $4299. has a full 32-bit bus, 
and outperforms the 386s in all catego
ries . Even Dell's new System 220, which 
sports a 20-MHz 80286, performs com
parably. And while the Dell System 220 
can't run 80386 software, at $3199 it 
costs about half as much as the 386s . 

The 386s is important: It's the first 
machine to use the 80386SX chip, and it 
proves that the 80386SX is a viable com
puting engine. h ' s the first entry in a new 
class of machines and a new category of 
computing power . Unfortunately, the 
386 costs 100 much . The company that 
can build a quality 80386SX system and 
sell it at a competitive price will walk 
away with the market. • 

Jeff Holt zman owns Publishing Con
cepts, a firm that specializes in evalua
tion. verification, and doc11me111a1ion of 
high-technology products. He lives in 
Ann Arbor, Michigan. You ca11 reach him 
on BIX c!o "editors." 



An inside lookat 

386\fdl 

WJI= -
The more yo look i to 386 compatibles. the more 

you realize that well thought-out design innovations 
1that really work Iare few and far between 

That's why our e gineers set out to design the 
GV·386.They realized they could unlock more of the 
chip's potential. if only they could speed up data retrieval. 
1 1thout affecting sys em reliabili y_ 

IN ER POWER 
Here·s how they id it: a high-speed RAM cache 

circ it- a full 64K of superfa 
memory-that puts your most fre· 
quen ly acces ed data right at your 
fingertips. If you're ever involved in 
processing complex databases. long 
spreadsheets or detailed engineer· 
ing drawings. you 'll see the value of 
this innovation in asecond ..literally 

Best of all. the cache circuit 
ac ually makes the CV- 386 more reli
able thtin other high-speed machines. 
by sparing integrated circuits from 
harsh overloading. 

Our BoS" on-ane l • hc•ur> 
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GV-386 
Specifications 

O Availabl with 16MHz 
or20MHzCPU 

::J Zero Wait Scates 
U 64K Cache 1keyboard 

enabledI 
:.J IMB R.l\M on·board. 


expandable to 4MB 

.::i Soc eted for 80287 or 


80187 
':J 1.0 Bus runs at 8MHz for 

hardware compatibility 
i.J Six 16-bi slots: l\vo -bit 

slots 
U Price 20 IHz systems start 

at $2 .750: l6MHz S} terns 
as lowas $2.375 

QUALITY THROUGHOUT 
Of course. our mos importa t criterion when 

designing our super compatible wasn't speed-it was 
quality. Take a look inside the GV·386 and you II see it 
everywhere from the highest quality components avail· 
able to the in elligen u e of special CMOS RAM to store 
system et-up i formation On he outside. the fit and 
finish of the GV·386 would make Big Blue green. Even the 
ser's manual has impressed users and reviewers alike 

We'd like o tell you more about 
what went into the CV· 386. Give us a 
call a d we'll give you he whole story 
We'll also tell you about our exclusive 
30-Day Compatibili yGuarantee.our 
full One· Year Warranty and ou toll· 
frec suppo. se ice. 

TheG\ ·3 6 from re De igns 
With de ign innovations his 
advanced.at thisprice. its an 
open and shut case 

IPC 1•115Wl~i 

Call us now at 1-800-32-B IT PC 

I ~ I) I)· i 2 2 · ·l R 7 2 I 

14 Kn (.['-,I.XI 'H c ~ii)\ \ t",\ y, r~ \ \ 1(0-~J 

• 21]·\lJ.'/), 0 tFJX ]12-i 7-lOiJI 
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FLEXSCAN..90705, PC Hi-Res 
That Looks Like a Million. 

The FLEXSCAN 9070 Multiple Scan 
monitor is of course compatible with 
other multi-scans. but includes 

improvements that will give you the 
professional edge which is the mark 
of a good investment. 
You can extend your multi-scan range 
from 20kHz to SOkHz in practical terms. 
Th is means that . at the 48-50 kHz 
range , you can make use of PC 
CAD/CAE capabili ties at a resolut ion 
of up to 1024 dots x 768 lines. 
The FLEXSCAN 9070 takes advantage 
of non- interlace high resolution signal 
as high as 1024 x 768 to provide you 
w ith a flicker free display at much 
brightness. You can also use the 
9070 with IBM PS/2 or VGA 
compatible boards at a high resolution 
mode like 800 x 600 and 1024 x 768 
(non- interlace). 

The FLEXSCAN 9070 provides a 
16-inch screen, large enough for 
CAD/CAE and 3-D projections. yet 
small enough to fit comfortably into 
your home work space. 

1.1\l - --=--

Come see us a.t COMDEX 
Booth #H8324 

NAN/,iO" 
NANAO USA CORPORATION 

1024 dols X 768 lines Graphics (Non-interlace) 
AutoCAD 

Also, for your convenience, all 
controls and switches. including the 
alternate video input. are located 
wi thin easy reach on the front panel. 
The FLEXSCAN 9070 is compatible 

with a wide range of IBM. Apple. and 
other products, allow you to use 
all of today's popular programs- -- al 
a resolut ion that looks like a million. 

FLEXSCAN~ 
MOOEL 9070S 
e lBM VGA(PS/ 21. 8514 / A . PGC. EGA 

compatible and CADICAE use. 

• Apple Mac. II and SuperMac Spectrum 
compatible 

• Max. 1280 dols x 800 l ines high resolution 

e 1024 	dots x 768 lines display on 

Non · lnterlace signal delivers fli cker-free 

high -res graphics 

• 	 20kHz to 50kHz horizontal scan automatic 
adi1.1stment. 50Hz to 80Hz vertical scan 

automatic adJ UStment 

•	 16 inch. 0 .31mm dot pi tch and newly 

devetOped XF(Extended Field) Gun to 

Obt<lln both brig htness and sharp focus. 

• Front mounted controls Including the mput 

signal select switch belWeen 2 vrdeO inwt. 

•	 Selecting whrte or Ambef displays colored 

appllca t1 on In shades of gray or ambor 

•	 Tilt -Swivel stand standard 
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SYSTEM REVIEW 

~ ALR Improves~ 
on a Winner 

The FlexCache 25386 
breaks the speed record 
with its 25-MHz 80386 
and enhanced caching 
system 

Mark L. Van Name 

Advanced Logic Research has 
once again claimed the PC per
fonnance lead with its Flex
Cache 25386. The new ma

chine is based on the same proprietary 
FlexCache architecture that ALR used in 
its top-performing FlexCache 20386 
(June BYTE) . This architecture rom
bi nes a high-speed cache of static RAM 
(SRAM) with dual memory and 110 
buses to let the 80386 CPU run without 
wait states 95 percent of the time. 

The 25386 differs from the earlier 
20386, however, in the size, speed, and 
management of its cache . The 20386 uses 
the Intel 82385 cache controller chip to 
manage a 32K-byte cache of 35-nanosec
ond SRAM . The 25386 has a larger 64K· 
byte cache of faster 25-ns SRAM. It also 
replaces the 82385 1.•:ith ALR's propri 
etary Extended Emulation 82385 cache 
system, which provides several perfor

mance improvements . The 25386 also 
uses faster 60-ns dynamic RAM in place 
of the 80-ns DRAM in the 20386. 

All this adds up to record-breaking 
performance for the FlexCache 25386. 
But the 25386's high performance does 
not come cheap. It is available in cwo ver
sions, the $9499 Model 150 and the 
$12,499 Model 300, which differ only in 
the size (150 and 300 megabytes, respec
tively ) and speed of their hard disk 
drives. Both models include the 25-MHz 
80386, the 64K-byte cache, 2 megabytes 
of memory, a socket for either a 25-MHz 
or a 20-MHz Intel 80387 math copro
cessor, a 1.2-megabyte 5 'A-inch floppy 
disk drive, ALR's 16-bit VGA card, an 
enhanced-small-device-interface (ESDI) 
controller and hard disk drive, one paral
lel port , one RS-232C serial port, and a 
keyboard that follows the layout of the 
IBM Enhanced AT layoul. The only soft
ware that I received was ALR's Flex
Cache 386 Setup Utilities disk. 

Of course, to use the 25386 you also 
need a monitor and some operating-sy 
tern software. My evaluation unit came 
with MS-DOS/GWBASIC 3.3, as well as 
a 25-MHz 80387 and a 1.44-megabyte 
3Yi-inch floppy disk drive. ALR does 
not currently sell a monitor, so I used an 
IBM 8514 analog VGA monitor with the 
system. 

Not counting the price of the monitor, 
the evaluation unit cost $14,798. Toss in 
another $600- the street price for a rea
sonable VGA monitor-and you end up 
with a healthy $15,398. 

As high as that is, it is still not as ex
pensive as a comparable Compaq 
386/25. The Compaq 386/25 Model 300 
costs $13,299, which is $800 more than 
the 25386 Model 300; the 386125 also 
has only 1 megabyte of slower DRAM 
and a smaller and slower cache. 

ALR also offers two 25-MHz systems 
with almost the same performance as the 
FlexCache 25386 and at much cheaper 
prices: its desktop 25386 OT Model R66 

cominut!d 
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REVIEW 

ALR IMPROVES ON A WINNER 

ALA FleXC.Che 25386 

Company 
Advanced Logic Research , Inc. 
9401 Jeronimo 
Irvine,CA 92718 
(800) 444·4257 

Components 
Processor: 25-MHz 32·bit Intel80386; 
socket for 25-MHz or 20-MHz Intel 80387 
coprocessor 
Memory: 2 megabytes of 32·bit. 60-ns 
DRAM, expandable on the FlexMem card 
lo 14 megabytes: 64K bytes of 25·ns 
SAAM: 128K bytes of BIOS ROM 
Mass storage: 1.2-megabyte 51/•-inch 
floppy disk drive; 1.44-megabyte 3Y2·inch 
floppy disk drive: 150-megabyte hard 
disk drive (Model 150) or 300-megabyte 
hard disk drive (Model 300) 
Display: ALA 16·bit VGA board; no 
monitors currently available from ALA 
Keyboard: 101 keys in IBM Enhanced 
keyboard layout 
1/0 interfaces: One RS·232C serial port 
with DB·9 connector; one DB-25 parallel 
port: one VGA monitor port with DB-15 
connector; one 32-bit expansion slot for 
the FlexMem memory-expansion card: 
one 8-bit expansion slot; six 8·/16-bit 
expansion slots 

Size 
7112 x 17 x 26 inches; 80-100 pounds 

Software 
FlexCache 386 Setup Utilities disk, 
version 4.2, with diagnostics tests. system 
setup, SETSPEED program. and other 
utilities; VGA Card Utilities disk 

Options 
1-megabyte memory module: $1049 
4-megabyte memory module: $2995 
360K-byte 51/4-inch floppy disk drive: 

$205 
1.2-megabyte 51/•·inch floppy disk 

drive: $225 
1.44-megabyte 3Y2·inch floppy disk 

drive: $225 
20-MHz 80387 ooprocessor: $1199 
25·MHz 80387 coprocessor: $1899 
150-megabyte hard disk drive:$2499 
300-megabyte hard disk drive: $3999 
ALA EGA card: $349 
ALA 16·bit VGA card: $399 
MS·DOS/GWBASIC 3.3: $175 
SCO Xenix 386 V.3: $695 

Do<:u mentatlon 
FlexCache 25386 User's Manual:VGA 
Card User's Guide; VGA Card Software 
Manual 

Price 
Model 150:$9499 
Model 300: $12,499 
System as reviewed:$14.798 

Inquiry 885. 
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and Model 100. These systems have only 
I megabyte of DRAM and smaller, 
slower hard disk drives, but at $6490 and 
$6990, respectively, they're in a price 
range that more of us can handle. 

Improving the FlexCache 
Architecture 
Nearly all of today's fastest 80386-based 
systems use the Intel 82385 cache con
troller. The 25386 breaks from this 
group by using ALR 's new proprietary 
cache controller, the E1'tended Emula
tion 82385 cache system. 

ALR based this new cache system on 
the Intel 82385 cache controller, but it 
has added several improvements and has 
implemented the whole thing with a 
group of chips on the 25386's mother
board. Many of these improvements are 
very small, but a few are worth mention
ing here. 

One improvement affects how the 
25386.:s cache system maintains cache 
"coherency"-the consistency of cache 
data with the corresponding DRAM lo
cation . When a direct-memory-access 
(DMA) write changes a memory location 
whose contents are in the cache, the Intel 
82385 cache controller marks that cache 
data as invalid, so that subsequent ac
cesses to it will force the system to read 
the data from the DRAM. The 25386's 
cache system, on the other hand, updates 
the cache data on DMA writes, thereby 
maintaining cache coherency. 

Another big improvement is that the 
25386's cache system runs parallel with 
main memory, so that it does not add a 
wait state when there is a cache miss. The 
82385 imposes an additional wait-state 
penalty for each cache miss. 

The 25386 hedges its performance bet 
further by using expensive but fast 60-ns 
main memory, in contrast to Compaq' 
100-ns memory. 

All this DRAM sits on a proprietary 
32-bit bus. The 25386 also contains a 
standard 8-MHz AT-style bus that sup
ports standard AT expansion cards. 

Tops in Performance 
The result of these architectural im
provements? The 25386 flat -out beat 
every other 80386-based system that 
BYTE has benchmarked, including a 
preproduction Compaq Deskpro 386/25. 
Of course, the 25386 beat Compaq's 
386120 by a 40 percent margin in the 
CPU low-level test, as well as by smaller 
margins in the F!Oating Point and Disk 
1/0 low-level tests. It also had a slight 
edge overall in the application perfor
mance tests. 

The only deficiency appears in the 

Video Text and Database test. results. 
The original benchmark tests were run 
with the IBM 8514 monitor. In those 
tests, the 25386 was over 21/z times 
slower than the Compaq 386120. When 
BYTE reran the tests with the 25386 
using the Compaq Video Graphics Color 
Monitor Model 420, the 25386 wa only 
20 percent slower than the Compaq 
386/20. I attribute this change in perfor
mance to the interaction between the 
ALR VGA card and the IBM 8514 moni
tor. The ALR VGA card also appear to 
be optimized for graphics display rather 
than for text. An ALR spokesperson said 
that the company would investigate this 
discrepancy. 

A Few Glitches 
Speed is no good , of course, if you can't 
run your favorite programs and install 
your favorite expansion cards. 

The 25386 is very good about hard
ware compatibility . While the 20386 
runs its AT-style expansion bus at 10 
MHz, a speed that could cause problems 
for older expansion boards, the 25386 
uses a standard 8-MHz AT-style bus. I 
installed an Everex Evercom II 2400-bit· 
per-second internal modem and an Intel 
Above Board/ AT expanded-memory 
board, as well as a Microsoft Serial 
Mouse, and all ran without a hitch. 

The news is not quite so good on the 
software side. The 25386 ran almost all 
the software I tried , including Borland's 
Quattro 1.0, Reflex 1.14, SideKick Plus 
l.OOA, SuperKey l.16A, Turbo C 1.0, 
and Turbo Pascal 4.0; Digitalk's Small
talk/V 1.2 ; Kermit 2.30; MicroPro's 
WordStar 3.3 and 4.0; Microsoft's PC 
Paintbrush 2.0, Windows/386 version 
2.0, and Word 4.0; Norton Utilities 
3 .00; Quarterdeck Office Systems' 
DESQview 2.0, with its Quarterdeck 
Expanded Memory Manager 386 version 
I. JO; and Symaotec 's Q&A 1. 1. 

During my software tests, however, I 
ran into three problems. The first in
volved a copy-protected Lotus 1-2-3 ver
sion 2.0. I could not get 1-2-3 to recog
nize the key disk, even when I slowed the 
system to its 8-MHz-equivalent compati
bility speed. It is no surprise that 1-2-3 
did not recognize the key disk when the 
25386 was at full speed, for the 80386' 
high speed messes up 1-2-3 's copy-pro
tection scheme. Most 80386-based sys
tems handle this problem either by slow
ing the system automatically when a 
program reads data from a floppy disk or 
by letting you slow the system manually 
from the keyboard . 

An ALR spokesperson said that the 
continued 



WOAD PROCESSING 
XyWrtte 111+ 3.52 Med./l.lrge 

LoadOarge) :11 
Word count :021:12 
Search/replace :03/.13 
End ol document :011:08 
Block moves :06/:08 
Spelling check :051:37 

Mlcroeo1t Word 4.0 
Forward delete :10 

Aldue PageMaker 1.0ll 
Load document :02 
Change/bold :15 
Align right :12 
Cut 10 pages :11 
Place graphic :02 
Prlnttofile 1:11 

D lndex: 	 4.41 

SPREADSHEET 
Lotu• 1-2-3 2.01 

Block copy :02 
Recalc :01 
Load Monte Carlo :08 
Recalc Monte Carlo :03 
Load rtarge3 :02 
Aecalc r1arge3 :0 1 
Recalc Goal·seek :02 

Microsoft Excel 2. 0 
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Undo fill 1:08 
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CPU 	 DISKllO 
Matrix 2.60 HardSeekS 
String Mo11e Outer lrack 1.64 

Byte-wide 16.20 lnner track 3.33 
Word·wide: Half plaltei' 6.67 

Odd·bnd. 21 .97 Full platter 8.35 
Even-bnd. 8.13 Average 5.00 

Doubleword·wide: DOS Seek 
Odd·bnd. 15.93 1-sector 6.93 
Even-bnd. 4.03 32-seci<ll 15.35 

Sieve 14.02 Fiie 110' 
Sort 10.50 Seek 0.06 

Read 0.49 
D lndex: 5.07 Wrile 0.78 

1·megabyte 
FLOATING POINT Wrile 2.91 
Math 4.90 Read 2.92 
Erro~ 

Slne(x) 1.54 D lndex: 2.74 ..Error 
1.81 

Error 

D ln<Wx: 10.55 

NIA • Nol supported by graphiQ adapter. 
• All times aro In soooods. Figures were generated uslllll lhe B08816066 

and eow;-s1ons (1 t) or Small-C. 
' The enon; IQ( Floatll'lll Point indicate tn.i ciflerer>ee between expeocted and 

ect"81 velues, oe<rect to 10 <Sgits °' rounoed to 2 dlglls 
' 	Ti,,_ reporled by the Hard Seek Bild DOS Seek are lot multiple see!< 

opem11ons (number or seek$ perlormed curremly set to 100) 
• Reed and wtile times for Ftle llO are In seconds per 54K by1es. 
•Fol ttle L.r.ermore loOpS and Ohryslone leSIS oo1y. l>g/lel number,; mean 

fasto< perlomlance. 

21.2* 

•Cuniulanve app11Ce.11ons index. Graphs are 
based Oil lnde><e!l at left ar.d snow relalive 
pet10rma/'IOO. 

ALR FlexCache 25386 -~· 
C<lmpaq 386120 

IBM PS/2 Model 80-111 

IBM PC AT 

CPU D 

FPU D 

Dlskl/O D 

Video D 

DATABASE 
dBASElll+ 1.1 

Copy 
lnde~ 

List 
Ap~nd 
Dele1e 

P<ick 

Count 

Sort 


D lndex: 

ENGINEERING/SCIENTIFIC 
AutoCAD 2 .52 

Load SoltWest 
Regen SoftWest 
Load S1 Pauls 
Regen StPauls 
Hide/redraw 

STATA 1.5 
Graphics 
ANCNA 

MlthCAD2.0 
IFS800 pts. 
FFT/IFFT 1024 pts. 

0 Index: 

COMPILERS 
Mh~rosoft C 5.0 

XLisp compile 
Turbo Pucll 4.0 

Pascal Scompile 

0 Index: 	 4.08 

VIDEO 
Text 

ModeO 
Mode1 
Mode2 
Mode3 
Model 

Graphle1 
CGA: 

Mode4 
Mode5 
Mode6 

EGA: 
Mode 13 
Mode 14 
Mode 15 
Mode 16 

VGA: 
Mode 18 
Mode 19 
Hercules 

D lndex: 2.57 

CONVENTIONAL 
BENCHMARKS 
UNPACK 
LiV91'more Loop~ 

(MFLOPS) 
Dhiys!one (MSC 5.0l 

(Dhry/sec) 

:33 
:05 

1:08 
1:19 

:02 
1:11 

:OJ 
:46 

2.83 

:27 
:21 
:06 
:04 

7:02 

:1 9 
:09 

:09 
:09 

5 .80 

2:29 

:03 

467 
4.63 
4.56 
4.56 
N/A 

1.12 
1.12 
1.19 

2.58 
2.75 
NIA 

2.75 

2.86 
1.17 
NIA 

135.01 

0. 19 

8417 .00 

21 .2 

Compaq 386120 17.9 

IBM PS/2 Model 80.111 13.2 

IBM PC AT 5 

Word 
ProceS$lng D 

Spreadsheet 0 

Database D 
Scientific/ 

Engineering D 

Compilers D 

FOt a full desctJptoo ol all the benchmarks. soo "lnttoduong the~ SYTE BendV'llal'l<s. · June BYTE 
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Circlt 166 on Ruuitr Service Card 

problem was probably due to the way the 
system implemented the compatibility 
speed, and that ALR uses a different 
technique in the current production ma
chines to slow the 25386 automatically 
any time it uses a floppy disk drive . The 
spokesperson said that the same version 
of 1-2 -3 ran without flaws on those 
systems. 

My other two problems were subtle 
ones involving the interaction of the MS
DOS FDISK program and my system's 
300-megabyte hard disk drive. l hung the 
system every time I tried to create a 32
megabyte logical drive in the last 48 
megabytes of the disk. Also, every time I 
created logical drives and left FDISK, 
the system would reboot to the C> : 
prompt and then hang while it continu
ously tried to read drive A. At that point I 
had to shut the system down and then 
turn it back on. 

I was able to work around the first 
problem by dividfag the remaining disk 
space into two partitions that were both 
smaller than 32 megabytes, but I had no 
solution to the second difficulty . An 
ALR spokesperson said that the company 
would investigate these problems. 

Disk Space to Burn 
A 300-megabyte hard disk drive like the 
one on my evaluation unit really makes 
you aware of the MS-DOS 32-megabyte 
logical drive limit: I had logical drives C 
through L. 

My evaluation unit's hard disk drive 
was a Maxtor Model XT-4380E, which 
has 380 megabytes of unformatted space 
that reduces to 300.7 megabytes when 
you format it. It had an average access 
time of 16 milliseconds. The hard disk 
control !er was a Western Digital ESDI 
boa.rd that runs with 1-to- l interleaving 
and includes a l6K-byte buffer for full
track buffering. 

The 25386 contains another drive bay 
that can handle one full -height or two 
half-height 5 1A-inch devices. For exam
ple, you could put a second 300-mega
byte drive in that bay, bringing the sys
tem up to 600 megabytes of hard disk 
space. 

Even with the Toshiba 1.2-megabyte 
5 'A-inch floppy disk drive and the TEAC 
1.44-megabyte 3 Yi-inch floppy disk 
drive in my unit, there was room for one 
more half-height 5 1A-inch storage de
vice. ALR offers a 150-megabyte •A-inch 
streaming tape drive that would fit nicely 
into that slot. 

The Box Itself 
As you might imagine, any machine that 
can handle all these torage devices has 

to be big, and the 25386 certainly is . It is 
over an inch thicker, 5 inches longer, and 
an inch deeper than a standard IBM PC 
AT. It is also heavy; my unit weighed 
nearly 80 pounds, and it can run to al 
most 100 pounds when it 's fully loaded. 
Fortunately, the 25386 is not intended to 
sit on your desk . It stands upright on the 
floor. 

While its size and weight may at first 
be daunting, the 25386 is easy to open. 
You just loosen two thumbscrews on the 
rear of the system to remove a side panel. 

Once you're inside, you can see the 
25386's eight full-length expansion 
slots: one 32-bit, one 8-bit, and six 8-/16
bit slot . The 32-bit slot looks like two 
AT-style slots. one in front of the other, 
and you can use the two connectors only 
for ALR's FlexMem 32-bit expansion 
card. 

In my evaluation unit, the FlexMem 
card filled the 32-bit slot, and the VGA, 
ESDI controller, and multifunction flop 
py disk drive controller and serial/paral 
lel port card were in three of 1he 8-116-bit 
slots. There were stiJl four empty slots, 
so the system has plenty of room for 
growth. 

The 16-bit VGA card is a Western Dig
ital ~-length card based on Paradise· s 
PVGA chips. It is hardware-compatible 
with IBM's VGA standard . It also offers 
an extended graphics mode with 800- by 
600-pixel graphics resolution that will 
work on a multifrequency monitor-bu! 
not on a tandard analog VGA monitor. 
There was a slight problem with this 
card: During the video benchmarks, the 
screen display had a light pattern of 
speck.Jes. Replacing the video card and 
BIOS ROMs did not correct the problem. 
An ALR spokesperson could not explain 
why the problem occurred but said the 
company would investigate . 

The motherboard is ALR' own. II 
measures about 13~ by 12 inches. It is 
not the same motherboard thal ALR used 
in the 20386; the company has rede
signed and improved it since that earlier 
system . The motherboard in the review 
unit contained 154 chips, includfag the 
80386, an 80387, and I megabyte of 
DRAM in 36 256K-bit chip . Many of 
the chips are fairly standard parts, such 
as the Chips & Technologies OMA con
troller and Phoenix's keyboard control 
ler and ROM BIOS (version 1.10 03). A 
large group of new chips in the upper 
front of the board provides the Extended 
Emulation cache system. 

The system's standard 2 megabytes of 
memory is split between the I megabyte 
that is standard on the motherboard and 

continut'd 
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Lbok at DOS. II looks back al you. ~e lltis 11:ser-defined menu. Vi;mo /1uo directories - from 011e or 
It maki!s )WJll do aD tize 1uork. It nm.syourfavorite J>rogram:s and tu:odisks- al onre 

You need the orion Commander. rouliMS ata keys~ And mCfJe yourfik:s aroundquickl)l. 

Pu/Jdown a mem4jiJrq"ick, Want a tree view?Just pup To weyo11rfiles, pidi a 

easy access to tJ111 fidJ power and 11p a wi11do«1 !011 can scroll. mo11se directory on the l£f! and see /lie 


feat11res of/Ir program. or Spwl Sean:Jr /vr directories. co11tents on tize right. 
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Our Command History does. without havi"lf to nm dBA E. 1·2-3 or •ympJw11y"* fi/es-willt-
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DOS run like you've n ver s en it b fore. Like you won't see it run with any 
oth r 00 enhancement shell See version 2.0 of th Norton Commander'"
a dramatically advanced version of the program Jnfoworld called "tops in its 
class ... a new I vel of convenience for MS/DOS u rs'.' The new Norton 
Command r combines th functions of a hard disk manager with all the 
features you ne d to support and nhanc the DOS command line. Yet it's 
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the basic 1-megabyte FlexMem card . 
You can expand the 25386's memory to a 
maximum of 14 megabytes by adding up 
to three I -megabyte or 4-megabyle 
daughtercard memory modules to the 
FlexMem card. 

You can install either a 20-MHz or a 
25-MHz 80387 by setting a a DIP switch. 
There is no socket for a Weitek math co
procesS-Or, but ALR left solder positions 
around the 80387 socket to support a 
Weitek socket in the future . 

Also, while all the DRAM in my eval 
uation unit was in 256K-bit chips, ALR 
has left enough room and solder positions 
around all the memory chips 10 support 
I-megabit DRAM chips in the future. 

The Rest of the System 
The 25386's keyboard is an ME IOI 
Maxi-Switch mooel from EECO. It uses 
the basic IBM Enhanced keyboard lay
out, but it differs from that standard by 
having the backslash key next to a re

duced Backspace key, in the older AT 
style. It has the nice feature that you can 
swap the function of the Control and 
Caps Lock keys by changing a DIP 
switch on its back. ALR even includes an 
alternate set of correctly sized Control 
and Caps Lock keys. 

The only standard software that I re
ceived with the 25386 was ALR's Setup 
Utilities disk. It contains such things a a 
system setup program, a speed change 
program, a low-level disk formatter. and 
system diagnostics, as well as several 
other utilities. 

The standard documentation is the 
FlexCache 25386's User's Manual. This 
manual is full of useful technical detail , 
but once you leave the first two chapters 
you need to know a fair amount of com
puter terminology to keep reading. It's 
great for the experienced user, but not 
too useful for the novice. Of course, not 
a lot of novic.es are likely to start out on a 
$15,000 system. 

When You Need Help 
The 25386, like other ALR systems. 
comes with a I-year parts and labor war
ranty. You can also buy from I to 3 years 
of extended warranty service, but ifs not 
cheap; one extra year costs $725 for the 
Model 150 and $935 for the Model 300. 
An ALR spokesperson said that ALR is 
now finalizing it plans to offer on-site 
ervice nationwide through another 

company. 
You also get unlimited telephone sup

port from ALR. The support people with 
whom I spoke were still learnjng the de
tails of the recently announced 25386, 
but they were all knowledgeable and 
eager to help. My only complaints about 
ALR 's support are that you have to make 
a toll call and, in my experience, sit on 
hold for about 5 minutes before you get to 
talk to a support technician . 

Top of the Heap 
ALR still needs to wring out a few com
patibility problems, which it seems to be 
doing. Otherwise, the 25386 is a solid 
system that offers plenty of expansion 
space and more disk storage than most of 
us will need for some time. 

It's the fastest 80386-based system 
available today , so if you want the top 
performer, shop no further. As a bonus, 
it's not even the most expensive 25-MHz 
system-nevertheless , it is only for those 
willing to pay for top performance. • 

Mark L. Van Name is a freelance writer 
and computer consulram living in Dur
ham, North Carolina. He can be reached 
on BIX clo "editors. " 
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EQUITY I+ 
• 360I< Floppy 
• 20 Meg Hara Oisk 
• 640K Ram 
• Se"a11Paia11e1 Pon 
• Mooa.cnrome Card 
• Monoc.llrome M0Mo1 

EQUITY II PLUS 
• 12 Meg FIOPP'I 
• 40 Meg Hard Disk 
• 640K Ram 
• Serial/F>.i rallel/C/C 
• 80286 CPU 
• Monochrome Mon1 or 
• Gtaphoc Gard 
• MS DOS 
• [}IJ B.lso: 

In ~Ill to provldo tho bnl service, 
EPSON fOUITY Is 
eulullwly uld on location . 

• MS DOS 
• rNI Basic 

S1295 

EQUITY Ill+ 
• 00286 CPU 6-8 12 MHz 
• 12 MEG Floppy 
• JO MEG Hard Oisk 
• OOS l 2 Mono Monitor 

& Graptuc Card 

S2195 

LOW 
PRICE 

LEADER 


S NCE 1983 

Everex 

Step 286 - 12 & 16 MH.z 
1 Meg RAM 
Set up utility in ROM 
SIP, CIC $Call for 
Enhanced keyboard your
1.2 MB floppy configuralion
DOS/BASIC 

Everex 
Step 386-20 MHz & 16 MHz 
256K cache of very high speed RAM 
2 Meg RAM, expandable to 16 Meg 
SIP, CIC cam 
Enhanced keytJoard 
1.2 MB lloppy 
DOS/BASIC 

comPAa 
386 S 40 Meg . . . . . . . . .. 3995 
386 130 megf20 MHz .... .. _.... 6295 
286 40 meg ............. _..... 2395 
386 110 meg/25 MHz ............ 7495 
386 60 meg/20 MHz ......... .. 5295 
Portable 111 40 meg/12 MHz ....... 4195 

CARO & MONITOR EXT RA 

--- --- - - - - - - - - --- -- - -- --  - --  ·-  · -
PS/2 model 30120 meg ..........1n5 
PS12 model 50/20 meg . . . . . . . . .2595 
PS/2 model 60/40 meg . . . . . . .. 3395 
PS/2 model 60!71 meg .........4100 
PS/2 model 80/40 meg .......... 4595 
PS/2 model 80/115 meg . . . ..... 6295 

LAP-IDP 
Toshiba S100-40 ...... ...... .... 4695 
Toshiba 3200-40 ................3595 
Toshiba 3100-20 . . . . . . . . . . . . . . .. Call 
Toshiba 1000 . . . . . . . . . . . . . . . . .. Call 
NEC Mullispeed ................ 1295 
NEC Mullispeed EL ..... . . ....... 1595 
EPSON LT . ..... ............... .Call 

CITIZEN TOSHIBA PRINCETON GRAPHICS AMDEK PC MOUSE IRWIN & ARCHIVE 
OKIDATA NEC SONY HAYES MICROSOFT MICE TAPE BACKWE STOCK EVER EX WYSE ACER SAMSUNG LOG ITECH TAXAN 

GOLD STAR HITACHI HOUSTON INSTRUMENTS CALCOMP MITSUBISHI MAGNOVOX 

SPECIALS 
of the Month 
Microsoft Mouse ..... $109 
Microsoft Excel . ... . .$299 
Aldus Pagemaker .... $479 

' 

AST 
AST 386 model 340 ....... _.. .4395 
/lST 286 model 80 . ..... ... . .1595 
A.5T 286 model 120 . . . . . . . . . . . .Call 
AST 286 model 140 . .. .... .... .2595 

CARD & MON ITOR EXTRA 

EPSON 
Macintosh PRINTERS 

Mac-SE/20 Meg. ......... ... ... ... 2595 
 Epson FX850/1050 .. .$379/535
Mac-11140 Meg .................. .3795 
 Epson LQ850/1050 ...S559n85 

Epson LOS00/2500 . .. $359/895ARCHE RIVAL 386 Epson LX800/EX800 .. $199/445
10/20 MHz. 1.2 floppy. 2 MB RAM Epson L02550 ........ .. $970

Monochrome .............. . . ..... $3100 


CITIZEN 

PRINTER
SOFTWARE 

1800/15E ...... ..... $179/385Microsoft Word .... . .... . ....... 239 
 MSP210/45 . .. ...... $299/439Word Perfect 5.0 ......... . .. ... .249 

MSP50/55 ..... ..... $399/509Lotus 1·2-3 . . ....... .......... .. 297 


dBase Ill + . .. . ...... .... ... .385 
 Tribute 124/224 ...... $425/645 
OverTune/Lazer . ... ..... $1459AND MANY, MANY MORE! 
HP LASER Jet II ..... 1750 

WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
30/o charge on VISA, MC & 5% on American Express 

COMPUTERLANE 

22107 ROSCOE BLVD.HOURS: 1-8()().526-3482 (Outside CA) CANOGA PARKM-S 9- 6 (818) 884 8644 (In CA) 11.i BLOCK W. OF TOPANGA 

CA 91304CORPORATE ACCO UNTS WELCOME (818) 884-8253 (FAX) 
Compaq is a Regislered Trademark ol ~mpaq 

CONSULTANTS CALL FOR PRICING 
CALL FOR VOLUME DISCOUNTS 

Prices sut11ect to change witoout nDtice IBM is a Registered T1ademark ol Inte rnational Business Machines 
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VTl-55 SYSTEM 
D 00286 f 2 MHz o 101 Enhance Keyboard 
D 1 MB RAM 0 ATI EGA Wonder Card 
0 1.2 MB Floppy Drive 0 EGA Monitor 
D 30 MB Hard Dlsk (28 ms) 0 M&DOS 3.3, GW BMic 

w~h NCL Controller 
0 2 Serial 1 Parallel $1799 
O Clock calender MONO SYSTEM $1499 



HARDWARE REVIEW 

Parallel 


• . Processing 
Comes to PCs 

Transputer boards 
boost the power 
of your PC or Mac 

Pete Wilson 

Ponllcl·procc..i"i boon!>: CSA (rop) aod Lc<.w (bom1m) . 

It's the Holy Grail of computing: a 
system that gains computational 
power as you add processors and 
memory. And it's here today. 

I reviewed two parallel-processing 
add-on products based on the INMOS 
transputer-one for IBM PC AT compat
ibles and one for the Macintosh II. These 
boards outperform the best available co
processors, but that's almost beside the 
point. You can link transputers to create 
parallel- and expandable- networks 
and so boost the power of your favorite 
personal computer as a linear function of 
the dollars you invest. 

These boards run few shrink-wrapped 
applications; in general, you have to port 
or develop software for them. So both 
companies- Computer System Archi
tects (tra.nsputers for AT compatibles) 
and Levco (for the Mac 11)-provide 
tools you need to develop parallel appli

cations, and I'll look at those as well. 
Computer System Architects (CSA) 

makes a series of boards based on trans
puters. I examined two boards based on 
the INMOS 20-MHz T800--0ne with 
256K bytes of memory. and one with a 
megabyte- and a C-oriented develop
ment Toolset licensed from Logical Sys
tems. Levco supplied a NuBus-compat
ible TransLink II card, two 20-MHz !
megabyte T800 modules that plug into 
the TransLink II, the Logical Systems 
Toolset, and INMOS's TDS (Transputer 
Development System). The TDS com
prises the tools you nee<l to program con
current systems in occam, the trans· 
puter's native parallel -programming 
language; though CSA doesn't provide 
the TDS, INMOS does, and you can use 
it with the CSA boards. It costs $1750 to 
attach a CSA I-megabyte T800 to an AT 
compatible, and nearly $3000 to hook a 
Levco I-megabyte T800 to a Mac 11. 
Both CSA and Levco sell the Logical 
Systems Toolset for around $400. 

The Nature of the Beast 
INMOS coined the word transputer. It 
refers to a device that integrates a re
duced-instruction-set-computer proces
sor, some memory , and a set of inter
processor communication links. IN MOS 
manufactures a family of transputers . 
The T800 features a 32-bit integer pro
cessor roughly equivalent to a fast 80386 
or a 68030, a 32-/64-bit IEEE floating 
point unit (FPU) that's about twice as 
fast as a 68882 or an 80387, and fou r 
full-duplex serial 110 links driven by a 
dedicated eight-channel direct-memory
access (DMA) engine that can sustain 20 
megabits per second in each direction on 
each link. Other components include a 
pair of timers (one ticking every micro
second, the other every 64 µs), 4K bytes 
of fast (50-nanosecond) memory mapped 
to the bottom of the processor's 4-giga
byte address space, and a multitasking 
kernel in microcode. 

continued 
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PARALLEL PROCESSING 

CSAPART.2, PART.4A, PART.S3 

Type 
Multiprocessor hardware and soltware 
for PC, Xl and AT compatibles 

Company 
Computer Sys1em Architects 
950 North University Ave. 
Provo, Utah 84604 
(801) 374-2300 

Features 
PAAT.2-820: TB00-20 with PC OMA 
and 256K bytes of memory 
PART.4A-820: TS00-20 with PC OMA 
and 1 megabyte of memory 
PART.$3: C compiler package 
(Transputer Toolset) 

Hardware Needed 
IBM PC, XT, AT, or compatible with a 
spare half-length slot (for the PART.2) or 
full-length slot (for the PART.4A). a hard 
disk drive, and 512K bytes of memory; 
Hercules, EGA, or CGA monitor 
needed for demonstration programs 

Sof tware Needed 
MS-DOS 2.0 or higher 

Documentation 
1-page hardware installation guide; 
220·page Transputer Toolset manual ; 44· 
page Introduction to CSA PARTs and 
the Transputer 

Price 
PART.2·820: $1225 
PART.4A-820: $1750 
PART.$3: $400 
PART.2-820 and PART.53: $1295 

Inquiry 886. 

The T414 is a close cousin to the 
T800; it lacks the FPU and has just 2K 
bytes of on-chip memory. 

To make a multiprocessor sy tem, you 
configure transputer nodes into the to
pology of your choice. Then. of course, 
you have to program the collection. How 
easy is that? It depends. Some computing 
problems decompose naturally into con
current subsystems; others don't. 

Many graphical applications can bene
fit from the speed of an individual trans
puter and, when the elements of a display 
can be computed independentJy, from 
the ability to use transputers in parallel. 
Genigraphics use CSA boards to en
hance ils illustration and video-anima
tion software; Digital Arts demonstrated 
similar transputer-enhanced products at 
this year's SIGGRAPH. Levco supplies 
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a demonstration program that computes 
the Mandelbrot set in paraJlel. 

Modeling and simulation also lend 
themselves to parallel processing. Neu
ronics markets a neural-net modeler 
c.alled MacBrain; the transputer-based 
version of this product will have been re
leased by the time you read this. Deutsch 
Research lent me a prerelease copy of its 
port of Spice 3.0, an indu try-standard 
circuit simulator, in versions for a stan
dard Mac II and a CSA T800. The T800 
version simulated a small circuit nearly 
12 times faster than the Mac II version. 
Since this circuit simulator isn't a true 
parallel application, the performance 
boost reflects the raw power of a singJe 
T800. (For more background on trans
puters and their capabilities, see "T800 
and Counting" by Richard M. Stein on 
page 287.) 

Using CSA Hardware with an 
MS-DOS Machine 
The transputer boards need to talk to one 
another and to the host PC. Interproces
sor communication is straightforward: 
CSA provides connections along the top 
edge of the boards, as well as a set of in
terconnect wires. You create the topol
ogy you want by attaching connecting 
cables to transputer links. (The links are 
clearly labeled on I.he board.) For electri
ca l integrity, CSA uses differential 
buffer and receivers between the con
nectors and the transputers; that's un
necessary for hort cable runs, but it 
gives you the flexibility to run substan
tial distances-for example, to trans
puters in another chassis. 

To talk to lhe host, each board has 
another INMOS device called a link 
adapter. On one side, it resembles a par
allel l/O port; on the other, it supports 
the INMOS link interface. Additional 
hardware makes the byte-wide side of the 
link adapter look to the PC as a DMA
acccssible 1/0 port on the PC's bus; the 
link ide connects to any of the trans
puter's links. 

Using a simple protocol to communi
cate with a server program running on 
the PC, the transputer can share the 
host's screen, keyboard, and file re 
sources. There's plenty of bandwidth be
tween host and transputer. The CSA 
boards include OMA hardware that sup
ports data transfer at 1DOK bytes per sec
ond (on an AT); that's somewhat faster 
than the best hard disk drives fitted to 
such machines. 

Each board also has a switch you use to 
set the link adapter's bus address. In gen
eral, only one transputer needs a bus ad
d re s; additional boards draw power 

from the bus but communicate with each 
other and the host by means of the link 
hardware. 

I installed the I-megabyte board in a 
spare lot on my Tandy 3000 and ran the 
three test programs. One of the tests 
looks for link adapters on the bus; it 
found the correct ingle adapter at the de 
fault address 150 hexadecimal. Another 
test runs on the T800 and exercises its 
ability to read and write its own memory. 
A third checks the ability of the DMA 
machine in the link hardware (under con
trol of messages sent through the links) to 
read and write the memory of a trans
puter module independently of the trans
puter's processor. All three tests ran 
successfully. 

Transputing with the Tandy 3000 
I decided to use the Transputer Toolset to 
port two nonparallel C programs that 
I've been working on-a SPARC assem
bler and a program that simulates the in
teger portion of a SPARC-based ma
chine-to my transputer-equipped 
Tandy 3000. The Toolset includes the 
usual things; preprocessor and compiler 
(mostly compatible with ANSI C but 
with some private extension ), assem
bler, linker, and librarian. The prepro
cessor and compiler extensions are called 
1.ntrinsics- constructs that look like 
function calls but that the compiler can 
convert into in-line T800 instructions for 
things like string handling and bit
blitting. 

The Toolset also includes some lhings 
you don't nonnally find: two loaders and 
a server. One of the loaders puts a 
nonparallel C program onto a single 
transputer; the other loads a collection of 
C programs onto a network of tran
sputers; the collection of programs con
stitutes a parallel program. The server, 
which runs on the host, executes the pro
tocol that enables programs running on 
the transputer to access the host's screen, 
keyboard. and file system. The trans
puter program issues standard C rtO 
calls that the library implements as calls 
to the server via the link adapter. 

The command install a c worked as 
advertised; it copied files from the Tool
set's three disks to directories on my 
hard disk. One subdirectory contained 
the obligatory "Hello, world" program 
along with a batch file that would prepro
cess, compile, assemble, and link the 
single source file . I ran the batch file; it 
produced a transputer-loadable (. TLD) 
file. To run that, I issued the command 
lrLb004 chello cio, which loaded 
"Hello, world" onto the transputer and 
loaded the server program onto the host. 
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Everything worked, and the 1ransputer 
used the host's screen to announce its 
presence. 

The Toolset provides two ets of li
brary routines that you can use to paral
lelize C programs. These routines create 
processes and manage interprocess com
munication. One set implements the 
occam model, and the other supports the 
Unix fork/join model. I've programmed 
in occam, and I prefer it to the Unix 
model. If you don't already know 
occam , you may choose to avoid it, but 
be forewarned: The C constructs that 
support interprocess communication are 
not as intuitive as their occam counter
parts. 

A parallel program is really a collec
tion of programs intended for a collection 
of computers. To run it, you have to sup
ply the loader with a description of the 
network of processors. The Toolset's 
multitransputer loader operates on such a 
description , written as a .NIF (network 
information file) containing lines (one 
per node) of the form: 

1, spice, RO, 2, 0, 2[1), 2[3 ) ; 

In this example, the preamble 1, spice, 
RO specifies that node I in the network 
will be loaded with the program spice 
and will be reset by node 0, the host. The 
remainder of the line describes how node 
l's links are connected . Link 0 connects 
to node 2, link 1 to the host, link 2 to 
node 2's link I, and link 3 to node 2's 
link3. 

Loading proceeds in phases. First, the 
loader distributes code to all the nodes, 
and it bootstraps the nodes with that 
code. Then the loader interprets the .NIF 
description and sends programs to the 
root node; from there, they percolate 
through the link hardware to their desti
nations . Normally, network problems 
turn up during the boot phase. If all else 
fails, CSA supplies an INMOS-written 
program called WORM that can wriggle 
its way around any collection of trans 
puters and tell you what's connected to 
what. 

My C programs, written in Megamax 
Laser C on an Atari Mega ST2 and an 
ST4, ported to the CSA system with no 
unusual difficulty. Ofcourse, there were 
the normal problems you encounter when 
porting software. I had to remove some 
ST BIOS calls, substitute the Toolset 
Time() intrinsic for the equivalent Atari 
routine, take care of byte ordering (the 
68000 is big-endian and views byte 0 of a 
word as most significant, but the T800 is 
little-endian), and change a compiler op
tion to get sign propagation on arithmetic 

right shifts. Once I fixed those things, 
both the SPARC assembler and the simu
lator ran correctly on the transputer. 

On the ST, with an 8-MHz 68000, the 
simulator ran at about 90 simulated clock 
ticks per second; on the 20-MHz T800, it 
ran at about 450 clock ticks. That's five 
times faster, but ince the 68000 is at best 
a I-million-instruction-per-second ma
chine and transputers are rated at LO 
MIPS, you might wonder why the T800 
version wasn't faster still. I think there 
are two reasons. First, the simulator uses 
lots of global variables, but the trans 
puter's instruction set is optimized for 
local variables. Second, my simulator 
performs only integer operations, so it 
doesn't take advantage of the T800's 
floating-point capabilities. 

To check that, I ported another pro
gram that analyzes simple linear circuits 
and is rich in floating-point work. On 
this test, the T800 ran 30 times faster 
than the Atari ST. 

Using Levco Hardware with a Mac II 
Levco handles multiple transputers in a 
different way than do the CSA products I 
reviewed. Instead of adding multiple 
boards to the host, it uses a single NuBus
compatible motherboard to which you 
can add plug-in modules . (Although I 
didn't review them, CSA offers multi
transputer boards, too.) The modules are 
small printed circuit boards (about 2 
inches by 4 inches) with a standard pin
out that supports intermodule communi
cation . Levco offers both T414- and 
T800-style modules; each comes in 
256K-byte, I-megabyte, and 4-megabyte 
flavors. Since Levco's modules follow 
the INMOS pin assignments, you should 
be able to mix .the different styles and 
flavors on the motherboard; I couldn't 
check that since I was working with two 
identical I-megabyte T800 modules. 

The motherboard holds four modules. 
Levco uses a link crossbar switch (an
other INMOS part, the C004) to control 
the topological arrangement of modules 
on a board. Levco's Macintosh driver 
can find out the number and type of mod 
ules on a board, and it supports a proto
col that applications can use to configure 
the links on each module. The crossbar 
switch doesn't work across mother
boards, though, so you have to intercon
nect multiple motherboards yourself. 

I installed a motherboard into a spare 
NuBus slot on my Mac II. It took some 
pressure to seat the two transputer mod
ules, which plug into surface-mount 
sockets on the motherboard. Levco sup
plies a test program that exercises all the 
transputers found on a motherboard. The 

Levco Transllnk 

Type 
Multiprocessor hardware and software 
for Macinlosh II 

Company 
Levee 
6160 Lusk Blvd., Suite C100 
San Diego. CA 92121 
(619) 457-201 1 

Features 
Translink II: NuBus-compatible 
Transputer motherboard 
Module: T800-20 with 1 megabyte of 
memory 
Transputer Tooset: C compiler package 
TDS: Occam Transputer Development 
System 

Hardware Needed 
Macintosh II with spare NuBus slot: 
hard disk dnve 

Software Needed 
System 4.21Finder 5.5 or higher: 
Macintosh Programmer's Workshop 

Documentation 

16-page Translink Installation Guide; 

250-page Transputer Toolset manual ; 

650-page TDS manual 


Price 

Motherboard: $799 

Module: $2199 

Toolset $399 (purchased with 


hardware: $499 separately) 
TDS: $1200 
Macintosh Programmer's Workshop: 

$225 

Inquiry 887. 

company suggests running the test for a 
while to make sure that all i well . I ran 
the test for a couple of hours; no prob
lems appeared. 

Like CSA, Levco offered a beta re 
lease of the Transputer Tool set. Levco 's 
was an earlier version (88.2 rather than 
CSA 's 88.3); however, by the time you 
read this, both companies will be offer
ing the same final version . Because of 
the Toolset 's command-line format, you 
need some sort of shell to use it on a Mac. 
Levco requires you to use the Macintosh 
Programmer 's Workshop as that shell. 

Levco has enhanced the Toolset with 
the facilities you need to build trans 
puter-based programs that look on the 
host like standard Macintosh applica
tions . To demonstrate this, the company 
includes a parallelized version of a pro

1;ontinued 
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Table 1: Transpuler add-ons really make the PC fly. 

CSA 1 ·megaby1e T800 Compaq 386/20 Macintosh II 

Sieve · 6.31 23.18 40.2 
Ohrystone · 9433 6321 2861 
Whetstone ·· 4,005.000 1,759.199 606,060 

• BYTE Smail-C comp.let was used tor Compaq Md Macintosh tests 
• • MeiaWSJe H1Q11 Cwas used •or the CM'lpaq, eonwa.1 Mac cwas used ror tr>e Maol'lt0$1'1 

Nole: Times !O! Sr!Ml (1001te<8l1CnS) are go...,., 1n seconds: Dh"f.llones arem Ohryslones po< second: Whetslor.m; are 
1n Whellllor.m; pot socond 

Table 2: Allowing for differences in Toolset versions , the CSA and Levco 
boards exhibit similar performance. 

CSA/Toolaet (88.3). Levco/ Tool set (88.2) 

Sequentlal 
100 
1000 
10,000 

2486 
24 ,876 

247,796 

20, 416 
203.203 

2,032,946 

198.873 
1,988.636 

19,886,994 

1.984.256 
19.842.524 

198,425.216 

Parallel 
100 
1000 
10,000 

3006 
29 ,387 

300,054 

20,847 
208,228 

2,084 ,40 1 

199,379 
1.993.34 7 

19,936,349 

1,985.169 
19.851 .050 

198,51 3,081 

Nol• : Tasl< durations arem 1000 1te<all0r>S; umes are 1n m1crosoconds. 

Dh rystone 63 10 5780 
Whetstone 3, 117,000 2, 780,000 

Table 3: The penal1y for mullitasking on a single transputer is small, and it 
gets smaller as tasks ger larger. 

Task duration 

Number of tasks 10 100 1000 10,000 

gram to compute the Mandelbrot set. 
Commendably, Levco supplies two ver
sions of source for this program-one in 
C and one in occam. The C version illus
trates , among other things how an appli
ca1ion can use the Macinto h driver to 
configure transputer modules into a to
pology; the occam version shows how 
much simpler and prettier parallel pro
gramming is in a language designed for 
it. And when I ran the program on two 
modules , it did indeed run twice as fa t 
as it did on one module . 

Levco also supplies I MOS's occam
oriented Transputer Development Sys
tem. Like the Transputer Toolset , Lev
co ' TDS has extensions that you can use 
to create standard Macintosh interfaces 
to parallel applications. 

The TDS is an integrated environ
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ment, like Megamax Laser C and Light
speed C. You ' ve alway got the editor 
handy; you compile from within the edi
tor and it points out your errors ; and 
there ' s built- in project management. 
TDS differs from the others in that it i 
essentially a programmer ' s outl iner 
based on the notion of a fold. You can 
hide a chunk of code in a fold, and you 
can nest folds in other folds. For exam
ple, a procedure might live in a fold; in· 
side that, all the declarations might be in 
one fold , and all the code in another. To 
do this, you mark the extent of the text 
you want to enclose in a fold and select 
create fold from the menu; an ellip
sis- which you can annotate-replaces 
the text. 

Folds are more than just textual conve
niences. You wrap separately compilable 

procedures in SC folds , single-transputer 
programs in EXE folds. and multitrans
puter programs in PROGRAM folds . 
The system uses the type of the folds to 
control compilation and linking. 

The TDS comes with some sample 
programs- one that measures the time 
required to execute various program
ming constructs, and another that uses 
multiple processes to model diffusion . 
Both ran happily, though it was a bit of a 
shock to se.e the Macintosh report execu
tion times in nanoseconds. 

Unlike the Toolset, which runs on the 
host machine, the TDS runs on a trans
puter. It needs at least l megabyte of 
memory and prefers more . Given the 
horsepower, you might expect blinding 
speed. But an occa m compiler ha to 
work a lot harder than a C compiler; for 
example, it has to check that no variable 
is sha.red among parallel processes. It 
does the job but don't expect Turbo 
C-like performance. 

The TDS documentation includes 
Dick Poumain's excellent introduction to 
occam . Pountain assumes you know 
something about programming in a high
level language but nothing about pro
gramming parallel systems or about pro
gramming in occam, and he shows you 
how to do both. 

Benchmarks 
There' s no BYTE Small-C compiler for 
the transputer (volunteers welcome), so I 
used the Toolset C compiler to compile 
and run the Sieve, Dhrystone, and Whet
stone benchmarks on both of CSA 's 
boards and on Levco's module. Because 
I was working with two different ver· 
sions of the Toolset , (88.3 from CSA and 
88 .2 from Levco) , I ran the te sts twice. 
Table 1 shows the transputer in its best 
form-but only for the CSA hardware
relative to a Compaq 386120 equipped 
with a 20-MHz 80387 and to a 16-MHz 
68020 Mac II with a 68882 . Table 2 sup
plements that with a CSA/Levco compar
ison that forfeits some of the optimiza
tions available in version 88.3 to make 
for a fair matchup. Again, by the time 
you read this, both CSA and Levco will 
offer the latest version of the Toolset. 

What do these figures mean? Taken at 
face value , they suggest that a single 
T800 can have four times the perfor
mance of a 20-MHz 80386 and six times 
that ofa 16-MHz 68020 for integer work , 
or two to three time s th a t of a n 
80386/80387 and six to seven times that 
of a 68020/68881 for floating -poi nt 
work. A better way of looking at the 
ratio is to say that a single CSA board or 

continued 



''The work groups in 
my department need 
to share printers. 
They need host 
connectivity, peer
to·peer file transfer 
and E-mail ... 

''But I don't need 
the complication 
and expense of a 
file server.'' 

Now there' Commix1'1 32. 

For easy, fa t communication 

betv.een PCs MAC , 
peripherals and minicomputer


hosts. For a little a 

$150 per connection. 


You· 11 create a LAN 
where you can access a 
printer or modem right
from your application 
program. Where file 
tran fer and E-mail are 
background ta ks. Where 
terminal emulation i 
automatic. 

ALAN with hard

ware and software that 


expands. From a department 

to a full-premi e Ethernet® 
LAN, to a LAN ·ru inter
networking olution for ten 
users or a tl1ou and. 

It' not a file server. It' 

what you need. From ITRO 


800-423-8044 
609-722-5575 

130 Gaither Drive. Suite 116 
~lourll Laurel. ~J OSOS~ 
FAX: (6o<))2}!-0-J51111111111 
BBS: (609) !2-o639 moo :\I)ITRON In the L1.I\ : (Ol) T~'l-07.)1

A!l lnlolron 01v<s1on 
In Bni el : m 25-0 0 
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Circle 357 on Reader Senrice Card (DEALERS: 358) 

Bµt now there' an easy WQY. o 
transport your 5 114 1 

' data to youf laptop/ 
TEC introduces their new 525 external floppy drive subsystem 

t u e5.25"data withyour3.5" format laptop computer. The 
· imp e to etup, easy to use, and supports a wide variety 

ktop ystems. 
rmation on the 525 subsystem write or call: 

800-333-5155 

r~a 
' t 'WELTEC digital, inc. 

17981 Sky Park Circle, Suite M, Irvine, CA 92714 
Phone: 714-250-1959 • Telex: 3728057 •FAX: 714-250-1964 

What is a Best Western? 

The right place at the right price. 

Make reservati n at any Be t We tern 
e y ur travel ag nt or call toll-free 
1-800-528-1234 

INDEPENDENT 
WORLDWIDE 

LODGING 

REVIEW 

PARALLEL PROCESSING 

Levco module is 1wice as fast as a Com
paq 386/20 for floating-point work, 
while with the BYTE Small-C compiler, 
the integer ratios are as shown. I suspecl 
that with a good 80386 compiler-say, 
Metaware's-the T800 and a 20-MHz 
Compaq are about equal on a range of in
teger applications, and that each would 
outperform a Mac II by perhaps 2 to I on 
such work. 

If you want to use transputers to their 
best advantage, you'll wrile process--0ri
en1ed programs that run in parallel on 
multiple transputers but that multitask on 
systems with fewer than the maximum 
possible number of transputers. To gel a 
feel for this I used the Levco TDS to 
write a shorl occam program that runs 
ta k in two modes-serial and paral
lel-and varied both the number of tasks 
and the duration of each task. 

Everybody knows that multitasking is 
inefficient. Creating and running a pro
cess can cost as much as several hun
dreds of procedure calls. (And try to 
create 10,000 tasks under OS/2 in a 
megabyte of memory!) But as table 3 
shows, conventional wi dom doesn't 
hold for the T800. Parallel tasks on one 
transputer aren't much more expensive 
than erial ones, and that difference 
fades to insignificance as tasks grow 
larger . So you can afford to program in a 
parallel style, creating programs that can 
port lo multitransputer configurations 
with the likelihood of a near-linear per
formance gain. 

Summing Up 
Both CSA and Levco offer full-fledged 
transputer development systems at a rea
sonable price. Should you buy one of 
these products to enhance your PC or 
Mac? 

Ifyou just want lo run existing applica· 
tions faster, then the answer is clearly 
no-transputers don't run most off-the
shelf programs yet . But if you develop 
your own software and you find yourself 
compute-bound (people in thi category 
include scientists , engineers, and anima
1ors). then you should look very hard a1 
these systems. 

More generally, anyone interested in 
learning about parallel processing should 
take a close look at these products. What 
Pascal did for structured programming, 
transputers and occam promise to do for 
concurrency-and that's the future of 
computing. • 

Pete Wilson is a compUler architecrure 
engineer at Prisma, Inc., and lives in 
Colorado Springs, Colorado. He ca11 be 
reached on BIX do "editors." 
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Supporls tbe IBM PS/2 Model JO, PC, 
KT-Compaq J}esjf'ro, Portable
AT&T 6300-Tandy 1200-Zenilb 
PC's and mosl 8088 or 8086 macbfnes 
operating al clocll speeds up lo 
IOMHz. 

Fastest 
The SOTA 286i is the fastest accelerator you 
can buy for your PC. Fastest , bealuse it uses 
the lates1 VLSI technology to squeeze maxi
mum perfonnance from its on-board proces· 
sor. Packing 80286 power into your personal 
computer the SITTA 286i delivers perfom1ance 
rivaling that of a new 386 machine. 1\vice as 
fast as an IBM AT, the SITTA 286i perfom1s up 
to 15.3 times faster than an rBM PC-based on 
Norton SI. 

Most Compatible 
In fact , speed is just the beginning. The Sm'A 
286i is the only turbo board to earn the title 
Universal Acceln"alor. The same board 
that works in the IBM PC will also work in 
the Compaq DeskPro, AT&T 6300, PS /2 
Model 30 and the list goes on. Not only that , 
the SOTA 286i is compatible with every add-

on board in your system. etworks, video 
adapters, 3270 emulation boanl.s all function 
flawlessly. And, the SafA 286i fuUy supports 
the new EMS 4.0 memory standard. No other 
manufacturer offers this level of c.ompatibilHy. 
No one! 

OS/ 2 Upgradeable 
Included on the SOTA 286i is a 16-bit expan
sion c.onnector for attaching such options as 
the Memory / !6i. With its on-board RAM 
configurable as either EMS 4.0 or e.xtended 
memory the Memory / l6i is ideally suited for 
those new memory intensive programs. You 
can even run AT specific programs such as 
IBM OS/2 and ProfessionaJ ORACLE. A 
second feature connector is provided for the 

Floppy 1/0 Plus. This multimedia disk con 
troller supports both 31/z " and 51/-1 " disk 
drives . It also contains both a para.II Iand 
serial port. Acomplete solution to your 
computing needs. 

OutstantUng Engineering 
SOTA Technology has been acclaimed as a 
pioneer in the field ofOS/2 compatibility. 
SOTA's first accelerator, the MotherCard 5.0, 
was the first and up until now -only 
product to run IBM OS /2 on a PC. It was 
nominated for product of the year-1987 in the 
field of technical excellence. The SITTA 286i is 
the next generation of accelerators from SOTA 
Technology. So why buy a product from our 
competitors that offers half asolution , when 
you can buy the fastest, most compati
ble, most expandable accelerator available. 
Tbe compleU solulion- tbe SOTA 2861! 
See us at COMDEX Booth W144 

S ~A 

STAY£ Of nu.11.•T TEQtS()l.l)G , , 

SOTA Technology, Inc. 

657 North Pa.storia Ave ., Sunnyvale, CA 94086 


TEL: (408) 245-3366 , FAX: (408) 245.o<m 


SOTA286l l s a 1radema1K of SOTA T&ehnology, Inc. All other prOducts mentlonoo are lraclema<ks ol their rulJ'l(ltlve manulac1un1rs. 
SOTA2881 b<!nchmarlc wH run on IBM PSl2 MO<lel 30. 
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THE CREATIVE SIDE OF PAGEMAKER. 

TI1ere' ~ only one desktop publishing program 

that's equally adept at producing stunning graphic 

de ign and powerful bu ·ine reports. 

It's Aldus PageMaker. · And it means desktop 

publi hing to more people around the world than 

any other program. 

for creative profes ·ionals, Page Maker offers 

powerfu l featur s for preci e page ompo ition, 

document formatting, ·pot color. and text handling. 

All in a fri ndly, intuitive way. 

For business professionals, PageMak r oft rs 

features like built-in templates and comprehensive 

support for long document ·. It's the lirst d sktop 

publishing program to run on both Macintosh · 

and PC computers. And it's compatible with more 

bu in s oftware and p riph rals than any other 
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Financial Report To Division Managers G 
The first quarter numbers are in 

BAL 

C.ODIATINO EXPEHSES 

...and they look very good. 

1h< "' Ill th..,r 
hKu""... ' I in 

• 

THE BUSINESS SIDE OF PAGEMAKER. 

desktop publishing program available today. 

Which explains why over 200,000 er ative 

and business professionals around the world have 

chos n Aldus PageMaker. 

To get a clo -er look at the creative and busi

n s sid of PageMaker. visit your authorized 

Aldus d al r, or call 1-800-33-ALDU to order a 

4.95 elf-running d mo disk. Or you can order 

Circlt 16 on Rtadtr Strvict Card (DEALERS: 17) 

a colorfli l videotape demon ' tration for just .. 9.9S. 

ln Washington slat' call (206) 628-2:H;l.* 

411 First Avenue South. eattlc. WA 98104 (206) 622-5500. 
·~lfr, l'U:l 1n l' ~ ~ f~a on!) l"lw h .. df'moJtln.k ffQUiftot ~n mM !~/·,!_ I'- AT. 1w •1Mlr:i1bk or1lh f~.A 

~:·~;'1{!';t.1:~-~~11.~r;~~~~t~4~~£hrr~U:-~r~~~51'.~•~r.rn~ ~l~h "1~11-('d. l'hJ'. 

A~u". lhK Ald11~ Jocu. 111d ~tMu...r illlff" ft'ltt'tCt"ll"d I.rid~' l)j ,'\llfa.. I.. U'1» <n!h11l A.lit.Jr .m1t \t.. 1111U"IJ1 •'<' 
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Se'~1}r~l-a IJ-~fri~!;*JZQ~~~;~J~~!~fJW 20Mb ST225 KITu Ul.C ;, ·* G W<#'l uarantee M 

40 
@> M Complele PC/XT KIT includesJ:J If for any reason ' you a re m 

. Mb ST251 ~ "°' completely s111 isfied M~ drive, controller, cables, How-To 
tfil wilh 81,IY product, simply ~f manual & mounling hardware. 

~:~s..~~~·~::g:~~~~~~~ l~~~~~:~:::J $244 
ing software 

Also available for XT 

4 Mb ST251 
PC/XTKIT 

Includes drive, cootrollcr, cable1, 
How-To manual, mounting 
hardware & panitioning software. 

Drives and Kits are 
available for AU 

PS/2 models! 

Card Drive"' 

Hard Cards 
Card Drive 20S 40ms 

Card Drive 30S 40ms 

Card Drive SOS 40ms 

-- Features -

30Mb 
Seagate 150Mb KIT 

$788 
Complete ST238R PC/XT KIT 

Macintosh Drives 
Internal drive kits are now available for 
Macintosh SE and ll as well as external 

kits for Macintosh Plus, SE & II! 

Call for pricing! 

C<mpi<le l<il ilw:I..,.. drive, <&bi.co, l'1t1lor 
ADRT contro&r. Hew-To M>!lll>l. "'°""tq 

lwdw.,. and "D"" Mao.agor"' ponit:i<lliina 
wl\111 ""'- Pllll Height. 28111.1 ,,.,..,. <i.mc . 

We carry the entire 
Seagate product line 
including 3.5" drives 

40ms access • Half Heig ht 
Autoparking heads 

1lUs drive n:qui.-.:s iU1 RLL controUcr 

$379$319 
$349 
$499 

Includes drive, mounti ng ha rdware & 
"Di sk Manager" panition ing software 

High Speed 40Mb 
Seagate ST251- 1 

• Available for most Tandy models Help is just a phone 
call away with our 

Technical Assistance 
Department! 

28ms access •Half height • Auto parldng he.ads 
Also avai lable for XT 

• Quality engineered for reliability 
• Super easy installation & setup 
• ONE YEAR Warramy 
• Auto park heads 

These Cud Drivei use quality Seagate Hard Drives 
Includes drive, AT mowuing hard ware & 

"Disk Manager" pani tionin software 

..................................•............................. 
··--------------------------···· !5HARD DRIVES !555.. · --,.
1• - I I. 
:: lnteruatio11a{ ~ •• • •.. .... 
t: .\n I.If'\ Cm111ld11 .\ ::::··-·-··········-·-···•••••••••••••••••••••••••••••••• 

(800) 234-DISK 

No Surcharge for Visa or MasterCard Orders 

Hours: 8am to 7pm Monday - Friday, 12pm to Spm Sat. MST 


International Ord~j;all: ~784- 103 8 
"1SA ~ 
~ 

1208 E. Broadway Road #110 • Tempe, AZ 85282 

Toil Free Customer Service & Order Status: (800) 541-8387 (602) 784-1038 FAX: (602) 829-9193 

Pri"'' .,,.i a•ailablllly ollbje(! II)~w-o.otiu.. A.II item arc NRW wilh mmufacturcr'1 wmomy. S~ "1lCbargo fer Amuican lh!""• md COD crc!cn. f>.0.'1 auq>!t:d Nill" 10 - mbjcet 10 9' 


1'111cbulll'- Acid Sl 9 mippina fot Al'OIFl'O otders. 30 Doy Ouarmtoo """'-itiam: oh.Won! &: lilndl Ins durto ii """ refimdlble; prodlla """'- Ile in ariginol oonmtioo. !I IT! 1118 


Circle 149 on /Wuier Strvice Card (DEALERS: J50)222 BYTE • OVEMBER 1988 




SOFTWARE REVIEW 

AC++ Toolkit 


Everything you 

need to get started 
with c++ 

Jon Udell 

Though it's 5 years old now, the 
c++ programming language 
has yet to achieve truly wide
pread accepta nee within the 

microcomputing community. Zortech's 
C + + 1.0 compile r for lBM PCs 
($99 .95) may soon change that. Note that 
it is a compiler, not (as is usually the 
case) a translator that you use in conjunc
tion with a C compiler. Zortech' C++ 
conforms closely to the definition of 
AT&T C++ as set forth in Bjarne 
Stroustrup's The C+ + Programming 
language. In addition to the compiler, 
the package includes an impressive col 
lection of programming tools: an opti
mizer, a linker, a librarian, a disas 
sembler, an editor, a make facility. a help 
system, a set of ANSI C libraries, and a 
graphics library. 

The installation program is easy to 
use, but inflexible. Hard-wired to copy 
the contents of eight distribution disks to 
a directory tree 'at the root of drive C, it 
won't Jet you install to a subdirectory of 

drive C or to another drive . That was 
particularly annoying in my case, be
cause I have two hard disks, drive C and 
drive D, and I wanted to install the pack
age on drive D. I ended up doing it the 
hard way-I installed on drive C first , 
then moved everything to drive D. I hope 
Zortech corrects thi in the next release. 
Commendably, Zortech makes available 
two additional disks containing source 
code in assembly, C, and C++ for the 
Zorlech run-time libraries (excluding 
the graphics library); the library source 
code costs another $50. 

Tools of the Trade 
There are so many tools here that it takes 
a while to just sort them out-there are 
seven compilation tools and two linking 
tools. The organization of the compiler 
accounts for some of this complexity. It 
runs in two passes- ZTCPPJ.EXE pro
duces an intermediate representation , 
and ZTC2 .EXE converts that into object 
code. If you choose to optimize, compi
lation becomes a three-pass affair; you 
run ZTG.EXE on the intennediate repre
sentation before feeding it to the code 
generator. Zortech's decision to provide 
a stand-alone C cornpiJer adds more com
plexity. The C and C ++ compilers share 
the same optimizer and code generator. 
But for C-only compilations, you can use 
ZTCl.EXE as the front end instead of 
ZTCPPl.EXE. 

ZTG performs an extensive set of opti
mizations . It propagates constants ; elim
inates dead assignments , dead code , and 
dead variables; hoists loop-invariant ex
pressions; and merges common sub
expressions. You can choose to optimize 
for speed or size. By default , ZTG at
tempts all optimizations (favoring speed 
over size); you can selectively disable 
particular ones. 

Zortech's manual , which compares 
the performance of Zortech C + + to that 
of Turbo C 1.5 and QuickC I .0 on stan
dard C benchmarks, cites the results of 

continued 
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We'll take your stats 
and make you the 

most valuable 
in ~ur league. 

* CHRIS JOHNSON D 
Oto Analyst 

CAREER ff IGHLIGHts 
Propo•6d 1983 

""' remap of s I 
SPSS ono/ysrs of ec o es rermorres bosed 
trend 1 onom1c 0 d on s ncreosed n consume 

1 2 new-c rn Years us romer reve · nues 38% 

Used SPSS d 1985 
d oro entry/ I b 

~,,;;;~nrs ter employee b:ne~:~t1on system to 
Oted outside costs f s more eff1c1ently 

o more thon $75 . 
ldentJfied 1986 .ooo_
d Current cust 

o ded Se/'\lrces rnc omers likely ro need 
more than 20%, reos1ng overage h 11 · 

. ul 1ngs by 

Reworded w1rh 1988 
Ond bonus spec10/ Corporate ,,,,.

qogn1tron 

Data analysis software 
from SPSS®gives your PC 
a winning advantage. 
It doesn't matter which field you play hardball 
in_The nghl combination ol equipment and 
ability can make you a hero. 

You gel thal ability with SPSS/FC .~ 

!he best-selling dala anaJysis software from 
SPSS. It'sdesigned for the IBM PC!XT,"' 
PC/AT:" PS/2~ and compatibles. And with it, 
you'll !urn raw dala into real lacts, lor sound 
business decisions. 

powerful ophons lordala entry, advanced 
slalisl1cs. forecaSl1ng, graphics, mapping 
and much more_ So you can scrutinize and 
manipulate your data in countless ways_ 

SPSS/PC+ also provides aseamless 
1nlerface With other popular PC software 
such as dBase'" and 1-2-3," to give you 
complete command of yourdata R:ir market 
research, sales analysis, quality control 
and much more. 

Ye~ SPSSIPC is designed !orease-0f
use. fl features a menuing and help system, 
as well as an on-hne statistical glossary that 

and ongoing upgrades from SPSS.The 
learn thars supphed slatislicafsoltvvare lo 
over 1m1ll1on users Since 1968. 

For more details on how SPSS/PC+ 
can help you get the most out of your micro, 
grve us a call at 

1-312-329-3315. 
we·11 show you how to really stand out 

rn your field. 

Sl'SSinc. 

SPSS/PC !eatures a base package of helps you interpret resulls as you go. Best in the final analysis. 

numerous stahstical procedures. Aus some And you'll always have training, support, 444 Nett IChrgan Avenue • Chicago, Ill OOIS 6ffi1 1 

SPSS rs ~ reaiste-red t,~n. or SP~ H\t SPSS/PC+ ts a lra<l~ma.rk or SPSS 1nc 1BM PC/XT , PC/AT •nd PS/2 re ttbdematk!l. o• 1n.1ernat1-0n.a1 Bu'S1ne-..s Ma~Pl.1ne-s CorporatllOf'l . c ease is a trM:tem.ll'1o. 
or AY!lon·Tate 1·2·3 1-s a tradema11t or totu~ ~'opmeot Corpora• 1on 
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REVIEW 

The bestA C++ TOOLKIT 

Modula-2 

Zort&eh C++ 1.0 

Type 
C ++ compiler 

Company 
Zortech, Inc. 
366 Massachusetts Ave. 
Suite 303 
Ar1ington. MA 02174 
(800) 848-8408 
(6 17) 646·6703 

Fonnat 
Eight 360K·byle noppy d isks 

Language 
c 
Hardware Needed 
IBM PC or compati ble with 5 12K bytes 
of memory, a noppy disk d rive. and a 
hard d isk d rive 

Software Needed 
MS-DOS 2.0 or higher 

Options 
Library: $50 

Doeumentatlon 
572·page bound manual 

Price 
$99.95 

Inquiry 88-4. 

an unoptjmjzed run of the floating-point 
test, because the optimjz.ed run wasn't a 
fair comparison- Zortech's optimizer 
simply eliminated tbe computations. I 
compiled the floating-point test with 
Zortech ' s tools, with and without opti 
mization, and di assembled the object 
files . The optimized version simply 
loads and prints a floating-point con
stant. which the optimizer determined to 
be computable at compile time. Oddly, it 
retains an enclosing loop; the Microsoft 
C 5.1 compiler elimfoates that too. 

Zortech provides a linker, LINK 
. EXE, but doe n't require that you use it. 
And if you want to debug C + + pro
grams with CodeView, you can't u e 
Zortech' s linker. You have to use the 
Microsoft linker and then run a curious 
utility called BUNCH .EXE, which 
patches your .EXE so that constructors 
and destructors will work properly. 

You can use .BAT files to control the 
invocation oflhe compilation and linking 
tools, or you can use the master control 
program ZTC.COM . Given a mixture of 
.C , .CPP (C+ + ), .ASM, .OBJ, and 
.LIB files, ZTC selects the right tools in 

the right order , distributing its com 
mand-line arguments to the right places. 
Through ZTC, you can turn off prototyp
ing , define macros, generate in-line 
8087 or 80287 instructions, request in
sertion of line number into the object 
file , specify the memory model you 
want, specify stack size , request optimi
zation , link for CodeView , and run 
BUNCH . If you alternate between two 
linkers- Zortech's and Microsoft's
you'll run into a minor problem . Since 
the two linkers share the same name. 
ZTC grabs the first one on the path; you 
may need to fiddle with your path to en
sure that you use one or the other. 

Finally, you can use make to control 
ZTC, or to control the compile and link 
tools directly. It operates on a text file 
(make file) that specifies a set ofoutputs , 
the inputs on which those outputs de
pend , and the actions required to convert 
the inputs to outputs. Zortech's make 
supports standard syntax and features. 

Shades of Borland 
In many respects, the Zortech package 
invites comparison with Borland' Ian· 
guage products . It 's an inexpensive and 
fast compiler that aims to popularize 
C + + in much the same way that Borland 
popularized Pascal and Prolog. Zor 
tech's editor, in particular , strongly re 
sembles the one that comes with Borland 
products . Like Borland 's editor, Zor
tech·s integrates with the compiler o 
that when you compile from within an 
edit buffer, the compiler halts when it en
counters an error , and the editor rusplays 
the error message and positions you on 
the offending line of code. And like Bor
land's editor, it uses a WordStar-like 
command set . Zortech also mimics the 
reconfiguration capability of the Borland 
editor (i .e ., the ability to map edit func
tions to alternate keys, in case you prefer 
something other than the WordStar key 
mapping) . But lhe Zortech editor is less 
reconfigurable than Borland's: you can•t 
attach commands to multikey combina
tions , so you can't emulate editors that 
use such combinations. You can u e your 
own editor i ustead of Zortech · s. 

Zortech's C++ comes with a graph
ics library that's similar to the Borland 
Graphics Interface, though less compre
hensive . Both support bas.ic operations 
like drawing lines (in varying thick 
nesses and styles), arcs, and boxes, and 
writing text in graphics mode; both can 
adapt their use of color to the palette at 
hand. But Zortech 's graphics library 
doesn't support advanced features of the 
BGI, such as viewports, polygons, fill 

cont in.ad 

compilers for PCs and 
compatibles 

Taylor Modula-2 
The prolessJOnal h1gh·pertormat1ce torPCs. Ille las· 
lesl ccmp11ei 1n tne WOllQI 

• unrtvailled speed of comp lion 
7 .000-10,000 lines per miriu1e (80286. 8 MHz) 

• excellent code 
Mini-computer Sl3l1daJd glObal opllmisatioo CoOe per· 
t-O<ms 1580 Dtryslooe lesls per seQJndl (80286,8 MHz) 

• ullra-conipai;t 
h1gll cooe CleRSit)' ancl ~ l1Drary ol unnvalled rompactness 
(23 modules In a IDlal ol 13" '1 

• completely 	 lmplcmentatlon 
Follows slandaltl roe l\llodula·2. BIOS ilelepen· 
dent - USM 00S ex<:IUSM!ly. 

·easy to use 
Straight user in1erlace. Comtnhensive doclJmen
lation IOI system programmers. 

• Guarantee _. lllPPO'I 
One yeAr guanwee. MaJnlenance con!raCIS available 
Swiss QUallty I. 

TaylorModula-2 $900 
Demo disk $10 

M2SDS 	 $99 
The professilnal MOOula· 2 software <levelOpmenl system 
M2SOS ~Ille IOl10w1ng teallJres man easy·to-use 
window en 

- modem. 
- rast comDile! 
- hnkef EXE prnora ms 
- unique llbrary f11iM1a981 
- comprehenSff9; d llbraf'( 

Thel1l are a IO'lltlerOl IOOIS. IOOIOOxes. demodisl<s. pub
lic c1Qma_"1 programs l!llG boof<s for M2SDS - prollably more 
Ulan kirany Oilier ~enl system! t.12SOS was~ b 
the writing of Ille Faralght integraled tlusmess sottware pack
ave! 

Demo disks 	 $10 
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REV IE W 

A C++ TOOLKIT 

Table 1: Zortech C++ compiles and links faster than the combina1ion 
ofAdvantage C ++ and Microsoft C 5. 1, but Advantage hax a slight edge 
at run time. File sizes are in bytes; times are in seconds. 

Test Compller Source .OBJ .EXE Comp+ Link Al.In time 

11,057 5 7 
7457 8 6 

11,699 6 8 
15,148 12 6 

Sieve Zortech 1219 672 
Advantage 1219 643 

Complex Zortech 1645 1440 
Advantage 1645 19.579 

patterns, flood filling, and scalable 
stroked-<:haracter fonts, and its docu
mentation is inferior to Borland's . On the 
other hand, although Zortech's graphics 
library is C-oriented, you can embed 
those routines in object-oriented C + + 
code ofyour own devising; that should be 
quite usef u I if you' re developing complex 
graphical applications. 

Zortech would do well to imitate an
other Borland tradition. Borland's lan
guage products always oome with at least 
one substantial piece of working code 
that beginners can use to get up to speed. 
Zortech provides a few C examples 
(e.g., a word counter, a file dumper, and 
a graphics demo), and, if you buy the li
brary source code, you can see how Zor
tech has used c ++ to implement the 
classes istream and ostream. But the 
basic package provides nothing in C + +. 

The Zortech context-sensitive help 
system has no counterpart in the Borland 
products. It's a terminate-and-stay-resi
dent program that retrieves information 
about Zortech tools , and about C ++ 
generally, from within Zortech's (or an
other) editor. You position the cursor on 
the word you want described and press 
the bot key (Alt-H by default); up pops a 
screen containing a description. Unfor
tunately, it's a pretty simpleminded sys
tem. If the word is class, you '11 see a de
scription of what a class is in C + + and 
how to declare one. But if the word is 
istream (the predefined C ++ class that 
implements the concept of an input 
stream), you 'II see the declaration for the 
C library function islower-worse than 
no response at a 11. 

Fast Compilation 
The BYTE Lab compared Zortech C ++ 
to Lifeboat ' s Advantage C ++ , using 
C ++ versions of the Sieve and complex 
math benchmarks. Since Advantage 
C + + is a translator, we ran its output 
through the Microsoft C 5.1 compiler . 
The benchmarks were run on a Dell 3 IO 
with an 80386 processor, 640K bytes of 
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memory , a hard disk drive, and an 80387 
coprocessor. We configured both Advan
tage and Zortech to optimize and to use 
the 80387 . 

The C ++ version of the Sieve pro
gram embeds its array of flags in a class 
definition, defines a constructor to allo
cate it and a destructor to free it, and de
fines a member function lo traverse the 
array and count primes. The complex 
math program defines a complex-num
ber class and uses the operator-overload
ing capability of C++ to associate com
plex assignment, multiplication, and 
division functions with the symbols =, 
•,and / . 

Not surprisingly , Zortech 's integrated 
compiler works faster than the Lifeboat/ 
Microsoft hybrid (see table 1). Once 
compiled, though, the Lifeboat/Micro
soft programs have a slight performance 
edge over the Zortech versions . 

Programmers who write in C for IBM 
PC and compatible hardware and who 
want to learn and apply object-oriented 
techniques will find Zortech's C++ 
compiler very attractive. There is room 
for improvement: The installation pro
gram lacks flexibility, the graphics rou
tines are poorly documented, the help 
system frequently give.s erroneous re
sults, and the package provides few ex
amples of working C + + code. 

But Zortech C + + compiles in a hur
ry; it produces efficient object files; you 
can use it in conjunction with a third
party debugger like CodeView; it is 
compatible with both the draft ANSI C 
standard and AT&T C ++; it provides a 
complete development environment; and 
it doesn't cost a lot of money. Those are 
powerful incentives to jump on the C ++ 
bandwagon. 

Editor's note: The C++ source code for 
rhe benchmarks is available in a variery 
offormats . See page 3 for details. • 

Jon Udell is a BYTE technical editor. He 
can be reached on BJX as "judell. " 
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Tools and Toolboxes 

Modula-2 
Applications Generator 
Amadeus $ 395 
Genera!.e MOOula-2 ~rams direct!~ trom }«Ir own input 
and save yoursell riooo of coding! 

Graphics 
M2Graph* $65 
Controls 

M2EGA* $65 
Controls fGo\ ca/tis in Modula·2, 

Modula Graphics Toolbox I* $112 
A COiiection ol exln!mely fast IJlllpl'llcs routines IOr CGlt. caitfs 
wrl!ten in MOOula-2. 

Modula Graphics Toolbox II* $188 
Comi>rellenslve package al Modula-2 pn:>eedtues tor all Cllf
renUy lcs cards. lneludes grahlcs wirMlow 
syslem. , sprite handler, mouse driver. maths 
routines. le c;11art. histogramand line g131111 flJoc· 
tlOllS etc. 

ut 
s133 

$188 
·ndow system. Small, hlgtl-perfoonarQ 

meou system and simple mask pene

$495 

$290 

$59 

$30 
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Multl-TMklng 64 (150) tasks per PC (AT) 
NetwortlJng 

QNX~: Bend it , shape it, any way you want it. 

ARCHITECTURE If the micro world were 
not so varied, QNX would not be so suc
cessful. After all. it is the operating system 
which enhances or limits the potential 
capabilities of applications. QNX owes its 
success (over 60,000systems sold since 
1982) to the tremendous power and nexibility 
provided by its modular architecture. 

Based on message-passing, ONX Is radi
cally more innovative than UNIX or OS/2. 
Written by a small team of dedicated 
designers. it provides a fully integrated 
multi-user, multi-tasking, networked oper
ating system in a lean 148K By comparison, 
both OS/2 and UNIX, written by many hands, 
are huge and cumbersome. Both are ex
amples of a monolithic operating system 
design fashionable over 20 years ago. 

MUL Tl-USER OS/2 is multi-tasking but 
NOT multi-user. For OS/2, this inherent 
deficiency is a serious handicap for ter-

THE ONLY MULTI-USER, MULTI-TASKING, NETWORKING, REAL· TIME OPERATING SYSTEM FOR THE IBM PC, AT, PS/2, 

Multi-UNI' 10 (32) senal terminals per PC (Al). 

2.5 ~t t(ll(en passing. 
255 PC's and/or AT'S per netwon<. 
10,000 tasks per network. 
Thousands of US«S per netwo111. 
3.200 task SWltcheslsec (Al). 

Fast intertask communicatt0n 
~tasks on 8IT'f mechtne 

minal and remote aecess. ONX is both 
multi-tasking AND multi-user, allowing up 
to 32 terminals and modems to connect to 
any computer. 

INTEGRATED NETWORKING Neither 
UNIX nor OS/2 can provide integrated 
networking. With truly distributed pro
cessing and resource sharing, QNX makes 
all resources (processors. disks, printers 
and modems anywhere on the network) 
available to any user. Systems may be 
single computers, or, by simply adding 
micros without changes to user software, 
they can grow to large transparent multi
processor environments. QNX is the main· 
frame you build micro by micro. 
PC's, AT's and PS/2's OS/2 and UNIX 
severely restrict hardware that can be used: 
you must replace all your PC's with A rs. In 
contrast. ONX runs superbly on PC's and 
literally soars on AT's and PS/2's. You can 

c Compiler Standard Kem;ghan and Ritchie 

Flexibility 

PC-DOS 

Single PC. netwotked PC's, 
s.ngle PC wolh terminals, 
networked PC's with lemunals. 
No central S8fVers. Full sharing 
of disks, devlC8S and CPU's. 
PC-COS runs as a ONX !ask. 

From US $450. 

RuntITTie pi1cing available. 


run your unmodified ONX applications on 
any mix of machines, either standalone or 
in a ONX local area network. in real mode 
on PC's or in protected mode on AT's. 
Only ONX lets you run multi-user/multi
tasking with networl<ing on all classes of 
machines. 
REAL TIME QNX real-time performance 
leaves both OS/2 and UNIX wallowing at 
the gate. In fact. QNX is in use at thousands 
of real-time sites. right now. 
DOS SUPPORT QNX allows you to nJn 
PC-DOS applications as single-user tasks, 
for both PC's and AT's in real or protected 
mode. With OS/2. 128K of the DOS 
memory is consumed to enable this facmty. 
Within ONX protected mode; a full 640K 
can be used for PC·DOS. 

ANY WAY YOU WANT IT QNX has the 
power and flexibility you need. Call for 
details and a demo disk. 

THE HP VECTRA, A ND COMPATlBLES. 

For tunher information or a free demonstra tion 
diskette, please telepholle (613} 591-0931. 

Quantum Software Systems Ltd.· Kaneta South Business Park•175Terrence Matthews Crescent •Kanata, Ontario, Canada· K2M 1W 
See us at COMDEX FALL '88 NO\lember 14-18 1988 ~s Vegas, Nevada. 60Qth #H7044, Hilton Center

QIQl••-•-Glaur....- _..WI 
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SOFTWARE REVIEW 

Lint for the PC 


An MS-DOS version 

of the Unix tool 

Alex Lane 

The C programming language en
joys tremendous popularity 
these days. Tools associated with 
programming in C , like make 

and lint, have accompanied the lan
guage in its migration from Unix to MS
DOS. PC-Lint 2.15 ($139) is one PC
based implementation of Unix lint- a 
program that reads C source code before 
you compile it in search of what PC
Lint 's manual describes as "quirks, idio
syncrasies, glitches, and bugs ." 

C derives its power, in large measure, 
from the uniformity of its rules for form
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ing expressions; programmers like to re
fer to this property as orthogonality. But 
C's orthogonality is a double-edged 
sword. It support nearly unlimited flex
ibility and elegance of expression; it also 
lets programmers make silly mistakes. 
Here 's one kind of mistake that C com
pilers don ' t prevent and that lint was de
signed to catch: 

int durnb_ functlon () { 
ret urn (3 .1415) ; 
} 

This function's declaration announces a 
return type of int , but its body returns a 
value of type float. The l int program 
guard against the.se and other kinds of 
errors that invalidate programs, hinder 
portability, or simply waste resources . 

PC-Lint isn't the only version of lint 
for the PC market. Phoenix. Technol 
ogies, for example, offers a lint pro
gram called Pre-C. All the PC-based 
l ints find themselves in competition 

with C compilers that provide lint (e.g., 
Wizard C) or warning (e.g., Microsoft 
C) features. I'll compare PC-Lint to 
Microsoft C 5.0. 

Out of the Box 
PC-Lint requires a relatively minimal 
setup; an lBM PC (or compatible) with 
MS-DOS 2.0or higher and 128K bytes of 
memory (though the manual notes that 
you might need l 92K bytes for "satisfac
tory operation"). I tested the program on 
a 16- MHz ARC 386i equipped with 
512K bytes of memory and a hard disk 
drive . 

There 's nothing fancy about installing 
PC-Lint. You can run it directly from a 
backup floppy (saving about IOOK bytes 
on your hard disk), or copy all the files 
from the distribution disk to your hard 
disk and run it from there. Jn addition to 
LINT.EXE, the package includes a num
ber of test files, a selection of standard 
library definition files that work with 
different compilers , and a print utiJity 
that paginates and prints one or more 
files with or without headers, footers , 
and line numbers . 

Getting Started 
You can use PC-Lint right out of the box 
even if you haven't a byte of C source 
code available. It comes with two sample 
source files that you can use to test the 
program. Other sample files include in
direction files (. I.NT files containing PC
Lint options), redirected outputs from 
PC-Lint , and a library definition file 
containing function declarations. These 
demonstration files are small but well 
thought-out; the first chapter of the man
ual does an excellent job of describing 
them. Another chapter of the manual in
troduces lint beginners to a philosophy 
(presumably that of the PC-Lint' s au
thor) regarding the use of the tool. It's 
called "Living with Lint (or Don't Kill 
the Messenger) ." 

The program's primary interface i 
continu~d 
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PC-llnt2.15 

Type 
PC-based lint programming tool 

Company 
Gimpel SOftware 
3207 Hoganh Lane 
Collegeville, PA 19426 
(21 5) 584-4261 

Fonnat 
One 360K·byte floppy disk 

Lllnguage 
c 

Hanlwal'9 Needed 
IBM PC or compatible with 128K 
bytes of memory 

Software Needed 
MS-DOS 2.0 or higher 

Documentation 
96-page reference manual 

Price 
$139 

Inquiry 890. 

the DOS command line. You can type the 
entire command line directly-LINT plus 
options (if any) plus the names of the C 
source file.s that PC-Lint reads-or you 
can put arguments and names of source 
files into a .LNT file and supply its name 
as an argument to PC-Lint. You can also 
store arguments in the environment vari
able LINT. If LINT is defined , PC-Lint 
inserts its value at the head of the list of 
arguments. This serves as a convenient 
way to specify a standard set of options. 

The C sourc.e files that PC-Lint reads 
constitute a secondary interface. The 
program recognizes and acts on com
mands that you can embed inside com
ments; for example, the comment 

/*lint -e711 • / 

disables error 711 , the loss-of-precision 
warning. 

You can send the program's output to a 
file by using the DOS redirection opera
tor ( >). When PC-Lint finishes, it re
turns an exit code corresponding to the 
number of errors it detected. Control 
programs written in DOS command lan
guage (.BAT files) can use the DOS 

errorlevel facility to examine and act 
on theellit code. 

The sample files that come with PC
Lint generate few error . Real programs 
aren't usually so cooperative ; they can 
cause PC-Lint to spew a torrent of syn 
tall -error messages (a lerting you to 
things like an unclosed comment). warn 
ings (e.g., noting an unellpected use of a 
Boolean), and informational messages 
(e.g., indicating that a signed value will 
be shifted). The art to using lint lies in 
adjusting its verbosity to uppress ell tra
neous mes ages while retaining those 
that warn of real trouble. 

Have It Your Way 

PC-Lint 's many options will appeal to 

lint devotees, though the effort re 

quired to learn about all of them might be 

too much for occasional users . You spec

ify these options by means of the pri

mary interface (the DOS command line) 

or the secondary interface. (PC-Lint 

commands embedded in comments in

side C source files). 


You can fine-tune PC-Lint 's veroosity 
by means of thee (error) options, which 

continued 

All the Power ofA 25 MHz 386 

At Half the Price of Compaq or IBM 

Om.ega 386/25 $3295 386/16 $2fR5 

Complete High Quality 386/25/20/16 Systems 
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Our Printer Sharing Unit 

Does Networking! 


An Integrated Solution 

Take our Master Switch ··, a sophisticated 

sharing device. combine it with MasterNet '" 

networking software lor PCs, and you've 

got an integrated solution for printer and 

plo11er sharing, file lransfer, electronic mail, 

and a lot more. Of course you can also 

share modems, minis, and mainframes or 

access the network remotely. Installation 

and operation is very simple. 

Versatile 

Or you can use the Master Switch to 

link any computer or peripheral with a serial 

or parallel interface. The switch accepts 

over 20 commands for controlling the flow 

of data. It may be operated automatically, 

by command, or with interactive menus. Its 

buffer is expandable to one megabyte and 

holds up to 64 simultaneous jobs. The 

Masterlink •• utility diskette for PCs 

comes with every unit and unleashes the 

power of the switch with its memory-resident 

access to the commands and menus. 

Other Products 

We have a full line of connectivity solutions. 

If you just want printer sharing, we've got 

'\.Y.1~'~ 
ELECTRONICS 
ROSE 


it. We also have automatic switches, code· 

activated switches, butters, converters, 

cables, protocol converters, multiplexers, 

line drivers, and other products. 

Commitment to Excellence 

At Rose Electronics, we're not satisfied 

until you're satisfied. That's why we have 

thousands of customers around the world 

including large, medium, and small 

businesses, factories, stores. educational 

institutions, and Federal, state. and local 

governments. We back our products with 

full technical support, a one-year warranty, 

and a lhirty-day money-back guarantee. 

Call now for literature or 
more information. 
(800) 333-9343 

fi.we 4 ~~16~~-----------

P. O. Box 742571 • Houston, Texas 77274 • Te l (713 ) 933-7673 • F AX ( 713 ) 933 - 0044 • Telex 4948886 
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enable or djsable individual messages or 
entire classes of messages. For example, 
-e501 forces PC-Lint to ignore error 
501; -e7?? turns off all 700-series (in
formational) messages. When you 've 
written a piece of code that you know 
PC-Lint won't like, you can build a de
tour a.round it like this: 

float f; 
inti; 

/* l int -e711 disable loss-of-pre
cision warning*/ 

1 =(int)f; 

/* lint +e711 enab l e l oss-of-prec i
sion warning*/ 

This prevents PC-Lint from complaining 
about an intentional coercion of a float 
to an int, while retaining protection 
againsc unintentional coe rcions else
where in the program. It's a nifty fea
ture, although if you use it often, you'll 
find yourself typing a lot of extra com
ments as you lint your way chrough pro
gram development. 

You can also disable three general 
classes of error related to function argu
ments-arguments of unlike type (one 
signed, one unsigned), arguments of un 
like type (yet the same size), and pointer 
arguments having different indirect 
types. These error classes are a bit ob
scure for my taste, and the options (e.g .• 
- eau, - eas, and - epp) aren't e.asy to re 

Listing 1: The file test. c contains subtle and rwt-so-su.btle bu.gs. 

1 finclude <std l o.h> 

2 

J lde f i ne ZIP 5 

4 ldef i ne ZAP - 1 

s 
6 main() ( 

7 i n t h• SO; 

8 i nt i • l O; 

9 i nt • j = ' i ; 


10 i nt k,m,n,q,r =20; 

ll static char (*hahl (20) ; 

12 c har 0 p; 

13 

14 p rintf ("Beq i nning o f program\n"l: 

15 

16 n = zrP-ZAP; 

17 q =product( 3. 0 ); 

18 p r i ntf ("n • •d; q = \d; r = \d\n",n, q ); 

l9 

20 k - h/* j ; 

21 

22 fo r (rn-- J;m<k;pri nt f(" The value o f mis \ d\n",m++ )) 

23 / * don't do anything */ ; 

24 

25 if ( r - 5 ) 

2 6 print f ("The va l ue o f r i s 5.\n"); 

27 e l se 

28 i f ( r = 20 

2 9 p dnt f('"Fh i s 'll never get printed.\ n"); 

.)) 

31 printf C"End of program\n"); 
J2 
33 
34 
:ti 
36 doub le product ( x, y l 

37 int x,y; 

38 I 

39 retu r n ( x • y ); 

40 ) 


member, despite the manual's attempt to 
present mnemonic aids. 

Size options simplify life if you port 
code between machines that have differ
ent scalar sizes . The -si2 option, for ex
ample, specifies that integers are in 2
byte quantities. 

The f (flag) options enable or disable 
globa l condition flags. For example, 
+fnc permits code to have nested com 
ments , and - furn disallows duplicate 
member names in different structures. 

The height options govern the style of 
PC-Lint 's output and are good candi
date for inclusion in the LINT environ
ment variable . I preferred compact two
line error messages to the default four
line style, so I specified -h$2 (the dollar 
sign appears in the source line at the lo
cation of the error). 

Miscellaneous options enable you to 
specify preprocessor variables (as with 
the Microsoft C Compiler's /D switch), 
restrict the acceptable keywords to those 
included in the current ANSI standard, 
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specify a particular memory model, and 
force PC-Lint to return a zero exit code. 

C Compilers and C Versions 
In theory. C compilers are functionally 
identical. In practice they aren't, be
cause they use different libraries and sets 
of preprocessor variables . PC-Lint helps 
smooth out the differences. It provides a 
selection of library definition files for 
more than a dozen C compilers . In a li
brary definition file, declarations like 

void printf( char*, ... ) ; 

tell PC-Lint that functions so declared 
are defined in a library. Ifyou work with 
a single C compiler , the easiest thing to 
do is erase all the library definition files 
except for the one you need. If you work 
with several compilers, you can use the c 
(compiler) option to tell PC-Lint to select 
the appropriate one. 

C itself has evolved considerably since 

Kernighan and Ritchie published The C 
Programming Language in 1978. (C pro
grammers refer to this book, and to the 
language it describes, as K &R .) Al
though ANSI hasn't yet released the new 
standard for C, many C products-in
cluding PC-Lint- have incorporated 
some generally accepted non-K&R ex
tensions to C. PC-Llnt supports many of 
these extensions, including the void type, 
funct ion prototypes, enumerated data 
types, and the #fl token-pasting operator. 

On the Firing Line 
In search of linty source code, I looked 
back through several years' worth of 
notes from rea.I C programming projects . 
From the pages marked "Bug of the 
Week" and "Aaaarrgghhh of the 
Month ," I piec.ed together a nonsense 
source file (test.c) containing some 
cla icquirks( eeli ting 1). 

First, I ran the file through the Micro
continued 
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WHEN THEIR CUSTOMERS DEMANDED 

UNIX SYSTEM VSOLUTIONS, THESE 

INDUSTRY LEADERS CAME TO SCO 


Standards are made, not born. 	 And, of course, on personal computers, running multiple DOS 

The leading ~ System on three generations of PC.5, sco applications concurrently, or networking XENIX and DOS systems 
X:OOX- System Vhas revolulionii.ed the way people look at both together. 
the UNIX System and ~ by revealing the amazing hidden potential Today, more and more end users are demanding the power 
of these standard hardware platforms. that only UNIX System V software can bring to their standard 

In the process, SCO XENIX has become a true standard in UNIX hardware platforms. 
System Vsoftware. And when leading developers, resellers, and computer manufacturers 

who serve these users want to make sure they're working withAnd like a true standard, SCO XENIX has opened up entire new 
a partner who's the UNIX System software leader- for now, andmarkets of opportunity that have never before existed for micro

long into the future of UNIX System standards- theyprocessor-based computers. 

come to SCO.


Teamed with the la.test generation of 80386-based 
machines, SCO XENIX 386 allow.; systems created They know that SCO wiU provide them with the 

most comprehensive environment for UNIX Systemfrom the widest rangeof hardware choices to su~ 

the multiuser, multitasking performance of minis applications, technicaJ and marketing suppon, 

or even mainframes-at a fraction of the cost training, and documentation in existence. 


~SCO XENCX can be found running thousands of And they know they can SCO UNIX System 
XENIX- and UNIX System-based vertical applications software to be the most complete and reliable 
on powerful business ~ems supporting 16, 32, anywhere in the world, because it comes from the 
or even more users. And on graphia; workru.tions 	 most complete and reliable UN1X System software 

company in the world.running advanced engineering and scientific 

applications. The UNIX System software leader-Seo. 


,. ..~ .... ~· 

The UNIX System Software Leader Worldwide 
(800) 626-UNIX (626-8649) . ( 408)425 -7222 ·FAX: (408) 458-4227 . TWX: 910·598-4510 SCO AAC'l • E·MAll.: ... !uunet!sco !info info@sco.COM 
lHl•1.~~tl.lhl!tD-'h~k1Fmn~d1hrSaiDC11111o,n.m.1nc.n...:a1RpmN..._,..tJMa-A~ 	 ~ 
• ..-n.-1-ll'.'.nlill~IK . Or.m:imls...t.,O b 11iOO. ~C;Q.r:.AMILSl nc~c.r.o,inmn..L111. . ~~~'--. ..... 'l"DllJ'nll l.amli .... • ,...(0)9llll4344. f-A.X. •44 (1°)9l_l.g1Ti'S' m.n '911fnmmMt 
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Universal Cartridge Maclnker $68.50 lmagewriter or Epson Maclnker $42.00 
Eliminate expensive ribbon replacement 
with the famous Maclnker. The Universal New 
Cartridge Maclnker ($68.50) will re -ink 
most cartridges with the app ropriate 
adaptor. The Universal Spool Maclnker 
will re-ink all spools. Operation is very 
simple & automatic. Our extra dark, lubri
cated ink yields better than new printout 
qual ity and its cool ing elfect ex tends 
print -head li fe. New ink dispenser en · 
sures precise ink metering. Average num
ber of re-inkings/cartridge is 60· 100 at an 
average cost of Scents/re-inking. We al - Band Printer u aclnker 
so have dedicated Maclnkers for special 
cartridges. All Maclnkers. with appropriate Multicolor Adaptor can re-ink multicolor 
cartridges (2 or 4 colors). Or use your Maclnker to re-ink in 1O different colors: 
red , green, blue. yellow. purple, brown. orange. gold and silver. Our Customers 
range from individuals to Fortune 500 Corporations. In 1982 we pioneered re-ink 
ing technology and are dedicated to its development. We have a complete range 
of accessories. heat-transfer re-inking adaptors. special inks and cartridges. 

$299.00 


Universal cartridge Maclnker ... ........... .......68.50 

Multicolor Adaptor (specify printer) .. ......... 40.00 

lmagewriter 11 11 MacInker mod 234 IM ....... . 42.00 

Epson Maclnker mod 271 EP ...... .... ............. 42.00 

Universal Spool Mac Inker ........................... 68.50 

Heat Transfer Adaptor ................................ .40.00 

Extra Ink bottle ......... . 3.00 pint..... ......... .. . 18.50 


All Maclnkers delivered with bottle of ink, ink 
meter, reservoir, reservoir cover. 
Black , uninked, colored, special cartridges 
available. Best ribbon quality at lowest costs. 

Call for free catalog 
.................. ...... .....................~ ................... ..... 

Special Offer 
Free mousepad for any order 
>$60.00. Free Key-beeper & 
flashli_ght combined for or
ders >$100.00. 

Buy the Universal Cartridge & 
the Universal Spool at the 
same time and get the second 
unit for $50.00 

Multi user Printer Buffers 
Let us configure the most economic & efficient butter set-up when using two print· 

ers with one computer or two computers and two printers. We have the most com

plete range of buffers. converters. switches. cables & custom cables. Award win

ning Proteus switches manually or by sottware between 2 printers. Memory is au 

tomatically partitioned & both printers can print simultaneously. 

UG-411 , 1 comp. / 1 printer 64k ....... 160.00 


256k .... .. 270.00 
UG-402 2 comp. I 2 printers 64k .... .... 199.00 

256k ...... 330.00 
PROTEUS, 1 comp. I 2 printers 64k .. ...... 199.00 

256k .. .. .. 330.00 UG-402 
UG-403 4 comp. I 2 printers 256k .. .... 399.00 
UG-408 4 comp.I 4 printers 512k ...... soo.oo 
UG-412 Serial buffer card 1 MEG .............. 500.00 
CBL-71 5 Univ. ser-par-ser converter ... .. ... 159.00 
CBL-705 Ser-par converter ... ............. 99.00 

Proleus Autoscanning switches (4 to 1) .... .. ........ 169.00 


Satisfaction or 30 day refund on all products · Immediate shipment · Major credit cards 

Computer Friends, Inc. Order Toll Free 1-800-547-3303 

14250 NW Science Park. Dr. in Oregon (503)626-2291 

Portland OR 97229 fax (503)643-5679 telex 4949559 CF 
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sof1 C 5.0 Compiler wi th the command 
c /c /DLI NTJRCS /WO test .c , wh ich 
compiles test.c al wa rn ing level 0 (the 
most permis.sive) . I repeated the test a1 
warn ing level I, 2, and 3 (the most 
stringent). Then I submitted the same 
fi le to PC-Lint. 

T he only problem that the Microsoft 
compiler caught at al I warning level was 
the redefinit ion of product(). PC-Lint 
caught it , too, and it also noted the con
flict between the number ofarguments in 
the definition (two) and in 1he function 
call (one). At level 3, the Microsoft 
compi ler notes that the symbols p, hah, 
and ma re not refe renced, and, ure 
enough, that turne.d out to be true. PC· 
Linl notes the same thing; it also shows 
that j i n' t referenced and that both rand 
k aren't accessed. The problem is the 
statement k = h/ j; at line 20. The /* 
character parse as the beginning of a 
comment . so k gets the value of h and 
the compiler ignores everything until it 
sees the terminat ing */ in the comment 
on line 23. 

Unlike the Microsoft compiler, PC· 
Lint found the mismatch between format 
st ring and arguments in the printf( ) 
statement at line 18 and caught 1he clas
sic misuse of the assignment operator (=) 
fo r the equality operator (==) at line 25. 
Neither the compi ler nor PC-Lint found 
the bug in li ne 16. After the preprocessor 
replaces ZIP with 5 and ZAP with -1. the 
statement becomes n "5-1;, which is 
clea rly illegal. 

A Good Tool 
PC-Lint should appeal to a variety of 
users. It can help novice C programmers 
wilh the t ricky aspects of 1he language. 
Experienced programmers- even those 
intimately familiar with C compilers that 
provide lint-like capabil it ies-can still 
bcnefi1 from i1s stri nge nt analysis of 
source code. In a sense, you get ou1 of 
PC-Lint what you put into it. 

Typica lly, I just let the program run 
and redirecled its output to a fi le for ex
am ination . I lea rned to ignore cer tain 
types of complai nts; in t ime, I'm sure I'd 
get around to using the appropriate op
tions to suppress them. PC-Lint does its 
job well and belong in the C program· 
mer's toolbox. 

Editor's note: Listing J is available i11 a 
variety of formats. See page 3 for 
details. • 

Alex Lane is a knowledge engineer for 
Technology Applications, Inc., of Jack· 
sonvi/le, Florida . He can be reached on 
BIX as "a. lane. " 



95% ofthe Top US. Companies
Solve Their Complex
Numeric Problems with APL 
... Shouldn't You? 


In businesses where 
complex numeric problems 
are a daily challenge, 
professionals from all 
walks of Ii/e rely on 
APL*PLUS't.. 
Thousand of professionals 
in a wide range o f fields 
investment research . in ur
ance. corpora te finance. 
engineering. and ·cience
find APL* PL S the per
fec! software for complex 
problem solving. That's 
becau e i t natural mathe
matical orienta tion and 
concise code provide the 
ideal environmen t for model 
bui lding. array handling. 
system prototypi ng. and 
matrix manipulation. 

Why not give yourse lf the 
analytical edge. for only 
695~ Call 800-592-0050 and 

we'll show you how lo put 
APL* PL S to work in 
your specific application. 

.\Jany ofour technical pro
fe.uionals are fluent in the 
use ofA PL. Ft>r us, A PL'.~ 
combination ofpott•er, and 
l'Xpressitoene make it the 
perfect tool fnr analy.~is and 
i ·isuali~ation ofexperimental 
data a H·ell as scientific and 
t•11,;int·eri11K computations. 

Frederick J. Kramb.:ck 
Mana~cr, Procc 

Ocvclopmcnl 
Mobil Research and 

Ocvclopmcnt Corporarion 

STSC 
STSC. Inc. 
211 5 East Jefferson Street 
Rockvi lle. Maryland 20852 
800-592-0050 
301-984-5123 in Maryland or 
Canada 
Telex 980 5 

fhc.· APL • 1•1 t 1 ~ S\•\tcm '' ;n~11 r.1hle fcir l hc m.11nfrumc . IDM PC ~i nd 1.:ompa11hles. 
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~ llur ...·hJ,c.:J chn.'u~h dcukr\ anJ <h'\rntiuh.l r' Y.1,rld"4H,k 

APL • PLL ~•'Ii J rclo! l!lit t:n:<l tradcmark of STSC. Inc . NlX . ~lat:m 1 0.. h. a r'cJ IBM ate 
1('t.:,1,11;n;. l 1r.hkm.1r l ' of AT&. T B~ ll l...JNlruwm: !o. Appk Compu ter . • ind lntcrn._1~m nal 
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r1•wareh i.\ facilitut1•tl lty ..t Pl_'":!fl 
u11111atcl1t'd capahiiitfr., in 
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arrfl)'\ ofifota . 

Marl Sc:hrodcr 

A I'/. i~ indi,pcn~ahfr ifl dnd
opi11g mathl'mutirnl modc·ls for 
prici11gfi11a11cial H'curiti<•• •uclt ~ 
U\ opti1111s, futurn. a11d ho11d.\. 
( omplrx 11wtltcmatical algo
rith111\ are pmgrummed q11id1(1' l:::J 
and conl"i\t'Jy. A 11d. !'mpiricui~ § J 

/:"ach quurtl' r 11·c coT1J11/iclt11t• 
<11rti anair· e hiitorical data, 
nirrt•11t dat11, und forectlst .1 
/mm m·n /WO e1lfitil• H'ithin 
<a:: and rh1•11 quict..~r compilt' it 
i11t11 a c11111µrt/l(•ntfre ~erie.1· of 
rt' f'<ll'f\ . IVitlr A /11, H'C get it 
c/011£' ;,, u rhird of the· lllll(' it 
Jl'()t1lcl take 11s u.<ing oth1·1· 
111t•1lwcls. 

Eric Raclcn 
1:rnai,:n. Rusincs.' S~·~tcms 

llcvclnpmcnt 
(;cncrnl Electric Company 

~Vhen _l'{)U nl'l'd to con ider 
three cltuses ofseri·ice, numer
ous fare types. a11d multiple 
connections, fart' pricing unal
ysi< k'ithout rl Pl i. a Herculean 
task. 11/'I. '.~ ability 10 manipu
luw rabies llf data H'ith u single 
command enahles u to explore 
a t1·ider runge of <ccnarios as 
fast us H'e C"an think of them. 

Mike Fisher 
Manager, Syslems 

Development 
Pan American World Airways 

http:h'\rntiuh.lr


The shortest distance 

between two points.


Pro-C': 


• 
System design 	 Finished application 

The Csource code applications generator. 

At las1. 1he dL1an e be1wecn sys1cm design and final 
:ipplication is shorrcr th:rn ever before. Pro-C maximizes 
your producciviq· br creating ·ommcrcial applica1ions 
in C soun.:e eodt:. 

Pro-C quickly generates wcll-stnicturcd , fully·commemed 
C code the way rou would write it. This allows you to 
concentrate on sys1em - design ins1ead of was1ing time 
repeuedly rewri1ing code. Plus, Pro-C can also bt: used 
as a powerful prototyping rool tha1 readily converts 
sys1cm design inlO clean, professional code. 

Learning w use l'ro-C is simph: : Menus guide you through 
every step, and cun1ext-scnsitivc hdp is :llw:iys :wail · 
ablt.:. Pro-C quickly generates source code for screen pro 
gr:ims, reports, menus. and mulli -file updiues. as well as 
concise system documentalion :md context-sensitive hdp. 

PC 1ecb journal applauded the power of Pro-<.: in a 
recent n:vkw: " The gem:rJted code is excellen1, includ
ing m:rny comments and the 1rp ·of funuional org:mi
zation that a good progr:1mmer would choose . .. Pro-C 
excels at w hat it was designed for." 

M S-DOS .!. M1cro.s.dll .u~ l""i,)1~•Cd ir,)tJort•itth OI M1CtOSOll C.::0t1> UNI X ls .a 
1 .r~mn.:uo.: ol AT&T Betl L.abofalOf•(\5 T11rtMJ C -s .1 l()Ul:tol01V'O ir;;1111emat\ ol Sorl~1nd 
Ir. e:rn~·u1onal ONX 11. o1 1r•d4ttn11rk or °",1nlvr'h 5onw111t: Syi,1errs l11J l :1:r.c.,,. ·~ • 
reQ•Slorod 11ncum.,r-. o1 t MT•oo Inc ZQf'R"'tl ·~a 1J~~ar1o o l Zort1tt;h Inc 
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Pro-C i che on ly source code gencr:uor 1h::u run. under 
the MS-DOS'." QNX '." XENIX"' :111d U IX"' oper:uing 
systems. Unlike moM 4 11."s , Pro-C doesn 't require a run 
time environmenc- increasing performance without 
roraltr fees. 

For added nexibility. a ·e parnce p roduct , Pro-C 
Workbench~ provides 1he C source code for over 60 
Pro-C librJry routines 1ha1 can he modified to your 
rcqu i remcnls . · 

Pro-C code is opcimized for a v:uicty of compilers. indud
ir:f Microsoft"' C VS .O and lacer. Quick C Vl.O. 1l1rbo 
C Vl.O and l:Ht:r, Lattict:® C V3 .2 , and Zortcch"' V2 .0 

Pro-C: Beyond programmer producHvily tools 

Elimi1u.1e repetiti,·e progr:imming. Streamline applicacion 

de\•elopmcnt . Achieve maximum productivity. 

Order Pro-C IOday. Call (800) 265-2682 . 

For inform:uion on corporate purchases, c:l ll hris 

Finnt:gan at (519) 7 5-2700. 


VESTRONIX 
~ • • ;, 11 I .. , 

•. 	 ~ • ' • • r.. -· 

'.I• 
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APPLICATIO REVIEW 

SpinRite 


Coftplete: ms (!nil Retlaining: 1455 (41t/.) 

Recover bad sectors 

and change the interleave 
ratio on your hard disk 

Richard Grehan 

SpinRite is one of those products 
that generate immediate suspi
cion. The claim that a piece of 
software can repair what many 

have been led to believe is entirely a hard
ware problem-bad sectors on your hard 
disk drive- does prompt people to inch 
away. Tack on the additional claim that 
the program can perform a low-level for
mat on your hard disk drive and leave 
your data intact, and inching away be
comes noisy backpedaling. I'll admit I 
was skeptical ; when asked to review 
SpinRite, the first thing I had to find was 
a sacrificial hard disk drive . 

SpinRite ($59) from Gibson Research 
is a powerful, low-level diagnostic and 
maintenance program for hard dis.ks in 
IBM PCs and compatibles. I say "low
level" because SpinRite does not con
cern itself with file structure on the disk ; 
it works with sectors and tracks of data, 
not directories and files. SpinRite also 
performs diagnostics on other aspect.s of 
your system: It tests system RAM, veri

fies that your controller is working prop
erly, and checks the disk controller's 
RAM. 

SpinRite also determines your hard 
disk ' s track-to-track (adjacent tracks) 
and average seek times . J compared 
SpinRite's results with the results from 
the Core test. Both tests showed that the 
Everex drive's average seek time was 
about 23 milliseconds, but SpinRite cal
culated the track-to-track seek time as 
3.73 ms while the Core test found it to be 
5.49 ms. But beyond diagnostics , Spin
Rite can actually recover sectors marked 
as bad by the hard djsk drive controller; 
and it can modify the interleave pattern 
on your hard disk drive to guarantee the 
maximum possible throughput. 

Taking It for a Spin 
I ran SpinRite on an Everex 386/20's in
ternal 30-megabyte hard disk drive, and 
it informed me that I had 51,200 bytes· 
worth of bad sectors. I already knew 
this , because I had just executed FORMAT 
on the drive, which reports how many 
bytes' worth of bad data the drive is in
fected with. What I wasn't ready for was 
that SpinRite was raring to go fix the 
data; all I had to do was turn it loose on 
the hard disk drive to do a low-level re
format with the program's extremely 
thorough pattern testing activated. 

SpinRite ' low - level reformat is 
unique in its own right , since it does its 
job while leaving the hard disk's data in
tact. I am not suggesting that you try it 
without performing a backup; the Spin
Rite documentation urges you to back up 
the contents of the hard disk prior to re
formatting as a safeguard. But if the low
level format goes well-and it u ually 
does- you don ' t have to spend the rest of 
the day reloading your files. However, 
SpinRite's real claim to fame is its ability 
10 recover bad sectors, and even though 
the pattern testing took over 2 hours , J 
got my 51 ,200 bytes back . I wrote files 
on the hard disk and everything- I even 

conrimu!d 
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SPIN RITE 


SplnRlte 1.02 

Type 
Hard disk uti lity 

Company 
Gibson Research Corp . 
22991 La Cadena 
Laguna Hills. CA 92653 
(71 4) 830-2200 

Format 
One 5V4·inch floppy disk 

Language 
Machine 

Hardware Needed 
IBM PC or compatible with a 
hard disk dri~ 

Documentation 
40-page user 's manual 

Price 
$59 

Inquiry 888. 

ran the Norton Disk Test utility a half
dozen times just to make sure all was 
OK. 

SpinRite also boasted that it could de
termine the proper interleave for a given 
drive and controller configuration and 
change the interleave- o tensibly to its 
optimum- leaving the hard disk's data 
intact. For the Everex I mentioned 
above, the interleave was set to 1-to- l, 
and SpinRite showed that the Everex 
couldn ' t do any better than that. So I de
cided to set the Everex to a 2-to-l inter
leave to determine how much worse its 
performance would be . This meant that I 
had to send SpinRite off for another 
round of its pattern testing. Here's where 
more of SpinRite's user-friendliness 
showe<l through. The reformat takes a 
long time. I started it late in the after
noon , and it happened that power would 
be shut off so that BYTE could install its 
new uninterruptible power supply that 
evening. Could I interrupt SpinRite ' s 
low-level formatting and restart it the 
next day , where I left off? You bet. The 
next morning , when I booted the ma
chine and started SpinRite, it asked if I 
wanted to resume the current operation. 

The program finished the interleave 
change in about an hour. 

With a 2-to- l interleave, SpinRite re
ported that I could expect a maximum 
throughput of 261 , 120 bytes per second. 
For a I-to- I interleave, SpinRite prom
ised a maximum throughput of 522 ,240 
bytes per sec-0nd. Table I shows the re· 
suits of the BYTE low-level disk bench
marks for both interleave patterns. As 
you can see, a 1-to-1 interleave provided 
an overall performance improvement, 
though not as much as I would have ex
pected. The DOS Seek benchmark gains 
the most; the File l/O test showed little 
gains, if any (I would have expected little 
gain from this benchmark anyway, since 
it performs lots of ra.ndom re.ads and 
writes); and the I-megabyte File Read 
and Write benchmarks are split on gain 
and loss. 

The final figures are most surprising; 
optimizing interleave should improve 
throughput for those operations that read 
and write logically contiguous sectors 
(assuming that logically contiguous sec
tors are also physically contiguous on a 
track)- wh ich is exactly what the l • 
megabyte File benchmarks were de-

APPLEAND OOPS. 

APEACHOFAPAIR. 


Romeo and Juliette. Lucy and Desi. Fred and 
Wilma. Sometimes couples ju t eem made for 
each other. And now when you put Smalltalk/V 
and your Macintosh together you've got a 
marriage made in heaven. 

Object Orient d Programming was 
made for Macintosh. Smalltalk/VMac lets 
you develop Mac applications easier than ever 
before using the prototype style that Smalltalk 
is famous for. You also g t push-button debug
ging; multi-processing; comelete Toolbox 
aa:ess; MultiFinder compatibility; a rich class 
library; and a bushel basket of Smalltalk 
source code. All in otrr high-performance 32
bit architecture. 

came directly from Smalltalk research. This is 
no ca ual affair. 

Love, it is written, is not selfish or 
arrogant. So when you become passionately 
involved with Smalltalk/V Mac, your work 
is fully compatible with Smalltalk/Von IBM 
PCs (and clones} operating with DOS, OS/2 
and Presentation Manager. 

The new Smalltalk/V Mac sells for 
a peachy $199.95 and comes with our no
questions-asked 60 day money-back guarantee. 

If your dealer isn't into oors. order 
toll free, 1-800-922-8255. Or write to; Digitalk,
Inc., 9841 Airport Blvd., Los Angeles, CA 
90045. SmaJltalk/V and Apple. Now 

Interestingly enough, Macintosh was there's an 
made for oors. Much of the unique hardware ~~~~ng Smalltalk/VMacand interface design in Mac development 
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SPIN RITE 

Table 1: As expected, a 1-to-J interleave provides an overall performance 
improvement compared ro a 2-ro-J interleave. However, the performance gains 
are somewhat overshadowed by the seeks to and from the file access table. 

Benchmark 1·to·1 lntertesve 2·to· 1 Interleave 

DOS Seek 
1-sector 5.35 10.83 
32-sector 38.58 41 .49 

File 1/0 
Seek .15 .05 
Read 1.41 1.58 
Write 1.14 1.24 

1 -megabyte File 
Write 6.26 6.00 
Read 7.03 7.21 

NotH: All umes are"' seconds .~ 11'\0 File VO 1ead al'd wr110 tu'nes, wf'loch are 1n seconds per 64K by1es. Tr>e 
1vne ro< Fiie uo •S aJ)pl()aCl'llllQ the resolUllOl'l ol the bmil'IQ r00t1ne. FO< 1n(erva!S 11\al small, U'le "9"81·rt>-nocse raoo is 

gelt•ng <lange<ously low 

signed to do . An engineer from Gibson 
Research pointed out that I should be 
careful about what I was testing- what I 
was testing exactly. Simply reading a file 
involves seeks to and from the system's 
file access table, and the time required 

for those seeks might overshadow the 
sector 1/0 time. In all fairness, SpinRite 
did report the maximum possible 
throughput for each interleave factor; 
how the operating system performs its 
hard di k 1/0 could reduce any perfor

mance difference between differen1 in
terleave factors. 

A Must-Use Utility 
All I can say about the Gibson Research 
people is that they did their homework. 
The user interface is well thought-out 
and easy to use; all interaction is via an 
easy-to-navigate window system. The 
package comes with a hard disk and a 40
page user 's manual that is more interest
ing for its historical content (how the au
thors of the package made all their 
discoveries about hard disks) than any 
other information. The program is so 
well put together, I found I seldom re
ferred to the manual, anyway. 

SpinRite is no 14-disk grand-slam C 
compiler, but you shouldn't under
estimate its usefulness. If you have a PC 
with a hard disk drive that you spend 
mos! of your day relating 10, and your 
heart sinks every time you see the drive's 
bad sector list, SpinRite is what the word 
"must" was invented for. • 

Richard Crehan is a BYTE senior techni
cal editor ar large. He can be reached on 
BIX as "rick_g." 



At 17,400 bps and under $1,000 ... 

The new cluunpion is Courier HST~M 


The race belongs to the swift and USRobotks: 
that's why USRobotics' Courier HST The secret to our success? 
is "the champion". Partly, it's our innovative V.32 

In race after race among high asymmetrical data pump with 
speed modems. the Courier HST MNP ,.. Level 5 data compression 
outperforms the high-priced com delivering 17,400 bps... saving you 
petition. money on phone line charges. 

The writers at Data Communi Partly. it's our unique automatic 
cations and the independent test  fall-back/fall-forward which assures 

ing laboratory, Telequali:ty Associ you the fastest speed possible. 
ates. conduded in their head-to-head mcx:lem test: But there's even more to being '"the champi 

on" than that. 
"The USRobotic.a Courier HST modem, the 

Mostly. it's the security you get from know
lea.st expensive of an the modems tested, out

ing you are buying the # 1 rated modem.
perfonned an the pseudo-duplex modems on Ifyou are considering trading in your current 
the line shnulation tests ... " 

modem for a high speed modem. don 't get 
And PC Magazine calls the Courier HST. "the left in the dust. 

top price-perfonnance ratio at 9,600 bps." Get the new champion - Courier HST. 

Call 1-800-DIAL-USR 
In Illinois (312) 982-5001 

rnJi'ilobotics ' 
T e lntelhgem Cha1ce 1n Data Comrnurnca11ons 


8 100 North McCormick Boulevard, Skokie. Illinois 60076. 

• R.-i.!f'.d ftn.1 by D..~a ComrnwUatJoru: und.t:r frt:.qu~n"1' itttrounlitf'W h condltiot'i,. l:br.a Comm~adoru .May I !}88 


USRoboda.. Countf and H T llH IJlldem.Arb of u s Robotk:s, lnc Otha ecmnput~r and softwart: ~ Ktcnlkt\td by~ or ... ~U! 1rad~rwn.t'S Bind l ot tn.d~rk.sor t~r rnpi«1M mM1u!M.iwn1. 


Fo• "*>In !h< Unl!td ~om. ~.,..<Al Mo.llcom. l.<d . lp<Wl<h, !Onllbnd T.kphon< 04Tl Bl008 
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APPLICATION REVIEW 

Features 

vs. Speed 


FullWrite takes the 
feature-rich approach 
to word processing 

Diana Gabaldon 

C
ailing FullWrite Professional 
1.0 "full-featured" is an un
derstatement. It's a word pro
cessor for the Macintosh with 

all the attendant ruffles and flourishes , 
but it also ha many capabilities com
monly found only in desktop publishing 
packages. For example, it can wrap text 
around graphics, it mingles graphics , 
notes, outlines, and text, and it even has a 
MacDraw-like facility that lets you create 
simple drawings without leaving the pro

gram. For all its functionality, however, 
FullWrite also has some significant per
formance disadvantages that you may 
find limiting. 

FullWrite ($395) is produced by A h
ton-Tate, and it runs on any Mac Plus, 
SE, or II with at least I megabyte of 
memory, one SOOK-byte floppy disk 
drive, and a hard disk drive . 

FullWrite lets you choose from four 
displays: the icon bar, the outline bar, the 
change bar, and WYSIWYG. The icon 
bar displays symbols indicating the posi
tion of embedded notes, rulers, sidebars, 
and other fonnatting in a vertical bar to 
the left of your text. The 15 symbols 
aren't all intuitive, however, o it takes 
some time to distinguish between them. 
The outline display lets you view your 
document in outline format and can col 
lapse the outline to display onJy headers 
or only body. The change bar flags all 
changes that you've made to a document 
since the last session or the last save. 

The program includes an undo key , 

spelling checking with a 100,000-word 
dictionary and optional in-context check
ing capabiljty, and a 15,000-root-word 
(220,000-synonym) thesaurus . Format
ting functions include automatic 
hyphenation (with soft hyphens avail
able), adjustable-height headers and 
footers, and automatic table of contents 
and hierarchical index generation . 

Ful!Write also has features that you 
don't see in many other word processors. 
For example, Ful!Write lets you break a 
document file up into chapters and keeps 
only the chapter you're currently edjting 
in memory. And while Microsoft Word 
and other word processors have out 
liners , FullWrite's outliner not only ex
pands, collapse.s, and adjusts, but it also 
can outline over multiple chapters of a 
document. Most word processors let you 
footnote a document, but fullWrite gives 
you footnotes (floating or fixed), end
notes, posted notes (the electronic equiv
alent of3M's yellow Post-it Notes), con
tent notes , index entry notes, and bibl i
ography entry notes , and it lets you 
browse through them from any point in a 
document. 

The search-and-replace function i 
also quite sophisticated. In addition to 
text string and wild-<:ard searches, you 
can search for text with specific style at
tributes and even for invisible characters 
such as tabs, paces , and carriage re
turns . In contrast, Word lets you search 
for text and some attributes, but not for 
invisible characters. 

In some cases, the program also antic
ipates things you want to do and makes 
automatic adjustments. For ex.ample, 
whenever you enter specifications for an 
option in the layout box, FullWrite auto
matically adjusts related options. If you 
change the number of columns, the col
umn width changes automatically. 

And, as with Word, you can express 
things such as margins in terms of multi
ple units of measure: inches, centime
ters, picas, and points. But FullWrite 

oontinued 
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FullWrUe Proteaslonal 1.0 

Type 
Word processor 

Company 
Ashton-Tate 
20101 Hamilton Ave. 
Torrance, CA 90502 
(21 3) 329·8000 

Format 
Three 3V2·inch 800K·byte noppy disks 

Language 
Pascal 

Hardware Needed 
Mac Plus, SE. or II with a minimum of 
1 megabyte of memory (2 megabytes 
recommended), one SOO K· byte floppy 
disk drive. and a hard disk drive 

Software Needed 
System 4.1 or higher, Finder 5.5 or 
Multi Finder 1.0. FonVDA Mover 3 .6 . and 
LaserWriler Driver 5.0 

Documentation 
250-page spiral-bound Learning Guide 
30().page Professional Reference Guide 
Keyboard Shortcuts card 

Price 
$395 

Inquiry 891. 

also adds pixels to the list. 
In addition, Ful!Write lets you zoom in 

to display a full-page or even a two-page 
layout on a single screen . And if the 
available fonts and type sizes are insuffi
cient for your needs, FullWrite letS you 
specify a nonstandard-size font and kern 
existing fonts (two characters at a time) 
to improve pacing. 

FullWrite 's MacDraw-like facility lets 
you create simple line drawings, and you 
can paste irregularly sh.aped images 
from the Clipboard directly into your 
document and wrap text around them . 
The latter is a fairly complicate.d pro
cess, however, and involves putting the 
graphic into a sidebar to position it. 

Under the Get Info selection, sum
mary information is available for the 
document you're currently editing. Data 
includes the author, the revision date , 
and the time and number of keystrokes 
you've made . Word has a similar capabil
ity, but FullWrite also gives you charac
ter , word, line, paragraph, and page 
counts. The summary screen aJso in
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eludes a readability index that indicates 
the complexity of writing on a scale of I 
to 13 , with the numbers I through.12cor
responding to grade levels and the num
ber 13 indicating college level. 

Juggling Documents 
FullWrite lets you open and alternate 
between multiple windows containing 
chapters or documents. Th.e maximum 
number of windows you can open is 
limited only by available system mem
ory . On a I-megabyte system, you might 
find using windows to be impractical be
cause you run out of memory quickly. 
There are also multiple save and print 
functions that let you check off a list of 
documents for saving or printing. 

For document management , Full 
Write uses a virtual memory system that 
breaks long documents into smaller 
chapters . FullWrite keeps the current 
chapter text and formatting in memory. 
The rest of the file resides in a virtual 
memory file on di k. When a chapter be 
comes too large for RAM, FullWrite 
warns you to break it into more chapters. 

Technically, a chapter of 30 pages is 
about as much as a machine with l mega
byte of memory can handle. Practically , 
however , sidebars. graphics. indexes. 
and other elements quickly eat up avail
able memory and whittle a chapter down 
to ju ta few pages . 

An Auto-Save option saves the current 
ch.apter at user-selected intervals. Th.is 
feature can be more of an annoyance th.an 
a convenience, as chapter saves can inter 
rupt your work for several seconds, de
pending on the extent of the changes 
you've made since the last save. You can 
also set an auto-backup function to auto
matically create an archival copy of th.e 
entire document, but this process h.angs 
up your system for about 5 seconds. 

Ful!Write can read a variety of docu
ment formats in addition to its own. 
These include Word 1.05 , 3.01 , and 
3.02 ; Mac Write 2 .2, 4.5, and 5.0; Multi 
Mate 3.31; MultiMat.e Advantage; Multi
Mate Advantage II 1.0; and ASCII text 
files. However, Full Write can write only 
to Ful!Write, MacWrite 4 .5, and ASCII 
text formats . 

Slow Performance 
Th.e BYTE editors and I ran Full Write on 
several machines, including a Mac SE 
with l megabyte of RAM and an 800K
byte floppy disk drive th.at I had 
networked to an 80-megabyte file server; 
a Mac SE with 4 megabytes of memory. 
one SOOK-byte floppy disk drive, and a 
20-megabyte hard disk drive; a Mac II 
with. 5 megabytes of RAM. a 68851 

paged-memory-management-unit ch.ip, a 
video board with a 256K-byte color up
grade, an 80-megabyte hard disk drive , 
and one 800K-byte floppy disk drive; 
and a Mac Plu s with I megabyte of 
RAM. an SOOK-byte floppy disk drive, 
and a 20-megabyte Super Mac Data 
Frame small-computer-system-interface 
hard disk drive . 

FullWrite 's minimum requirement is 
I megabyte of memory , but you' II need 
more than that to make full use of the 
program. Ful!Write was slow to respond 
on the Plus , and I quickly ran out of 
memory on the I-megabyte Plus and SE 
when creating even small documents . 
My machine returned a Document is too 
bi g message after creating a five-page 
ch.apter with a sidebar and two graphics 
element . FullWrite ' s solution to this 
problem is for you to break the document 
into more chapter , but on a I-megabyte 
machine, you may find yourself creating 
more chapters than you bargained for . 

Other functions , such. as the thesaurus 
and spelling checker, are also quick to 
run out of memory. I wouldn't recom
mend using FullWrite on a machine with 
less than 2 megabyt.es of memory , and 
y0u ' ll probably need even more for big 
jobs. According 10 Ashton-Tate , users 
working on documentation or other large 
projects should h.ave at least 2.5 mega
bytes of RAM. 

Since Ful!Write runs best with lots of 
memory, BYTE's lab ran th.e word pro
cessing tests on the 4-megabyte Mac SE. 
In the keystroke count, search-and-re 
place, ASCII fiJe conversion, and scroll
ing benchmarks, Ful!Write fell behind 
MacWrite 5 .0 and Word 3 .01 (see table 
I) . In the search-and-replace test in par
ticular, Ful!Write lagged far behind 
Word and Mac Write . This function , on a 
4K-byte test file, took 94 seconds-near
ly four times longer than Word and three 
times longer than Mac Write . On the Mac 
11 , this number dropped to a more tolera 
ble 35 econds. 

FullWrite also fell behind when con
verting from ASCII to FullWrite format. 
Not surprisingly, these times improved 
substantially on the Mac II, taking 13 
seconds to convert the 4K-byte test file 
from ASCII and ju t 4 seconds to convert 
it to ASCII. 

During the scroll test, FullWrite 
paused to update the document at some 
page breaks while passing by others. 
These pauses occurred at different places 
each time I ran the test, and they account
ed for a 20-second spread in the resulting 
test times. Ashton-Tate attributes the 
poor performance to FullWrite's inter

co111i11wd 
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Now that the best name in 

CAD is this affordable,why

settle for a generic brand? 


Whac' sin a name? When it comes to the 
Autodesk name, a lot. In fact, ir's the best
selling, mo cwell-respected name in the CAD 
business. There simply is not another company 
with che credenrials to make chat claim. 

That' why you shouldn csettle for any
thing less than AutoSketch:' the best way to 
gee started in CAD. AutoSketch is the precision 
drawing cool from theAucodesk family of prod
uces. Not only is AucoSketch priced at just 
$79. 95,• but unlike some entry-level CAD prod
ucts, you don't have to keep spending more co 
add the features AutoSketch already has. Stan
dard features like boxes, ciocles, stretching, mir
roring and rotating- to mathematical precision. 
And advanced CAD capabilities like dynamic 
P and ZOOM and automatic dimensioning 
and scaling, in up to 10 working layers. 

CiTcU 38 on IWadlr~mce CmrJ 

Ofcourse, ifyou do want co move up from 
AutoSketch at some point, your files can easily 
be uploaded inco AucoCAD~ 

AutoSkecch runs on IBM• PCIXT /ATPand 100% 
compatible computers, and supporcs IBM's PS/2."' 

So if you' re ready for CAO, why not go with the 
name that rates highest among both critics and 
users? Anything else is, well, second-race. 

To order AutoSketch call 1-800-223-2521. 
or the name of your nearest AutoSketch 

Dealer or for more in
formation, caJI 1-800
445-5415 Ext. 1 or 
write co AucoSkecch, 
2320 Marinship Way, 
Sausaliro, CA 94%5. 

AUTODESK, INC. 

:c 


·'As~"6rslon (9times lastor). requlnng amotheopocessor, os B\llldable for $99.95. 

AuloSkelch and AlltoCAO are rll'IJ•Blered in the U.S. Palenl ond Traelomark Office by Auto<lesk. I ric . ISM and Por300al Computer ATate reglsuu&d 1rademat1cs of 
1ri1emalional &Jslness Mnchlnes Corporalioo. PersoMt Compu1er XT and PS/2 aro trademarka of lntematrono.1 Buslll4i1111 Machines Corporatk>n. 
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nal updating of the document; the com
pany could not explain why the pro
gram 's scroll performance varies with 
each test run. The number in the bench
mark table (74 seconds) is an average, 
but even the fastest time- 64 seconds
was substantially slower than MacWrite 
or Word. The Mac II, at 69 seconds , was 
only slightly better. 

A related area where FullWrite falls 
down is during cursor movement using 

R E V I E W 

FEATURES VS. SPEED 

the arrow keys on Mac SE and II key
boards . Text cursor movement work s 
normally when you're using the mouse . 
But when you press one of the arrow 
keys, the teir.t cursor moves even more 
slowly, and it disappears completely dur
ing the movement and doesn' t reappear 
until a second or two after you 've re
leased the cursor-move key. This is ag
gravating, since you can ' t keep track of 
the cursor during moves. 

Table 1: Ful/Wrile 's perfonnance was lacking in several ofthe benchmarks. 

FullWrlte 1.0 MacWrlte 5.0 Microsoft Word 3.01 

Keystroke count 203 177 185 

Scroll 74 60 43 
Search and reptaoe 94 29 26 
Reformat 2 a <1 
Save 3 5 2 
Load 5 5 2 
Word processing 10 ASCII 10 5 14 

ASCII to word processing 25 15 16 

Nole: All 1esls we<e perlormed 0<1 a M..:; SE "°'"II a ITIOU!;<l File """"5 •n 'M:J<d ...,..e e•eaited ""'19 lhe Fasl Sa.... 
opt>On. All 1.-000 818 .. socoo<ls 

ClnU lh n "t-or r . ~ . 
{h1111-. lh n c tor r . . . l" "'I 
[or... .- D•t• 91.J~ - •. 
!'}th bscu tiJk•• • 

C : D" I YC I'ht U<1 lu • K.uw • • • II I 
lie I I 
Ut It. 

'1 t ll 

Iii•lr' I 
•It• .: 
• Jr [ 

l it• a 
•: 

 An alternative is to use the Move 
menu, but this, too , is slow. The way 
around this is to use the keyboard short
cut keys, which instantly move the cursor 
to virtually any point in the document. 

Professional writers and other heavy
duty text dumpers often sneer at Mac 
word processors because they claim it's a 
nuisance to keep taking your hands off 
the keyboard to steer a mouse . However, 
FullWrite provides a full complement of 
other keyboard shortcuts that range from 
text format and style selection to win
dowing and saving a document. 

Minor Distractions 
It's difficult to think of many features 
that Ashton-Tate left out of this package. 
One drawback is that columns are ser
pentine only; there's no easy way to do 
side-by-side columns. Anyone wanting 
to do two-column manuscripts can still 
manage; you have to define the second 
column as a sidebar and use the page-lay
out function to set it beside the main col
umn of text. Thi requires some extra ef
fort , however , and is a bit of a kludge. 

FullWrite's WYSIWYG display mode 
continued 
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THE "DESKTOP 

PRESENTER PACK" 


Everything you need for creating and 

giving presentations with your PC. 

Now, you can make impressive, professional

quality, foll-color presentations of any kind right 
at your desk with The D SKTOP PRESENTER 
PACK. 

Everything you need is included: Colormetric® 
a high resolution graphics card for your PC, 
Picturelt TN business graphics software, and 
PCPrintmakcr®desktop printing software. 

With The DESKIDP PRESENTER PACK 
you will tum your personal computer into a foll
capability workstation for creating professional-

quality presentations quickly and easily. Then 
use your PC to give a video presentation in 
IOOO colors. 

Or make high resolution slides, overhead 
transparencies or hardcopy all in full-color by 
simply plugging in a SlideMaker® or color printer. 

Buy the DESKIDP PRESENTER PACK a nd 
make the best presentation of your career. 

See us at COMDEX 
Call today 800-556-1234, ext. 234. 
In Calif. 800-441-2345, ext. 234. 

General Parametrics Corporation the makers of VideoShow 

Berkdey. CA 41.S-S~-3950 
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You just 

won another 


big job. 


Since 1983. Primavera Project Planner has set 
the standard for project management software. Thats 
why you can trust Primavera with the most important 
project in the world ... yours. 

Contact us for details on our newest features. in
cluding Import/Export from Lotus 1-2-3 '8 and dBASE:ic 
on-screen graphics with customizing capability. and 
pure logic networks. 

Software you can count on 
to keep you in control. 

~ PRIMAVERA SYSTEMS. INC. 
Project Management Software 

Two Bala Plaza · Bala Cynwyd. PA 19004 

1215 i 667·8600 · Te lex : 910 997 048•1 · FAX: I 215166 7-n\94 


REVIEW 

FEATURES VS. SPEED 

displays fonts using fractional pixels. But 
the program may have a problem display
ing some fonts if you're using a version of 
Font/DA Mover lower than version 3.6, 
because earlier versions corrupt frac
tional font measurement information. I 
used version 3.6, which worked fine, and 
version 3.4, which made some fonts ap
pear rough or jagged-edged on-screen. 
But aside from the screen display, per
formance was unaffected; document lay
out, text processing, and font printing 
worked fine. 

Other than my problems on the Mac 
Plus, no significant errors occurred 
while I was using FullWrite, and warn
ing messages helped to prevent potential 
problems. 

FullWrite is easy to learn and use, and 
the documentation is well designed and 
organized. The package includes a spi
ral-bound Learning Guide, a Reference 
Guide, and a Keyboard Shortcuts card. 
Notes, tips, and warnings are liberally 
sprinkled throughout both manuals . 

Ifyou get into trouble, Ashton-Tate in
cludes 90 days of free technical support , 
provided you send in the registration 
card. The company also offers extended 
support, which entitles you to 15 calls for 
$50 a year. A monthly graphics newslet
ter, Random Lines, is also available, a.sis 
electronic support via forums on Compu
Serve, The Source, and an Ashton-Tate 
bulletin board. 

Bone of Contention 
FullWrite is hard to beat on features , 
providing elements of MacDraw, Page
Maker, and a sophisticated word proces
sor in one package. Unless you're doing 
book-size projects , this package would 
probably suit your needs for both general 
word processing and desktop publishing 
functions . PageMa.ker is more powerful 
than Fu11Write in terms of special effects 
and page layout, but Ful!Write is more 
than adequate for most desktop publish
ing needs. 

On the other hand , FullWrite has a 
ravenous appetite for memory, and it is a 
slow performer-especially during 
search-and-replace functions . h's best 
suited for Mac SE and 11 users with at 
least 2 megabytes of memory on-board. 
If you've got the resources and you ' re not 
looking for speed, however , FuJJWrite is 
worth a look. • 

Diana Gabaldon is the editor of Science 
Software and an assistant research pro
fessor ar the Cenrer for Environmental 
Studies at Arizona Stale University, 
Tempe, Ariwna. She can be reached 011 

B!Xclo "editors. " 
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A real time 
video digitizer 
for the 
VGA adapter. 

OCULUS™-10 lets you: 
• 	 Grab images of moving scenes into your computer 

From all standard cameras and VCR·s 
• 	 In either Monochrome or full, true colors 
• 	 With VGA resolution 

Contrary to competing products which take several 
seconds to scan an image, OCULUS"' -10 grabs 
images in 1 / 20th of a second or less. Our software 
updates them on your VGA board at a rate of up to 10 
images per second. OCUWS"' -10 gives you full 
freedom for: 

• 	 Digitizing Images of live subjects 
• 	 Framing 
• 	 Focussing 
• 	 Selecting IC8nes from video recordings 

Images can be saved in formats compatible with most 
electronic publishing and graphics software peckegee. 

OCUWS"" - 101 A half-size add-on board for IBM· 
compatible micro-computera: PC. XT. R . 388. and 
PS/ 2 models 26 and 30. The price? An unbelievable 

4 

Mail to .· ,_ '16 ~~ T· r1r•s r 1t n.Ht...t ..-t1q'1wa; 
111 I 11 J !::i.1 1l iJur 1•111 Ow l>cc J' udJ 

i·1T IV 

Please rush me an OCULus·· 10 board w11h utlinv sohware and 

Coreco 's 3 mon1hs warrantv. for 5495 !US currency) plus S15 tor 

sh1pp1ng 

NAME 

ADDRESS 
S1R£EI CITY 

STATE l/P 

PHONE 

0 VISA 0 MASTER CARO EXP 

CARO• . 

SIGNATURE . 



Big power 
for s maller systems. 
IJnle Board/ 286 is 1he newest 
member or our family of MS.DOS 
comtx1tihk Single Board Systems. II gives 
you the pownofan 1\Tin the rnhic inches 
ofa halfhcight 5 1/ 4" disk drive. It requires 
no backpla.111.:. h's a complete A T-compat
ihk sysrem tha!'s funct ionally c:quivaJent to 
t.he 5-board svsrem above. Rut . in less tha.n 
6% ofthevol~me. It runs a ll ATsofnv;ire. 
And its low-power requirt.:mem me.rn.~ 
high rdiahiliry and ~reat pt:rforman ·e in 
harsh environments. 

Ideal for embedd ed & d <.'<licated 
applications. 'n1e lowpoweraml 1iny 
form factor of IJttk f.l.oard/286 are pcrfccl 
for cmlx:ddcd microc:omputer applica
tions: data acquisition. controllers, 
jX>rtahk instruments, 1clccommunica
1ions. disklcs.s work.'itations. POS tnminals 
... virtually anywhere that small size ;md 
complete AT hardware and sofn-..'ar<: 
compa1ihilit)1 arc an advantage. 

you see here. 

THE AMPRO LlnLE 10ARD1M/l86 

Compare features. 
Hoth !>)'Stems offrr: 
• l!M llz CPL' 
• 512Kor IMbyieon
boardDRAM 
• 8<W!7 lll'Jth co-processor 
nrunn 
• Full set of AT·compatiblr 
controllers 
• l RS2.UC rorts 
• !'"Jr.!llcl printer pnrt 
• Floppy disk controller 
• EC:A/ C<;,\j\ln. llrrruk-,; 
vidt-n "[llions 
• 1\T·rnmjYJ tihlc hus 
l''1YJ11sinn 
• " i de r.in~ fJ[ 
ex1x111.1ion options 
• IB.\1-comr:nibk \\;ml 
Rmt BIOS 

But only l.inlc 
Board/286 offers: 
• ~- ~· - xir· form factor 

• ~GA/CGA/MDA/l i crrulcs 
on adaugluerboard 11i1h 
no incrr:ise in vo lume 
• SC.S I bus suppon for 3 

wide \'11ricty of dc-.ires: 
I lard disk to bubtile drives 
• On ·boord IKhit ~ria l 
EPR0.\1. 'i I! !JiL'i :n'ailafJk 
for Of.\ls 
• Two h)'1e·v.1de sockets 

for f.PROM/ RAM/ 

NOVW1 e.~p-Jn.sion 


I us;ihlc as on ·board solid· 

5latc disk) 

• Single 1·oiiagc operation 
( +S\IJ)C nn lj•) 
• l.css tmn I ow pov.~ r 
consumption 
• 0·60°C Opt'rJ tin~ rlJI!\(' 

T"'1o'ftl2rl:.' ATAl't- lllW C<J'I' 

Iltmalo- 1i<mllo Gomp T<dl 

Inc , ~IM llS-"llcrf.,~>fc <Mp , 

ULUt· Rum.l - Ampmc-.11mi;aiti:-n. In( 


B~tter answers forOEMs. 
I.ink Board/ 286 is not onJy;1 smaller 
answer, i1'sa beucr answer . .. offering 
the packaging !lexihilit)•, rdiahilit:y. low 
power consumprion and 1/ 0 t'llpahilities 
OEMs need ... ata very attractive price. 
And like all Ampro Li tt le Board products. 
Utt le Board/ 286 is available through 
representatives nationwide, and world
wide. for more informarion and th , name 
ofyourncares! Rep,call us rodayat the 
number below. Or, write for Ampro Liulc: 
Bo~rd/286 product literature. 

408· 734-1800 

Fax: 408-734-2939 TLX: 4940302 

~l=l::u:::::I 

COMPUTERS.INCORPORATED 

1130 Mountain View/ Alviso Road 
unnyvale, CA 94089 

Re~ A.u$ffalla -61 3 720-3298. ~lglum - 32 87469012. Canada - (61J.4J 43.8-0028. DMlll\llrlc - 45 3 6li 20 20, F1111and - 358 0 585·322. FrlllCe 331 4.502-1800. Gtmlllny. Wost -49 &9 611 -615! , 
bnl'l - 972 -3 49-16-95. ~-39 6 811-9406. Japan - 813257-26Jlj, Span - 34 3 204·2099. Sw!den - 46 B8 55·00·65. SdztNnd - 41 1 74(). 41-05. lWed ~-44 2 964·35511 . USA cootacl AMPRO. 
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APPLICATION REVIEW 

Remote-Control 

Communications 


Crosstalk's Remote2 

lets you control 
another computer via 
your modem 

Rick Cook and Paul Schauble 

A

remote-control communica 

tions program is indispensable 
for anyone doing software sup
port over the telephone. II lets 

you use a modem to look over the user' s 
shoulder to examine the system as it 
runs, enter commands, and check screen 
displays. The program is an enormous 
asset if you do software maintenance or 
support, and it is ideal for walking a user 
through a sequence of instructions. 

One such remote-control program is 
Remote 2 LO ($195) from the Crosstalk 
division of DCA in Roswell, Georgia . It 
consists of a program called R2Host , 
which runs on the user's machine, and 
R2Call, which calls into the remote com
puter. The programs run on MS-DOS 
systems in as little as 36K bytes of RAM . 

Remote-control programs are defi 
nitely useful, but they are very difficult 
to write . In essence, they are the ultimate 
terminate-and-stay-resident (TSR) pro
grams in that they go far beyond any 
thing MS-DOS was ever intended 10 do . 
They must wedge themselves invisibly 
between the applications and the operat 
ing system and transmit every keystroke 
and every pixel through a communica
tions port to another computer. 

Tbe remote caller needs to be able to 
do everything the user can do from the 
keyboard, as well as see everything on a 
remote display. Ideally, the remote pro
gram should be absolutely invisible to the 
user 's system. Everything should operate 

exactly as it does when the remote-con
trol program is not loaded. 

Unfortunately, no remote-control pro
gram is that good . Like all remote pro
grams, the R2Call/R2Host system has 
inherent drawbacks; however, it also has 
some problems all its own, especially in 
the way it handles screen displays . 

In addition to running a computer re
motely, R2Call/R2Host also provides a 
number of other features , such as file 
compression and error-corrected trans
mission, password and callback features 
for security , and a simple but usefuJ ses
sion management function that includes 
maintaining a comprehensive call Jog. 

R2CalllR2Host works over a modem 
or over a direct serial link . It handles 
both Hayes-compatible and non-Hayes
compatible modems. R2Host can handle 
calls from systems without R2Call, but it 
must run DCA 's Crosstalk XV commu
nications package. The program includes 
a reference card for the key combinations 
used to simulate control , escape , and 
other key combinations when running 
with Crosstalk . R2Host will even accept 
calls generated by about a dozen types of 
terminals, including the ADM-3A, the 
VT-220, and the IBM 3161. 

We tested R2Call/R2Host on an Ev
erex 386 PC running at 16 MHz with a 
USRobotics 2400-bit-per-second mo 
dem, and on an IBM PC switchable be
tween 4 . 7 MHz and 8 MHz with a Data
Fo"' 2400-bps modem . For the CGA 
tests , we used a Leading Edge Model M 
with the DataFox modem instead of the 
IBM PC. We a.lso tested the programs 
using a serial cable and a null modem 
connection between the computers' 
serial ports running at 19,200 bps. We 
had no problems with either the modems 
or the cables that could be attributable to 
the software .. 

Installation 
One of the best things about R2Call/ 
R2Host is the installation program. ln

conrinued 
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Back, 
by popular 
demand. 

Just a few yea1 sago. illega l hunt ing 
and encroochi11g ci vilization had al l bu t 
destroyed the .;i fl ig.;i tor population in the 
~outh. They were added to the o fficial 
l ist of end;ingered species in the Un ited 
States. 

o w al ligators have made a 
comeback. 

'.~ ,.._... ,, .. .. 
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REMOTE-CONTROL COMMU !CATIONS 

Remote21.o 

Type 
Communications program 

Company 
Crosstalk Communications/DCA 
WOO Holcomb Woods Pkwy. 
Suite 440 
Roswell, GA 30076 
(404) 998-3998 

Fonnat 
Two 5 1/4-inch ftoppy disks 

Language 
Assembly 

Hardware Needed 
IBM PC or compatible with at least 36K 
bytes of memory above that needed for 
the application software 

Documentation 
131 -page R2Host manual ; 107-page 
A2CaJI manual: quick reference card 

Price 
System (combined host and caller): 

$195 
Host only $129 
Caller only: $89 

Inquiry 889. 

stead of presenting a series of cryptic 
questions, it gives a screenful of text at 
each decision point that fully explains 
your choices and their consequences. 

For example, if you install the pro
gram to run over a serial link, the 
modem test step in the installation pro
cess naturally fails. The program not 
onJy tells you it failed, it also tells you 
this is normal and then warns you that it 
can't be sure everything is connected 
properly . 

Best of all. R2Call/R2Host asks your 
permission before adding something to 
your AUTOEXEC .BAT file. People with 
painstakingly crafted scripts in their 
AUTOEXEC.BAT files can tell the pro· 
gram not to mess with them , while aver· 
age users don't have to ma.ke manual 
changes to the file . 

The documentation that comes with 
the program is very good. It is clear, con
cise, and effective at explaining the basic 
features of both programs. 

For all its ease of installation, though, 
you can't expect an inexperienced user to 
successfully install R2Host without 
some hand-holding. There are just too 
many parameters that have to be set. Th is 
is inherent in programs of this type, 

which is unfortunate , because R2Host is 
the program that has to run on the ma
chine to be accessed (i.e., the one that 
will be out in the field). 

One peculiarity developed when we 
et up our test systems. The 80386 ma

chine was running an EGA-compatible 
Sigma Color 400 card and a color moni 
tor . but it also had a monochrome card 
installed. Although we told the installa
tion program we wanted a color display 
on that system and a monochrome display 
on the other system. R2Call/R2Host in
sisted on displaying through the mono
chrome card on the color system. And it 
wasn ' t until we plugged a monochrome 
monitor into the monochrome card that 
we got a screen display. 

This is deliberate, according to Cross
talk. However, there' s no message tell 
ing the user what is going on. If you don't 
have your monochrome monitor hooked 
up and turned on, you have no idea what 
is happening. 

Graphics Drawbacks 
Most of the problems we encountered 
with R2Call/R2Host were related to the 
screen display, especially trying to work 
with anything other than monochrome 
monitors . 

The program does not claim to sup
port EGA or VGA graphics. It doesn't 
support Hercules-style high-resolution 
monochrome graphics, and it treats cards 
that display CGA on monochrome moni 
tors as simple monochrome displays. 

R2Call /R2Host does support CGA-to
CGA connections in character and 
graphics modes, albeit with some limi
tations. When we tried running Lotus 
1-2-3 graphics, the system running 
R2Call locked up, and the screen of the 
system with R2Host had its foreground 
color set to 0 , leaving a completely blank 
screen. Both systems had to be reset. 

Once again, this is a severe test. Lotus 
is notorious for handling graph ics in a 
nonstandard and hardware-specific way. 
so failure was likely. The manual does 
warn that programs that do direct hard 
ware calls for graphics may not work. 

In practice, there were more limits 
than the ones the manual warned against. 
The program handles CGA all right, bu! 
only CGA to CGA, at least in character 
mode. (You can use an EGA card in 
CGA-emulation mode.) R2Call/ R2Host 
had no problem with spreadsheets and 
text between CGA systems. 

Although the program is supposed to 
handle CGA-to-CGA graphics, we found 
that they didn't always work. We at
tempted to run some of the demonstra

w minued 
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REV I EW 

REMITTE-CONTROL COMMU !CATIONS 

tion programs supplied with QuickBA
SIC 4. 0. Some of them ran, and some of 
them didn't. Animation programs pro
duced screen snapshots rather than mov
ing objects. However, programs that 
drew a Mandelbrot set and a sine wave 
worked. 

We also tested a character-based game 
on a CGA host and a monochrome re
mote; it didn't work . What we got was 
pieces of the command· line text scat
tered throughout the remote's display. 
Given the proliferation of color displays, 
the requirement that the displays match is 
a fairly serious limitation. It makes it dif
ficult to use the product to communicate 
with remote computers. and that is, after 
all, the reason it exists. 

This is further complicated by the way 
R2Call/R2Host behaves when things do 
go wrong . Don't expect warning mes
sages or simple refusals to function here. 
When R2Call/R2Host fails, it almost al
ways fails hard, locking up one or both 
machines. Since failures are so likely, it 
would have been nice if they were cush
ioned in some way- at least with a warn
ing message for when the user is about to 
try something chancy or, preferably, by 
refusing to run dangerous programs. 

Crosstalk says it is addressing this 
problem in the next version ofthe product 
(I. I), which should be out by the end of 
the year. But don't expect the problem to 
go away entirely. 

Unsettl ing Screens 

The display incompatibilities weren't the 

only problem with R2Call/R2Host dis

plays. The screen updating is an invita

tion to a migraine. 


You can ee what is going on with the 
remote system, but don't plan on looking 
at it for very long. The display updating 
is an annoying, eye-straining mess. 

Screen updates are slow, of course. 
Even over a 19,200-bps serial link, the 
djsplay can't be expected to match the 
speed of a memory-mapped PC display. 
This means that if you are typing text 
into a word processor, for example, the 
screen will lag by several characters. 

But that doesn't excuse the jerky, 
crazy way the display is updated on 
R2Call /R2Host. When you enter text , 
the screen does nothing for the better 
part of a second, and then the display 
jerks ahead with a burst of characters . 
The effect is extremely unsettling and 
makes it hard for even a moderately fast 
typist to work at the system. 

Worse, entering commands on the 
command line is difficult. If you make a 
lot of mistakes, you don't catch them be
cause you can't see them until you've 
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reached the end ofa command. Ifyou've 
already hit Enterout of reflex, you get an 
error and have to reenter the c-0mmand. 

Still worse, the cursor position bears 
little or no relationship to where the 
screen is updating. When typing in text, 
sometimes the cursor is behind the char
acters as they flash on the screen and 
sometimes it is ahead. The effect is ex
tremely distracting. 

To top things off, in a screen redraw, 
parts of the screen appear seemingly at 
random while the old screen remains vis
ible . In running QuickBASIC demonstra
tion programs, for instance, often the 
bottom third of the screen would show up 
first, followed by the top, and then the 
middle. Usually there would be parts of 
both screens visible at the same time for 
several seconds. Using, say, WordPer
fect 4.2 to type half a screen of text could 
drive you nuts. 

According to Crosstalk, programs that 
use the BIOS routines to move the cursor 
should be smoother, though few of the 
most powerful application programs 
work that way. Crosstalk also says that 
the revised version should be better with 
all kinds of programs. 

Remote Applkations 
With the exception of the screen update 
problem, when R2Call/R2Host works, it 
works well . 

R2Call/ R2Host maps the keyboard of 
the calling machine exactly onto the host 
computer: An Escape on the host is an 
Escape on the calling machine, and so 
on. The caller doesn't have to remember 
a separate set of keycodes for the host, 
and this makes things more intuitive for 
the caller. For callers using Crosstalk 
rather than R2Call, there is a set of alter
nat.e key combinations for the various 
specia.I keys, all spelled out in a refer
ence card that comes with the package. 

Also on the plus side, R2Call/R2Host 
ran perfectly with our local-area net
work, an ARCnet running Novell Net
Ware . We had no problems manipulating 
the network with either program. 

However , some application programs 
did not work. Once again, some of this is 
to be expected. TSR programs, or pro
grams that write directly to the hard· 
ware, make odd function calls, or other
wise behave badly, are always chancy on 
systems where MS-DOS has been pushed 
beyond its design limits. The manual 
specifically warns about several poten
tial problem areas. 

However, in some cases, we could not 
figure out why a program failed. Final
Word 2.0, for example, would not run . It 
would load , and the sere.en would come 

up, but neither system could move the 
cursor off the command line or produce 
any other response. The calling system 
finally had to be rebooted for us to get 
out of it. 

Fina!Word is a solid word processor 
that does not have a reputation for doing 
odd things to computers. Neither we nor 
Crosstalk have an explanation for its fail
ure to run. Therefore, we recommend 
that before buying Remote2 , you check 
the compatibility of the applications you 
intend to run. 

In contrast, WordPerfect 4.2 worked 
normally-given the irritating display. 
Microsoft's QuickBASIC also ran with 
out a problem. 

Except for the graphics, Lotus 1-2-3 
also worked normally over R2Call / 
R2Host . We could load 1-2-3 over the 
network, create or call up spreadsheets, 
and then manipulate them from either 
computer. 

File transfers were trouble-free . Both 
archived (compressed) and text file s 
moved both ways quickly and smoothly. 
There was a small difference in transfer
ring from the 80386 to the PC versus 
from the PC to the 80386, but not much. 

There is a real need for a program like 
R2Call/R2Host. If you are doing soft
ware support for remote locations , it is a 
great time saver. 

R2Call/R2Host gets very high marks 
for its installation program and for its 
manuals. Its functionality, however, is 
less satisfactory. Generally, it can be 
recommended only if you don't have to 
stare at the screen for a long time and if 
you are thoroughly familiar with both the 
host and target systems, as well as the 
software you are running and how it in
teracts with R2Call/R2Hosl. Otherwise, 
you will waste a lot of time trying 10 de
cide what is a problem with the applica
tion and what is an artifact of the 
R2Ca1 l/R2Host connection. 

At the very least, Crosstalk needs to 
do something about the horrible screen 
updates and install some kind of warning 
or interrupt system to keep incompatible 
programs from crashing the systems. It 
would be nice if the company could add 
better support for mixed-mode and non
monochrome displays as well. • 

Rick Cook is a freelance writer living in 
Phoenix, Arizona, specia.lizing in com
puters and high technology. He can be 
reached on BIX as "rcook. "Paul Schau
ble is an independent program developer 
living in Glendale, Arizona, who has 
been working with Uriix-based systems 
for over JO years. He can be reached on 
BIX as "pls. " 



Affordable CADD. And it's 
only the beginning. 

The CADD stands for Com· 
puter Aided Design and Draft
ing . With a suggested retail 
price of just $99.95, Generic 
CADD level 1makes the power 
of real CADD affordable. And 
it's just part of a family of 
Generic (ADD products that 
will make you more productive 
than ever before. 

Standard Mac interface for 
ease of use. 

Now you con produce accu
rate drawings with real world 
scale on the Mac Plus, Mac SE, 
or Mac II. You con edit multiple 
drawings in separate windows 
and cut and paste between 
them. CADD level 1 is also 
multifinder compatible . 

Symbol Ubraries boost 
productivity. 

From office furniture to spe
cialized electronics symbols, 
our Symbol libraries save you 
the time of redrawing repeti 
tive elements every time you 
need them. 

Add the power of real CADD 
to your Mac. 

Move your Macintosh draw
ings into the real world. Coll us 
ot 1-800-228-3601 for your free 
CADDalog or the name of your 
Generic dealer. And find out 
why we say the only thing 
generic about us is the price. 
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REVIEW UPDATE 

80386 Clones 
Revisited 

Nortbgate's Affordable 80386 

Our October Product Focus uncovered 
some outstanding machines among the 
20 low-cost 80386 clones we reviewed. 
But few oft.hose receive the kind of pub
licity generated by Northgate' s offering, 
a 16-MHz system retailing for an even 
$3000. Among our requirements for in
clusion in that review were that the sys
tem come in complete usable configura
tion , with a monitor, a keyboard, at least 
one floppy disk drive, and at least a 40
megabyte hard disk drive. Although the 
Northgate system arrived too late for that 
review, it eventually came equipped with 
all that we asked for , and more. 

Like many of th.e top-performing sys
tems we reviewed , the Northgate 386 is 
bu il t a round the AMl / Mylex 386 
motherboard. The board comes with 1 
megabyte of 120-nanosecond DRAM 
and a 64K-byte SRAM cache. Caching 
allows performance at 16 MHz with zero 
wait states . The design earned the system 
a 2.61 CPU index oo our benchmarks, 
tying it with the Zeos 386 Tower and the 
Spear Mono-386A for one of the highest 
ratings among the 16-MHz systems. 

Unfortunately , all th is processing 
power comes at a price: The board's lay
out limits future expansion. The system 
supports only an 80287 coprocessor (an 
80387 c:an be added using a daughter
board), the 32-bit memory ceiling is set 
at a low 4 megabytes, and memory up
grades must be done by the 
manufacturer. 

Northgate's most highly touted fea
ture is its 65-megabyte MiniScribe 
3650R hard disk d.rive , coupled with an 
Adaptec 2372 controller that allows run
length-1 imited en<:oding at a l -to-1 inter
leave. Only Zeos, using the same con
troller , was able to match Northgate's 
hard disk capacity. 

The drive's actual access time specs 
are not outstanding at 40 milliseconds , 
but Northgate claims that its drive/con
troller subsystem attains high through
put . Our disk benchmarks, which con
sider both access time and throughput , 
gave the combination a disk index of 
1.38, about average for 40-ms drives. 
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Application benchmark results were 
mixed , with the drive scoring well on the 
relatively disk-intensive Spreadsheet 
tests (2.75) but giving a poor showing of 
I. 34 on the most disk-intensive Database 
benchmarks. Zeos 's 386 system, using 
the Adaptec with a Seagate ST277R 
drive, turned in a better disk perfor
mance overall. 

It's hard to rate qualitative features 
like monitor clarity and keyboard feel, 
but the most outstanding part of the 
Northgate design may well be the ergo
nomics . The 102-key keyboard has an 
excellent tactile response, and the keys 
are generally positioned for comfortable 
typing. The 14-inch white-phosphor 
flat-screen monitor looks and acts like 
the fine Everex model. 

On the whole , the system was a solid 
performer. Its combined application in
dex of 10.05 put it right beside the Spear 
machine and ranked it seventh out of the 
21 reviewed clones. The whole Northgate 
package, which includes DOS 3.30 and 
GWBASIC, is well put together and a 
good buy for $3000. In terms of sheer 
performance, though, there's little to 
distinguish it from the rest of the high
speed crowd.-Steve Apild 

Apple's Scanner 

Since the October review of low-cost 
Mac scanners, Apple has introduced its 
own Apple scanner , priced at $1799. 
Like the competing scanners, it closely 
resembles a flatbed copier. The Apple 
Scanner requires no external power sup
ply or SCSI adapter box; a power cord 
(supplied), SCSI terminator, and SCSI 
adapter cable (not supplied) get you set 
up. You can change the scanner's SCSI 
ID with a push-button selector dial if it 
conflicts with aoother SCSI peripheral. 

The scanner can handle an 8 If: - by 14
inch document scanned in as line art , as 
a halftone , or as a 4-bit-per-pixel gray
scale image, for 16 gray levels . Scanning 
resolution (from 75 to 300 dots per inch) 
is user sele.ctabl.e , and you can save the 
image as PICT2, Tagged Image File For
mat, or MacPaint files. However, you 

can ' t open files saved as TIFF or Mac
Paint. I can understand thi s limitation for 
MacPaint files , since information is lost 
saving the image as a 72-<ipi black-and· 
white MacPaint image, but the inability 
to open TIFF files doesn 't make much 
sense. 

Three disks of software are supplied. 
Tbe first contains a VideoWorks II tuto
rial. The second disk has the AppleScan 
application, Scanner INIT, and Laser
PrepfLaserWriter 5 .2 driver files. The 
third disk holds the Scanner INIT and 
HyperScan , a HyperCard version of 
AppleScan for use with HyperCard 1.2. 

I tried the AppleScan application on a 
Mac II with 5 megabytes of memory , an 
AppleColor monitor, and a Mac II video 
board. Scanning times were slow (about 
47 seconds for an 8'h- by 14-inch line 
scan, and nearly 2 minutes for a gray
scale scan of the same image), but the 
quality is very good. The application is 
reliable- no system bombs. The manual 
doesn't tell you that you must first con
vert gray-scale images to halftone 
images before you can print them. But 
printing to a LaserWriter II NTX worked 
fine, and the quality of the images is 
excellent. 

I also tried Caere Corp.'s OmniPage 
optical-character-recognition applica· 
tion, priced at $795, with the Apple 
Scanner. It requires 4 megabytes of 
RAM and a 68020 processor (either a 
Mac II or a Mac SE with a 68020 acceler
ator board) . The OmniScan OCR appli
cation drives the Apple Scanner directly . 
You can select either image scan (200, 
240, and 300 dpi) or text scan (300 dpi). 

I let OmniScan do a text scan on sever
al pages from BYTE. The application 
automatically recognized the columns of 
imaged text, even when the font changed, 
and converted them to ASCH text . Align
ment, as the manual points out, is criti
cal. If tbe page is misaligned even a few 
degrees, the character-recognition soft
ware generates spurious characters. As 
you might expect, OmniPage does a bet
ter job on large-size text with a simple 
typeface (such as Helvetica) . While by 
no means perfect, OmniPage goes a long 
way toward automating document scan
ning. - Tom Thompson 
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NEWI AMI 80386 MOTHERBOARDS NEW! 

~ 
BIOS AOM• 
(ATCom~J 

JE3025 Pictured 

80386 Power and AT Compatibility 
in an XT Footprint! 

The AMI 80386 motherboards are available in either 16MHz or 
20MHz versions. The AMI 80386 motherboards fit Into an XT, 
AT or Baby AT chassis so that the board delivers 386 power/ 
performance and AT compatibility In an XT footprint size. The 
motherboards are ideally suited tor a variety of applications 
including Multiuser (Unix, Xenix, PC MOS), Networking (Novell, 
3-Com), CAO applications (Autocad) and Muttitasking (Windows, 
OS/2, Desqview).. The board features one 8-blt slot six 16-bit 
slots and one 32-bil slot as well as 80387-20 math co-processor 
capability tor the JE3025 and 80387-16 for the JE3020. Both 
motherboards are keyboard switchable between low and high 
speed and 1 or 0 wait states. The 20MHz board features a Norton 
SI rating ot 24.2 in the 20MHz mode, while the 16MHz board 
features a Norton SI rating of 18.7 in the 16MHz mode. AMI 
BIOS ROMs are included. RAM is mounted on a 32-bit expansion 
card (Included) which utilizes (72) 41256-100 (JE3025) 256K 
chips to reach 2 Megabytes (the JE3020 utilizes 41256-120 
chips). A daughterboard is available (Part No. JE3030) Which 
accepts (72) 511000P-10 1Meg chips for an additional 8 Mega
bytes. bringing the total memory of the system to 1oMegabytes. 
BIOS options include built-in set-up and diagnostics. Special 
features Include 64K of high speed static cache RAM on the 
motherboard and the AMI EGA BIOS which allows for incredibly 
fast EGA performance when shadowed. • Size: 8.5" x 13" 
• Weight: 4 lbs. • One-Year Warranty 

Part No. Descriplion 

a... 32..Btt E<porur.icn 
(~)Slot 

~~....-- ~~)6:!.El.parur.lon 

OneS.Bd~ 
(luo) Slol 

,___---~~-

JE.3030  6 Megabyte Daughlerboerd Option (Zero-K RAM) 

RELATIVE PERFORMANCE 

Price 

JE3020 
JE3025 

16MHz 80386 AT Compatible Motherboard (Zero-KRAM)•• 

20MHz 80386 AT Compatible Motherboard (Zero-K RAM)••••••• 

$1399.95 
$1699.95 

JE3030 8 Megabyte Daughterboard for JE3020 and JE3025 (Zero-KRAM)•• ••••• •• ••••• • $299.95 
256 For complete product line, request .lameco's new 74 page 1989 Catalog 
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BM Compatible PC/XT/AT 1Motherboards 1-YEAR 
WARRANTYI 

IBM AT Compatible 
12MHz 80286 Motherboard 

• ExpandabJeto 1M8 RAM 
using 256K DRAM chips-tr 

• Expandable to 4MB RAM 
using lMB DRAM chfps~ 

·Expandable lo 2.SMB RAM 
using a combination of 256K 
and 1MB DRAM chiPS* 

• 8 or 12MHz hardware or 
keyboard selectabte operation 

· Front panel LED Indicators 
supported 

• Six 16-bit and two 8-bit 
expansion bus slots 

• AMI BIOS ROMs included 
• Zero wait states 
• Selectable RAM chip SPeed 

(80 or 100 nanosecond) 
• 80287-8 Math 

Co-processor capabllity* 
• Nor1on SI rating of 13.7 
• Size: 13" x 8.75" 
• ~ight 2.25 lbs.. 

One Year Warranty! 

JE3QQ5 8/12MHzATCompalibleMotherboard •• $329.95 
IBM PC/XT Compatible 

TURBO 8MHz Motherboard 
· Expandable to 640K RAM using • 8087-2 Math 

4164 and 41256, 150ns chips'il' Co-processor capabilltyv 
• 4.77 or 8MHz hardware or • Perlonms at an average 

keyboard selectable operation speed or 75% taster than 
• Front panel LED Indicators the original LBM PCfXT 

supported • Norton SI rating ol 1.7 
· Eight expansion bus slots · Siie: 12" x 8.5" 
·AMI BIOS ROMs included ·Weight: 1.75 lbs. 

One Year Warranty! 

JE1001 4.77/8MHz PCIXT Comp. MotherbOard •• $89.95 

IBM AT Compatible 
16MHz 80286 NEAT Motherboard 

·Expandable to 1MB RAM ·AMI BIOS ROMs included 
using 256K ORAM chips or • Supports all NEAT 
4MB using 1MB ORAM chips* functions Including shadow 

• Addlllonal 1MB with 256K RAM, EMS 4.0, RAM 
DRAM SIPs or 4MB with 1MB re-mapping, selectable wail 
DRAM SIPs tor a total ol 8MB* states. etc. 

• 8/12 or 8/16MHz hardware • 80287-10 Math 
or keyboard selectable Co-processor capabllilY* 

· Front panel LED indicators • Norton SI rating of 15.6 
supported • Size: 13" x 8.S• 

• Six 16-bit and two 8-bil • ~ighl : 2.25 lbs. 
expansion bus slots Latest 

One Year Warranty! Technoloqv! 

JE3010 6/12/16MHzATCompatibte Motherboard $499.95 
IBM PC/XT Compatible 

TURBO 10MHz Motherboard 
• Expandable to 640K RAM uslng • 8087-1 Math 

4164, 41256 & 41464 120ns chips* Co-processor capabllity11 
• 4.77 or 1OMHz hardware or • Performs al an average 

keyboard selectable operation weed or 100% faster I.hen 
• Front panel LED indicators lhe original IBM PCfXT 

suppor1&d • Norton SI ratlng ol 2.0 
· Eight expansion bus slots • Size: 12" x 8.5" 
• AMI BIOS ROMs Included • ~ight: t .75 lbs. 

One Year Warranty! 

JE1002 4.77/lOMHz PC/XT Comp. Motherboard $109.95 
See Jameco adverUsemenl on page 438 for RAM and Marh Co-processor pricing 

• Quality Components • Competitive Prir;ing • Prompt O.livel'y • (4151 592-8097 257 
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1(11$1J IBM™ COMPATIBLE COMPUTER KITS 
Jameco's new IBM PC/Xf/AT compatible kits allow you to build your own computer and come with oomplete step-by-step assembly 
fnstruclions. FREE Word Processing and Diagnostic Software Included! 

Please note: JE3008 and JE3013 shipped in 1 box (35 lbs. total) - JE3002 and JE3003 shipped in 2 boxes (50 lbs. total) 

IBM AT 12 Hz Compatible Kit IBM AT 16MHz NEAT Compatible Kit 

• Free! QAPWS .. 
Diagnostic Soltware • Free! OAPLUS 
Included! Dlagnostk Software 

• Free! PC Wrlle IncludedI 

Word Prcx;esslng 
 • Fteef PC Write 

Software Included! 
 ~ Ptocessing 

Software Included! 

80281·8 Math Co


• 80286 CPU, Optional 
• 80286 CP4 Optional 


processor Capablllty 
 80281·10 Math Co
processor C8pability• 512K RAM lncludecl

see c:tescrlp. on page 257 	 • 2 Megabyte RAM 
for expandablltty Included, Expandable

• 8 or 12MHz Keyboard to 8 Mega.byte

Switchable Operation 
 • 8or16MHz w 

• AMI BIOS ROMs Keyboard Switchable 
Included O,,.ratlon

• Save $144.57 • AMI BIOS ROMs 
Shown wllll EOA Oplkln (not Included) Included 

JE10!9 MM/tor and~ c.td S5fU5 • Save $208.85 
(SM1Nf19Mo) 

P9tt No. Price ...., No. ~ Price 

JE300S 81• 2MH> BatJll Ah~otnerw.•o....•.• . ....••..•. $329.95 JE3010 12116MH&NEATA'l'Motno,_........... . ... $499.95 
tz.,...~ AAM - inelud06 AMI BIOS ROM$) (Z0<0-K RAM - rnci-. AMI BIOS ROMll 

JE1016 Ennanced AT Style Keyboard.................. 69.95 JE1016 Enhanced AT Style Ksyboard................. 69.95 
J E1 019 Baby AT Alp-Top Case... . . . . . . . . . . . . . . . • . . . . 69.95 JE1019 Baby AT Rlp-Top Casa. . • • • • . • . .. • • • • • • • . . 69.95 
J E1 022 5.25' OSHD Disk Drive !Beige 8e:tel). • • • • • • • • • • • 109.95 JE1022 5.25' OSHO Disk Dthle (Beige BeieQ. . • . . . • • • • 109.95 
JE"I 032 200 Walt Pcwer SuppJy. • • • • • • . . . • . . . . . . • •. • . . 89.95 JE1032 200 watt .Pcwer Supply. . . . . • . . . . . . . . . • • . . . 89.95 
JE1043 360Kl720K/1.2MBl1 .44M8 Aoppy Controller..... • • 49.95 JE1043 360K/720K/1 .2MB/1 .44MB Floppy Controller. . . • 49.95 
41256-100 512K RAM C 18 clllpi;)..... .... ............ , • 224.82 511000P-10 WB RAM 118 cllfpsJ.. . . . ........... . . ... 719.10 
s... ff44.57 	 Regular List $944.52 ..... $208.85 R9J1Ulltt List $1608.80 

JE3008 IBM Compallble AT 12MHz Kit •••••• $799.95 JE3013 IBM Compatible AT 16MHz: Kit, , , , , $1399,95 
IBM PC/XT 8MHz Turbo Compatible Kit IBM PC/XT 10MHz Turbo Compatible Kit 

.•. • FtWI QAPLUS. Diagnostic Softwa19• Freel QAPLUS 
lnc{tJdedl Diagnostic Software 

lncfudedl • 	Freel PC write 
'4bTd Processing• Fteet PC Kttte ~~ Software Included/ *>I'd Processing 

Softwam Included/ • 	640KRAM 
Included• 	256K RAM Included, 


Expandable to 640K 
 • 4.77 °' 1 OMHz 
Swilchable Opettttion• 4.77 or BMHz 

• AMI BIOS ROM 
111111111 -1111111 Included

SWitctrable Operation 
• 	AMI BIOS ROM 


Included 
 ,· • Multi 110 C8rd 
• Saw $192.50 • Sawt $128.06 

,,.,, No. ~ 	 Price 

"-'No. o..c:rtplion Price JE1002 4.77/IOMHz TLJrbo Malherl>oard. ........ .... ..... $109.95 
JE'I001 4.77/8MH!t urbo MoCherl>oonL . • . • .. ..•.••••••..• $89.95 t:Zll<o-K RAM - includes AMI BIOS ROMl 

(Z..o-K RAM - Includes AMI BIOS ROM) JEl014 Turl>O Fllp..TO!) case. . • • . . . • • • • • • • . . . . • • • • • . • 69.95 
J E1010 Flip-Top Cai;e. • • • . . • . • • . . • • • • • . . • • . . . • • . • • 34.95 JE1015 XT/AT Compatible l<Bvl>Oar<I. . • • • • • • . . • . • • • • • • • 59.95 
JE1015 'l:r/AT COmpa~ble Kayboard.. • • • • • . . • • • • • • • . . • 59.95 JE1021 5.25" DSOD Dis!< Drive (Beige Bezel). • • • • • • • • • • • • 89.95 
JE1020 5.25' OSOO Dfsk Oriue CBlack Bezel). • • • • • • • • • • • • 89.95 JE1031 Mini 150 watt~ SuJ)l)ly. • • • • • • • • • • • • • • • • • • 69.95 
JE1030 150 Watt F\)wet SUpply, • • • • . • • • . • . • • • • • • • • • • 59.95 JE1071 Multi 110 wllh Controller aoo Graphics.. • • • • . . . . • 119.95 
JE1040 360K Floppy ConlroUer. • • • • . . . • • . . . . . • • • . . . . 29.95 AMBER 12• Monochrome Amber Mollil()(...... • • • • • . • • .. 99.95 
J E1050 Mooo/Gtaplllcs card wllh Printer Pott. . . . . . . • • . . . 59.95 4164-120 Parity RAM l2 chips). . • . . . • . • • .. • . . . . . . • • • • • • 5 .. 90 
AMBER 12" MonociiromeArnberMooftor •••• .•..•.••.... 99.95 41256-120 512KRAMj18chlps1•• •• •••• •• •••••• • •• ••• • 215.10 
41256-150 256KRAM(9chlps)......... ............... 103.41 41464-12 128KRAM(4chlps)................... .. .... 51.80 

"'S12&00 	 Regular Ust$628.01 we SU>Z.H RegulaTList $892.45 

JE3002 IBM Compatible PC/XT 8MHz Turbo Kit •• $499.95 JE3QQ3 IBM Compatible PC/XT 1 OMHz Turbo Kit $699.95 
258 For complete product line, request J'ameco's new 74 page 1989 Catalog 
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1· YearJa IBM Compatible Computer Products Wananly! 

IBM PC/XT Compatible ~ Baby PC/XT I AT Fl'ip-Top and Slide Cases 
Flip-Top and Slide Cases · • Metal hou9lng IWld ehassls • l\/W.-rlc:CXl9llld 

piasllc laee giole • Filo-loo/slide models ....ii. 
New iide~ "lable! allle • Bad< Ola wfth 8 llXl)anslon lloll and 

power euPQly moun1 • Sw1 cl1e5 on front tor 
Turbo mode anQ Re""'I • lnd1c tot Wghll lor 
Powet Turbo mo<le, Hard disk Operation · Key· 
boar<l IOci< wilh 2·"8y set • Will hold up ID one 
llard and Ma loQPV dlM>s • AH n<!Oi!Uilly haid
ware Is lnduc!OO • C<lior. Beige 
• Size IJE1014): 14.5'W x 11"0 x 6.75"H 
• Weight 17 lbs . 
• ~e(JE1018:'JE1019): 17.125'W X 1ro 

x 6.S"H • Weight 21 fbs. 
JE1 014 RIP-Top B>by Xl Tumo CMe $69.95 
JE1018Slldellabyl·.TCaw•••••. 569.95 
JE1019 Alr>-Top Bab\o Ar ea..... . . $69.95 JE1019 

IBM PC/XT Compatible150W Power Supplies IBM AT Compatible 200W Power Supply 
+SVDC @ 1SA RedU(;ed Pricing! 
- SVDC @O.SA + 5VDC @20A 

+12VDC @ 5.5A 
- 12VDC @ O.SA 

• ln~I : 90VAC-130VAC 47-63Hz 
(110/220V switchable) • Oulllut· 
+5V 0 15A. -5V C 0.5A. +12V 0 
5.5A.  12V00.5A • ,,,ugcompallble 
connec1ora • Bui ll-io Ian • Sile 
(JE103Q)· 5.5'W x 9.5"0 x 4.625'i-I, 
WL; 6 lbs. • Site (JEt031): 6.25'W x 
6"0x6"H, W : 5 lbs. · Spec. Included 

JE1030 PC/XT...... S59.95 

. . 

L 

" =I ~ 

- SVOC @0.5A 
+12VOC @8A 
- 12VDC @ 0.5A 

• lnput:90VAC-130VAC @47-400Hz 
(I 10/220V swllchable) • Output : 
+ 5V 0 20A.  5V(t O.SA. + 12V 8A. 
- 12V 0 0.SA · Plugcompallble con
neciors • Built-in fan • Size: 6.5'\. x 
5.88'W x6"H • Wfllght: tHbs. • Spec. 
included 

JE1031 BabyPC/XT . . $69.95 JE1030 JE1032.. . . . . . . . . . ...... .. ... ... . . .. $89.95 
Floppy Disk Drive Controller Card 360KB/720 KB/1.2 MB/1.44MB Floppy 

for IBM PC/XT and Compatible Computers ~ . Disk Drive Controller Cards 
• Run up to four 360KB disk 
drives • Includes cable for two 

~for IBM PC/XT/AT and Compatible Computers 
· The JE1043 dews COM8Cl>On ol one or two 
JClOKB, 720KB, 1..2MB DI 1.44M8 llopJJy disk 

Internal drives • DC37S con
nector allows for an addillonal 

~es · The J E \049 allow.! ainnecllori Of up ID 
lour 3601<B, 720l<B. 1.2MB DI 1 .44MB lloc>Pv 
<isl< drlll9o • The JE I 049 cximm W1lll a oc3t$ 

two e>Cternal drives (external OOfl('8dor aPowlng two exlemal drMis to be 

cable not included) · Complete 
with manual 

OOMeCted (exlemal cable not included) • Bolh 
un111 il1CU:ie cable kif two 11temal dllik drives 
and manual 

JE1040........ $29.95 
JE1043 2·DnYU Controller••• • •• $49.95 
JE1049 ~-Ot1Ve Controller•••• • • $59.95 

Expansion Memory 2Mbyte Memory - r~~ --------------··1 r· ..-- --· ·· Half-Card for IBM PC/XT Expansion ------ ....... --··1.~··:- :·.': ·t1 

,- ~~ ..: ' l 

- • • •• • .r ~ : - ~ :and Compatible Computers Card for IBM AT 
· Expands Your syl!lem 10 the maximum and Compatible ·~"'· · ~ ·- - · ··· .... i __:,' •• . , 

6-COK tuiro-K on-board) • Accepts either Computers 
64K memory chills (4 164) or 256K chips • 2Mbyte (zero-Kon board) memory expansion card lor the IBM AT or oom
(41256) • Eightpossiblemernoryconflgur- padble computers • umizes (72) 41256· 120ns chips for lhe lull memotY 
ations ranging lrom 64K to 576K · flUI any capacity ol 2Mbytes • Oilers conventional, expanded and extended memory 
!1101 (except slot 8 on IBM XT) ·Manual capabilities · Fealuras.auto•panlychack· EMScompalibledrtver· RAM disk 
Included and Print Spooler software Included • Manual included 

JE1080....... . .... ... .. . .. .. ... ... . $49.9S JE1081 . .. . ...... . . . . . ..... . . . ..... $119.95 


IBM PC/XT/AT Compatible Keyboards 

• 84· keY • AT style layout • lllctilc touch looyswltches • Switch :ielectable 
between PC/XT er AT · lllumloaled LEO Indicators for Num Lock. callS Loek 
and Scroll Lock · Low prome dnlgn • Manual Included · Color: Beige 
• Sile; 19.5"W x 7.5"0 x l .33"H • weigm: 4.6 fbs. 

· IOl· key · Enhanced kevboard layoot · Tactile touch l<eyswltehes • 12 lundloo 
keys • I umlnaled LED lncflCBlors for Num Lock, Gaps Lock & Scroll Loci< • Se1>
arute cur.ior pad · Low profile de:ilg n • Automatically switches bet'MM!n PCIXT 
or AT· ManuallnCluded • Color: B<!igoe • Siz;e · 19"Wx8"Dx t .33"H • Wt:4.61bs. 

JE1016.. . . ... . . . . . . . . ... . ... $19;95 $69.95 
JE1015.... . . ... .. .. . .. ... . .. .. .. . . . $59.95 
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DISPLAY· MONITORS CTX 

Casper 14" EGA 


and MuHiscan Monitors 

for IBM PC/XT I AT and 

Compatible Computers 

Tho IM!i15A EGA Mondor and ™5155 M~tlgync 
Mondor ""' kleol lof told as wQ!I as CAD d otll 
~ics 11ppllc81icn1.. 9olh rnonik>.-s com<l with ~ 
Wl/swlval base. mMual and cable. 

™5154 CSpeca.J: • EGA/CGA compelibiljty • Input 
009 (Tll.> • Scannlnog lreq.: 15.751<).Q 10 21 .SSl!Hx 
• AoeoMion· 720. 350 (max.] • Band'wlcllh: 251dHl 
•Size: 1S-Wx 14.2S~x 1'4'H • V\\>IQll1: 351bs. 

CTI< 14" RGB Color Monitor 
for IBM PC/XT/AT and Compatible Computers 

• Input: 089 (RGB) • Horlzonlal acanning 
lreQuency: 14.Skltt to 17.8kHz • Video band
width: 18MHz • Display nrea: 13..1 • dla'll(lll<llly 
• ResoluUon: 640 x200 • Conlrols: (Front)
Brf0tlln9M. Conlr88t V-Hold: (Rear) H-Ptlase, 
H-Hold, v-un.. v-sae · 70W • Swttcil !Qr 
Ambet, Green orColor screen • Size: 14.6-W 
x 15,5-0 x 13.6"'H • Weight: 27 lbs. • Com
patible with JE1052 and the JE1055 (see 
below) • Cable and manual included 
CTX2410 . .... . ... $279.95 

TM51$4 

TM5154 14" CGAIEGA Mon1tor • ..• •• .. •• .••••••• $399.95 
JE1055 EGA card !UsedwllhlM!i1!i4 and lM5155 Monilllfll •• $159.95 
JE10S9 TM5154andJE1055 SAVl!'$40.00.•••••••• $519.95 

TM5155 (Speca.): • MDII. C6A. EGA, PGC, VGA oornpa6bll11Y • DB9-pln mare connectllf 
for rn. and oa15-pln """.,..,.. ,.,. analog lnpul . Solit<:ll on back lor Tl\. o< AnaloQ ' 
Input • Sc&nnU'!I heciuend<I ' 1$.5kHl: lo 40l<Hl • Max. rnokJIJc>n 800 • 600 • Bind· 
wfdlll: <IOMHz • Size: 15~ x 15'0 x 13..5~ • \lllolght: 35 lbs. 

TMS1 SS 14" MDAJCGA/EGA/PGC/VGA Mon tor•••••••• $549.95 

NEW! 13" VGA 

Monitor and 


Adapter Card 

Thi$ ~A pack&(Je o~~ a eiear 13• 
color display With lhe ablllty to dis
play up lo 256 colOrs simurtrutoouSly 
from a palette ol 262, \44. The fully 
oompalibltJ VGA curd frQm All ~?
potla all VGA modes. 
Fee:tures: · 13" Color Screen • Max. 
re:iolution; 800 x 560 · Bandwidth: 
17MHz • 256 colors lrom a palette 
ol 262.144 • Upgfllde~ 11ny PCIXT. 
AT or hardware oompaUble 10 VGA 
graphics • Sol1sense Aulomalic 
Mode S\lrilc;hlng compat<>blllty with 
VGA. EGA. CGA. MDA, HGA • Anti· 
renecthre coatoxl. non-interlaced, 
licker-tree screen • Size (monitor
onlvl: 15"W x 15.5"0 x 11.25"H 
• Weight: 30 lbs. 

JEVGA VGA Color Monitor and VGA Card••••• $649.95 

VGA CompatlbUtty 
at EGA Prices! 

NEW! RIX EGA Paint 2005 NEW! 
This powerful EGA Paint program gives you the following and much more at a reasonable price: 
• Pop-up menus · Zoom image windows • Image library • Color mixing capability • Small function 
allows you lo save your image in 50% to 90% less disk space • Text editing with 9 to 72 point and 
34 contemparary fonts • Line smoothing capability • Capture capability • Mouse or keyboard operation 
• Print capability for almost any dot-matrix, color, or laser printer available • Slide show capability 
allows creation of presentallons • Plus much, much more! 

EGAP EGA Paint 2005••••.••••••••••••••••••••••••••• $89.95 

12" Amber Monochrome 
Monitor for IBM PC/XT/AT 
and Compatible Computers 

• Input 099 {TTL) • Bandwtdllh: 20MHz 
• Horlwnlal ocannl09 hequency; 18.432kH~ 
• Cheracier dlsplay: 80 charac1ers x 25 rows 
• Weight: 19 lbs. • Size; 12.S'W x 12"D x 12"H 
• Coml)Atiblew/JE1050.JE1055anc1JE1071 
(see beloW) • cable and manual Included 

AMBER. . .......... $99.95 


IBM PC/XT/AT Compatible Display Cards 

Monochrome 

Graphics 

Adapter 


for IBM PC/XT/AT 


Compatible with 

18 Mooodlrome Ind 


Herculn Graphica Slandard8 
The JE1050 Is a monochrome graplllcs card with parallel printor port ai'ld 
lieatures lhe loik:Nring: • Text mode: 80 x 25; Graphics mode: 720 x 348 
• Compact hall-card · Parallel Jl(ln18r lnt rtace with tran&ter ralS up lo 1000 
characle~ per 5CCOfld ·Manual included 

JE1050..... ..... . - .... . . . .... - ..... $59.95 

Enhanced Graphics 
Adapter 

for IBM PC/XT/AT 
ComPltible with 

8 Enhanced Graphics S ndafd 
The JE1055 Is an IBM EGA/CGA/MDA/HGA compatible card featuring ine 
lollowiflll : • TeKI mode; 80 x 25; Graphicll mode; 720 x 346 • Rfiervvd video 
la'*" and feature conne.;10rs • Light pen inlerface • 2561< llideo RAM • Oip
swllch on back ol card allows changi09 ol swll.ch settings wlthoul openln9 
case • Oisplays 16 out ol 64 colors · Manual tnelud«I 

Color Graphics 

Adapter 


for IBM PC/XT/AT 


Compatible wlth 

IBM COior Graphics Standard 


The JE10S2 l!I a color graphic$ edal)ler card capable of opera609 wilh eilher 
tBM RGB or composite monochrome monitors and leatures lh following: 
• Purallel print1.1r port • Toxl m«les: 40 x 25 or 80 x 25: Graphic mOdes: 
320 x 200 or 640 x 200 · Ugh! pen interlace • Includes composite llldoo 
monilor adopter · Manual included 

JE1052............................. $49.95 


Multi 110 
with Controller 
and Graphics 
for IBM PC/XT 
Compatible with IBM Monochrome and HerculH Graph ca Standard• 

TheJE1071 rsa mu!!i l/O card with lllx 8dckln runt1ions. u onl)' one ilol and realUI"• 
lh8 ~: • Texl mocla: 80x25; Graphics mode: 72.0x3ol8 • One RS232C 5erial 
oommunlcalXln pOrl CexpandaDle IO IWO - - page 2113 fO< 2nO 5efla! Poll Kh)
seleclablll larCOMI tflnJ COM4 ·Game pon •AB time clcx:kfcalendll wilh repl8ceable
b9llecy back-up • 5.25" flopp)I disk onve concroller capable ol handling up lo two 360K 
dttYes • P- ptlnler por1 • PM! spoo1e< softw re • Manual and c:atile$ indudecl 

JE1071 ....•.....•.••...• • .. ..•.... $119.95 

For complete product line, request Jameco's new 74 page 1989 Catalog 
JE1055............................ $159.95 
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NEW! 3.5" AND 5.25" FLOPPY DISK DRIVES NEW! 


The JE1020, J£10~1. JE1022. FDS!58, FDSSGFV - nnooa DO NOT tncludol-. - 1111ppl)t Cllblem. ·rnoum/ng - .. QI rnAl\Uals. All dlalc - ............... ss.oa, 

See page 66 for Diskettes and Accessories 

FLOPPY DISK DRIVE ENCLOSURES l.mtM) 

Mitsubishi 720KB 
3.511 Internal 
Floppy Disk Drive 
for the IBM PC/XT/AT 
and Compatible Computers 

~Ilona: · 720KB lotmatted storage · Double-sided. double-density 
• 135TPI· 160tracks• Rotationspeed: 300rpm • Tracktolrackaccesslime: 
3ms • Full lnstal al!on documenla.tfon lneluded • Size: 5.75'W x 8.25'D x 
1.'75'H • 'A'olght: 1.7 lbs. 

MF353B . . .. . . . . . .. . .. . .. . ..... . . .. $109.95 


Jameco 5.2511 Half 

Height Drives 

for IBM PC/'AT/AT 


and Compatible Computers 

Jf1 022 

JE1020 - IBM PC/XT/AT Compatible · 360KB, 
double-sided. double dengify • 48 TPI • 80 trael<s 
• Spec included •Color (bezel) : Black • Size: 
5.75'W x 8. 131) x L63'1-i • Welght: 2.7 lbs.. 
JE1020..... .. .. . ........ .. $89.95 

JE1021 - IBM PC/YU/AT Compat. . Same sceca 
as JE1020 excepl comes with beige colo< bez&I. 
JE1021· •••...•.•....•..•.•. $89.95 
JE1022 - IBM AT Compatlb141 (AISO compatible 

IBM PC/XT wt1eo used w/JE1043 and JE1049. 
see page 259) • 1.2MB, doubl&51ded, high density 
• 9G T?I • 160 tracks • SP6(l lnclOOecl • Color 
(bezel) : Beige • Size: 5.75'W x 8.13"0 x 1.63"H 
• Weiglit: 2.7 lbs. 

JE1022.•.•..• . .......... $109.95 


TEAC 5.25" Half 
Height Drives 
for IBM PC/XT/AT 

and Compatible Computers 

FD55B - IBM PCl'IIT/AT Coml*lble • 360Ke. 
double-sided, double density • 48 TPI • 80 track.S 
• S~c Included • Color (beczel) : 51uck · Size: 
5.75-W x 8.13'0 x 1.63'1"1 • Wl!lgtu: J.3 lbe. 
FD55B•.•• ... •.•..•••• • •.. S99.9S 
F055GFV-18M AT Compatible (Also compallt>le 
with lBM PCIXT v.hecl u:ie<I with JE1043 and 
JE1049, see page 259) • 1 .2MB. OOUl>le-sicled, high 
~ • 00 TPI • 160 lr!llCll!i • SP0C ~ 
• Color (be2el): Black • Si~: S.75-W x 8.13"0 x 
1.W'H • Weigl'(: 3.3 lbs. 

FD55GFV........••••..... $119.95 


Mitsubishi 1.44MB 
3.5" Internal 
Floppy Disk Drive 
for the IBM PC/XT /AT 
and Compatible Computers 

Jncludas 5.25" ~frame lot IBM PC/Y:rlAT and compabllle con.,.i!etti. May 
reQU9$ DOS 3.3 lor operation. Also ~bble ..;tt 720KB lloppy di5l<s. The 
MF3SSB ls~ iMth tile JEt 043 and JE1049 lntet'laoo 08tds (see page 259). 

Speclll catlons: · 1.44MB formatted alorage · Double-Sided, high densi ty 
• 13STPI • 160 lracks ·Rotation speed: 300rpm ·Track to track access 
time: 3ms • Full lnSlallation documentation Included • Size: 5.75 "8..25'0 
x 1.75'H . Weight: 1.7 lbs. 

MF355B . ........................ . . $129.95 


Tandon 5.25° Full 

Height Drive 

for IBM PC/XT 


and Compatible Computers 

IBM PCIXT Compatiblel 

TM100-2 - IBM PC/ XT Compatible • 360K8. 
double-sided. double densltv • Fun height drive 
• 48 TPI • 80 trackS (40trackS per side) • Rotalion 
speed: 300rpm • Track 10 lrBok aoces:i Ume: 5ms 
• Documentation ncl udecl • Color (bezel): Black 
• s~e : s.75"W )( a.oov x :i..38"H • Weight: s lbs. 
'TM100-2 . .•.•. ... •. ... ... $99.95 

3.5" Floppy Disk Drive Enclosure • 
Houses One HaH-Height 

3.5" Disk Drive 

{Hori%ontal Mount) • Fower: +12V Ci! 1.2A. 
+ Sv O t.OA • Te.1<1ured beige paint • SIOt 
lor data cabfe • Complete wllh pawer 
supply, switch, power cord. fuse holder 
and connectors• Size: 5.B7"W x2.2511 x 
11.5"0 • \'klght; 6 fbs.. 
DDE3HH......... $59.95 


Dual 5.25" Floppy Disk Drive Enclosure 
Houses Two Half·Height 

5.25u Disk Drives ,, ·: 
(V'enlcal Mount) • f'bwer: 2 x SV • 1.0A'. 2 x 12V 0 
I .2A" ("nol simultaneously) • Textured beige paint• Data 
cable ttreln rellel for operation sak!ty • Complete with 
power llUppl~ switch. power cord, ruse holder end con
nec1ors • Slz.e: 3.S'W x 5. 78"·6. 1~ (slope) x 12.87' 
(bottom) - 13-.13"0 (top) • Weight: 6.5 lbs. 

DDE2HH... .. .. . . . .... . • $69.95 

5.25" Floppy Disk Drive Enclosure 
Houses One Full-Height 

5.25" Disk Drive 
tHort.001111 Mount) • F'llwer: +sv 
ft 1.0A. 12V Cl! 1.2A • Textu red 
beige paint • Slot !or data cable 
• Unit comes complete wilh P<)Wef 
supply. switch, ~r cord, lu.se 
holder and conoec.tors • Size: 
5.87'W x 3.2S"H x 1 \ S O 
• Weight; 6 lbs. 
DDE1 FH. . . .. $59.95 

5.25" Floppy Disk Drive Enclosure 
Houses One Half·Height 

5.25" Disk Drive 
(Horixonllll Mo unt) · Power: + 12V @ 
1,2A, + 5V O i .OA • Textured beioe paint 
• Slot lor data cable • Complete with 
power wppty, switch. power cord. luMI 
holder and connectors • Slze: 5.87'W x 
225"H x 11.S-O • 'M!i<;lht: 8 lbs. 
ODE1 HH•......•. $59.95 

• Quality Components •Competitive Pricing •Prompt Delivery • (4151 592·8097 261 
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&)>Seagate HARD DISK DRIVES &}>Seagate 

20, 30, 40 and 60 Megabyte Half..Height Hard Disk Drives&'Seagate for the IBM PC/XT I AT and Com1patible Computers 

Seagate Hard Disk Drives provide !he IBM PCJ'JITJAT or compatible computers with 20, 30, 40 or 60 Megabytes of formatted 
capacity in a shock resistant, half-height package. These drives are easily installed and ideal for applications ranging from 
rugged Industrial use lo quiet office and home environments. High reliability is assured through the use of LSI and a 
single circu it board. The drives may be purchased with or without controller cards. Controller cards are capable of con
trolling two hard drives. Cables provided for connecting one hard drive only. 90-Day Warranty. Documentation included. 

ST225 (20 Megabyte) : · Available for PC/XT or AT · Track to track 
access time: 20 msec. max. • Average access time: 65 msec. • Data 
transfer rate: 5.0 Megabits/sec. • Tracks '. 2,460 • Bytes per (rack (for
matted) : 8,704 • Read/Write Heads: 4 • Cylinders: 615 • Sile: 5.75"W x 
8"0 x 1.63"H • Weight: 5 lbs. 

Part No. Description Price 

20MB Hard DjSk Drive Only fOr IBM PCl>Cf/AT and compatibles 
ST225 (MFM Controller nooded)••••••••••••••••• $224.95 

20MB Hard 015!<. Drive, MFM Controller and Cable5 lor IBM PCIXT 
ST225XT and compatibles • •• • •• •• • •• ••• •• •• •• •• $269.95 

20MB Hard Disk Drive, MFM Controller, Software end Cables lor 
ST225AT IBM AT and compalibles ••••• • .•••••.••.•• $339.95 

Seagate ST225XT 20MB Hard Disk Drive Kit 

ST238 (30 Megabyte): · Available for PC/XT or AT • Track to track 
access time: 20 msec. max. • Average access Ume: 65 msec. • Data 
transfer rate: 7.5 Megabitslsec. · Tracks: 2.460 · Bytes per track (for
matted): 13,312 • Read/Write Heads: 4 • Cylinders: 615 • Size: 5.75'W x 
8"D x 1.63"H • Weight; 5 lbs. 

Part Ho. 

ST238 
30M8 Hard Oisk Drive Only for I BM f'Cfl(fI AT and compalibles (RU. 
Controller neOOod tor oporalion)•••••••.•••.• $249.95 
30MB Hard Disk Drive. RU. Controller and Cables lor IBM PC/XI' 

ST238XT and compallbl..., •••••••••••••••••••••• S299.95 
30MB He.rd OiSk Drive, ALL Controller end Cables lor IBM AT end 

ST238AT compaliblea. •••••..••••.••••.•••.••• $389.95 
Seagate ST238XT 30MB Hard Disk Drive Kit 

ST251 (40 Megabyte): · Available for PC/XT or AT · Track to track 
access l ime: 8 msec. max. • Average access time : 40 msec. • Data 
transfer rate: 5.0 Megabils/sec. • Tracks: 4,920 · Bytes per ltack (for
malted): 8,704 • Read/Write Heads: 6 · Cylinders: 820 · Size: 5.77"W x 
8"0 x 1.63"H • Weight: 5 lbs. 

Part No. Description Price 

40MB Hard Disk Drive and Software Only IOr IBM PC/"J(f/AT and 
ST251 compahbles (MFM con1r0Uor needed)•• • •••• •• • $429.95 

40MB Hard Dlsk 0.-iw. MFM Controller and Cables for IBM PCIXT 
ST251 XT and compalibles. ••••.•• •• • •• •••• • •••• $469.95 

<iOMB Hard Dfsk Drive. MFM Con!roller. Software end Cables for 
ST251 AT lBM AT and compalll>IM.•..••••• • •••••••• $539.95 •

NEW! Fast 28ms 40MB Hard Disk Drive and Sofrware Only for IBM 
ST251 -1 PC/XT/AT ana compat1bl~ (MFM controller !liJWa<JI • , $499.9 5 Seagate ST251AT 40MB Hard Disk Drive Kit 

ST277 {60 Megabyte): · Available for PCIXT or AT • Track to track @ 
access time: 8 msec. max. • Average access time: 40msec. • Data transfer 60 
rate: 7.5 Megabits/sec. • Tracks: 4.920 • Bytes per track (rormatted) : Mega· 
13.312 • Read/Wrile Heads: 6 ·Cylinders: 820 • Sii::e: 5.77"W ll 8"0 x bytel 
1.63"H • We ght: 5 lbs. 

Part No. Description Price 

60MB Hard Disk Drive & $oltware Only for IBM f'CIXTI AT & compal
ST277 ibles (Rll. Controller needed lor operntlon)••••••• $499.95 

60MB Hard Oisk Drive, RLL Controller and Cables for IBM PCIXT 
ST277XT and compatibles•••.•••.•••.•••..••• . • $549.95 

60MB Hard Djslc Ori....,, RU Controller nd Cebles lor IBM AT tind 
ST277AT compaOllles••••••••••.•••..• , . , •• , •• $639.95 

5eagate ST277AT 60MB Hard Disk Drive Kit 

See Next Page for Hard Disk Drive Controller Cards 

262 For complete product line, request Jameco's new 74 page 1989 Catalog 
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1-YEARMULTIFUNCTION INPUT/OUTPUT CARDS WARRANTY! 

RS232 Half Card 

for IBM PC/'AT/AT and Compatible Computers 


• Fils 1ne d lr!iCUU 1.0 use half card :;101 or any 
Jong Slot· AS232 card comes with ooe ready
to-90 serial port • Expandable to 2 ports by 
user (parts for eJ(S)anSion nol included - see 
below for 2nd Serial Port KIO • Sel.octa.ble 
lor COM1 thru COM4 · The user is able lo 
select addresses lor pom A and Bas well as 
lnlerrupl requests • Manual Included 

J~1~1 

JE1061 RS232 Card for XT•••••• • • •• •• , • •• $29.95 
JE1062 RS232 Card for AT••••••• •••• • •••• $34.95 

Multifunction 

Card 


for IBM PC/XT 

and Compatible 


Computers 

The JE l 078 leatures.: • Add up lo 384K t,?ero-K on-board) using (54) 4164"s 
• Parallel printer port • RAM disk and prinl spoofer software • One AS232C 
serial communication port • Seleciable lor COM1 or COM2 · Game port 
• Real-I me ciock/calendarwl1h replaceable battery back·up · 4.77MHzoper
alion • Manual and cables included 

JE1078. .. . . . . ........... .... . . . .... $69.95 

3Mbyte Memory 
Expansion and 

Multifunction Card 
fQr IBM AT and 

Compatible Computers 
The JE 1082it a 3MB Mulnlunetlon Memory EllJllUlslon cercl IOr the l8M AT 1111<1 compatiblo 
c;omp.illlrS. E.llpand.tblo 10 3MB (ZO<O-K on-bOarcll wllh 1108141256-120 cllipa Can be 
us<Ml as expan<lod (up 10 2MB) O< exmnoded memo<y (up to 3MB). Also included Is one 
Serial pro (oelaclabie ''"COM 1 Uuu COM4) o•l)llndoble 10 two {IOO right for Znd Sertal 
l'O<t Kill. paral~ port and gamo pon. ~ boer<l IOr expansion to 3M6. RAM Oi$k/ 
Prinl SDOOiot Sollw:ue and manual 1ncludod. 

JE1082........... . .. . ... .. . .... . . . $169.95 


Input/Output Cards 

for IBM PC/XT/ AT and Compatible Computers 


Four Functions on Ons Cardi 

The JE 1060 and JE 1065 lnpuVOulpul cards 

fo r the IBM PC/XT/AT leature the lolloW1ng: 

• Parallel prin ter part • RS232C serial com· 
municat lon port {expandable to two bv user 
sae below lo< 2nd Serial Port KIO • Selectable 
lorCOMl l.hruCOM4 • Allifitytochan99lnter· 
rupt roquests on all ports · Game port · cables 
and manual includecJ • JE 1060 (OnlY) : Real· 
time clock/calendar wi th replaceable battery Je1060
back·up and prinl spooler software included 

JE1060 1/0 Card !or XT••• ••.• ••.•. •.•. • . $59.95 
JE1065 110 Card fo r AT..•• • ••.••. ••••••• $59.95 

IWO-aeebe!OW lor 2ricl SoriaJ POl1 Kit) · Selec1&lllt 'or COMt lhlU COM4 •Game porl • 
A<tai-tlme dockcatenclai (JE 1079 only) • J.5' 5.25'" floppy disk drive oontrollef ~ ol 
handling up IO IWC 360l<, 720K. t.2MB or l.44MB driVes • Parallel printer port • Print 
apo<M111 so.flware • Manual ancl MlllM lncllldM 

JE1079 Mulll 1/0 and Conlrol1erlor XT••• ••.••• $79.95 
JE1077 Multi 1/0 and Controller !or AT••••••••• $79.95 ' 

The JE1 077/ 1079 are rnul · II() carda JE107ll 
with up to 5 addilional loaturas · One AS232C ser\!11 (Xl<llmunfcalion port (eJllandabl 

Jem.,..fira HARD/FLOPPY CONTROLLER CARDS NEW! 

Second Serial 
Port Kits 

lor J E1060, J E1061, J E1062, J E1065, 
JE1071 , J E1077, JE1079 and J E1 082 
• Kits contain ell componenis and lnstruc 
ons !or adding a2nd Serial Rlt1 IO ll10 atxlYe 

card 11 • The new SSP4 is a high-speed 
YOr&ion lor the JE1062, JE1065, JEI077 
and JE 1062 - Some soldering required. 

SSP3 2nd Serlal l'bfl Kil lo< JE1060, JE1061 . JE1071 & JE1079 • • •••• • • S9.95 
SSP4 Hi-Speed 2nd SGlial f\>rtKiUO•JE1062'. JE1065.JE1077 &JE1082 S14.95 

Hard Disk/Floppy Hard Disk/Floppy 
Controller ·~ _,:.~ ~2-: ~ :Controller 

for IBM PC/'AT and for IBM AT and 
• -.· I • t _: '" ' : '-., Compatible ComputersI ·1 ... · ;. ·- . . . Compatible Computers -,~; 

:~ :_: '.~~ . 
,.- ~ -~ · _ , 

The JE1CM4 Is an 8-bll lloppy and >- ~>·-.: :.._~ .~ .i',, . :
MFM hard disk conlroller !or the IBM 
PCIXT and compabble computers. 
The JE 1044 will allow oonnecoon of up lo two hard disks and two floppy 360KB 
drives. Cables are Included IO allow connecilon of one l\ard disk and 1wo 
now,. dis!< drives. To oonoec:t a second hard disk drive, an additional cable 
wt.fl De reqtif8d. 

JE1044. . . . ....... . .... . ...... . ... . $129.95 


RLL Hard Disk 

Controller Cards 


for 181111 PC/XTI AT and 

Compatible Computers 
The JE 1()42 ls an 8-b!I RLL hard dl>ll 
oonll'Olk>r card for 111e IBM PCIXT and 
compalibln compu ters.. The· JE,042 
5hould be used With han:I dJ""8 de!llgned 
Jar RlL lormo111ng such "" Iha Seaga1e 
30MB $T238 and 60MB Sf277 C.Obl<>s JE1047 
allCI documon18tion Included. 

JE1 '042 RLL PCIXT Hard Disk Controller Card ••• •• $99.95 
Th&JE10471•• 16-bll Rl.Lhard dlskconln:illMlo<!he IBMAT andcompa6bleoompul1!1&. 
Tri" JE1()47 lhoukl De used wt1n Mr<l dW<a d"oignea IOt RU !ormal!ing IUCll U ll>e 
Seagate 30MB ST238 and OOMS ST277. Callies and <loeumenlllbon incfude<I.. 

JE1047 RLL AT Hard Disk Conlrol ler Card ••.•.•• $189.95 

The JE 1045 ls a 16-bit l'loppy and MFM hard dtSk conlroller for the IBM AT and 
compadble computers. The· JE 1045 Will alow connection of up to 1wo hard 
disk drives and l!!!'t combination ol two floppy disk drives (360KB, 720KB. 
1.2MB and 1.44MB). cables are included 10 aflOw connection ol one hard disk 
and two floppy dislc drive.$. To conned a second hard disk drive, en additional 
cable will be required. 

JE1045................ . ........... $149.95 


MFM Hard Disk 

Controller Cards 


for IBM PC/XT/AT and 
Compatible Computers 

JE1041 I 
Tho JE1041 rs an 9,.bJt MFM hard dlsk con1roller card !or the IBM PC/XT and 
compalible compule<s. The JE 1041 can be used with many types ol harcl d isk 
drlwls Including the Seagate 20MB ST225 and 40MB ST25 1/ST25 1-1. Ce.blos 

and documentalion included. 


JE1041 MFM PCIXT Hard Disk Controller Card• • ••• $79.95 

ltieJEIG46 lo~ 1 S-bll MFMhatddiskooolrolk!< kl•thelBM Arand oompafibleoompul..._ 

The JE I 046 can Ile ute!I wt11' many NrO Clitk att.u lnctudirlO 11\o $ea031e 20MB 
ST22S and 40MB ST2S1tST251 • 1. Cetlles o.nd <10eumen111tkln lnclOOOcl. 

JE1046 MFM AT Hard Disk Controller Card••.••• $129.95 
•Quality Components •Competitive Pricing •Prompt Delivery • (415J 592·8097 263 
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Logitech M8 Mouse 
for IBM PC/'iIT/AT and Compatible Computers 

. 

' AD925 {not lnclu<led) 

1 

for IBM PCJY:r/AT &PS/2(Modet 25, 

Tllil LOGIMOUSE C7 l<!at>Jrn• oPIO·mechanlcal 
ll!<>hnology, P<OQf11111mal)l(i baud JlltO up to 9600 
b&ud, and o.xcellenl lrecklng. LOGJMOUSE 11 fully 
compatibla with 1111 m<K1118-buod •PJlficellon pro
grams (e.g. Auk>Cad, MS Wlndcwa, etc.). logllech 
PLUS (l9CICago softv.Ml lt!ialllrllllddv<!t$. LOOIMENU 
1Program11111tllo Pap-up Menu Systom),CUCll '"°IS 

SHEU.(b-1.o!uS 1·2-3),andPOINTEDITOR(Mouso 
Ba.....s Program Edl'lnr). The C7PUJS rBQufres one 

MICE, MOUSE PAD AND SCANNER _ LOGITE .....H 


Prevents Dirt Contaminaffonl 
Cleans, protects and prevents wear on your mouse's rol ler ball. Sensitive, accurate and prevents dirt 
contamination. Tough non-skid neoprene backing with smooth gliding anti-static plastic coating on top 
surface. Size: 11 "L x 8.S"W 
MP Mouse Pad ••••.•.••••.•.••••••••••••••••••••••• • ••••• • • . • • • • •. $5.95 

Logitech ScanMan Hand-Held Scanner ~ 
for IBM PC~/AT &PS/2 and Compatible Computers ~ 

The Logitech ScanMan Portable Scanner makes adding ~ 
graphic images to computer documents affordable! 

The ScanMan offers tile largest handheld scanning window available  a lull four nches al 200 dpl resolulion (most 
scanners only ofter 2.5 inches}. Graphics are scanned dlr@Clly to the powerful ScanWare•Graphlcs edit.or wl'lere a lull 
range of paint utilities and tools are available for editing lho scanned image. 

ScanMan combines POWVr and ftexlbllllY In one neat package. Scan dJrectly to the powerful graphic& edil0<, direcuy 
lo a life, or to an MS Windows• clipboard using !ml Logitech W\n$c;an• utility. 

You can scan photogreotis. newspaper and magazine articles, books. drawings. kloos and business cards. Scanned 
lma~s may b& stored and used in many ol the mo:ll popular applications, including: LOOllECH Publisher. Aldus 
PageMakcr , \lentura PubtrQier", PfS: First Publl8her"', ZSoft PC Paintbrush and many, many more. lnoludea driver 
controller card and cable. · Site: 5.25"W x 3.5"0 x 1.25"H • Cotor: Light Gray · ~-veer Warranty 

SCAN ScanMan Hand-Held Scanner. Software and Driver Board •••••••••• $199.95 

The LOOITECH M8 mouse Jealures oplo-mechanical leclmology at a com· 
petftfve price. This new tv«HJullon mou~ reQulres one male OB25•pln serial 
POrl and comes wllh a female 0625 cable assembly. A 0625 to 069 adapter 
(A0925, see bePow) may be neede<l IJ Ule serial POr1 \IOU Pian to use has a male 
089 connector. The mouse comes standard with e six loOt oord and foaturos 
200 dpi resoruUon. • Color: Ught Gray • Size: 3.ei.. x 2.7"W x 1.06"H • One
'rear warranty 
Pan No. Description 1-9 11l-99 

MS MS Mouse with Orilll!r Sollware. • • ••• , 
0025-pin male to 08&-pln female adapter 

AD925 tor Serial appllcallons. ••••••••••••••• 

Logitech Desktop 

Publishing Mouse 


and Software 

for IBM ~nt:r/AT & PS/ 2 (Model 30) 

• nd Compatibkl Compute,. 
Thia""""lotbt.d )'91- IO uoedeMlop 
pUbli.:hi"ll ~ lncludM lhe L09ii.c:h 
s..illl (C7PLUS """'"" - right) or BUS 
Mouu lr!vht). flt.US Package Softwore 
-..d--dMklop publlohing-.... 
TM.~ ia ·thm c:ompl- oalLllion far 
p90pa.who-nl IDpn>d...,.g.- laolti"!I, 

-~lklcummllll-fwMnv 
ID .....nw • lol orcomi>iu ccmmando ..,,.j 
lypogi9plliealiargon. lt'o MKylDlam. IHI 
ll>UM,andlt~J<Kl~"""tto)'O!'need
riwht now. • ut.tlma Warranty: ~US 

..,,.j BUSM<NH<><ilr ----- 
A1$19 '--&rt... 'lbu don'I h8118 IQ be a ~le des19ner IQ Qel P<OlessJonal. 
quality results. C<eato and t!<l•I text right on Ille -. The oeCi<11QO otler.I deSIQn 1em,. 
plates. outc>me11c ~ul In 1-4 columns. ulomntk: Sow of told around gra1)111cs. and 
-orliCal ond tiomonlDl ruters IO gulcle vou. 
~ ,,,,_bq. •. Selod lrom °""' 61 lent• ropresenbng \~ typelaces, in siz85 
1Ull8bl8 lor Madllnes. wbt>eads Md tllxt
(ftp/I""°.,_&q. .. Ltol"i) Qur C~pArt. 'lbu can shrink O< e"P4'"d your greplllelmaoos. 
modify, mlale or eopy lhmn IO 5t tho arl!lJ yau <lcslrc. 

LPP7 C7Pl..US Mou5e & Publisher Package Soltwere • • • • • $129.95 
LPBUS BUS MOu5e and Publisher Package Software•••••• S129.95 

NEW! Mouse Pad 

$49.95 $44.95 

$4.95 $3.95 

Logitech HiREZ Bus Mouse 
for IBM PC/'X:r/AT & PS/2(Model 25, 30) and ~:Hble COm~~n • 

Ufetlme Iwanan!yl 
The MW LOOITECH High RoSOlutloo Mouse Is the only mouse deslgnGd elCllOOUIY lo< 
!000.:($ now gonoraUOn 01 hlgll MJIOl\llk>n a~ luch as EGA. super EGA and 'IGA. 
The mouse la Ideal IOr <1<>5kloD publ1ohrng u"""es CAO epPlteaVons. 'Mth 320 dots pe< 
Inell (dl)i) roSOlutJon (compared with tOOor 200 dpl mice), lllO LOGtrTECH H•REZ COYeft 
tho seme area on yaur sciee<'I, tKJt uses 62'1!> leas deal< 9Q8IOe to do IL Thia - "°" 

u Dlo OGSk ~. and ellon. Mouse lllallOIMlrs that u5ed to rQQuile a &-tl of Ula 
han<I aro now reclll<lGd to a llck of Ille Wllst. lnciuclell PlusPncl<age solhwlte wdh mouse 
<ltMln. lext odl1Dr. menu bo;lkllng and poin1-cllck llOftwere (1.olus I · 2·3.) • S~ U'l. • 
2.7"W • l .06"H · Color. Light Gray • Ulellme WllrninlY 1-9 1Q •. 99 

High Resolution MouM. Sus Saa.rd and 
HIREZ Plus Package Software. . . . . . . . . . . . $99.95 S94.95 

Logitech Serial 

and Bus Mouse 


30) and Compatible Computers 

BUS 

mouse to ~t!noa MIMgsJ. POINT·ANO-O.ICK PC/JCT/AT& PS/2 
(Model 25, 30} 

Mllal (lOr'l • Si2e: 3.8"1.. x 2.7'W • Ul6"H • COior: C f'·'b/ I 
Ugnt gray · u1c11me warranty ampa •, e . 
Part No. Dncriptlon 1·9 10-99 

C7 Mousa and 
C7PLUS Logilech PLUS Pack.age Software.. ... . $79.95 $74.95 

BUS MOUSE rreesycur serialport. TheBU$Board lnstaliseasilyinehallslol 

In 'j'CUr computer and leawis your system's serial port free lor olhar peripherals. 

Pan No. Description 

L.ogilech Mouse, Bus 8oaI(t and 
BUS Logilech PLUS Package Software. • • • • • 

1-9 10-99 

$79.95 $74.95 

For complete product l ine, request Jameco's new 74 page 1989 Catalog 

264 BYTE • NOVEMBER 1988 Circle 390 on Reader Str"l'iet Carr! 

264 



2400/1200/300 

, computerS)ISMms 

24DOE 

NEW! MODEMS SALE! 


DAlAl~O U § 2400/1200/300 Baud Internal Modems 
for IBM PC/XT/AT and Compatible Compllters 

lntrtmaf Cilnl Free~ tt1urSerial Port.I • Hayes command compatible • Bell 103/2 12A compat
ible • Auto-dial and auto-answer · Tone or pulse d ialing capability • Call progress detection 
·Easy access DIP switch · Supports COM1. COM2, COM3 and COM4 ·Two modular phone 
jacks • Bui lt-in speaker with adjustable volume control • FCC approved • Includes MaxiMite 
communication software by Mycroft Labs • One-year warranty 

1200H 1200/300 Baud Internal Modem (111 Card) •• • •••• •• •••••••.•• • $69.95 
24005 2400/1 200/300 Baud Internal Modem (34 Card) •.• . • •. • $139.95 $129.95 

a ~:uoJm COMPUTER POWER PROTECTION 
lfb. Jameco Power Base with 6 Control 

••• ·• ••Qv ~~~~~~~~~t~~esu!:!m~:=-nd~!~:~ 
J£11 91 clrcul!Jy and lolly shielded sool<els to protect your compoter 

lrom harmful pOWer surges and EMI noise. Each device 
within your computer system can be lurned on or olf by lodMdual Illuminated rocker switches or the entire 
S)'5tam can be lurned on by llle master swi1ch. The Power Base eliminates the mUJ;e of power c:ords normally 
lound behind moSI computer :iystems. • JE1190 Spec;lflc:a1lona; • 5 ouUelll • 15A. 125VAC, 1875 Vt.ills. 60Hz 
• Max. spike: 80 joules one time • Energy dissipation: 25 joules repeated, sell-r~t!Xing • Max. spike volts: 6,000V • M spike current: 4,500A · Clamp YOtts; 
175V • Clamping response time: IOns • Color: Belqe • Size; 12'W " 12.75'0 x 2.25"1-1 · Weight: 5.25 lbs. 

The JE1191 Power Strip with bullH" circuit breakergiveoou oontlnuousspfke protection..JE1191 Specifications; • Milster switch 'With pilotlighl • Built- In safety 

circuit breaker (1Samp) • ULllSled • Durable eoametllnislled h0u$1ng • Three-pt(lng, 6-footpower cord · ColOr. Beige• SJze : 12.,_ x 2.25-W x L5"H · Weigh!: 2 lbs. 

Part No. Decription Price 

JE1190 Power Base with 6 Control Switches and Surge Protection. •.•.. • • . •.• . •.. . • . •.•.• . •.•.•. $29.95 
JE1191 Fbwer Strip with 6 Outlets and Circuit Breaker. ....................... . ..... . ...... . . $11 .95 

See opposite page for tilt/swivel Monitor B9se with Power Center 

NEW! lripplite Isobar Command Console Plus Li/et/me wam1ntyt 
Complete Isobar protection with fingerlip control .for all your systems' components 


pfus new Modem and FAX protection outlets 

• Each outlet offers Isobar surge suppression and filter Isolation • Mouncs conveniently between your CFU and CRT 
• Commandconsole provides ooa main on/off switch and IMI lndlvidual component swilChes • 6 outlets total• Two New 
RJ1t receplacles tor modemlfAX/totephone line spike protection • Buill- ln atatic guard • 15 amps on one receptacle 
· Color. Beige · Size: 12.S"L x 13.S"Vl'x 2"H • Wi!ight : 8 lbs. 
CCISP Command Console Plus with Modem and FAX Protection••.•.•.• . •.• $99.95 

" 1200/300 Baud 
Pocket Modem for IBM PC/XT/AT 
and Compatible Computers 
Abo aomf»li,,,. wlrh olhercomputw.,.ms

lh4f h- an RS232 pan. 
This shirt ~-5izlld, llgh'-lght miniature 
mod<tm Is perfect forth• compuw user on the move. Features the li>llowfng : 
• Hayes command compatible • Bell 1031212Acompa!lble • LED status lights 
tor: BaHel'}\ High Spoed and cam.er Detect • Alllo-dlal end auto-answer 
• Tone. l)Ulse or adaptive diellng • Cell progress detection • On-board speaker 
• Two modular telephone Jacks • Uses standard 9VDC be ttery or 9VOC tram;· 
IOl'mer (not included) for oov.er • Includes:9Vbatlery, car(}'ingcase, lelephone 
connector cable and manual • Size: 4,_ x 2.375'W x .875"H • Weight: 0.25 lb. 
• One-year warranty 

1200P 12001300BaudPockelModem•• ,. $199.95 $99.95 

' 
Baud External Modems for IBM 
PC/'IJ/AT & Compatible Computers 
Also compatlbt. with olfl 
wtilc:h 11.nie 1n RS232 pelf • Hayes command 
compatJble • Bell 103/212A compatible· Auto
dial and auco-anS'Mtt" - Tone, pulse or odap!lw diallng capability • earl progress 
detect ion • TWo modular phOne jacks • Buil t- in speaker wilh adjustable 
volume contrOI • FCC e,ppro\IW • lnclude:i MwdMite communication soflware 
• Size: 5.75'W x 1O'D x l .6"1-1 · \'I/eight: 3 .25 lbs. • One-cyear warranty 

Pl.rt No. Description Prioe 

1200C 1200/300Beud Exlomal Modem•• •••• &+1-9:95 S 99.95 
2400E 2400/ 1200/300 Baud ~temal Modem ••• &H9:95 $169.95 

ZOOM 
300 Baud 
Modems 
for Apple II, II+ 
and lie 

Two -ef'Sions available; (NM300l Manual dial, manual answer or CZM300J 
Auto-dial, auto-answer • Hayes compatible • Includes call progress mon.ltor, 
weaker. Zoom Communications Software and manual • Made in the USA 
• T!AO year warranty • Also avelleble ls Iha NMS software enhancement for 
the NM300 end ZM300 whlc.h allows Xmodem rile transfer. scorage, editing
and prlntlng of Illes 
Part No. Description Price 
NM300 300BaudManua1DiaVAnswerMoelem (11,ll+andl/e) ~ $19.95 
ZM300 300 Baud Aulo Diel/Answer Modem (11. U+ and lie).• • •• • •• S49.95 
NMS Software Enh.ancemant ror NM300 and ZM300..•..... . . S19.9S 

APIOe( 1200/300 Baud Ext~rnal Modem 
for Commodore C-64 and C-128 

Hayes and Commodore 

1670 Compatjb/e/ 


• Pl1J9S direclly Jnlo llle CommodOfe user 
port • Runs at either 1200 or 300 baud · l'ull 
Hayes compatibility includlng term inal 
emulelion end file transfer • Auto-dlel end 
euto-en.!lwer • Toueh tone or rotary dieting 
capabililles • Sewn LEO status indicators lo< 
SC>nd dela. off hook, 1200 baud, carrlet deloot. 
receive data, auto answer and ready • FCC 
apprOwd • lncludas Mulliterm oommunica· 
lion software lor Commodore 64 and 128 
· Size: 4.75"L x 2.75"W x .7"H ·Weight: 
0,25 lb. • 1·year warranty 

MMC 12001300 Baud External Modem (C64/ 128)•••• • • $79.95 

• Qualify Components • Competiti ve Pricing • Prompt Deliverv • (415J 592-8097 265 
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J:tm!~a SOLDERLESS BREADBOARDS & ACCESSORIES 
• Low static, plastic body - CMOS safe 
• Nickel plated clips designed to withstand up to 5,000 insertion cycles Breadboarding Versarility!
• Breadboard strips easily connect together to form larger working areas 
• Screen printed color coordinates make circuit design easier 
• Larger models come with heavy duty aluminum backing and grounding posts for long l ife and durability 
• Components are easily interconnected using 20-29 AWG wire (see JE1 O and JE11 , below) 
• The JE31 offers all the advantages of the JE26 plus a wire jumper ktt containing 140 assorted wire jumpers 

;;;;; I:;:;;:; 
:::: : : :: ::. :: 

~1111: 11·1~ i:.......... .. 

::::: ;:::: ::............ 
.. .. . . ·- · - -· 
-···· .. .......... ....... .. 

;;;;; ;;;;:: ; ; I
. :·:: .. ·::: .: 

' '. 

JE20 JE23 

Jameco's IC Test Clips are de- \\\llU.\\\\\ 
signed to facilitate temporary 

Part No. 

JE20 
JE21 
JE22 
JE23 
JE24 
JE25 
JE26 
JE27 
JE31 

Tennlnal 
Strips 

0 
1 
1 
1 
2 
2 
3 
4 
3 

JE24 
Bus Contact 

Strips Polnb 

2 200 
2 400 
0 630 
2 830 
1 1,360 
4 1,660 
5 2,390 
7 3,220 

5 2,390 

JE27 JE31 
Blndlng Jumper Com pon.ent Size L ~ W 1-9Pom Wire:s Case (In ch"") 

0 0 0 617 x :!{4 $ 2.95 
0 0 0 311.' x 2111 s 4.95 

0 0 0 617 x 1:\11 $ 5.95 
0 0 0 617 x 2 ~li s 7.95 
2 0 0 617 x 3111 $14.95 
3 0 0 612 x 4 ~ $22.95 
4 0 0 6% x 5¥• $27.95 
4 0 0 7\1& x 7'fl $37.95 

4 140 - 6 7,'a x 5¥4 $31 .95 w.r.. ~,, 

. 

10·99 

$ 2.49 
s 4.49 
s 4.95 
s 6.95 
$12.95 
$19.95 
$24.95 
$34.95 
$28.95 

JE450 Solderless Prototype Builder 
The JE450 Solderless Prototype Builder provides the user with a quick and efficient system for bread
board ing electronic circuits without soldering. Configured with 3 oov.rer supplies. the JE450 is ideal for IC 
breadboarding of TI1.s, CMOS, EC Ls, microprocessors and op-amp circu its. Components and wire leads 
can be quickly inserted, removed and chang.ed without the need for soldering or desoldering. The 3 power 
suppl ies incorp<>rated in the JE450 provide the user unlimited use in prototyping circuits. · Size: 93A"L x 
63;:c''W x 3 \(o"H • Weighl : 6 lbs. · Power supplies, regulated: 5V @ 1A, + 5V to + 15V @ .5A, - 5V lo - 15V @.5A 
• Power: 120VAC, 60Hz fused • for recommended wire jumpers see JE10 and JE 11 , below 

1-9 1G-99 

Jem,~.g IC Test Clips Wire Jumpers 

connections to DIP package 
componen ts. A heavy-duty 
spring-loaded hinge provides 
pos it ive contact even after 
thousands of uses. 

Part No. 


JTC16 

JTC20 
JTC24 
JTC28 
JTC40 

16-~n lused kl< 8. 14 and 16-pln !C's] . . . . 
20- pin (used lot 18 and 20- pin !C's). . . . . . 
24-pin.............................. 
28-pin ............ ... , . . . . . . . . . . . . . . 
40-oln (used ror 36 arid 40-pln IC'~) . , , . . • 

\\l\.U.l 

$4.49 $3.95 
S5.95 SS.49 
$6.95 $5.95 
$7.95 $6.95 
$9.95 $8.95 

• The JE 1 O Wire Jumper Ki t 
comes with 350 assorted 
lengths and colors of pre
stri pped and pre-formed 
22AWG solid wire jumpers 
all in a handy, durable plas
tic case. The kit includes 25 

/ -~__.c===:;iii15 

each of the following lengths: . 1 • • . 2", .3", .4", .S'', .6" . . 7", .8", 
.9". 1.0". 2.0", 3.0". 4.0" and 5.0" · The JE1 l contains all of the 
same wire jumpers included in the JE10 and makes a con 
ven ient refill package. 

Part No. Description 1-9 10-99 
JE10 Wire Jumper Kil 350 ea. (Includes ca$e). $7.95 $7.49 
JE11 Same as JEtO excepl case nol lnciuded...... S6.95 $5.95 

For complete product line, request Jameco's new 74 page 1989 Catalog 
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M:CURACY llESOl.llTION ACCURACY usoumC>ll- M361Ma1511 114150 -10Jll36SO 114850 " 11!1&10/M3iSO lol4654 W610IWeSO IM&54 

20QmV ± 1;i-.ol r lOOIN l(liN :iooc> ~05111iolr~ -.. 0. 10 .010 

7'I l MV 100/N 
'2KO 10 010 
2(ll(O "'0 54 olr  ;>() . ~ .. .-ong 100 10 

?IN :cOftolr-.0 %0.5'1i>olt-.ci '°"'" l •IV 200t(0 1000 100 

2llOV IOOmll IOmV 2LIO IKO 1000 

1SOV ~12'1.0lr-.g -"llA ol~ 1V IOOmV 
20lolO L l ..ol :.:~Ofl'MllliftO UIKO 1KO 

Capac::itanc::e (for M3650 and M4650 only) 
DC Voltaae (for M3610, M3650 and M4650) ACC\,llW;Y ~ 

~ 'RaOWTION RMgo - U3450 lol45:50 I, 

" M34TO/llKSO - 111341 Olli36SO - 2l)O(lpl ll'I 0. 1pl - "-2'0!-ng IO<JIM 100! 
20ClmV 100,.V 10rN 20sil 

~..._ 
IC)il 1nl 

'lV ! Mii 100>1\I FreQuencv (for M36SO and M4650 only} 
2VV 

o,.... _ 
~..  10..v lmV AOCUIUCt Auoumoll 

'lOllll IOOmV 1QmV "'  -$$0 "'3G$C I M4$54 

IOOOV ">O~ol.-..,. "0.1 .... _ lV 100m• 
20KH< -"2'> DI roadin\J IOtl< nu- IOOIU Ulttl 

Kingdom MULTIMETERS 
Kingdom Handheld Analog Multimeters Kingdom•. 
• Mlnoted Scale for Accunrcy • Audible Qlntinuity 1bst • Fuse/Diode Overload Protection 
Both units come complete with probes, batteries and manual. Size: 6"H x 4.125"W x 1. 75"0 
ET207 Specifications: · AC ~ttage: 10-IOOOVAC · DC llollage: 0.25- IOOOVDC ·DC Curren!: 50µA-10A 
• Resistance; 10 IO 10MO • Oedbels: - 10 IO +62dB al ACV ranges · Accuracy; :t:3 to ::t4% on aJI ranges· Senslfivity: 
9KONAC. 20KONDC • Ai.idlble con6nuity tesl • Satterv Tesler 

*ET207 20KO/Vol!Anal0g MultimelerwfDCCurrentMeasurementandBatteryTesler ••• $15.95 
ET302 Specification&: · AC \tillage: 2.5· 1000VAC ·DC ~llage: 0.25- IOOOVDC ·AC Current 12A ·DC Current: 
50µA-12A • Resl&nce: 10 to SMO ·Decibels: - 20 to +64dB al ACV fllnQ(ts • Accull!CY: =3 to %4'1b on all ranges 
• Sensitivity; IOKONAC, 30KQNDC . Aud1bhtconlinulty IOSI 

*ET302 30KONolt Analog Multimeter with AC and DC Curren! Measuremenl•••••• $22.95 
~ Handheld Digital Multimeter . /ll\E'lEX

The Economical Choice for a High <Tuai~ High Accuracy Digital Multimeter 


• 3.5 Digit (.S" High) LCD Readout • Audible Continuity Test • 1-'msr warranty 

RAHGE I AESOWnON 

ACW>IJ'Mill< -.v + 1:i-.o1r-...i lOOll'I 
7'I lmll 

2W • Oll!loolt-.g 10mll 
200\I 100..Y 

IWKlt: I ACCUIM:Y I ll80Ul1IOH .., 
A •.,.""'.._

" 

.>. 1 ,9'0!~ 
I 

I 
100V 1x 1:io.o1,_. 111 X3_Qll>Of-'-

Dc;'IQ,TIOE 

lronll TCIOfN 

DCCURREHT .. ·-54ol.-.0 1~ 

'JV H•ll 
2f1J %4911.ol "'""°'G 10mll 

2'XJ{ 100mV 

711\A IUA 
~ 

·~ 
1 2'11ol ''°'*'II 1~-

7A ·~ UIOO\I 1Y ,~. 1 

 -RANGE AOCiJRACY I RmOl.llllON 
llESISTAHCE 

2lJOll :<O ~ol~ 0 IO 
21<0 IO 

2Qk0 100 
l!OQ(O 1000 

2MO 
~ .. 

IKO 
2(11,Kl • 1 Q1111,ol ........ 
 1<1<0 

Unit comes comp/ere wffh probe$, l»lferies, canyfng cme and manual Sha; 6.7.5"H x 3.S"W ;r 1.25"0 

Measures: AC/DC VOl18.ge, AC/DC Current Resistance, Diodes, Transistor hFE. Audible Conllnuity Tesl 
·Auto Zeroing · Input Impedance: lOMQ · Overload Protection; lOOOVACNDC · One-Year warranty 

M3800 3.5 Digit MulUmeler •••••••••••••••••••••••••••• $39.95 
METEX Handheld Digital Multimeters METEX 

• Jumbo 3.5 and 4.5 Digit (. 7" HighJ LCD • Audible Continuity Test • Overload Pmtectian 
• 1 'Nar Mlmrnty • Ruggedized Case 

AC Voltage (for M3610, M3650 and M4650) Resistanc;:e (for M3610, M3650 and M4650) 

Allunitscome complete with pt0bes, batteries, canying C8S8 & manual Size: 7''H x 3.5"W x 1.5"D 

M3610: ·Measures: ACJOC \k>ll8ge, AC Current (200µA to 20A), DC Cu rrent t200µA IO 20A). Resist.e.11ce. Oiodea, 

Transistor hFE. Audible Continuity TeSI • Auto-Zeroing · lnpul Impedance: ! OMO • Overload Protection: IOOOVACNDC 


M3610 3.5 Digit Multimeter •••••• • •••• • , • , • , • • , • , ••• , • , •• • • •••••• $49.95 

M3650: · Measures: AC/DC lk>ltage, AC Curr. (2mA to 20A), OC Curr. (20011A to 20A), Resistance, Oiodlls, TranslstorhFE, 

Audible Continuily Test, Freq, &Capacilarlce • Auto-Zeroing· Input Imped.: 1OMO • Overload Prote<:tlon: 1OOOVACNOC 


M3650 3.5 Digit Multimeter with Frequency and Capacitance Measurement • ••••••• • • $69.95 

M4650: · Measures: AC/DC ~ego, AC Current (2rnA to 20A), DC Current (200µA to 20A). Resistance, Diodes. Transistor 
hfe, Audible Condnulty Test, Frequmicy and C8pacllance • Auto-Zeroing • Oala Hold Swilch • Input Impedance: lOMO 
• Ownoad Protection: 1000VACNOC 

M4650 4.5 Digil Multimeter with FreQ./Cap. Measurement and Data Hold Switch • •••••• $99.95 

• 
• · ~~=::....... 

ET302 

..... ·-·I 

H .a " - CIClll \lia 
Mil 

M3610 

M4650 

'Cl.OU•OUf'PRICING - MRT NUMBER WILL BE DISCON11NUED WHEN 510CIC IS ~I 

·Quality Components ·Competitive Prieing ·Prompt Delivery • (4151592·8097 267 
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JH11'!1if2 JE680 UNIVERSAL IC PROGRAMMER 

Programs 16K to 512K EPROMs, EEPROMs 
and PROMs, PALs, GALs, EPLs and P Os One-Year 

JE680 Features: 
Warranty! 

• Universal IC Programmer: 
memory and logic devices 

• Stand-alone or computer
controlled modes 

• Parallel printer port and 
RS232C port 

• Automat ic self-test on 
power up 

• Auto-Sense 
·Pin Check 
• SpliVShuffle 
• Full functional test on logic 

devices 
• Patented design for 

programming reliability 
• No personality modules needed 
• Variable baud rates - up to 9600bps 

JE680 Description of Operations: 

The new JE680 Universal IC Programmer supports and programs virtually all devices from 16K to 512K and with up 
to 28 pins. The JE680 will program memory-type ICs such as MOS and CMOS EPROMs, EEPROMs and PROMs as . .......ell 
as logic-type ICs such as PAls, GALs, RALs, PLDs, EPLDs, EEPLDs and FLPOs. The JE680 programming algorithms 
meet all manufacturers' specifications and support STANDARD, INTELLIGENT and QUICK PULSE methods. 
The JE680 supports 18 data formats, such as JEDEC, INTEL HEX, ASCII HEX, Motorola Sand Binary. It is compatible 
with virtually all software package programs including : PALASM, PLAN, CUPL, ABEL, AMAZE and SGAPL. 

While the JE680 can be operated as a stand-alone unit. it can also be linked to an IBM PCIXT/AT or other compatible 
computer or to a data terminal. The user may output fuse-pattern and vector-table data or memory data to a printer. 
Specifications: • Input: 115VAC, 60Hz · Size: 15.S"L x 12"0 x 3.7"H • Weight: 12.8 lbs. · One-Year Warranty 

Part No. Description Price 

JE680 Universal IC Programmer (Includes MS-DOS Menu-Driven Software, 
0825 male to lemale cable and Centronics 36-pin male to female printer cable) • • • • • 

$1799 95 
• 

JE680AP 
Software option package for logic design applications (assembler package) -
provides Boolean conversion, auto compiling and fuse map generation ••• • • • ••••• • $29.95 

For eomplete product line, request Jameco's new 74 page 1989 Catalog 

The RAM buffer EDIT function allows you to LIST, SET, INSERT, MOVE, DELETE 
and SWAP data. 
Incorporated with the JE680 is a full array of TEST functions including Automatic 
Self-Test, Insertion and Backward-Device Check. The Auto-Sense allows the user 
to insert and remove I Cs sequentially lo automatically repeat an operation; no other 
action is required. The Pin Check examines individual pin continuity using pulse
reflection techn iques; displays bad pin numbers. The SpliVShutfle function allows 
you to split your data up into even (high) and odd (low) bytes (8-bit}, words {16-bit) 
or long words {32-bit). The Shuffle function allows you to reverse the procedure 
(see diagram, right). After programming your logic device, a full functional test 
ensures that your device has been programmed in accordance with your design. 
In addition to the loop test. the JE680 will perform consecutive test cy9les to 
simulate worst-possible conditions so as to weed out logic devices with intermittent 
or other performance problems. 

SPLIT BYTE EXAMPLE 

1 
2 
3 
4 
5 
6 
7 . 
. 

3 _,. 
SPLIT 

AN D 


SHUFFLE 


BYTE 4tj~ 
6 
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ORDER FORM 
24 HOUR ORDER HOTLINE (415) 592-8097 

Tire Following Phone Lines Are Avai/abl From l AM-SPM P.S.T. : 
• Customet S N ice (415) 592-8121 

OP 

Jameco • Tochotc.al Asti tanc• (415) 592·9990 • Credit Dept 1415) 592·9983 ELECTRONICS • All Other lnquin 1415) 592·7108 

1355 Shoreway Road 
Belmont, CA 94002 EJIFAX YourOrderTo Us! 

(415) 592· 2503 - or - (415) 595· 2664 I~ Telex 176043 

. ..

1989 CATALOG 
Business Hou~ : 
Munday lhru Fridny 
7AM - SPM "15.T. 
~ Octol>.r I , 1988 
&P'm Odob.r I, l llllg 
Pr l ... Sub)9ct to CM~ 

Mail Key: 889 METHOD OF PAYMENT: 

Customer Account No. D Prepaid (check enclosed) D COD D Credit Card 
DNDITll TOUR 0-Jt av I llCUIDIMCI 'l'OUll 

D Net 30 Days (Accounl musl be previously established) IOI DIOfT CU'STOtl..t ACCOUMT 11\l-llllt 

5HIPTO: 
PURCHASE ORDER NO.: 

NAME: PlelMCMCI< Cat(l Nutnller 

ADDRESS: 
one: LITJ I l LOI I I I Il I I I I 

-"- fb:-. ~ No 
t:l VISA E.>;plro• 

Ntinw or n...,,bof - rn rn ot bli"k thal rasu.d 

CITY : [] Maota<Card VISA<>< MASTEACAAO - Mo Yr 

STATE: Zl P: __ - AUTHORIZED SIGNAnJRE: 

DAYTIME PHONE NO. ..... """""""' ( ) EXT. NAME ~P1ease Print) : 

"- PART NUMBER QTY. DESCRIPTION 
DATA PR ICE AMOUNT 

"'°" SHEETS EACH EXTENDED 

1 
2 ~ (r--.l 
3 [ ~1~...... 

4 ~'\ I _\\ \.!o 

5 ~ ~ 

6 ..-.. I ' 7 _C'\ \1\ ...\1'~ -
8 ..... 0. 1,,1. ,,, \\\I,, I I 

9 - ...-.... H" U\\11\\ \i......,.rJ '"' 
10 ' I \ ~"'- \ \ \ ~ \ \ "-.J ,,.. ·-""' 
11 ' \.\I\\ "-..i ...., ~n\\'ll' 
12 I H \ ~ - -c:.. Y\ • I 
13 - (r'"'d \ JI . 'I": I~ .J .._. 

14 rr ''H ,.1 - Ul '""'"" 15 /,f ~ J) -
16 I ... _,:...-

17 
18 

DATA SHEETS ~....::;:::,.:=.,:,-:°""' TOTAL DATA SHEETS ct.SONCll 

DOMESTIC ORDERS! ~,..,:;::;~:=:' sq.~...~'=.~:!,;~~..~~.~".!:l°'...,.~r·oo min.1: - Sub-Total 
· UPS 2ndo.y - opp-ox. 10'!0olt"-toq!OA>o<($3.00 m;nimum=-~~CS..,... -UNhd s....._ Giam,. ---..- UPS ,._._, o.y Air- lPl>tOJL l°'ol tl'M! IDttll ordw (S l 1.50 min.). will '*'Y by Miglll 
lnsu,_ S 1.SO !not •-•Ible tor unlruurl<J -~) 

~-·- ; c.i-nta R-tt on!)'  &toll, 6""'°. N TAX" 
·-LnducM •Pl>licll- Nia tax lo<"°"' arN (Le., 6 .... SWll.. 7'1t) 

FOREIGN ORDERS: ~and Hand!Jn9 : 25'¥1 ol 1otal O<clet ($6.00 minimum) $10.00 

~-
~; $3.00 1on1r-.~ -.gulatloft• •-I 24 :tkMm'~O...V-

Non~.. -.. HOT RESPONSIBLE~ CASH SENT W1TH OAOERS OA UNINSURED PARCELS . --- Pil)'mant: ea.hill<'• Ctleek, MDrlfrY OnH<. VISA or MH l l'I C8<d I FCU UPS· ,._ 
(U.S . Fur><lo .,.,1y, psyoble ""°"""' o U.S. 8*nk -~ c1o not HM cash) I 21'<1~ N111:1 O..,Air 

Jem~~ 
CHANGE OF ADDRESS 

Je,w.~~:i 
U S1 .SO Fee 

lF VOU HA\le MOVED -Pleasa write your okl encl new Ellldrnss in lllo soaces pm••ded Credit Memo 
- OLD ADORESS  - NEW ADORESS - i:u...i-

Cu:sllJrneNO c...-"" ~lllol - N._ TOTALc-.,.,,., (Amoany 

OLD ._... --... JAMECO THANKS YOU 
sw. _ z.o,S... _ ZJo""" """ 

• ~ Componenls • Competitltle Pricing • Prompt Delivery 

FOR YOUR ORDER! 

• (41111 tl92-B097 269 
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We Guarantee Good News 

Every Monday Morning! 


I n fact, we'll guarantee the best 
news- 100% factual, accurate and 
unbiased expert analysis of signifi· 
cant developments in the personal 

computer industry. Just straightforvmd, 
no-nonsense professional reporting of in· 
dustry news, product announcements and 
key events as they happen each and every 
week. 

BYTEweek, McGraw-Hill 's new weekly 
newsletter, is devoted to helping you stay 
on top of the dramatic changes in the 
continually·evolving business computing 
arena. BYTEweek is devoted to reporting 
and analyzing these changes and 
developments through its timely, compact. 
one-stop news format. BYTEweek keeps 
you on top of significant industry trends 
and developments through its coverage of 
the IBM. IBM-<:ompalible, Apple Macin· 
tosh and workstation markets. BYTEweek 
gives you the full details of significant 
new product announcements with in·depth 
analysis. 

BYTEweek guarantees what no other 
personal computing publication can by 
building on two renowned and respected 
technical resources: the award-winning 
Microbytes Daily on-line news service and 
the technical expertise of the BYTE 
Editorial Staff aided by the new resources 
available to them in the recently expand· 
ed BYTE Lab. Through these resources, 
you are kept on top of issues such as: 
• New da ta slorage techn iques. in· 

eluding CD-ROM, erasable optical and 
other text, graphics, and video storage 
technology. 

• Expert systems, with an ex
amination of both the technical 
and human aspects of 
implementation. 

• Bus standards and the war be 
tween IBM and the clone 
manufacturers- with critically 

important user ramifications. 
• Legal skirmishe and "look and feel " 

suits. which can put the manufacturer of 
your favorite software out of business. 

• Software emulation that wi ll allow 

new, exotic computer systems to run 

software written for IBM PCs. 


• LAN system developments. including 
all pertinent aspects of connectivity and 
inter-operability. 

• Network management , a complex and 
increasingly important topic for per· 
sonal computers in both small and large 
offices. 

• PostScript clones, which promise 
faster, lower-cost laser printers with the 
same capabilities as the Apple 
LaserWriter. 

• 	 ew, easy·to·use programming 
systems such as CASE and 4th Genera· 
tion Languages, that can allow non· 
programmers to develop powerful 
applications. 
BYTEweek offers you what no other in

dustry publication can: timely news on 
the rapidly evolving computer industry as 
it happens, framed by interpretation and 
evaluation that only BYTE's experienced 
editorial staff can provide. 

Subscribe now and take advantage of 
the special one-year charter subscription 
rate of S395 jS495 outside the U.S. and 
Canada)-a savings of $100 off the regula r 
rate. Your subscription to BYTEweek in · 
eludes 50 issues and a fr ee subscription 
to BIX, which includes access to the 
award-winning Microb)!tes Daily on-line 
news service. Your hourly usage rates will 
be billed separately. 

Don't miss this opporlunity ! Call 
BYTEweek's toll·free number: 

1-800-258-5485 
lo order your subscription or request 
more information and a free sample issue. 

One Phoenix Mill Lane, Peterborough, H 03458 

1-800-258-548 5 
Charter subscription just S395 for 50 weekly issues 
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IN DEPTH 


Parallel 
Processing 

275 	 Side by Side 
by Klaus K. Obermeier 

287 	 1'800 and Counting 
by Richard M. Srein 

301 	 Getting the Job Done 
by David Ge/emrer 

3ll 	 The Third Dimension 
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arallel processing could be de
scribed as the ultimate in team
work. In fact, the kind of team
work involved is not unlike that 

found in the football stadium on an au
tumn Sunday afternoon. The qua.rter
back has his job to do, the center has his, 
the ends and backs have theirs, and the 
guards and tackJes have theirs. All these 
jobs are under way at the same time, but 
they're all different and being done by a 
different player- parallel processing. 

Similarly. when a group of people are 
raking leaves, different people are doing 
the same job, at the same time, with the 
result of significantly cutting down on 
the time required-also parallel process
ing. Not all jobs, however, can be done in 
parallel. That Thanksgiving turkey we 
look forward to at the end of the month 
can't be rushed-microwaves aside. 

The same basic concepts apply in com
puting. Multiple processors operating in 
parallel can perform many, but not all , 
jobs faster than uniprocessors. A logi
cally sequential program mu t still run 
sequentially. However, a moduJar pro
gram, or one that can be made modular, 
can run different sections on different 
processors and improve its speed. 

Last summer, NASA's Jet Propulsion 
Laboratory introduced the Mark 3 Hy
percube parallel supercomputer. Parallel 
processing has long been the exclusive 
re.aim of very large systems; however, it 
is now becoming available at the micro
computer level. For example, Zenith has 
announced the Z-1000 with its parallel 
80386s (see Microbytes on page 11). and 
Cogent has come out with the XTM (see 
the text box "The Crossbar Connection" 
on page 278). 

This month, we look at the world of 
parallel processing from the microcom
puter view. In "Side by Side," Klaus K. 
Obermeier looks at the field as a whole: 

the appropriate algorithms and applica
tions; the programming languages, in
cluding old favorites and new ones with 
special parallel-processi ng functional
ity; and the hardware and operating-sys
tem architectures involved. 

One particularly applicable piece of 
hardware is the transputer board . In 
"T800 and Counting, " Richard M. Stein 
looks at the T800 transputer board from 
INMOS, discussing both the hardware 
aspects of the transputer and the related 
software aspects of the occam lan
guage-the two were designed to work 
together. 

Another language designed for paral
lel processing on the transputer is Yale 
University's Linda. In "Getting the Job 
Done," David Gelernter, one of the lan 
guage's designers, gives us the inside 
scoop on the current state of Linda, what 
it does, how it does it, and its specifi 
cally parallel features . 

Finally, we have an article on a differ
ent way of making computers. Jn "The 
Third Dimension," Michael J . Little and 
Jan Grinberg describe the inner workings 
of Hughes Research Lab's 3-D Com
puter. It 's an innately parallel computer 
built not ofchips but of wafers- sracks of 
wafers. It's a fascinating technology. 

While the concept and practice of par
allel processing have a history in the 
large-computer arena, the idea of putting 
parallel-processing power on a desktop is 
still very new . The Mark 3 Hypercube is 
intended for simulations for the Strategic 
Defense Initiative. Can that kind of 
power really exist on a desktop? 

-Jane Morrill Tazelaar 
Senior Technical Ediror, In Depth 
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PARALLEL PROCESSING 

Side by Side 

You can only simulate true parallelism on your personal 

computer today, but tomorrow will be another story 

Klaus K. Obermeier 

A 
parallel-process
1ng computer, 
simply defined, is 
one that can per

form operations using more 
than one processor simulta
neously . You can generally 
divide parallel processing 
inro three major areas of re
search: algorithms and appli
cations; programming lan
guages; and architecture, 
including hardware and oper
ating systems. 

Where to Start 
The conven1ional serial com
purer suffers from one serious 
drawback: the way the CPU 
accesses memory. While data 
is being retrieved from mem
ory, it is actually written into 
a processor register, and after 
the register is incremented, 
the new value is put back into 
memory. During this period, 
the CPU remains idle . This 
phenomenon, known as the von Neu
mann bottleneck, accounts for the some
times slow and inefficient use of conven
tional serial-processor resources. 

But parallel processing has been 
around longer than tbe von Neumann 
bottleneck. As early as 1840, Charles 
Babbage conceived of a way to perform 
multiplication and indexing arithmetic 
simultaneou ly. The first operating par

lLLUSfRATION: ROBERT PASTERNAK © 1988 

allel processor was the ILLIAC IV. This 
machine , developed by Dan Slotnick in 
1966 at the University of lllinois, fea 
tured 64 processors. 

Although the first commercial paral
lel-processing system flopped- the $7 
million Heterogeneous Element Proces
sor, developed in 1985 by Denelcor-by 
1986 more than a dozen companies were 
either selling or in the process ofbuilding 

parallel processors, including 
Bolt Beranek and Newman, 
Cray Research, DEC, IBM, 
Intel, Alliant, Encore, and 
Thinking Machines . 

Today, parallel-processing 
systems, such as the Connec
lion Machine from Thinking 
Machines, can execute a few 
bill ion operations per second 
using up to 65,536 processors 
simultaneously. Searching a 
database ofover 30,000 docu
ments (18 megabytes) on a 
16,384-element Connection 
Machine takes about 0.004 
seoonds for a Boolean query 
with 25 terms. Dow Jones re
cently purchased two 32,000
processor, 256-megabyte 
Connection Machines for use 
with its information-retrieval 
services. 

The Parallel Approach 

The central problem parallel 

processing systems face is 

how to effectively and efficiently use 
more than one processor at the same 
time. A system's effectiveness depends 
on whether you can identify a problem 
that lends itself to parallelism, determine 
the algorithm , and map it onto a suitable 
architecture. 

As you can imagine, problems arise if 
more than one processor requires access 

co111inued 
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to the s.ame memory location or if more 
than one processor tries to increment 
data in the same memory location . 
Therefore, the common argument that 
more processors are always faster than 
one holds true for systems that can cope 
with problems such as contention and 
have appropriate synchronization mecha
nisms in place. 

Another factor that can prevent suc
cessful use of parallelism is the bottom
up approach parallel-proces ing-system 
architects often take to hardware design. 
Simply put, they sometimes don't con
sider the needs of the application design
er when they configure the hardware. 
People who write parallel applications 
shou ld always keep in mind the target ar
chitecture so they can be sure their appli
cation-design algorithm will be suitable 
(e.g. , whether they will use message 
passing or shared memory). 

The use of parallelizing compilers is 
no answer to this problem. Parallelizing 
compilers are most suitable when past in
ve tment does not warrant rewriting the 
exi ting oftware. The programmer has 
to consider the problem from two some
times opposing points of view: top-down 
for the design of the algorithm and bot
tom-up for the actual implementation. 

Algorithms and Applications 
Parallel processing 's most common ap
plications are simulation, modeling, and 
optimization programs for commercial 
use . Airline scheduling is among the po
tential application -calculating seat as
signments and about 200,000 to 250,000 
necessary changes in routing daily takes 
United Airlines' current aircraft assign
ment model 15 hours of CPU time. Ifyou 
were a programmer faced with such a 
task, you would first break down the task 
into sizable chunks that could be pro
cessed in parallel and then worry about 
synchronization between the processors. 
Unfortunately. your creativity for de
signing a solution would be hampered by 
the existing operating system and the 
idiosyncratic architecture of the target 
hardware . 

What you should first do in such a situ
ation is decide the necessary granularity 
of the application. Granularity refers to 
the amount of time being spent on com
municating versus computing in a paral
lel program . In a coarse-grained applica
tion, the parallel-processing system 
consists of large independent chunks 
with little time- on the order of hundreds 
of communications per second between 
processors- spent on communicating be
tween the individual processors. In a 
fine-grained application, more time
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millions of communications per sec
ond- is spent on communicating and 
synchronizing between the processors . 
In any case, you have to leverage your 
solution with the encountered architec
ture. In the example of the aircraft as
signment task, a processor may be as
signed to one flight in a fine-grained 
system and to an entire aircraft in a 
coarse-grained system. 

Once you determine the application's 
granularity, consider what fonn the com
munication between processor should 

People 
who write parallel 
applications should 

always keep in mind the 
target architecture. 

take, via shared memory or message 
passing in d.istnbuted systems . While pro
cessors in a shared-memory system com
municate via a common data structure, 
message passing takes place between two 
processors. Ultimately, atomic opera
tions (e.g .• locks, semaphores, and mon
itors) take over the task to ynchroniz.e 
processors properly. Once the algorithm 
is in place, it has to be synchronized with 
a specific parallel-processing architec
ture. What role do the programming lan
guages play in matching algorithms to 
architectures? 

Programming Languages vs. 
Compilers 
For parallel processing, programmers 
can choose between parallelizing com
pilers and genuinely parallel program
ming languages. Parallelizing compilers 
are often u ed because of the high invest
ment in existing application software or 
in bringing the programmers up to 
speed. As with digitizing old recordings, 
parallelizing serial algorithms doe n't 
work as well as algorithms genuinely 
conceived for parallel implementations. 
And as for the alleged complexity of 
writing programs in parallel, according 
to Chuck Seitz, chief designer of Cal
Tech 's Cosmic Cube, the precursor to 
Hypercube, all other things being equal, 
"Programming experimental computers 
like the Cosmic Cube is not much harder 

than programming sequential com
puters, if the problem lends itself to a 
concurrent solution. " 

According to David Gelernter of Yale 
University , para I lei-programming lan
guages can be classified into three cate
gories : Algol -based languages (e.g .. 
Ada, Linda); parallel Lisp and logic 
languages (e.g., Multilisp , Concurrent 
Prolog); and paralle l functional lan
guages (e.g., Parafl). 

Algol-based languages span the spec
trum from Ada , originally designed for 
systems thar execute sequent ially, 10 
Linda, especially conceived for parallel 
processing. Whereas Ada includes tools 
to support parallel processi ng , a parallel 
program written in Linda is, according to 
an article by S. Ahuja, a .. spatially and 
temporally unordered bag of proces es, 
not a process graph." 

The Linda system consists of operators 
that can turn any host language (e.g . • 
FORTRAN or C) into a parallel -pro
gramming language. Hov.oever, it is an 
autonomous language consisting of a 
run-time kernel for synchronization and 
a compiler. Furthermore, it allows for 
parallelism both in the form of partition
ing simultaneous processes and in repli
cating identical ones. (See " Getting the 
Job Done" on page 30 l.) 

Parallel Lisps focus on symbolic 
rather than numeric parallel processing. 
The difference between the two, accord
ing to Robert Halstead , is that " numeri 
cal programs may be described as deliv
ering numbers to an arithmetic unit !O 

calculate a result," whereas " symbolic 
computation emphasizes rearrangement 
of data ." Consequently, parallel Lisps 
are prime candidates for artificial -intel
ligence applications with an emphasis on 
operations such as recursion on trees and 
lists, rather than iterations in the form of 
loops for numerical computations. 

Parallel functional programming in
cludes a methodology that allows map
ping programs to parallel-processing to
pologies. According to Paul Hudak, the 
most important aspect of this methodol
ogy is that "it treats the multiprocessor 
as a single autonomous computer onto 
which a program is mapped, rather than 
as a group of independent processors that 
carry out complex communications and 
require complex synchronization ." 
Rather than having side effects from as
signment statements, functional lan 
guages guarantee that a program will 
have the same result regardless of the 
order in which it has been executed. 
Therefore, in functional languages the 
parallelism is implicit and supported by 

continu~d 



On-line Study Course 
Experteacb-ID baed on rxtenshrExpcdcach-m is a com~Ye 

guide to Expert S)'51elll Tl!dmology ~in~Expm.S 
• 'The Struc1ure of Expert S~cms. 	 c:oncepU In assodaion with IEEE.corwsting of a uniquely inccgrarr.d 

, UCLA, and the ontinuingcollection of Expert System tutorial . case• Inference. Forward and Education lmtkuk.studies. and intmictive on-line te.aching&ckw.ud Chaining. 

prograim. 


lmelligen en&~. In<".• Inexact Rem.oning. 
You are imroduced IO E pen S~ 9lJI)() S. Sepul1wlo. Blwl. , Suire 730 

• Frames and Inheritance. 	 tccludogy with easy ID understand texl Los Angela, CA 90045 
and imeractive tutorial allowing )W 10 (213) 417-8896• lntcJligenl Data !iC Sys~rru.. U!Sl ,)OOI' COlllpttbension of the Conccpt'l 

~ I doa'1 - Id ;tinnkJCY me bt'• 	 Knowledge Acqu' i1ion. ~- ~ill dnws i~ power 

fnxn thc unilbnn inu.:gra1ioo of Expert 
 Send - ~ °'. peni>ch-lll .. 129-" 

Chcd ... ......,, ....... pl)1lble to 

broad and OYe:l'all view of the Expert 
• Knowledge Rcprcsernalion. 	 System c:oncepcs and provides you with a 

In l~.ln:: ~ 
• Building Expert ystems. 

SY*ffl fit:ld . 
• Automatic Knowledge A clearly wrinen tu1orial ID.l ~ 

Acquisi1ion ~ included along with -11 designed on-line 
illlaacUYC lVtoriah. Tugether, Ibey 
provide a coocise exposilioo d ~ 

• M hinc Leaming and lnduction. 

• E pen System \\:rific.ation. )"CCll1S technology. Expeneach-lD 	 r Send me •1nl................. Ollrr 1-11~ 
....,._,grapbically ciq>laim cuoceplS :sucll• Case Stud' of pen S 1M. 
fOrwud and backward chaining. pMtml 

• 	Use of CotM:ntional ~- mo:hins· backtracking. connict 

resolua.ion. inexact reasoning. frames and 
 Company ~~~~~~~~

• Soun:c Code in C and Pascal. 
inheritance. object oriented programming. Addrc>& ~~~~~~~~~
CIC. Thl:se conccplS ue explained in • 
Slq>-Wisc. easy to understand manner.k'itelligenceWare.re. Td. N 

Expencadl·lll provides 811 in-depth~ i11 Ani/i("IQ/ llfldlirmtt ~ 

undenlllnding of the inner structure o( 


~s~ tcdmology. 

NOVEMBER 1988 • BYT E 277Cirdr 165 on ReaduStnict Card 

Teach yourself 
Expert Systems Technology 

Interactively on your IBM PC 
with this Comprehensive 

[ Cblrp' ll"I)' ,., ~ 



IN DEPTH 

SIDE BY SIDE 

The Crossbar Connection 


wo processors should be twice as T fast as one, and a thousand proces
sors should be a thousand times as fast
at least in theory. But that depends on 
getting those thousand processors talk
ing to each other, and that's not an easy 
task. In a fully connected network, in· 
terc()nnecting only 30 processors re
qui~ 435 separate conned.ions; 1000 
processors would require 499,500 con
nections. 

A fixed network structure (such as a 
Hypercube) avoids that problem by con
necting each processor to only a few 
neighbors, but then data m~ be passed 
from processor to processor through the 
network for distant processors to com
municate. Alternatively, all the proces
sors can share a common communica
tions bus, but that risks tying up the bus 
if two processors have lots of data to ex
change, bringing communications for 

Frank Hayes 

the rest of the system to a screeching 
halt. 

Cogent Research in Beaverton, Ore
gon, thinks there's a better solution. 
Cogent's new desktop supercomputer, 
the XTM (see photo A), can c()nnect 
any number of parallel processors, 
without passing data hand-to-hand 
through a network or tying up a com
mon bus when there's Jots of data to ex
change. lost.cad, the Cogent machine 
has a hybrid communications architec
ture that has both 11 common bus and a 
unique network system. 

The Cogent XTM 
The XTM's processors arc INMOS 
T800 transputers. Each transputer has 4 
megabytes of RAM, as well as four 
high-speed serial-communications 
channels specifically designed for ex
changing data with other transputers. 

Photo A: Cogent Researda 's XTM parallel <hsktop supercomputer, based 
011 the INMOS T800 transputer and Yale University's Linda programming 
langU1Jge. (Photo courtesy ofCogent Research, Inc.) 
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In the XTM, the traosputers aJJ share 
an ordinary parallel -communications 
bus, through which messages can be 
sent. Separately, the four serial-com
munications channels from each trans
puter a.re connected to an intelligent 
switching system. In ide the intelligent 
switch, the serial-communications 
channels from all the transputers in the 
system are arranged in a network-but 
with no permanent connections. Upon 
request, the intelligent crossbar switch 
can directly connect any two trans
putcrs in the network . Consequently, 
any two transputers can talk either 
through the shared bus or through a 
temporary "private" direct connection 
(see figure A). 

For example, suppose processor A 
wants to send a large collection of data 
to processor 8. If A sent the data 
through the common bus, it would tie up 
the bus-a classic communications bot
tleneck.. Instead, A sends a message 
th.rough the bus 10 the crossbar-switch 
controller, asking for a direct connec
tion to B. 

Once the connection is made, A can 
send data to B at high speed without in
terfering with any other processor·s 
communications. Once the data transfer 
is complete, A sends another message to 
the switch controller, asking it to dis
connect A from B, and the two proces
sors are free to make new connections. 

Meanwhile, every other pair of pro
cessors in th.e system can be connected 
in the same way. While A and Bare ex
changing data, C and D can m11.ke their 
own connection. At least in theory, in a 
1000-processor system, 500 serial con
nections could be transferring messages 
at high speed. 

It takes the XTM's intelligent. cross
bar switch less than 40 microseconds to 
link any two processors, and only 200 to 
400 µ.s to completely reconfigure the 
entire computer. (The XTM can even be 
reconfigured to mimic a Hypercube or 
another fixed network..) 

Because the communications net
work is dynamicaJly reconfigurable, all 
the processors can communicate di
rectly through a relatively smaJI number 
of communications channels . One thou
sand processors can communicate using 
only 4000 serial lines-less than 1 per· 
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cent of the number required for a fully 
connected network. As a resull, the 
number of proces,sors in the system is al
most unlimited . Cogent has designed a 
s,ystem for Sandia Natjonal Laboratory 
that contains 1900 processors and has 
roughly the ame computing power as a 
Cray X-MP. 

A more typical Cogeni XTM ystem 
sits on a desktop and has two processors 
in a workstation cabinet that ' s slightly 
smaller than an IBM PC (14 by 14 by 6 
inches) . Along with the processors, the 
workstation contains a 90- or 190-mega
byte hard disk drive, an BOOK-byte 3 'h 
inch floppy disk drive, and three NuBus 
slots. 

There are also an external 1024- by 
808-pixel display, a keyboard, and a 
mou e. The least expensive XTM sy 
tern (with a 90-megabyte hard disk drive 
and a monochrome display) costs 
$19,800. 

To add processors to this basic sys
tem , you first need to add a resource 
server (a 14 by 18 by 6 cabinet with 16 
slots and the intelligent crossbar switch) 
and a communications caro to connect it 
totheXTM. 

Control 

As a result, going from two proces
sors to four adds another $35,000 to the 
price. After that, you can add compu
tation cards (eac h one contain two 
transputers) for $ 12,000 each- until 
you run out of slots in the resource 
server , at which time you can add an· 
other resource server. Additional disk 
storage comes in the form of a d.isk 
server (1.9 gigabytes, plus an 810
megabyte optical drive for backup, for 
$60,000). The workstation, resource 
servers, and disk servers all communi
cate through fiber-optic cable at 100 
megabits per second. 

Ao Easy Growth Path 
The price on a desktop supercomputer 
can rise quickly. A workstation with a 
single resource server packed full of 
processors fits easily on a desktop-and 
costs over $200,000. The Cray-class 
system Cogent designed for Sandia will 
cost $15 million to build . 

But the XTM is unique among super
computers in that both the two-proces
sor mjnimal system and the 1900-pro
c.essor Sandia machine use exactly the 
same hardware. And with enough time 

and money, you can build any system 
into a colossus- without changing the 
software. The XTM's operating system 
is based on the Linda parallel-program
ming concept, which is effectively blind 
to the number of processors in the com
puter . A program written in FORTRAN 
or C using the Linda extensions will run 
on a minimal XTM system. Add two (or 
a dozen) more processors, and the pro
gram will run inexactly the same way
but nearly twice (or a dozen times) as 
fast. 

And how fast is fast? Each of the 
XTM's transputers adds 3 million 
floating-point operations per second 
of processing power. Cogent's design
ers believe that because the XTM can be 
so easily tailored to match computa
tional problems-adding more number
crunching capability as it's needed-the 
new machine will open up a completely 
new range of problems that were previ
ously inaccessib le from desktop 
workstations . 

Frank Hayes is an associate news editor 
for BYTE in San Francisco. He can be 
reached on BIX as "frankhayes." 

The 
operator 

Switch 

Bus 

Figure A: The Cogent XTM 's communications system. For A to exchange dala with B. A notifies the switch controller via 
the communications bus. The controller then orders the intelligenJ switch to make a direct connection between A and 8. 
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P = Processor 
M "'Memory 
S - Switch 

Bus 

Shared memory 

Crossbar connection 

p p 

M 

p 

Parallel-Proceutng 
Architecture 

Multistage switches 

Distributed memory 

Complete interconnection 

Mesh 

Figure I: Shared memory architectures allow parallel systems to access a common shared memory, as opposed to distribuied 
memory systems, which provide memory to each processor. 

280 BY T E • OVEMBER 1988 



IN DEPTH 

SIDE BY SIDE 

Concurrency 
control 
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1/0 
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Physical 
memory 

Figure 2a: The FX/8 system's common-bus architecture. The ACE processors (Advanced Computational Elements) function as 
application processors. 110 and operasing-systemjobs are performed by the interactive processors, which are 6802()..based. 

underlying semantics. In brief, functional 

languages are prime candidates for pro

gramming parallel machines. 


All about Architecture 

A dichotomy exists between shared

memory architectures and distributed

memory architectures. The former allow 

parallel systems to have access to a com

mon, shared memory, while the latter 

give each processor its own memory. As 

shown in figu.re l, a multitude ofconfig

urations is possible and has been used for 

building parallel-processing systems. 


The most widely used architectures 
are bus-based systems, the Hypercube, 

and a design using special-purpose 
switches, as shown in figures 2a, 2b, and 
2c. A less widely known architecture is 
found in wafer technology. (See "The 
Third Dimension" on page 311.) 

Bus-based systems (e.g., the FX/8, 
from Alliant Computer Systems, Little
ton , Massachusetts) provide the simplest 
form of parallelism, having a set of pro
cessors connected to a set of memory 
boards via a common bus. Although 
these systems are attractive for their sim
plicity, problems arise in the form of 
limited scalability, contention for ac
cessing the same memory location, and 
rising costs for overall speed gain . In ap

plications dominated by scalar code, like 
older mechanical CAD applications, you '11 
find good speed increases with from one 
to four processors, but after that, adding 
processors won't increase speed. 

Hypercube (e.g . , the Connection 
Machine from Thinking Machines, 
Cambridge, Massachusetts) , based on 
Ca!Tech's Cosmic Cube, allows multidi
mensional connections between proces
sors, thus connecting every processor at 
least inclirectly. Although it 's attractive 
for its capability to interconnect thou 
sands of individual processors, commu
nication speed between processors may 

continued 
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Figure 2b: The Connection Machine 's Hypercube architecrure and blowup ofindividual processor. 
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figure le: A Bwterfly processor node block di.agram and blowup ofthe Bu11erfly switch design . 
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vary depending on the number of inter
vening processor nodes. Ultimately. 
programming a Hypercube architecture 
may require treating it as a loosely cou
pled multiprocessor with explicit data 
placement and task assignment per node 
under certain memory size limitations. 

Multi tage switch architectures (e.g .• 
the Butterfly from Bolt Beranek and 
Newman, Cambridge) are closely mod
eled around crossbar switching connec
tions that use separate buses for each pro
cessor. Whereas crossbar architecture 
has a serious contention problem, if two 
processors want to communicate with the 
same memory location at the same time, 
special- purpose switches allowing 
multiple paths to the same memory node 
al levi ate the contention problem. (See 
the text box "The Crossbar Connection" 
on page 278.) 

The Problem with Benchmarking 
In general, benchmarking parallel-pro
cessing systems is a formidable, if not 
impossible, task. While you can use 
MIPS (million instructions per second) 
and MFLOPS (million floating-point op
erations per second) to compare parallel 
processing machines, their ratings may 
be skewed by 1/0-intensive programs or 
the types of programs themselves. More
over, transporting code be.tween paral 
lel -processing machines of different 
types is not possible. 

A popular dichotomy between right 
wing and left-wing machines points to 
the important role of the operating sys
tem. Just as ideological differences set 
conservatives apart from liberals when it 
comes to the role of the government, 
right-wing machines (e.g., Hypercube
ba ed) offer little control or support 
through their operating systems. With 
these machines, programmers are re
quired to code more low-level operations 
themselves. Left-wing machines (e.g., 
Butterfly) provide more generous sup
port by the operating system. 

The Personal Computer Connection 
While parallel processing has reached 
the minicomputer market, parallel-pro
cessing capabilities for personal com
puters are slowly emerging and usually 
come in two forms: expansion boards 
and software simulation. (See "T800 and 
Counting" on page 287.) The INMOS 
D700 Card and T 414 CPU offer IBM PC 
users parallel-processing capabilities a 
part of the 0701 Transputer Develop
ment System. The package comes with 
the Algol-based programming language 
occam. The T414 CPU, a 32-bit micro
processor, is able to pass information to 

multiple processors while at the same 
time operating on a problem . 

Another expansion board that offers 
parallel-processing capability is the 
PCturbo 286e from Orchid Technology. 
The board connects to the IBM PC AT or 
XT and lets you run simultaneous appli
cations in the computer's standard mem
ory and the 286e 's RAM. If you choose 
to run two programs in parallel that try 
10 access the same data or write to the 
same disk sec tor, the data may be 
compromised. 

l~rallel-
processing capabilities 
for personal computers 
are slowly emerging. 

The complexity and cost of commer
cial parallel-processing machines avai l
able today make them prohibitively ex
pensive for mass use. The available 
expansion boards that may allow some 
parallel processing on personal com
puters are primarily for the programmer 
exploring the flavor of this technology. 
Integration into existing infrastructures 
makes personal computers probable can
didates for host or front-end vehicles. 

Where We Are Going? 
Parallel processing, despite its commer
cial impact over the past 5 years and its 
academic endeavors over the past 20 
years, is still in an embryonic state. The 
three most significant issues standing in 
the way of necessary commercial break
throughs are standardizat ion of parallel
processing languages and architectures, 
integration of parallel processing into the 
existing computing infrastructure, and 
design of solid interfaces required by the 
complexity of the programming tasks . 

Standardization of parallel -processing 
languages and architecture.s is important 
because there is currently no standard
ization of parallel-processing techniques 
in sight. One reason for this is that paral
lel-processing technologies are still 
mostly in R&D laboratories, an environ 
ment that promotes individualism. An
other reason is the potential for diverse 
applications that makes it impossible to 
predict what such standards should look 
like . Finally, the design of hardware is so 

far ahead of the state of the a rt in soft
ware development that both di ciplines 
have to be brought to the same level be
fore standardization of either software or 
hardware becomes possible . 

Integrat ion of parallel processing into 
the existing computing infrastructure is 
important because drastic changes are 
slow to be implemented, especially in an 
investment-intensive area like software 
development and hardware purchases. 
Al though projects like the one that in 
volves Dow Jones and Thinking Ma
chines show some promise , many more 
successfu l applications have to come 
about before parallel processing be 
comes a major force in the commercial 
computing market. As with any other in 
novation, commercial evolution has to 
follow the revolution in the laboratories . 
Integration is the key. 

Last but not least, the design of solid 
interfaces required by the complexity of 
programming tasks is a necessity. As we 
are beginning to imagine programming 
parallel systems of multiple gigabytes in 
size. debugging and maintaining such 
programs. much more than actually 
using them, will be delegated to the user 
interface. Ultimately, programs may 
come about through the intelligent inter
action in English between the user and 
the interface . 

For these reasons, personal computer 
users will have 10 limit themselves to 
simulating parallelism in the near fu . 
ture- that is, until commercial parallel
procr~ssing technology matures. • 
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I N DEPTH 

PARALLEL PROCESSING 

T800 

and Counting 


The 1800 transputer and the Occam language 

are a hardware/software team designed to work together 


Richard M. Stein 

M 
ankiod con
stantly seeks 
ways to solve 
the technologi

cal challenges found by ob
serving the natural universe. 
Today, our understanding of 
nature is increasingly depen
dent on computer-based simu
lation of theories , supposi
tions, and curiosity. 

Such complex operations as 
verifying the fluid flow of ai r 
around the wing section of an 
airplane to determine drag 
and stability, srndying chemi
cal reactions in the prepara
tion of a new drug , and study
ing weather patterns require 
the increases in performance 
provided by parallel-process
ing computers. In fact, many 
problems are beginning to re
quire that increase in speed to 
quench our growing thirst for 
immediate responses . As par
allel -processing computers 
become more and more available , these 
workhorses of science and industry are 
emerging as a key to continued techno
logical growth. 

Multiprocessors vs. Mu.lticomputers 
Parallel-processing computers can be di
vided into two basic architectures: the 
shared-memory multiprocessor (see fig
ure la) and the multicomputer (see fig-

ILLUSTRATION: ROBERT PASTERNAK © 1981l 

ure lb) . The shared-memory multipro
cessor comprises a collection of CPUs 
connected by a bus to a common pool of 
memory. 

A multiprocessor performs parallel 
computations in several ways. One is to 
dedicate a complete processor to each ac
tive process; this is called control paral
lelism. Ea.ch process is free to operate on 
memory without appreciable interfer· 

ence from the others . Why 
not add more processors and 
keep partitioning the prob
lem, one process to each pro
cessor, to gain more speed? A 
problem arises as you add 
CPUs to the bus: When one 
CPU tries to access an ad
dress in memory, it must first 
get permission from the 
others. Arbitration among the 
CPUs leads to contention . 
Each CPU requires a finite 
amount of time to fetch some
thing from memory , and 
while this is going on, the 
other CPUs must wait if they 
need data as well. Adding 
more CPUs simply makes the 
problem worse, and a bottle
neck results. 

This is the so-called von 
Neumann bottleneck. It's the 
reason multiprocessors sel
dom have more than four 
CPUs simultaneously operat
ing on a common pool of 

memory. The bus bandwidth is saturated 
by simu ltaneous requests from the 
CPUs. The shared resource leads to a 
fonn of inflation, where the cost of per
forming an operation becomes increas· 
ingly expensive and therefore less effi
cient. This is the key limitation to 
multiprocessor architectures: Finite bus 
bandwidth mea.ns that only a fixed num

conrinu~d 
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ber of instructions can be carried out 
each second. While this may be appre
ciable-more than 500 million floating
point operations per second (MFLOPS) 
is possible-the growth rate in the band
width is limited by technology. 

The multicomputer differs from the 
multiprocessor in several way . Proces
sors are not connected to a common bus. 
Instead, each processor has a small 
(64K-byte to 4-megabyte) RAM con
nected lo a local bus- the processor and 
RAM are called a node- and communi
cation between processors occurs 
through high-speed serial links. There is 
no bottleneck. Since a node doesn't share 
a common bus with any other node and 
communication occurs through serial 
links, the multicomputer's bandwidth 
rises linearly with the number of nodes. 

The multicomputer has other advan
tages as well. The most notable is cost. 
Multicomputers require less glue logic 
and fewer support chips on a per-node 
basis than do mulliprocessors . A multi

computer typically runs between one
tenth and one-hundredth the cost of a 
comparable multiprocessor. 

The Transputer 
About 4 years ago, INMOS introduced 
the transputer, a multicomputer building 
block. It has a great cost-performance 
ratio: A T800 transputer with 4 mega
bytes of RAM costs about $1000, and a 
30-MHz T800 delivers 2.25 IEEE 32-bit 
MFLOPS and 15 million instructions per 
second, well under $100 per MIPS. In 
addition, the transputer requires little 
support circuitry: You can bujld a fully 
functional multicomputer node (a trans
puter, a 5-MHz crystal , a few pull-up re
sistors and diodes. four F373 parts [octal 
latches], some RAM, and a wire-wrap 
tool) in a few hours. The most costly part 
of the hardware is the RAM. 

Figure 2 shO"Ns the internal structure 
of the T800 transputer. This architecture 
is unique when compared with conven
t.ionaJ CPUs. The T800 incorporates 4K 

._Bus 

32 bits 

Memory 

CPU 

32bits 32bits 

CPU CPU CPU 

Figure la: A typical shared-memory multiprocessor (without contention memory 
cache). The bus is a common resource among all CPUs; as more CPUs are added, 
bus contention can lead to the von Neumann bottleneck. 
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Figure lb: A typical multicomputer system. Each node consists ofa CPU and 
memory. Processes communicate with each other through bidirectional serial links 
(dotted lines) . 
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bytes of on-chip static RAM. A program 
that fits into this on-chip reservoir will 
execute instructions in the transputer's 
cycle time- that is, in the 33-nanosecond 
cycle for the 30-MHz version . The inter
nal RAM is not cache memory per se, as 
many conventional reduced-instruction
set-computer processors have, bul it does 
serve an important role as stack space. 

The internal RAM is used by com
pilers to hold the base addresses of arrays 
and local procedure variables. The base 
address of an array i used far more often 
than a single array-element address dur
ing program execution. The size and 
type of an array element are fixed at 
compile time, so a simple calculation can 
determine the address of any array ele
ment. The internal RAM serves as a reg
ister stack, an a.rea where variables used 
repeatedly are held to speed access and 
program execution. A register variable is 
accessed in a single cycle, but variables 
held in external RAM require a handful 
of cycles to latch and read. 

Using the transputer's internal RAM 
in this way does have one side effect , and 
it shows up in the language specification 
for Occam, the transputer ' s native lan
guage. By definition, the Oc.cam lan
guage is not recursive . If it were, the re
peated stacking of the local variables 
would generate confusion at each level of 
recursion during program execution . 
Stack frame building requires dynamic 
memory allocation , which Occam does 
not supporl. Implementing recursion on 
the transputer is a bit tricky in Occam, 
since the application must maintain the 
stack and you must explicitly manage 
tack traversal. 

The T800 integer-register set is sparse 
but highly functional (see figure 3). The 
three accumulators are arranged as a 
stack and serve as expression evaluators . 
The workspace pointer tracks the ad
dress of the data that the active process is 
using. The instruc1ion pointer is similar 
to the program counter found in conven
tional CPUs and points to the currenr 
instruct.ion. 

The transputer ' s operand register 
serves as the focal point for instruction 
processing. A II transputer instructions 
are I byte long and typically execute in 
one to two cycles. The transputer forms 
an operand by loading the instruction 
data field into the 4 le.a.st significant bits 
of the operand register. The instruction 
uses the contents of the entire operand 
register as its operand; it clears the oper
and register to 0 on completion. 

The transputer also performs instruc
tion prefetch . Since each instruction is I 
byte , four will fit into one word on the 
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T800 AND COUNTJ NG 

T800. Each instruction fetch retrieves 
four instructions simultaneously; this re
quires less frequent accesses to memory. 
The transputer maintains a double-buf
fered instruction queue. The prefetch
and-buffering scheme delivers most of 
the performance benefits of an instruc
tion cache, but without the silicon's cost. 
The prefetch-and-buffering sequence al
most completely decouples instruction 
execution time from memory speed. 

The transputer is designed to execute 
concurrent processes under direct hard
ware control. A by-product of hardware 
process scheduling is realized in the ex
traordinarily short context switches. Due 
to a hardware stack maintained by trans
puter microcode, most context switches 
require only between 1 and 2.5 micro
seconds (µ.s). A transputer process con
sists of a local workspace and a small re
served area for linkage information, 
which holds the pointers used to main
tain multitasking and 110 protocols. 

The hardware scheduler supports two 
process priorities: high and low. It gives 
the high-priority proces unconditional 
control over the CPU and prevents the 
low-priority processes from executing 
until the high-priority one relinquishes 
the CPU. You use a high-priority process 
for very short- less than one time slice
sequenc¢s of instructions that are not to 
be interrupted by external events or 
bumped by other processes. The time
slice period is approximately 1 ntilli
second for a low-priority process. All 
low-priority processes execute asynchro
nously . This asynchronous execution 
scheme is an important concept for 
multicomputer software systems. 

The transputer has an on-board hard
ware timer, which can be used to obtain 
synchronous interrupts for time-critical 
processes. The timer derives its signals 
from the externally connected 5-MHz 
crystal. The crystal supplies the trans
puter's phase-lock loop with the synchro
nization signal coord1nating all the inter
nal mechanisms. The timer is accessed 
through a channel assignment, and it has 
either 1-µ.s or 64-µs resolution. With 
these clock intervals, you can schedule 
processes tightly to execute at precise 
intervals. 

The T800's floating-point unit con
forms to IEEE standard 754-1985. At 30 
MHz, it is 50 percent faster than a 16
MHz 80386/80387 combination. The 
TSOO performs 32-bit floating-point 
multiplication, addition, and subtraction 
in less than 1 µ.s , and it requires just over 
1 p.S for division. The transputer's FPU 
can run in parallel with the integer CPU, 

con1inued 
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Figure 2: The JNMOS T800 transputer. The CPU and FPU can execute in parallel 
by organizing Occam to exploit both processors simulraneously. The chip is designed 
for concurrency. 
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Figure 3: The T800 integer CPU has three accumulators, registers A, B, and C, 
arranged as a stack for expression evaluation. Zero-address instructions operare on 
values in the stack; single-address insrructions load valuer from memory into the 
stack, and so on. 
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programmatically separating integer and 
floating-point computations. In Occam, 
you can write this as 

PAR 
SEQ 

. . . do floating-point calculations 
SEQ 

. .. do integer calculations 

This fragment directs the transputer to 
execute two sequential processes in par
allel, or concurrently: One process exe
cutes only floating-point instructions, 
while the other performs the integer 
arithmetic. 

The most distinguishing feature of the 
transputer is its four link interfaces. They 
are direct-memory-access-controlled, 
bidirectional, serial-transmission links 
and can operate at up to 30 megabits per 
second. Therefore, each transputer is 
capable of 120-megabit-per-second link 
I/O, the equivalent throughput of 12 
Ethernets. The links serve as the inter
face to other transputers. You can easily 
connect them into a variety of topologies, 
such as hypercubes, rings, and grids. 
They are the primary reason that the 
transputer is so linear. 

The transputer is linear in the sense 
that if you execute a program on a single 
transputer, gather some performance 
data, and then partition the software to 
run on two transputers, the performance 
will have nearly doubled. In ray-tracing 
studies, the transputer's improvement 
factor is typically 98 percent to 99 per
cent linear (multiproc.essors are typically 
70 percent to 80 percent linear). 

The Occam Language 
In Occam, communicating processes ex
change data through a construct known 
as a channel. An Occam channel is a 
one-way point-to-point pathway resident 

in memory; it is termed a soft channel. 
Channel input and output are special for 
two reasons: Communicating processes 
are synchronized by channel communi
cation (see figure 4), and the transputer 
links are memory-mapped so you can 
"place" channels at link addresses. This 
placement transforms the sofl channel 
into a hard channel, and data is trans
ferred through a link to a process at
tached to the link on another transputer. 

Link input and output share a common 
clock signal (not a prerequisite for suc
cessful communication). and the data 
transmissions are self-synchronizing. In
puts and outputs can occur simulta
neously over the s.ame link, provided that 
two separate processes are available to 
both send and receive data. 

Link UO, or, more generally, channel 
communication, is a pivotal feature of 
the Occam language. Occam provides 
the framework for constructing parallel 
processes (processes with concurrent 
execution contexts). Parallel processes 
that communicate must do so through 
Occam channels, not via shared vari 
ables . Why does Occam have this restric
tion? Because of deadlock, which occurs 
when two processes fail to communicate 
correctly as a result of improper coding 
or design . 

Listing I illustrates deadlock. The two 
SEQ processes execute simultaneously; 
the first requests input on chan.2, while 
the second requests input on chanl. Both 
processes a.re waiting for input that will 
never occur, since no output executes in 
either SEQ until the inputs are satisfied. 
The program never reaches the output 
statements in the SEQs and thus doesn't 
complete . Ifyou reversed the order of one 
input and output, the program would 
complete , because each input request 
would be satisfied by a complementary 
output. 

Attempting to share a variable among 
parallel processes gives rise to a similar 
conflict : One process may try to write 
the variable at the same time another one 
is trying to read it. Since parallel pro
cesses run asynchronously (at their own 
rate), reading a variable that has been 
modified by another process means the 
value would be uncertain. Since you 
can't know when the variable will be 
modified, you could be trying to read it 
when another process is writing it. To 
prevent this collision, Occam precludes 
parallel processes from sharing vari
ables. But Occam variables can and do 
store data, and channels are available for 
interprocess communication. 

The point-to-point nature of the 
Occam channel discourages the design of 
a program dependent on routing data 
through intermediate nodes. While 
"through-routing" is typically imple
mented on the transputer as a separate 
software process that enqueues and de
queues packets, the hardware provides an 
easier approach. (Second-generation 
transputers are likely to ' have this fea
ture.) You can't always achieve a logi
cally concurrent description that isolates 
communication dependency to a nearest 
neighbor. Through-routing circumvents 
this design limitation, and it's much 
faster in hardware than in software. 

Several manufacturers have developed 
transputer plug-in boards for both the 
IBM PC and the Macintosh. CSA, 
Micro Way, and Definicon Systems all 
build plug-in PC boards with varying 
amounts of RAM, transputers, crossbar 
switches, and price. Nth Graphics manu
factures a transputer-based PC plug-in 
graphics engine running the Hoops 
graphics package from Ithaca Software. 
A typical single transputer board with a 
20-MHz T800 and 2 megabytes of exter

con1inued 

Process 1 Process2 

Ready to output Ready lo accept lnput 

Active 1-----~ Active 1--------j~ 

Inactive ....__....,,.... _ __....,,....._ 
lna.ctive - .....---...----

2 3 4 5 Time units 2 3 4 5 nme units 

Figure 4: When process I must wait for one time unit before process 2 is ready to accept its data, it is said to be "blocked. " 
Processes synchronize only when they communicate via Occam channels. 
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nal dynamic RAM costs about $3000, 
including an Occam compiler, documen
tation, and some utilities. Levco makes a 
plug-in transputer board for the Mac. 

Occam is a secure language with a ro
bust and efficient compiler, but it does 
have some shortcomings. For one, Oc
cam fails to provide hierarchical data
structure typing, an essential for object
oriented programming. You need to have 
a means of abstracting the problem do· 
main intomorethanjustassignments, in
puts, and outputs. The success of a com
puter model is often characterized by the 
correctness of the problem-domain ab
straction; this is far more easily achieved 
in languages like Ada , C, and C++ . 
Occam doesn't support the struct syn
tax ofC, enumeration, or dynamic mem
ory allocation . It also doesn't support a 
recursive syntax , so the application pro
gram must stack and unstack recursive 
data structures like binary trees and 
linked lists . 

C, FORTRAN, and Pascal compilers 
are available for the transputer. An Ada 
language compiler from Alsys is planned 
for August 1989, and rumor has it that 
Glockenspiel , Ltd., in Dublin, Ireland, 
is working on a C+ + compiler based on 
the 3L Parallel C compiler. Software 
tools for the transputer are becoming 
more widespread. 

Logical Concurrency 
Logical concurrency is a natural part of 
any problem domain composed of multi
ple degrees of freedom . Any system you 
can view as a collection of processes is 
said to possess logical concurrency. A 
formal definition states that the amount 
of logical concurrency is equal to the 
number of simultaneous processes or 
composite coincidental actions occur
ring in a closed system modeled by a 
computer program or simulation. 

This definition applies to multicom
puters . In multicomputer systems, you 

Listing 1: This code illustrates deadlock. Two SEQ processes execute 
simultaneously. Both request input and wait for it , while neither performs any 
owput first. The program hangs. 

CHAN OF INT chanl. chan2 
PAA 

INT A : 


SEQ 
chan2 ? 
chanl 6 
INT B 

SEQ 
chanl ? a 
chan2 9 

channel dec l aration5 

loc al variable scope i s 
the first SEQ 

i n put into A on cha n 2 
output 6 on chan l 
local var i able scope is 
the second SEQ (not sha•ed) 

i nput on chanl into B 
out put a 9 on chan2 

(a) (b) (c) 

Figure 5: Treating the molecules in a gas as individual and unique leads to a fine 
grained logically concurrent description (a) , while grouping the gas into small but 
finite volumes leads to successively coarser descriptions (b) and (c). 

gain speed by partitioning the processes 
among different processors that perform 
work concurrently. Multicomputers 
excel in applications where the problem 
domain possesses data parallelism. You 
can process a large quantity of data when 
many nodes simultaneously operate on 
small, independent parts of the database . 

It's customary to classify logical con
currency in terms of granularity. For in
stance, say a balloon filled with a gas 
contains 1023 molecules. If you attempt 
to model the equations of motion for each 
molecule- no small undertaking- you 
would need a fine-grained logically con
current description of the problem (see 
figure 5). However, if you treat the bal
loon as a composite of 1024 volume ele
ments (and compute an average value for 
some observable quantity, such as the 
temperature or pressure in each ele 
ment). you would consider a medium
grained logically concurrent model. 
Even fewer volume elements would lead 
to a coarse-grained logically concurrent 
description. 

Identifying the composite processes of 
a system is the first , but not the only , step 
when deriving multicomputer software 
a.rchitectures (see figure 6). Not only 
must we know what the composite pro
cesses are , but more important, we must 
know how they interact. Determining the 
interfaces between the processes is the 
next most important step. 

The interfaces between the processes 
define the precise format for information 
exchange. Process A needs input from 
process B, which might consist of a 
stream of real numbers, an interrupt, or 
a binary-encoded number . The inter
faces between processes resemble some
what the argument specifications for a 
subroutine, function , or procedure . 

The inputs and outputs mark the entry 
and exit points for intermediate results 
generated by a simulation. They are 
point-to-point communication paths be
tween processes . If the inputs and out
puts are defined , the processes are iso
lated from each other, and the logically 
concurrent description of the system is 
complete. A concise interface definJtion 
between communicating processes is es
sential to executing the transformation 
from logical to physical concurrency. 

The process of designing a multicom
puter system begins with the idea to be 
studied, the environment to be simu
lated, or the problem to be analyzed , not 
with the selection of a hardware host. 
This somewhat radical idea-organizing 
the software through a logically concur
rent description without considering a 

comirw~d 
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hardware target for development- is 
un.ique to multicomputer software sys
tems. 

The end of the design process leads to 
the construction of a special-purpose 
computer explicitly organized to execute 
the software. "Special-purpose" means 
that the logically concurrent software de
scription, including inputs, outputs, and 
processes, can now be ported to the phys
ical concurrency of the multicomputer 
without affecting the software's design 
or the schedule. 

Logical concurrency is used to ab
stract problem domains into software 

multicomputer solutions in conjunction 
with the transputer and Occam: a hard
ware-and-software team created to fa 
cilitate the logical-to-physical trans 
formatjon . 

Transformation Reve.aled 

The transformation from logica l concur

rency to physical concurrency is the crux 
of multicomputer development. The 
speed increase in the algorithms and 
software is a direct result of this transfor 
mation. The entire process of designing 
transputer-based multicomputer soft
ware begins with this assumption: Once 

0 Prooess 

Figure 6: A process-structure graph . Identifying the composite processes in a 
multicomputer system is important, but so is isolating the interfaces between 
processes. 

Listing 2: A templale program. This can serve as input to the configurer. 

PLACE chanO . out AT 

PLACE chanO . in AT 

PAR 
PROCESSOR 0 TB 
navier . stokes( ) 
PROCESSOR 1 TB 
g raphics .output() 

linkO.out : 

-- put chanO . out at hard linkO . out 


linkO. in : 
put chanl . in at hard linkO . in 
do these processes simultaneously 
processor 
solve the 
processor 
dump the 

1 is a T800 
Na vi er-Stokes equations 
2 is also a TBOO 

output (in real time) 

you have a logically concurrent descrip
tion , you can evaluate the software's be
havior on a single transputer using soft 
cha.noels to transfer data between coop
erating processes . 

This single-transputer implementation 
is necessary for two reasons: It is un 
likely that a "shotgunned" multicom
puter software-development cycle (where 
you "hack" the software out and dis
tribute it among all the nodes) will be 
successfu l, and debugging a single
transputer implementation , or any 
uniprocessor implementation, is easier 
than debugging software on several pro
cessors at once. 

The path to physical concurrency 
starts with observing the logical behavior 
of the simulation run.rung on a single 
transputer. The CHAN declarations are the 
key to performing the mapping. The log
ical software model , composed of sev
eral communicating processes, uses the 
channels to pass messages . Occam places 
these channels into the single trans
puter's address space. 

The desire , however, is to achieve 
physical concurrency, which is accom
plished when the logical software model 
is distributed among the processors ac
cording to the software design. With the 
Occam PLACE construct, you can map the 
channel addresses to the link addresses. 
The PLACE construct instructs the com
piler to set the address of the predicate at 
a specific address. For example, the 
statements 

INT e.bcd : 

PLACE abed at #4 : 


cause the integer variable abed to be 
placed at address 4 (hexadecimal). 

Likewise, the PLACE construct applie 
to channels. The transputer's address 
pace has eight specific addresses for the 

links, and once you PLACE a channel 
there, it 's called a hard channel, instead 
of a soft channel for memory-to-memory 
channel 1/0. This hard channel then 
writes or reads information from another 
process resident on another transputer. 
There are eight link addresses, four for 
input links and four for output links, 
designated link . inO, link.outO, link
. inl, l ink.outl, and so on. 

To complete the logical-to-physical 
transformation, you must also direct the 
processes to the appropriate transputer. 
This task is handled by the INMOS con
figurer, a postcompilation operation that 
determine a boot path, along which all 
the processes will flow toward their tar
get destinations. An example of a tem

conrinutd 
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plate program that can serve as input to 
the configurer is shown in listing 2. 

The configurer generates a complete 
image with the boot path and bootstrap 
instructions for each node in the multi
computer. The loader PLACEs the pro
cesses called nav1er.stokes() on PRO
CESSOR 0. The graphics.output() 
process is PLACEd on PROCESSOR 1. The 
loader downloads tbe processes and then 
begins execution. Communication is syn
chronized, for the two processes in list
ing 2 don't know or care whether they 
read or write from hard channels or soft 
channels . 

Software-Driven 
Ideally, a software design should be 
completely independent of the hardware. 
The multicomputer system is driven by 
software, not hardware requirements . 
However, its success depends on the exis
tence of a suitable hardware host. The 
INMOS transputer is designed to serve 
as a multicomputer node. 

The innovators and pioneers who elect 
to invest and pursue multicomputer sys
tems will find an increasing marketplace 
for this technology. The skills you need 
to design multicomputer software sys
tems are not radically different from 
those used in sequential software design . 
Understanding the Occam language, 
transputer architecture, and , most of all , 
logical concurrency are the major re 
quirements. Mostly, however, designing 
multicomputer software systems depends 
on creativity, intelligence, and desire. • 
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In this, our hundredth year, we pause briefly 
to celebrate past achievements. And to consider the exciting 
opportunities ahead. 

In the past two decades, the Information 
Revolution has changed the way people live and work. In 
that time, a new McGraw-Hill has taken shape. 

Today we are a multi-media publisher and 
information services company, creating a vast array of 
print, software and on-line information products to meet 
the changing needs ofthe markets we serve. 

As we look to the future, we see new informa
tion technologies emerging and new McGraw-Hill 
products that use those technologies to the fullest. 

In the midst of these continuing developments, 
however, it is important to remember that the underlying 
principles that have guided our company for the past 
century will continue to define us in the next century. 

People will always need information. 
They will always seek out the authoritative 

information source. 
They will always demand timely 

information in the format they can work with 
most easily. 

Andsoourtaskisclear: in print, 
on-line, over the air, or even in some as-yet
unimagined forms, McGraw-Hill must continue 
to stand for information of the best kind . . . 
information that leads to action. 

lf1 ,~ ~ 
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Information that leads to action. 
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C-715A Reliant can't be much different 
from the other 24-wire printers on the 
market? 

Look a little closer. 
Extra speed. 
Both the high-volume C-815 and 
seven-color C-715A work up impressive 
presentation qual ity printing-fast. 

How fast? At 570 characters per sec
ond in data processing mode, the C-815 
Supra with its unique diamond print
head has been clocked as the fastest 
24-wire printer you can buy. 

And for letter qualicy printing, the 
C-71 SA is no slouch - 100 cps is a 
good deal faster than most daisy wheel 
printers. 

'- 

Extra versatilit y. 

Paper handling has never been better, 

either. Both printers feature a push/pull 

tractor for multi-part forms, a short 

paper tear off, and top, rear, bottom and 

single-sheet paper feeds. 


Some C-815 models will accept up to 
9-part fom1s, and the C-715A will even 
let you slide in a single sheet without 
removing yo ur pin-fed paper. 
Extra compatibility. 
The C-815 and C-715A work with almost 
any software package on the market. 
Because Toshiba~ IBM ProPrinter® and 
Qume®emulations are built right into 
the C-815. And Toshiba, IBM ProPrinter, 
Diablo®and Epson® emulations snap into 
the C-71 SA with compact identity cards. 

All the extras. 

You get all the extras on the C.Jtoh C-815 

and C-715A, including a 12 month war

ranty, nationwide service centers and 

C.ltoh's legendary reliability. 

So whatever you do, don't decide all 
24-wire printers are alike. Until you've 
seen a C.Itoh. 

Call (800) 227-0315 or (714) 757-4492 
Southeastern Regional Office ( 404) 368-9183 
Eastem Regional Office (609) 235-3400 
Midv.~tem Regional Office (312) 860-7770 
Western Regional Office (714) 757-4422 

C. ltoh Electronics, Inc. 

2505 McCabe Way, h>1ine, CA 92714 

we build more tn. So you get mme out. 
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IN DEPTH 

PARALLEL PROCESSING 

Getting the Job Done 

"linda, "a parallel-programming language, is easy, 

efficient, and portable 

David Gelemter 

arallelism is a dem
onstrated success at 
making programs 
run faster. It is a 


conceptual model of tantaliz

ing potential . Parallel ma

chines are rolling off more 

company assembly lines all 

the time. Parallelism, most 

observers agree, can revolu

tionize computing, from su

percomputers to worksta

tions . At the workstation 

level, the implications might 

be even more exciting than 

they are for supercomputing. 

But there is a problem. 


What's the Problem? 

How do you program a paral

lel machine? lf the industry 

can't come up with an answer 

that works for lots of pro

grammers and lots of applica

tions on lots of machines, par

allelism will survive only at 

the supercomputer level, and 
it won't thrive even there. 

A paralJel machine consists of many 
subcomputers that can focus simulta
neously on the same problem. To use a 
parallel machine, we need programs that 
do many things at once. It's usually not 
difficult to understand bow to break a 
program down into a collection of paral
lel tasks. A simple analogy: If you 
understand how to build a house, you can 

ILLUSTRATION: ROBERT PASTERNAK © 1988 

imagine attempting the job all by your
self, but you can also picture 2 people 
working on it simultaneously, or 10, or 
100. ParaJlelism in such cases is a simple 
and obvious strategy for getting the job 
done . The software problem is similar. If 
you understand what a program does, it's 
usually not hard to imagine how a group 
of "workers" (a parallel machine) could 
do the job faster than one. 

In software development, 
breaking a program into tasks 
isn't usually difficult. The 
hard part is putting them back 
together again into a coherent 
whole. Although I may under
stand, abstractly, that a cer
tain group of tasks can be per
formed simultaneously, C, 
Lisp, FORTRAN, BASIC, 
Pascal, Prolog , and other 
conventional "sequential" 
languages provide no tools for 
creating parallel tasks and co
ordinating their activities. Se
quential languages lack the 
necessary adjectives and 
verbs. Programmers need 
new tools-either new pro
gramming languages, new di
alects of old languages, or 
run-time libraries of system
level routines-to write paral 
lel programs . 

In my research group at 
Yale, we believe that settling 
on and delivering the right set 

of new programming tools is the central 
bottleneck in parallel software develop
ment. The right set , we believe, will 
meet three major requirements: portabil
ity, efficiency, and above all, ease ofuse. 

We have developed a system called 
Linda that demonstrably meets these re
quirements. It has been implemented on 
a wide range of parallel machines and 

continued 

NOVEMBER 1988 • B YT E 301 



IN DEP T H 

GETIING THE JOB DONE 

used to program a diverse set of applica
tions, including numerical problems like 
matrix multiplication, LU decomposi
tion and linear programming, parallel 
string comparison, database search, cir
cuit simulation, ray tracing, expert mon
itors, parameter-sensitivity analysis, 
charged-particle transport, and others. 

Linda meets our abstract requirements 
and seems to be working out in practice. 
Another aspect to the system, harder to 
explain but still important , moves Pro
fessor Kenneth Birman, a distributed
systems expert at Cornell, to call Linda 
" the most elegant piece of work in the 
area." Llnda is a practical system; it is 
also an attractive and evocative thought 
tool. We're using it to parallelize exist
ing software and to develop new program 
structures in which parallelism plays a 
central conceptual role in making com
plex, heterogeneous tasks manageable. 

Nonnegotiable Demands 
• Portability. An enormous range ofpar
allel machines is available. You can't be 
expected to rewrite your applications 
whenever you move from one to another. 
In addition, any netWOrk of autonomous 
computers is itself, pocentially, aparallel 
machine. For example, I may choose to 
port my program from a parallel work
station to a large, shared parallel com
puter and then to an entire network of 
machines. AJlowing for some inevitable 
tuning when moving between grossly dif
ferent hardware setups, we insist that one 
parallel language be appropriate at all 
three levels . 
• Efficiency. A parallel language should 
perform well, not just on the-0retical fu
ture machines but on the parallel com
puters that are bought and sold today. 
• Ease of use. Like so many other con
struction tasks, parallel program.ming is 
straightforward if you have good tools 
and tedious or impossible if yoo don't. 

Ease of use requires, first, that we 
support parallel applications with a pro
gramming Language and not merely an 
operating system. An operating system 
might Let you invoke directly , in raw 
form, the services you need in using par
allelism-task creation and intertask 
communication. But an operating system 
doesn ' t supply a e-0mpiler or interpreter 
to recognize and process these service 
requests. 

The compiler or interpreter that a par
allel language provides is essential for 
convenient programming, because it 
supports clear syntax, generates com
pile-time warnings and error messages, 
collects information th.at can be used for 
debugging and tracing , and in some 
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cases (Linda is an ex.ample) performs 
compile-time optimizations that dramat 
ica11y improve the system's perfor
mance . This kind of compile-time opti 
mization is one reason parallel languages 
can supp<>rt far more sophisticated, high
er-level programming abstractions than 
distributed operating systems can. 

Ease of use requires, too, that a paral
lel language depart as little as possible 
from some convenient, conventional base 
language. Parallel programming does 
not necessitate doing everything differ

uples 
don 't have addresses; 
to find one, you match 

field values. 

ently . The move from sequential to par
allel should not require mastering an en
tirely new language, or completely 
rewriting old sequential programs when 
it comes time to parallelize them. 

Finally, and most important, parallel
ism can be tricky to handle if your pro
gramming language fore.es you to think 
in simultaneities. An easy-to-use paral
lel language allows you to develop each 
thread of a multistranded parallel pro
gram independently of the rest to the 
greatest degree possible. This principle 
of uncoupled parallel-program develop
ment is the most important requirement 
in developing an easy-to-use program
ming system. 

A Bag ofTuples 
Writing parallel programs requires the 
ability to create and coordinate multiple 
execution threads. Linda is a model of 
process creation and coordination that is 
orthogonal to the base language in which 
it' s embedded. The Linda model doesn't 
care how the multiple execution threads 
in a Linda program compute what they 
compute; it deals only with how these 
threads are created and how they can be 
organized into a coherent program. 

Linda consists of a few simple opera
tions that embody the "tuple spa.cc" (TS) 
model of parallel programming. A base 
language with the addition of these TS 
operations equals a parallel-program
mfog dialect. We've implemented C
based and FORTRAN-based Linda sys-

terns; work is proceeding on a Lisp-based 
system, and other groups have imple
mented other flavors : For example, Post 
Script Llnda (at Cogent Research in Bea
verton, Oregon) and Modula-2 Linda 
(see reference 1) . 

TS is Linda's mechanism for creating 
and coordinating multiple execution 
threads. TS is a bag of tuples, where a 
tuple is simply a sequence of typed 
fields; for example , ("new stuff" , 0 , 
16. 01) is a three-tuple that consists of a 
string , an integer , and a real number. 
Linda provides operators for dropping 
tuples into the bag, hauling tuples out , 
and reading them without removing 
them. To find a particular tuple, we use 
associative lookup : Tuples don ' t have ad
dresses , so to locate the one we want , we 
search on any combination of field 
values. These simple mechanisms take 
care of all communication and coordina
tion needs. Basically, if task R has some 
data for task S, R puts the data in a tuple 
and drops the tuple into TS. S can either 
read the tuple or haul it out, depending on 
circumstances. 

Linda also supports "live tuples," 
whose fields aren 't evaluated until after 
the tuple enters TS. When a live tuple is 
dropped into TS, it is evaluated indepen
dently of, and io pa.rallel with , the task 
that dropped it in . When its evaluation is 
complete , it turns into an ordinary data 
tuple that can be read or removed like any 
other. This takes care of liJsk creation. 
To create 100 parallel processes or tasks, 
you simply drop 100 live tuples into TS. 

I first described Linda in 1982: Nicho
las Carriero built the first implementa
tion for Bell Lab 's S/Net in 1984. (This 
was a major milestone , because it had 
been widely aUeged that Linda was too 
high-level to be implemented effectively, 
particularly on distributed-memory ma
chines like the SfNet. ) Of the many im
plementations that followed , the most 
significant is Jerrold Leichter' s system 
for autonomous VAX/VMS machines on 
a network . 

Tuple Commands 

There are four basic TS operations , out, 

in, r d, and eval , and two variant forms, 
i np and r dp . First, out (t) causes the 
tuple 1 to be added to TS (see figure l) ; 
the exuuting process continues imme
diately. 

Second, in(s ) causes sometuplet that 
matches the template s to be withdrawn 
from TS; the values of the actuals in t are 
assigned to the formals in s, and the exe
cuting process e-0ntinues. If no matching 
I is available when in (s ) executes , the 

continued 
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executing process uspends until one is 
available, then proceeds as before. If 
many matching ts are available, one is 
chosen arbitrarily. 

Third , rd ( s) is the same as in(s), 
with actuals assigned to formals as be
fore, except that the matched tuple re
ma ins in TS. Predicate versions of in and 
rd, inp and rdp, attempt to locate a 
matching tuple and return a0 if they fail; 
otherwise, they return a I and perform 
actual-to-fonnal assignment. 

And fourth, eval(t) is the same as 
out( t), except t.hat r is evaluated after 
rather than before it enters TS; eval im
plicitly forks a new proces to perform 
the evaluation. 

TS is an associative memory. Tuples 
have no addresses; they are selected by 
in or rd on the basi s of any combination 
of their field values. Thus the five-ele
ment tuple (A, B, C, D, E) may be refer
enced as "the five-element tuple whose 
first element is A, " "the five-element 
tuple whose second element i B and 
fifth i E," or any other combination of 
appropriate element values . 

To read a tuple using the first descrip
tion, we would write rd(A, ?w, ?x, ?y, 
?z) . This makes A an actual param· 
eter-it must be matched against-and w 
through z forma l , whose va lues will be 
filled in from the matched tuple . To read 
using the second description, we write 
rd ( ?v, B, ?x, ?y, E), and so on . Asso
ciative matching is actually more general 
than this : Formal parameters (or "wild 
cards") may appear in tuples as well as 
match templates , and matching is sensi
tive to both the types and the values of 
tuple fields. 

The Parallel Solution 
The following problem may sound eso
teric, but it's a good example, not only 
because the parallel solution is very sim
ple and effective, but because the prob
lem isn't really esoteric at all. It 's a por
tent of parallelism's future role at the 
work tation level. 

When new DNA sequences are discov
ere-0, geneticists often need to determine 
which previously known sequences they 
resemble . Resemblance is a qualitative 
mea ure that can be approximated using 
string-matching-like algorithms. Known 
sequences are kept on file in a database 
called GenBank; GenBank is large, and 
with progress in the widely touted "se
quencing the human genome" project, it 
will grow much larger. 

Skipping over some subtleties, one 
simple but effective approach to a paral· 
lei GenBank searcher is to create a col

cominued 
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I N DEPTH 

GETTJNG THE JOB DONE 

out("label" ,4) in(" label",?I) rd(" label" ,?i) 

("label",4) ("label" .4) 

Tuple space 

Figure 1: The instruction out( "labe l ", 4) adds this tuple to tuple space while 
in( "label", ?1) withdraws a matching tuple from tuple space; rd("label ", ?i ) 
simply reads a nu:Jlching tuple without removing it. 

lection of identical search workers and 
one master task (on a 64-node hypercube, 
that's 63 searchers and one master). The 
master hands each searcher a copy of the 
target sequence; then it passes out se
quences from the database . Searchers 
grab a sequence, compare it to the target, 
return the result to the master, and then 
grab another sequence. 

It's easy to see how a Linda program 
might accomplish this. The master puts 
the target in a tuple, and each worker 
reads it. The master then scans the data
base, putting each sequence in a tuple; 
workers repeatedly re.ach into TS, grab a 
sequence tuple, compare it to the target, 
and put the result in another tuple. 

A few important details: The se
quences vary greatly in length; load bal
ancing is better if searchers look at the 
Jong sequences first and work their way 
down to the short ones. (This prevents a 
run ending v.ith the last active worker 
holding everything up while it performs 
a comparison agafost a very long se
quence.) It's easy to implement this task 
ordering using Linda; you simply ar
range the sequence tuples in a stream by 
using one field of each tuple as a stream 
index (the technique is described in ref
erence 2). Searchers disassemble the 
stream from the front end, while the 
master adds sequences to the tail. Any 
database is potentially huger than avail
able RAM, and so the master gradually 
plays out the database into TS, using a 
watermark algorithm (again, easy to im
plement in Linda) to avoid flooding it. 
(This program was designed and written 
by Nicholas Carriero of the Yale Re
search Faculty.) 

How Well Does it Work? 

The central issues in parallel program

ming are communication and coordina

tion: moving data and results among the 

various worker tasks and ensuring that 

all workers have what they need when 


306 BYTE• NOVEMBER 1988 

they need it. Linda makes communica
tion and coordination easy because of the 
simple physical model on which it's 
based-merely a bag of objects, with 
new objects tossed in and old ones con
sulted or removed as needed. Linda is an 
uncoupled programming model-no 
worker task deals directly with any 
other; all transactions go through TS. 

For example, when a worker has pro
duced some intermediate resu lt, it 
needn't know or care which other work
ers will need it. Labeled with any de
scriptive tag that seems appropriat.e, the 
new result is simply tossed into TS, and 
anyone who wants it can come and get it. 
Of course, Linda programming isn't 
merely a matter of tossing isolated tuples 
into the bag; TS is a form of distributed, 
associative, ·object memory, and pro
grammers can build any kind of data 
structure they need out of tuples. 

Linda has bee n implemented on 
shared-memory parallel computers like 
the Encore Multirnax, Sequent Balance 
and Symmetry, and Alliant FX/8; on 
<listributed-memory computers like the 
Intel iPSC-2 hypercube; on a VAX/VMS 
local-area network; and on several cus
tom architectures, among them AT&T 
Bell Labs' S/Net and the Tadpole at the 
Vrije Universiteit in Amsterdam. Krish
naswamy of Yale and Ahuja of Bell Labs 
are building the Linda Machine, which 
supports Linda operations in hardware; 
the first boards have just become opera
tional. Other groups have ports under 
way or planned to systems like transputer 
processors running the Trollius operat
ing system, the BBN Butterfly running 
the Mach operating system, and the 
NCUBE hypercube machine. 

Portability is good, but reaJ availabil 
ity is even better. Scientific ,Computing 
Associates of New Haven, Connecticut, 
is the current leader in the infant field of 
commercial Linda systems. It has sys
tems available for the Encore and Se

quent parallel machines. Our group at 
Yale distributes a simulator for Sun 
workstations. The VAX/VMS network 
system and the Intel ystem are each 
available through Yale to research sites; 
neither is "commercial" yet. 

Several companies are working on 
their own Linda systems . Among them 
are Cogent Research of Beaverton, Ore
gon, producers of transputer-based par
allel workstations; Topologix of Denver, 
Colorado, producing transputer-based 
add-on boards for Sun workstations; 
Human Devices of New York, producing 
computation servers for Macintosh net
works; and AOX of Waltham, Massachu
setts, which produces add-on boards for 
IBM PS/2s . 

A quick summary of the run-time data 
for the DNA database program on two 
different machines, an 18-processor En
core Multimax and a 64-processor Intel 
iPSC-2 hypercube, shows that perfor
mance is excellent. A database search 
that would have taken about 5 hours on a 
single iPSC-2 processor (each processor 
is an Intel 80386) takes about 5 minutes 
running in Linda on the 64-node cube. 
While the Encore and Intel machines dif
fer radically, the same Linda program 
runs, and performs well, on both. 

The DNA para! lei database program 
doesn't stress the efficiency of the Linda 
system much. There are Linda programs 
that are considerably more fine-graine-0 
than this one- they do less computing 
and more intertask communicating-that 
also perform well. Some are discussed in 
reference 3. 

Finally, running Linda on 14 VAXes, 
some in California and some in New 
Mexico, Robert Whiteside of Sandia Na 
tional Labs bas handily beaten a Cray 
(both a Cray IS and one processor of a 
Cray X-MP) on production code for pa
rameter-sensitivity analysis (see refer
ence 4). How he did it is the software 
equivalent of powering a city on recycled 
garbage: Whiteside built his "virtual 
su~rcomputer" out of nighttime VAX 
cycles that no one else wanted. 

Coming Attractions 
The DNA example is significant in pon
dering the future of the paral lel worksta
tion. There are lots of databases in the 
world. Most current-generation ma
chines search them slowly, particularly 
if the search involves complex or dynam
ic search criteria. A parallel workstation 
that can search a large database quiclcly 
holds potential for a qualitative change. 
It lets the average infonnation consumer 
tap into large lrnowle~dge reserves rou

coniinued 
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IN DEP T H 

GETIING THE JOB DONE 

tinely , and in a sophisticated way. 
Most of our current research foc uses 

on new and better Linda systems and on 
scientific applications in Linda . But par
allel workstations, and networks of con 
ventional workstations, have enormous 
potential as well. Linda is a good tool for 
graphics applicat ions: Ken Musgrave of 
Benoit Mandelbrot's group at Yale uses a 
Linda program to produce ray-traced 
images of fractal landscapes. Linda is 
also a good tool for building simulators: 
A circuit-level very-large-scale-integra
tion simulator and a Monte Carlo radia
tion-damage simuJation at Sandia are two 
examples . 

Linda seems to be agood development 
tool for fast database-access and expert
database systems ; for expert monitors 
that scan and analyze collect.ions of in· 
coming data streams (current work in
volves an ICU monitor system, but there 
may be applications ranging from auto
mobile traffic control 10 financial moni 
toring); for "daemon databases"-data
bases with embedded expert daemons 
that e.1U1mine and comment on the evolu
tion of the objects modeled; and for dis 
tributed information services that can 
run on dynamic collections of autono
mous microcomputers . 

Some of these applications are well
developed research efforts , and some are 
only in the planning stage . But these sys 
tems and others Iike them will eventually 
contribute to a new era of parallel soft 
ware- the age of software microcosms , 
knowledge filters, and information res
ervoirs-that is just around the corner. • 
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I N DEP T H 

PARALLEL PROCESSING 

The Third 

Dimension 


The 3-D Computer demonstrates the feasibility ofthe wafer 
approach 

Michael J. little and Jan Grinberg 

eal -cime image 
processing and 
two-dimensional 
data processing in 

general, require enormously 
high data-throughpuc capabil
ities. Image and signal pro
cessing yscems currently on 
the drawing boards have re
quiremencs for processors ca
pable ofbetween 1011 and 1012 

operations per econd. Paral
lel proces ing appears 10 be 
the only route available 10 
achieve these extraordinary 
proces ingrate . 

While there are several ro
bust taxonomies for lhe vari
ous parallel -processing ap
proaches, we have divided the 
field into two segments: 
multiple instruction- multiple 
data (MIMD) types, and sin
gle instruction- multiple daca 
(SIMD) types. 

The MIMD approach 
breaks a (large) processing 
task into subta ks and assigns each sub
task to a separate processor. Each pro
ces or execute the necessary series of 
operations on its data values. The major 
difficulty with this approach comes from 
a frequent need for one processortocom
municate with another processor so it can 
complete its task. Thi requires precise 
scheduling of the exchanges between 
otherwise independently running pro-

ILLUSTRATION : ROBERT PASTERNAK © 1988 

gram . As the number of processor gets 
larger, the interdependencies among pro
grams become more complex. Load bal
ancing- keeping each of the processors 
fully occupied-i another difficulty. 

The SIMD approach assigns data 
value to each of the processors and then 
executes the same series of operations on 
each of the data values in lockstep . Thus, 
there is a single instruction stream, simi-

Jar to that used in a uniproces
sor except that the operation 
are be.ing performed on all the 
data values simultaneously. 
For this reason, we have 
decided on an SIMD type of 
architecture. 

A number of STMD array 
processors have been success
f uIly demonstrated in conven
t io na I two-dimensional IC 
technology. These include the 
ILLIAC IV, the Distributed 
Array Processor (DAP), the 
Cellular Logic Image Proces
or (CLIP-4), and the Mas

sively Parallel Processor 
(MPP) (see references I to 4) . 
In conventional technology, 
an array processor is built 
from an array of IC chips , 
each containing one or more 
processors, which are then 
linked together. 

If we consider each chip in 
the array as a set of subfunc
tionaJ units-A, B, C , and o 

on-then an alternative approach exi ts 
with three-dimensional integration. With 
this technology , the complexity of each 
processor in the array is determined by 
the depth of the 3-D stack, not ju t by the 
lateral dimensions of the circuitry. At 
Hughe Research Labs, we have built a 
3-D Computer that demon trates the fea
sibility ofthi approach . 

cominued 
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IN DEPTH 

THE THIRD DIME SION 

A number of extremely important sys
tem benefits result from 3-D partition
ing: small size, low power consumption, 
high yield of WSI circuits, high reliabil 
ity. and low cost. The massively parallel 
architecture ensures high throughput. 

A Different Architecture 
The basic structure of the 3-D Computer 
is an array of N x N identical elements 
contained on a stack of silicon wafers 
(see figure I). The layout consists of an 
array of processors arranged horizon
tally, with the elements of each proces
sor in the array connected vertically. 
If you look down the stack, you see an 
array of primitive computers, the indi
vidual elements of which are assembled 
underneath each other. Signals pass 
vertically through the stack along bus 
lines composed of feed1hroughs (signal 
paths through the wafers) and micro
bridge interconnects (signal paths 

between the wafers). 
Each wafer in the stack contains a 

complete N x N array of one particular 
type of processing element, such as an 
array of Shifters or Accumulators. All 
processors in a 3-D Computer are there
fore identical, composed of the same ver
tical combination of computing ele
ments. 

A more schematic view of the 3-D 
structure depicts the stack edge-on and 
shows the control processor used to exer
cise the array hardware as a separate unit 
(see figure 2). The architecture is word 
parallel and bit serial; in other words, 
while the individual processors in the 
array employ serial arithmetic, they all 
operate simultaneously , in word-parallel 
fa hion. Thu , the circuitry of the indi
vidual computing elements can be ex
tremely simple, achieving the high den
sities neces ary for its anticipated 
applications. The massive paraJlelism at 

•.
• 

Figure I: T.lie 128- by 128-element 3-D Compuier. Notice the literal stack of 
array-processing wafers. 
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lhe processor level more than compen
sates for the Joss of speed incurred by 
using serial arithmetic. 

In this architecture, data flows in a 
parallel fashion from the elements of one 
wafer to the corresponding elements of 
another; bit-serial processing occurs 
during the tran fer. The functional ele
ments are linked together vertically with 
a bus; thus , data can pass between any 
two wafers in the stack, not just between 
adjacent wafers. 

For data-dependent processing, the 
transfer of arrays of data from one wafer 
to another can be mediated by one or 
more additional wafers. Statistics gath
ered from extensive simulations of a 
wide variety of algorithms indicate that 
each data transfer involves an average of 
2.5 wafers. Pipeline registers in each wa
fer's control path let you configure wa
fers for the next operation while the stack 
is executing the current operation. 

The normal word length (the length of 
the shift registers in each cell) is 16 bits. 
Consequently, the overhead associated 
with sequentially configuring the indi
vidual wafers is roughly 6 percent , which 
corresponds to using I clock cycle out of 
16 to transfer the contents of the pipeline 
registers to the control drivers. Thus , an 
average of I out of 17 cycles is lost lo con
trol operations. 

Five elemental wafer types are suffi
cient to perform all the algorithms we 
have studied to date (arithmetic opera
tions, logical operations, matrix opera
tions, image-analysis algorithms, and 
radar processing). Of the five-Accumu
lator, Shifter , Replicator, Counter, and 
Comparator-only the first two are es
sential; the other three enhance perfor
mance on certain common operations. 

This modularity of functionality at the 
wafer level lets us assemble 3-D Com
puters optimized for particular applica
tions. For example, an efficient radar
signal processor can be created from 
these five wafer types, as can a high
throughput linear algebraic processor; 
however, a slightly different combination 
of the wafer types would be used. 

Partitioning the circuits into these five 
small module has a dramatic effect on 
programmabi lity. Each wafer type has 
an array of fairly simple, identical func
tional units (roughly 200 gates). Each of 
these units is controlled by roughly IO 
control lines common to each array ele
ment. Thus, the ratio of logic to control 
li nes-rough ly 20-is 10' to 101 limes 
higher than is found in current conven
tional two-dimensional implementa
tlons, providing you with control virtu
ally down to the AND a.nd OR gate level. 



I N D EPTH 

THE THIRD DIMENSION 

Technical Necessities 
Three underlying technologies make 
possible the creation of the 3-D Com
puter: feedthroughs, interconnects, and 
wafer stacking. Feedthroughs make 
communication between the opposing 
faces of a silicon wafer possible by rout
ing signals through the wafer. Intercon
nects make electrical communication be
tween adjacent wafers stacked one on top 
of another practical. And wafer stacking 
enables the circuits on each of the wafers 
to precisely register with one another. 

With these three revolutionary tech
nologies, it's feasible to assemble a stack 
of circuit-bearing wafers, each of which 
can communicate directly with any other 
circuit above or below it. 

Feedth roughs 
We evaluated everal possibilities for 
communicating through a silicon wafer, 
including optical communication io the 
near-infrared range where silicon is 
transparent, creating holes through the 
wafer and filling them with a conductor, 
and thennomigration. Each approach has 
its merits and its drawbacks. 

The first approach, optical communi
ca1ion through a silicon wafer, is possible 
with near-infrared radiation. Silicon is 
transpa.rent to radiation beyond approxi
mately 1.1 micrometers (Jun), so you can 
simply transmit through it in unme.ta
1ized areas. This approach has three dif
ficultie : avoiding crosstalk between 
closely spaced communication channels 
(diffraction, reflection, and scattering 
mix the separate communication beams 
toge.ther); the complexity resulting from 
hybridizing the emitt.ers and detectors 
onto the siJicon wafers (generating opti
cal beams would require light-emitting 
or laser diodes at each circuit node); and, 
most difficult, power dissipation and 
thermal management. In complex sys
tems with large numbers of communica
tion paths, the poor efficiency of LEDs 
and laser diodes- the ratio of electrical 
power in to optical power out-puts an 
enormous burden on the power-distribu
tion and heat-dissipation systems. 

The second approach, small-diameter 
holes through a silicon wafer. can be pro
duced by several techniques, including 
laser drilling and chemical (anisotropic) 
etching. The main pitfall with through
the-wafer holes is the drastic reduction in 
the wafer's mechanical integrity. It ap
pears most practical to produce through
the-wafer holes prior to circuit fabrica
tion; doing it afterward introduces grave 
risks to the circuits because of the de
structive nature of the two processes. If 
the wafers are perforated with tiny holes, 

handling them becomes a nightmare. 
Stress concentration around each of the 
hole and the crystalline tructure of the 
wafer encourage crack propagation and 
shattering if stressed by tweezers as in 
normal handling. 

The third approach is thermomigra
tion. In the early 1950s. Pfann of Bell 
Telephone Laboratories showed that the 
phenomenon of temperature-gradient 
zone melting (thermomigration) could be 
used to dope semiconductors and to pro
duce p-n junctions in semiconductor 
materials. For the thermomigration of 
aluminum in silicon, the surface of an n
type si.licon wafer is coated with a layer 
of aluminum metal patterned into an 
array of small dots using conventional 
semiconductor processing. The silicon 
wafer, with its array ofaluminum dots, is 
mounted in a specially designed furnace 
capable of producing the requisite verti
cal thermal gradients at the desired oper
ational temperature, typically l l00°C. 
When the temperature of the wafer ex
ceeds 660°C, each aluminum dot melts 
and begins to dissolve the underlying 
silicon. 

When the aluminum dot is saturated 
with silicon, the thermal gradient estab
lished across the wafer becomes the 

dominating effect. The dis olving and 
precipitating of silicon at the interface 
between the molten silicon and alumi
num in the droplet is in dynamic equilib
rium. But because Lhe bottom side of the 
droplet is slightly warmer than the top 
side, in effect, silicon is dissolved on·the 
warmer (bottom) side and precipitated 
on the cooler (top) side. Thus, the molten 
aluminum-silicon droplet "eats" its way 
through the silicon wafer. The precipi
tated single-crystal silicon contains a 
high concentration of aluminum, which 
is a p-type dopant. When the process is 
completed, you have highly conductive 
p-type channels penetrating through the 
silicon wafer, each one diode-isolated 
from the others. 

The advantages of thermomig ration 
are that the wafers don't require hybrid
izing with additional materials with dis
tinct thermal and mechanical properties , 
and that they aren't perforated. Al first 
glance, they are indistinguishable from 
ordinary wafers without any through
the-wafer communication channels. 

I nterconoects 
The 3-D Computer also requires wafer
to-wafer interconnections. The antici

continued 
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pated need for a large number ofcontacts 
(10' to 108) means you need extremely 
high reliability and small comact dimen
sions. Also, any proposed interconnec
tion technique must be compatible with 
somewhat distorted (nonflat) wafers. 
Having a bus that passes through all wa
fers in the tack require that the contacts 
be electrically fast, of low capacitance, 
and of low resistivity. These are very 
stringent requirements, and they limit 
ihe number of feasible approaches. 

Spring conracrs (see figure 3) are fab
ricated so the height of the tunnel under
neath them is enough to compensate for 
the distortion across a wafer; thus, you 
can reliably achieve complete intercon
nection of all contacts. They are batch
fabricated by vacuum evaporation, a pro
cess compatible with silicon technology . 

Contacts on adjacent wafers are ro
tated 90 degrees with respect to each 
other when mated. Thus, the springs 
make contact at right angles, forming a 
cross . An important advantage of the 
bridge-type spring i that it can be as long 
a the computing cell and till occupy 
only a small amount of valuable silicon 
real estate. This en ures a more secure 
interconnection and is very tolerant of 

Length 25mll 
Width 3mll 
Thickness 0.5mil 
Height 1.5mll 

Figure 3: The microspri11g inrerco11nec1s. Notice how adjoining microspring 
bridges are assembled at 90-degree angles from each other. 

wafer-to-wafer lateral displacements. 
The ·tack can be disassembled and the 
individual wafers demounted. In addi
tion, the spring remains flexible when 
the assembled stack is thermally cycled. 

The principal fabrication teps for lhe 
spring contact are these: A spacer about 
50 µm or thicker is evaporated or de
posited on the circuit wafer; the spring 
cont.act metal is evaporated on top of the 
spacer; then the spacer is etched away, 
leaving a freestanding flexible micro
bridge (see photo A). 

To secure the contact between two 
microsprings, each has an outer coating 
of indjurn-tin solder that is vacuum-de
posited at the same t ime as the structural 
layer of the microbridge. After the stack 
is assembled, the stack is heated to the 
melting point of the solder, and each 
mated pair of microsprings is fused to
gether, resulting in a permanent, reliable 
connection. 

Getting Bigger Every Day 
While the 3-D technologies represent an 
unprecedented level of 3-D integration, 
the ability they provide to communicate 
vertically, between wafers, is still nearly 
two orders of magnitude lower than stan-

Microspring 
bridge 

Microspring 
assembly 

dard two-dimensional communications. 
Thus. partitioning hardware aero s the 
various levels of the wafer stack is a very 
important consideration. 

The overall tructure of a cellular 
array is that of an N x N array of identi
cal computing elements, working in 
lockstep, executing a common program. 
We had to decide how to distribute this 
array's circuitry across a stack of wafers . 
Since we chose serial logic for the cell 
circuitry, only a single primary data line 
would be a sodate-0 with each computing 
element. Thus, it was natural to run thi s 
array of single data lines vertically 
through the stack, spreading the func
tional units of each computing element 
vertically across multiple wafers. 

The detailed partitioning of the pro· 
cessing e lements across the wafers is de
termined by a variety of factors. For one, 
the cells on all the wafers need to be ap
proximately the same size. If they are 
not, the largest cell determines the cell 
areas on other levels, resulting in a waste 
of silicon. 

Overall constraints on the cell size are 
imposed by the size of the array, the 
minimum feature size of the circuit tech
nology, and the overall size of the wa
fers. In general, the trade-<>ff is to use 
more layers in the stack rather than larger 
cells in each layer. Current and projected 
application requirement call for pro
cessing arrays of 128 by 128 element 
and 512 by 512 elements, respectively. 
Since the horizontal dimension are 
limited by the size of the wafers avail
able, the cell circuitry on each wafer 
must be trictly limited. 

On the other hand, several factors 
argue for larger cells. An absolute lower 
limit is set by the requirement lhat the 
circuitry on each level pass some mini 
mum meaningful level of functionality . 
Beyond that, ome overhead is associated 
with the cells themselves and with get
ting information off-chip. 

One component of this overhead is the 
area consumed by the 3-D feedlhroughs 
themselves, about 2 by 2 mils each. In 
addition, between 5 and lO transistors 
would be required to implement the nec
essary interface between the cell cir
cuitry and the data bus. This overhead 
would be the same regardless of the size 
of the rest of the eel I. Thus, efficient use 
of silicon indicates the use of larger cells. 

Balancing these constraints means 
having cells of roughly 200 gates each on 
each of the functional planes of the 3-D 
Computer. This design enabled us to fab
ricate four 32 by 32 arrays on a 4-inch 
wafer; it will let us put a 128 by 128 array 

continued 
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The Yield Problem 

Y ield generally falls off exponen

tially with increasing chip area if 
defect densilies obey a Poisson distribu
tion. To minimize this effect, commer
cial semiconductor manufacturers, es
pecially those making memory devices, 
have long since turned to using redun
dant circujtry on their chips. The suc
cess of this method is evidenced by the 
large difference in both the number of 
gates integrated and the chip area be
tween regularly structured RAM and 
random logic processors. 

The concept of improving yield by 
adding redundant circwtry is simple. 
You include a number of "spare" circuit 
elements in the system and provide some 
means of substituting them for other 
elements that may fail. It would seem 
that this process couJd be extended in
definitely to virtuaJly guarantee perfect 
yield; however, this is not the case. 

Both the redundant elements and the 
substitution means are also affected by 
processes that may introduce defects. 
Thus, the overhead associated with in
terconnecting the substituted redundant 
elements into the primary system is un
avoidable. The more redundant circuit
ry you add, lhe greater th is overhead be
comes. Eventually, the yield of the 
primary/redundant interconnect wiring 
becomes the dominant factor in the 
yield of the system as a whole. 

Another parameter you must con
sider in evaluating redundancy schemes 
is the resolution that they permit in se
lecting "good" material. This may be 
restated in terms of the moduJe size of 
the ubstituted components. Very large 
modules reqwre that you discard a great 
deaJ of otherwise functional compo
nents as the result of a single malfunc
tioning element . This is inefficient, 
since a much larger amount of circuitry 
will be required to obtain a given yield 
level than would be needed in a system 
with smal ler moduJes . On the other 
hand, systems with larger modules gen
erally require less circuitry and wiring 
devoted to the primary/redundant inter
connect function. 

Thus, we can see that there is a trade
off involved in designing a redundancy 
scheme. It's desirable to choose a small 
module size for primary/redundant sub
stitution, to minimize the amount of 
good circuitry that must be thrown away 
with the bad. However, it's also impor
tant to minimize the amount of inter

connect wiring required tO effe.ct the 
substitution of redundant circuitry into 
the system, to avoid yield loss from that 
wiring. 

In3-D 
In designing the yield policy for the 3-D 
Computer, we considered both of these 
factors. The small size and relative in
dependence of the circuitry in the func
tional cells make it natural to introduce 
redundancy at the cell level. Further
more, the machine's physical structure 
requires the redundant elements to be 

located close to the units they o.re in
tended to replace. Finally, the large 
array size requires a substantial amount 
of redundancy. 

These factors led us to adopt a 2-to- l 
redundancy approach for our 32- by 32
element machine, in which every func
tional cell on each wafer contain.s two 
identicaJ circwts. 

The primary and redundant circuits 
have separate UO pads to ma.ke defect 
detection easy at wafer-level testing . If 
both primary and redundant circujts are 
functioning correctly, no action is nee-

Photo A: A 3-D circuit with microbridge interconnects. The microbridge 
connects the primary circuit to its redundant counterpart. 
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essary. If one of the two circu its is 
faulty, however, it's manually discon
nected from its microbridge footpad 
with the aid of an ultrasonic cutter. The 
remaining circuit supplies the fu nction
ality for that node. Ifboth circuits in any 
given cell are bad, then the entire wafer 
is discarded. 

This particular scheme, coupled with 
the microbridges, has subtle benefits. 
Normally, disconnected redundant cir
cuits are easy to test but require more 
elaborate steps fo r repair (need connect 
capability), while normally connected 
circuits are easy to repair (cut only) but 
faults can't be easily diagnosed. 

In 3-D circuitry. the primary/redun
dant circui t pair is connected by a 
microbridge after the testing is com
plete (see photo A). Thus, testing is rel 
atively easy because you can test the two 
circuits independently. 

The control circuitry at the periphery 
of the processor array also nee.ds redun
dancy to be able to tolerate processing 
defects. Each row of circuits in a 3-D 
array is controlled by two identical pe
ripheral-control drivers: one to the east 
and one to the west, providi ng 100 per
cent redundancy to the control circuitry 
and affording tolerance for at most one 
open line defect per row. The control 
signals are distributed over the array 
with tristate drivers, which can be inde
pendently disabled when testing at the 
wafer level or if the circuitry or tristate 
driver on one side is faulty. 

Although the 100 percent redundan
cy scheme was proven 10 be adequate for 
the 32 by 32 arrays-67 percent of cir
cuits received from the silicon foundry 
were brought to 100 percent fu nctional
ity- it's not enough for the larger arrays 
under development. However, by add
ing the possibility for primary cells to 
share the redundant circuits, the yields 
improve dramatically. 

Local sharing is also of considerable 
importance in dealing with clustered 
defects. For our 128 by 128 and larger 
arrays, we will use a SO percent redun
dancy approach, but allow each spare to 
be co:mected to two primary circuits 
and each primary circuit to be con
nected to four spare circuits. The ex
pected yield of 100 percent functional 
circuit arrays using this approach for 
both the 128 by 128 and 512 by 512 
arrays is more than 90 percent. 

on a 4-inch wafer. The 512 by 512 arrays 
will require 6-inch wafers. 

The main factor determining the max
imum practical size of microelectronic 
circuits is the decline of yield with in
creasing chip area. The large array sizes 
planned for the 3-D Computer make 
yield a primary concern. (See the text 
box "The Yield Problem" at left.) 

Working Wafers 
By far lhe majority of the processing oc
curring in the 3-D Computer takes place 
in the Accumulator and Shifter wafers . 
Each cell of these wafers has a 16-bit 
serial-memory register for data storage, 
and CMOS circuitry to provide the re
quired logic functions. The cells of the 
Shifter wafer (see figure 4) not only 
store data but also perform lateral data 
transfer between adjacent processors in 
the array . Each Shifter cell has direct 
nearest-neighbor communications with 
others on the same plane and can pass 
data values north, south, east, or west. on 
the array. Under software control, data 
within each Shifter cell can pass to any 
one of its four nearest neighbors in the 
array independent of the vertical data 
buses. Thus, multiple planes of data can 
sh ift laterally while processing is execut 
ing on the stack data buses. These inde
pendent neighbor-communications paths 
enable stack 1/0 during processing. 

The Accumulator circuitry (see figure 
5) is similar in complexity to that of the 
Shifter. The main features of the Accu
mulator are fu ll adder and a bidirectional 
shift register. The Accumulator provides 
the functionality for arithmetic and basic 
logic. It also participates in normalizing 
floating-point numbers . For example, 
two's-complement subtraction is accom
plished by allowing a "carry" to be in
troduced into the least significant bit of 
lhc word prior to executing the arith
metic operation. (The bitwise inversion 
of the subtrahend required by two's
complement subtraction is provided at 
the output of the Shifter cell circuitry.) 

The other lhree wafer types, while not 
absolutely essential to the operation of 
the 3-D Computer, serve to spe.ed up the 
execution of various algorithms. The 
Replicator wafer can rapidly propagate 
data values aero s an entire array. 

The Counter wafer can count the num
ber of occurrences of a single-bit piece of 
data in a single clock cycle. A normal 
Accumulator cell cou ld be used for this 
purpose, but it would require a full 16 
clock cycles to tally each single-bit oc
currence. This capability is very useful 
in calculating histogram djstributions of 
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Table 1: Processing times/or various operarions on a JO-MHz 32- by 32
element 3-D Computer. All times are in microseconds. 

Operation Time 

Data move (SHFT 1 - SH FT 2) 

ADD (ACC + SHFT -+ ACC) 


MULTIPLY (ACC x SHFT - SHFT) 


DIVIDE (ACC + SHFT -+ ACC) 

SQUARE ROOT (ACC __. ACC) 

Sobel edge operator 


256 x 256 matrix multiply 


256 x 256 8-bil histogram 

256 x 256 matrix inversion 


1.8 

1.8 
42.2 

127. 1 

152.6 

54.3 

12.0 

1.7 

10.2 

Table 2: Characteristics ofexisting and future-generation 3-D Compwers. 

Proceaaor array 32 x 32 128 x 128 512 x 512 
size (current) (under (future) 

development) 

Circuit size 1• x 1• 2.5' x 2S 4• x 4• 

Circuit technology (CMOS) 31<m 21<m 11<m 

Clock lrequency 10 MHz lOMHz 10MHz 

Processing throughput 600 x 106 OPS 10 x 1090PS 160 x 1090PS 
(390 MFLOPS) (6.2 BFLOPS) 

System volume 1.3 cubic inches 2.5 cubic inches 7.5 cubic inches 

System weight 1709. 225g. 4709. 

System power 1.SW 500-100W 100- 150 w 

Photo l: A "hand-held " compuJer. The I -inch square in the black section is the 
32- by 32-element 3-D Computer. 

image dara an operation important in vi 
sion processing for image segmentation. 

Comparator hardware also exists 
mainly to speed up operations that could 
be performed more slowly by the Accu
mulator circuits. Each cell of a Compara
tor wafer contains a 16-bit register into 
which a reference value can be loaded, 
together with circuitry for performing 
serial-magnitude comparisons. 

It Works! 

Additional constraints apply if wafer 

scale systems are to find widespread use: 

They must be moderate in cost and s ize. 

While state-of-the-art general-purpose 

supercomputers such as the Cray X-MP 

can approach the lower end of the pro

cessing speeds required-from 10" to 

JO" operations per second-they fall far 
short of the size and cost constraints. 

Table I surrunarizes performance for 
several primitive operations, as well as 
for some algorithms frequently encoun
tered in image processing. Note lhat the 
indicated operations are completed ev
erywhere on the array in the indicated 
time. Consequently, while some opera
tions, such as multiplication, appear to 
occur relatively slowly, the aggregate 
throughput of the array as a whole is 
enormous. 

The 3-D Computer (see photo I) dem
onstrates the feasibility of the wafer ap
proach. The operational characteristics 
of the 32- by 32-element machine and the 
projected characteristics of the 128- by 
128-element 3-D Computer current ly 
under construction are summarized in 
table 2. We hope to have the 128- by 128
element machine running by mid-1990. 
The projected characteristics of a 512- by 
5 12-element 3-D Computer (planned for 
mid-1994) are also included. • 
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Boards and Boxes 

Some of the Iransputer 
boards and packages 
available 

15-MHzT414 
20-MRzT414 
20-MHzT800 
25-MHzT800 
INMOS Corp. 
P.O. Box lliOOO 
Colorado Springs, CO 80935 
(J 19) 630-4000 
Inquiry 955. 

TransLin k Card 
Link II for Ma.c II .. .. ...... $799 
Link SE for Mac SE . .. .. .. $299 
TM 4-15 (JS-MHz T414) 
With I megabyie ......... $1 599 
With4 megabyteS .. ...... $3399 

TM 4-20 (20-MHz T414) 
With 1 megabyte . . .. ... .. Sl799 
With 4 megabytes ........ $3599 
TM 8-20 (20-MHz T800) 
With 1 megabyte ... ... ... S2199 
With 4 megabytes .. . . .. . . $3999 
LevcoCorp. 
6160 Lusk Blvd. 
SuiteC-100 
San Diego, CA 92121 
(619) 457-2011 
Inquiry 956. 

TG2 Multlp~essoc 
(Two 15-MHz T414s) ... $1995 
For I BM PC and compaiiblu 
Definicon Systems, Inc. 
1100 Business Center Cir. 

ewbury Park, CA 91320 
(805) 499-0652 
Inquiry 957. 

Monoputec2 .. . .... from $995 
(One 20-MHz T4 14 and up to 

16 megabytes) · 

Monopuler2 .. . ... from $1495 
(One 20-MHz T800 a.ad up 

to 16 megabytes) 
Monopuler2 .. .. .. from $2395 
(One 25-MHz T800 and up 

to 16 megabytes) 
Blputer . . .. .. ...... . .. ... $3495 
(One 20-MHi T414 , one 20

MHz. T800, and 2 
megabytes} 

(Can gel up to 8 megabytes) 
Biputer .............. . ... $3795 
(Two 20-MHz T800s and 2 

megabytes) 
Quodpuler ... . ......... . $6000 

(four 20-MHz T4 14s and 4 
megabytes) 

(Ca.n get up to 16 megabytes) 
Quadputer... ..... . ... .. $8000 
(Four 20-MHz T800s a.nd 4 

megabytes) 
MicroWa.y 
P.O. Box 79 
Kingston, MA 02364 
(508) 746-7341 
Inquiry 958. 

New desktop 
parallel-processing 
microcomputers 

Cogent XTM .. from $19,800 

Multiple T800s 

(minimum oft\lo'O) 

Cogent Research, Inc. 

1100 Northl'.e.St Compton Dr. 

Beaverton, OR 97006 

(503) 690-1450 
Inquiry 959. 

Z-1000 .. . ...... .. ... . . . $19,000 

Up ro six 80386s 
Zenith Data Sy terns 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(800) 842-9000 
Inquiry 960. 

TM 

J

THE BEST MOST COST
EFFECTIVE STATISTICS 
PACKAGE AVAILABLE 

Whether for industry, educat ion, government, or pure research, no other statist ics package can compare to Microstat-11 in 
areas of coverage, accuracy, ease of use , and value. Just some of licrostat-ll's features include 
• 	 Descriptive statistics (mean, standard • Hypothesis tests: mean or proportion • Factorials, Pennutations, 

deviation, variance. kurtosis, • Nonparametrics: Wald-Wolfowitz, Combinat ions 
skewness, etc. ) Kruskal-Wallis. Wilcoxon, etc . • Up to eight times faster than the 

• 	 Regression Analysis: Simple, • Time Series: moving average, competition without loss of accuracy 
Mult iple, Stepwise Multiple, forward centered moving average, deseason- • Online help plus easy to use keyboard 
and backward ali zation, exponential smoothing or mouse input; no complex 

• 	 Correlation Analysis: matrix and cross • Probabil ity Distribut ions: Normal, t, command language to learn 
product5 table F', Po isson, etc . • nequal case sizes. missing dala, and 

• 	 ANOVA: Oneway, Twoway, Twoway • frequency Distributions: value or al iased data 
with replicate range . • Easy to use data entry system with 

• 	 LSD, Duncan's, Tukey, ewm;rn- • Scatterplots (wi th simple regression) file import capability 
Keuls • Only three disks-not copy protected 

• 	 Crosstabs and Ch i-sqi1are • Exp.anded user's manual 
Requires an IBM PC, XT, AT, PS2 or compatible 
wit h 512K of memory 2 Ooppy disks or a hard drive. 
Price: $395.00 with 30 day money back guarantee.1-800-952-04 72 Demo available for $19.95. Please include $4.00 for 
shipping. For infonnation, call or write:1-317-255-6476 

ECOSOFT INC. 

64 13 . College Ave.• Indianapolis , JN 46220 
 • 
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A dynamic Information Industry 
offers 
quality, Innovation and value. 

Once the made in Tai\ an label 
usually went with low cost garments 
and simple electrical appliance . Not 
any more. aiwan ha moved ag
gre sively into the information in
dustry -- in everything from com
puter and peripheral to software and 
advanced tele ommunications equip
ment. From nowhere ju t a few year 
ago, Taiwan today ranks as one of the 
world' large t producer of informa
tion equipmcn1. 

Much of thi gain ha been home
grown . Although big name computer 
and peripheral manufacturers find the 
island a remarkably congenial produc
tion base, the exciting fact about 
Taiwan's emergence a a major player 
in thi industry has been the develop
ment of a large number of local 
manufacturer and uppliers. Unlike 
countrie like Singapore, which main
ly a emble omponent , the informa
tion indu try in Taiwan ha been built 
from the ground up -- beginning with 
uch basic a petrochemical , pla tic 

and fine chemical . 

Local entrepreneur hip and innova
tion, with a strong assist from foreign 
inve tor and expatriate hinese retur
ning with their experience in the U.S., 
have added to the industry's market 
driven dynami Ill and innovative nair. 
The government of the Republic of 
China ha helped with incentive and 
R&D upport, recognizing early that 
computer and related product would 
be a main tay of the economy in the 
'90s . 



C: 	 New Boy On The Block 

! 
:I Taiwan's information industry is of 

re<:ent vintage, really getting underway ?"' 
0 	 onl y around 1980. By 1987, however, 
n 	 wi th over fifty thousand workers the 
VI 	 hardware side alone was producing 
~ $3 .8 billion in goods -- up 79% over 
!'.l 1986. e. 
VI 

11> 	 (highlighted quote)
!l By 	 the end of 1988 Taiwan is ex 0 
:> 	 peeled to be the world' s sixth largest 

hardware producer. 

These gain~ have been matched by 
an increasing sha re of the world 
market. Jn 1987 Taiwan's hardware 
producers captured 2.4070 o f the world 
market , a lmost double the l.450Jo 
share in 1986. This made Taiwan the 
world's seventh largest manufacturer. 
By the end of 1988 Taiwan is expected 
to be the world's sixth largest hardware 
producer. 

Taiwan's Hardware Production 
Surges 

Strong Export Growth 

Almos t all of Taiwan's hardware 
production is expor ted - $3. 7 billion in 
1987. Here agein the 79% growth rate 
is far higher I han the I 0% world 
average. Expectations a re for Taiwan 
to maintain its fast t rack pace fo r at 

least, the next three to fi ve years, bas 
ed or current investment, high produc
tivity and industry competitiveness. In
formation indust ry products now ac 
count for more then a th ird of all 
Taiwan's electronics exports 

Exports Pace Information In
dustry Gains ( TABLE 2.) 

peripherals to Taiwan s export pro fi le. 
In particular, the island remains one of 
the wor ld 's mos t important suppliers 
of video display moni to rs . 

A second trend is the enormous 
growth in exports of microcompu ters 
and related periphera ls. These a rc 

Value Unl1: USS 1 Mil lion 
TABLE 2. An nual AOC Export o l lnlo rmalion Produc ts and Componen ts Volume Uni l : l .OOO Un it s 

1964 
Export 

Value 

1965 

Export 
Value 

1966 t987 

Growlh 
Ra1c (%) 

Export 

Vo lume 

Expor1 

Va lue 

Ex port 

Valume 

Export 

Valu e 

Mini Computer - - - - 0 2 1 a -

Mic ro Computer 152 240 1,1 13 393 1.958 759 93 

Olsk Drive 06 42 715 7 1 655 97 
-- 

.1 4 

37 
--· 

7Pr inter 23 45 84 41 73 

Term inal 207 225 1,316 3t7 1,530 4 14 3 1 

Monllor 3 19 303 4,652 500 7.022 647 69 

Other 
Periphera ls 

104 256 - 44 - BO 82 

lnlormatfon 

Product (%) 

691 
(66.7%) 

1.111 
(9 1%) 

1.366 
(66% ) 

2.243 
(60 6%) 

64 

Compuler 
Componenl (% ) 

113 
( 113%) 

1()9 

(91 %) 
697 

(34% ) 
t.456 

(39.4%)-
3.70 1 

(100%) 

109 

-- 
79%TOTAL (%) 

1,005 

(100%) 
1.220 

(100%) 

2,063 

( 100%) 

Source• : MIC, ln •lilute for lnlorm at lon Indust ry , AOC 

Looking at the 1987 to tals, fo ur 
c lea r trends are apparen t. The firs t is 
the con t inu ed impo r tan ce o f 

TABLE 1. lnlo rmallon lnduslry Production V•lue of MaJo r World Producer• 

1987 
RANK 

1986 
RANK 

Coun1ry 
Production Va lue 
(USS 100 Mi ll ion) 

Growth 
Rale 

1 1 USA 45 4 7% 

2 2 Japan 2 12 8% 

3 3 w. Germany 6 1 5% 

4 4 Brihan 59 9% 

5 5 France 53 5% 

6 6 ll aty 42 4% 

7 7 AOC 3tl 79% 

8 10 Singapore 23 71 % 

9 6 Ireland 20 0% 

10 9 Holland 18 5% 

11 13 S. Ko rea 15 63% 

12 1\ Canada 13 10% 

_1 3 12 Hong Kong 6 15% 

Sourcu: MIC, Institute tor lntorma1ion Industry , AOC 
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rapid ly beco ming the mai nst ay of the 
Ta iwan ind ustry . Bet ween 1984 and 
1987 the nu mber of microcompute r 
ma rke rs a lmost do ubled , increasing 
from 19 to 35, Th is has bro ught a 
broaden ing of the market place . 

Boom In Microcomputers And 
Color Monitors (TABLE 3. J 

A third key trend is the boom in 
computer com ponent export s. 1n 1987 
these to talled a lmos t 40% of a ll in fo r· 
mation i n d u~ try exports compa red to 

34CIJo in 1986. 
Finall y, there is the ro le of fore ign 

companies, bo th as manu fac turers and 
purchasers. f rom the ou tset , fo reign 
investors have been an impo rtant part 
o f Taiwan's information industry. Bu t 
with the rapid expansio n of rel iable , in 
novat ive home-grown compan ies , able 
to meet in terna tio nal qua lity s tan 
da rds, opportun ities fo r OE tvl so urc 
ing in Taiwan have greatly expanded . 
As a result, last year for the first ti me 
OEM exports surpassed fore ign in 
ves tor sh ipm ents. Foreign compa ny 
output and 0 - M now acco unt for 
80% of Taiwan 's hardwa re produc 
t io n, highl ighted 4uote 
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-- --

0 

-1 
0 
~-
0 TABLE 3. Annual Growth ol AOC lnformalfon Producl Markel Share Unil : % 
;) 

'? 

n 
V> 
i:) 
11),., 
[ 
Vo 
11),.,-
()" 
::> 

YEAR I 19a4 1985 1986 1987 

Micro Compuler 19 28 30 35 

Oisk Drive 11 5 5 5 

Printer 1 5 1 " 
Terminal 26 ?6 ?4 l'l 

---l-
Monochrome 33 ?2 l <J 1s 

Momlo rs 
Color 8 tl 19 2<l 

Total 100 100 00 1Q{) 

Sources: MIC . lns ti1u1e for lnforma11on Industry. ROC 

Ln year for the fin time OEM ex grow1h. wi1h the annual gain averag imilar ly, while Taiwan rnakc~ hinc~e 
port~ urpas~ed foreign in\'e -1or in g a lmo 1 "0%. Sof1ware production and 3270 terminals, the laucr for 113\·1 
~hipmcnts in 1986 wa_ alued at 120 million . host mninfrnmcs. 70% of all 11.-rmin<ib 

his in\'olved some 26" firm~ -- three were imported.
times 1hc numbL'r in 19 I. This rdlcct~ 
the impact of the expa ndin g 

The Rise Of OEM t TABLE 4: l microcomputer market. 

Import Opportunities Open Up WHO'S WHO
Increasing Software Production 

Information produc1· <in: imported IN TAIWAN'S
Software production in recent years either for local consumer. or f r 

ha. also dcmo1nrmed significam manufac turer who re-export 1he pro- INFO 

TABLE 4: Type ol Product1on ol AOC ln lormatlon Pwducls Unit : o/o 

Type of 1985 1986 1987 

Fo re ign LocalBusiness Foreign ] Lo~•Tooo' Business 1 Busin~ss Business Business~ ~ Business - .. 
::> oD 
~ ,,

Production .. 

Microcomputer 6~ 


Oisk Drive 65 


Printer 91 


Terminal 63 


Monilor -<O 


Other 

62 

Peripherals 

Computer -Components 

TOTAL 58 

. 
I Sell SelfSell JSelf Sell OEM OEMOEM OEM OEM 

Brand Brand Brand Brand Brand 

9 27 r 40 10 28 22 32 9 36 23 

I I 
566 29 6? JO 0 8 16 s 23

I 760 96 0 0 I 2 3 2I I 0 

0 -12 ~ 6 7 I 24 65 6 7 22 
I 

I <.~ I 56 18 22 23 3727 15 17 11 

I 
676 32 66 4 5 25 'l 10 9 

I I 

- 21 2 16 618 2 20 60-

9 20 -l5 I 37 36 8 I 17 39 30I I 
Source: MIC. Institute to r Information Industry, AOC 

ducts 0111.:e insrn lled in assembled unit<;. 
Beca use of s1ro11g interna l and a.\lcr
nal demand the 1·alue of im pon s dim b
ed 39% in 19. 7 10 · I 3 million. 

H is torically Japan has been 
Taiwan':; major supplier . eapedally o f 
prin1er. \\'ilh thl.' U.S. second. In 1986 
1hc n:spec1ivc marke1 share.- were -l5°:o 
, nd 33 % . In 1987, howe1·er. the U .• . 
began 10 n;:irrow the gap sli ghtly. 

The locnl Tniwnn in fornwt i n 
market today is won h more than 500 
million for hardware and over ' 600 
million if . fl ware i incl uded . I 11 1987 
more than 70% of 1hc microcomru1crs 
so ld in 1he marke1 were produceJ 
dome<;t ica I ly . 

By ·ontrast, ahhough the island pro
duce s a wide variety of general purpmc 
moniiors. in ,·nluc Lcrms some 60% of' 
the video mon it crs were impor1cd 
mainly high resolu tion color monitors. 

INDUSTRY 
A handy guide to 
some of the most 
exciting companies 

Typ1eal .,1 th<: liv11 ,1m1t homc -gro \vn 

t_( Jmpan1c' rc: .... h.1p1n,l! "I .a1 v.·an" 1ruormJtion 

111Ju -.t rv '' C.h1c11 Huu Eln.trcrniL '. a rnanu 

Jauuri:r o r "'Jen Ji ,pl .iv JJtd ' c;inu: 1t' 

c, t,1bJi , hmcnt 111 19~ I the <.ompany ha• 
J\Trq, cJ a -1~ )' '" grow th rJtc Jnnu c1 ll v 

The compJm' nu o,..• hJ \ \t:\Tn a"cmb lv 
li ne,. with produuinn r un ning JI 40 ,0()0 

'"" j mon th . All told thin~· di rtcrcm modt l' 
a re ot l creli , inc.luJing 12 ". 14 " and i 'i" 

morm<.hromt: monito r \ , J11J I ·I " <..olur 

rnonnor\ 1\lunol.hromc m on 1to r -,aLcu unt ior 

Jppro~ 1ma t cly 7CPu n t the oulput , \;•ith th e 

mJin ma rkcl '- be ing Eurupc an <.! 011th<:a-r 

,A,, .a 
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CiV~ ONLY MAKES THE BEST MODEMS 


MINl·MODEM 
• Bell 103/2 12A. CC/TT V.22/22bis 

3001120012400 bps data transmission 
(Model MM·24) 

• Bell 103/212A, CC/TT V.21122 
30011200 bps data transmission 
(Model MM-12) 

• Package including modem holder 
and carrying pouch 

SM-24M 2400 bps Modem with MNP Class 5 
• Bell 103/212A, CC/TT V.22122bis 
• 3001120012400 bps 
• MNP error correction Class 5 

SM·96M+ 9600 bps V.32 Modem 
• CC/TT V.32/22bis/22. Bell 212A 
• 120012400/4800/9600 bps Full/Hoff 

Duplex operation 
• MNP error correction Class 5 
• Fully AT command set 
compatible 

<1K MODEM SERIES 

SM-12 
BEU 103/2 f2A 
300/1200 BPS OOERNAJ.. MODEM f'S. 12 

BEU 103/212A. corr V.21122 
JOOl1200~NTfRNAL MODEM 
FOR lfJM OOEl.S 5al6<ll80 

SM-l2H 
8fll 103/212A 
300/1200 BPS l/l/1FRNAL MODEM f'S.24 

BELL 103/2 f 2A CCf1'T V.22122 8IS 
300/1200/2~/NTERNAi M<X>rM 
FOR IBM LS 5Q/0()/80 

SM-2A 
BELL IOJ/2 12A. CC1TT V.2212'2 BIS 
300'1200/2400 BPS EXTERNAL MODEM 

SM-2AZ 

BELL 10Jl212A. CCfTT V.22/22 lllS 
JOOl1200l2d00 BPS W1fRNAl. MODfM 
FOR ZENfrH LAPTOP COMPUTERS 
WPfRSPORT AND TUfJBOSPORT 

$M-2'H 
BELL 103/212A corr V.22122 BIS 
J00/1200/2400 BPS INTERNAL MODEM SM-:UT 

IJEU 10J/212A. CCITT V.22/22 BIS 
300/1200/2400 BPS fNTERNAL MODEM 
FOR TOSHIBA IAPrOP COMPUTERS 
Tf!OO Pl.US. 11200. T3 100AND 75 100 

CJVCCORPORATION North America Offlc&. 
41 Bergenllne Ave . Westwood, NJ 07675 14F. 658, Tun Hwa S. Rd .. Tel: (8001 243-6352. (201) 666-1443 

Ta ipei. Taiwa n. R.O.C. Fox: (20<11 664-7736 
Sales Ot110e:

Tel : (02) 755-2226 Co lifornlo, 
Tel: (408] 435-5076. Fax: (408) 435-5075 Fax: (02) 755-2413 Ganado. 
Tel: (416) 738-9300. Fox: {4 16] 738-5563 Telex: 13233 GVCCORP 



0 
-I Chien Hou believe> qua l i t ~· control , nd 
~· R Oi D arc bas ic to the company', pent 
0 
:::> 	 'unc:" . The K t< D clfor1 1~ now concrn· 

rrating o n a 19" C:A [ I .A1\I 111onitor in?" 
0 color and mo1mt.hromt• 1hJt ,houl J be ready 
(") bv early IQ 9 . 

ro r its di,pby da ta' Chim I lo u hJ, by · 

ra"ed tkvelopin,:: a muhi 'ync monitor. 

op1i11g i11,tcad to ollc:r a \'CA Plu, monito r 

that inco rporate' mu lti · ,vrK rc·,o lu1io11 wi th 
the l irm\ DATAS \/CA Plu, Ca rd . Th;, 

Jllmv' the ll't: r to have \/CA tu11c11011' J t a 

co... < lc-s .... th ~1 n char o l J multi ·'>''''- nionlto r . 

Chien Hou·, CC.A unit' 1vill di ,play M 

color' hc:,i rk grc:rn and am bi:r . T he ECA 
ver,ion ·, intnfau:d resolu 11 on' a rel>40 > 200 

dnd o-1 0 ~ 3~0. w ith a d1J1 r1tc h nl O 1 1mm 

Iht.it omp ha' 1wc:ntv engineer' !o r 
product R « D . The turn ;1 ruu11 d 11me tn r 

c.u,tnmn·Je,ignc:d (or J S"\led ) produu• 

.1 vnage' four to eight week- The t.mnpany 

.11"' h,1, 11, own dt·,ign' a11J 1111itw.11io11,. 

hn e~a•nple . 11 ha' managed to red uce the 

'1::e nl a qa11da rd IBl\1 kevhoa rd hv ovn 

O"., 1\ krnhran<" kt•vboard' have al,n h ..- ·n 

J..-ve lnped Jnd wi ll go into produu ion chi< 

mtm I h . 

llnides mmk ms. Daca tronin dl'<l pro 

duce, poc kc: t-,izcd acum tic coupler' T he 

, iz c· u t il cigarct ce pa kagl', thn<.: coup ler, 

a rc 'ui cable lor u'c w11h por tab le Lom putc r' 

to r da 1a comm unica t ion 111 hu1d rou 111 s o r 

p ubliL 1clephon..- honr h, , where direu con· 

m:c cion to the te le ph one line" no t po,;iblc . 

Cui' ha, two marn produn rangt' ' · T he 

ru' c i' telecommu11rca1iorh prnduc t' 111dudmg 

int e ll igen t te lex tcrmmak, f'CI ax W\ICH1' 

tax/<canncrlcopic: r, , p lain pap<:r l.lX m.lChme' 

and pt• r .,onal bx mac h111c,. The >eco11J 1111<' 

involve, such imai.: c procn;ini.: equipment a' 
tk, ktop >L.rnn<.:r' lor m1d -rJngc ,1pp lit.at1onv 

a t la1 bL·d. boo k·tYpc prole"ional >t.:.11111cr 

D 1git<:ch Computer i< al<n ori lv four Vl"M' 

n ld . It i, pa r t ol the 300 million d iv..- r, it ied 

Chia Ho ~roup. whu'c ac 1ivi1ie-. indud c 
d1l'1l1ic,1I~ . tl·~ti l e-. an J lina ncia l >l"rvice,, 

a' we ll a' lorl1plHcr p ro duu' 
Digit<"L h produce> IH card, , handv 

'LJnnl'r' . tcrmm.ik c:mu lacion t.ilrd, and 
pnrH<.' r converter... . for exarnple. the cornpanv'... 

new I) 1gr1Jx CWS-I8Cr " a rx·r'°nal comput rr· 

lxhcd , CCIIT Cr11l1p Ill compatibk tax Lan.I. 

II LUn'i'l\ of 'olcwa re, a 'PCLia l board and 

Jn Jllton box l o be in 'c lied 011 IB /\I PC1XT 
or Lompa tiblc' . It ha' p.1«cd FCC p.irt 15 

and b8 le,ting Jnd ha' hem approved by 

TJiw,rn\ PTr 
D1gilax\ CSW'. 1RGf1, a pmvn lul com · 

puc..- ri zed lao,imi l<: 'Y' teni. It 'upport < h igh 

'peed c:nmmurHlanon lax . 1mJj.!c procc,,ing. 

data prolc"ing, fil<: tran,fn , nd e k·1..1 ronic: 

m,111 box . ln,tanl -liming muhi rn e"agc and 

multi -addre" cr,11h 111 i"1on .1 llow' a ma,xirn u1T1 

of 16.000 mL-,.'>JJ!C' to be 'wrcd and 1ran,mi ctcd 

'111HdtJ nco u ly . 

and " 1\.l i<.:rt»ult \\!lindow -b,hcd ,oft\\·.He 

palkage to r image prou.: , ,i11g and edit ini.: 

Cui', rnte lli genl t<:k·x iTL· ln.-rrtLT 8-11 1 

imorpnrJlt'' 1h..- lunctron' o r te lex . T UX 
l) l) IJ , ' ''ord procc"or an d eknron1L rnJ1I 

rnto a desktop unit. The WINNER 1\ hu11•1>11 

W1indD\>' · ba >ed package <:an 'urpon 1ht· 

im.1g<: Iii<" lorm.•h ul \X1111 do \•'' 1'.1i rll . l'a1111 

br u,h dnd other populJr i.:rJphrc' progrJm' 

Scannl'd imap.:l'' mav b..- me rgl'd with 1111.1ge' 

in memorv an d lrcc lv mixed wit h tl'Xt <lll 

di e ... cn:cn 

CVC "one ol TaiwJn·, more.: irnpo rtJ111 

tck co m mun ica 11 un' and d..-,k ·top pL1hli,h1nµ 

dt·v1cc manuLl c turer' h1ah l1,hnl 111 19iCJ, 

the c..:on1pany h..... Lichil;vcJ \[fl>llt.! ;~ruvnh 

hv ·onlt:n rJtrng on the d~·ve l opm t•nt ,rnd 

int ·g rat ·d ck,ign uj origir1.1I and ,ca1e ut · 

the ·dft c.ornput ·r perophcrc1k Tli<· L<>rll[MllY 

ha' 200 lugh lv ·trJi11cd 1tc.h1rn.1I -tatl J\ 

well a' advanced dnign , te,ting and prnduc 

cron i:qu1pmt:nt 

C \/(. currcndv oiler' J linl' a 1lav«' 

()n lv tour vc;i r, o ld D~tannnic' Tt"d1 

rmlogv ' ' al rcJdv one or -I di wan\ lt·ading 

111 a11 ulJuurt·r, ot ' ompu lt' r perrphcr.11' ~rid 

d;i1a comnHinic;i11on' producl' The company 

t·mplnyc<"' 80 ' ta ti . nl whom lll hold ,\ \a,tc ' 

and II · dt"grcn in compu1n >Cicm:c and 

dJ.cJ 	 Ct1f'lnlH1nicadon, . A ta:c rnrv t \ ..•ic l' the 
'1::e 	 ot the cnmpanv ' pre,1.:11t tacilnv 1, 

no'\.. 	 u'1dt.."r t:on...,tru<..: t1 on. 

Data1rorrn.' i' c'pt:c i,1 ll v -iror1g i11 modem' 

produt:ing 250,000 annually i\lo>I ol Data · 

t ro111t.' 1110dem' .ue old undf' r tlw Di rove rv 

brandnamc, aldwugh thc company wdcome 

prrv ;11<" bbd, .rnd uqu111er t..it..- .. 1g11.:; 

The auw -di a I aut~hln"'' cr moclt-m, 
.1vai l.1bk lron1 ().1 tacroni c .., ilre in J "'l"ric-,. 

ol 'tandalnnc p ckn,i::c and card l'cr-;ion 

111ndc l, rnee t ini.; Bd l ' tand ard, and CCITT 

rt·commcnda tion> ro r d ial ·up and lca,cd-timc 

npcrac1nrh rn hoth •ynchronou' and J'>vn · 

c hronou, modf'' . hav111g bct•n gr.111tcd FCC 
rcg"n,1 tiun and tor tihcation . a' 1vell a5 

p·1-r hm1l<)loga1io11 in ,c;:v..-ral other coun tr ie,, 

rhc modem> art" pnnum:d tor direu ton · 

11ect1on on t<· l..- phone line> ~ rid ne t\vo rk < 
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Cud,pccd data mi,,ingldaia to cwnt' 

Hv compJri>on Coodway " one o t 1he 

T ai1,•an 111du'1r' ' ' o lJer d.lt.i t.ommun1c.iticrn' 
t·<1u1rn1l'nt manu tauurc:r ' f:qab l1,hcJ 111 

1'17~ II ha' 'aln 011 th" order ul 6 million 
.l Yt..'.lf 

T ht" u1111p.111v' pruduu r.lnge 1nt. IL1de, 

Loriput<:r LJb lc da1.1 '"'llLht·' Al' l' ·NF"I 
anJ plu, (phone nc1 cmn pac ihk ), t..,( t..,( 

1ermi11a1on and App l..- Talk compa11hk tor 

the la-i two vear' kit' 

Lh c r·lnrndly . r t" liable . compctitrve lv 

priced prndu1..1' arc the kcv' 1hc 'ix - ~·ear 

old Cub> 'ucLc,., Th" approach " rct lC'cted 
111 the company' ,a ln 'ta r1 - main ly d r.H,•11 

rrom the compu ter ' c1t•nce and bt1s1r1c,., 
admini., t ra1ion rid d\ , mu,1 wi h ,\\R,.\ ur .\11 5 
dcg ren lrom dw Ll .S Thi, a ll ow' ha' >ale, 

<tall to n:ac t q ui ck ly to 1hc nt·cd' n l th<· 
mM ketplace and feed cha t information 

i nte ll iRtn d ~· 10 the companv\ R & 0 ' tall. 

compa1ibk 1200 and 2~00 hau<l m" dcm' in 
ex1crna l. 'tand alone modek 1nclud111µ a 

rod:ct \IZl' modd ~ a' ;vcll :,, 111tcrnJI plug 

rrl 1 wd ·I,, tor both PC: and f'<,12 'Y-tt·11i

All J r<: co mpati ble \vith l\c ll ond C( ITT 

' tJnJard, . h al,o ha, a n(·1,· 960U baud '1a11d · 

alone: modem wrth v n uorr1patrbi111v and 

the lu ll Have,· i\T uimrnand 'c.:t 

In addmcm to mod..-rn' . C VC h°' dev« 

lop ·d cle,ktop pu hli,h111J,? pn1pher<1I\ "I he 

t.on1 pany \ frr<.t c.:nt ry ,..., an op iLJ. I n1ou\c 

w11h d high rc,o lu tron or 250 tl1Jt\ · per 1nt.h 

llv th<" end ot 1h1> >'<'Jr. G V<. ,,.ill al"' 

111crndute a handv ' annc.: r Jnd J Po,t ·t. r1pt 

l.a'l'f l'rintl"r ~on t roller 

(.\I( "p.1rt1 ularlv 1nter<:,tt:d 111 mc.:<·1111.: 

the llt<"d> ol OL,\\ CU>tumcr; " 'hu need trJ 
lllt prnJuLtion c;oc;t<,. to rema in <..ump · tit iv<: 

C\iC bclievn It ' ' th<.: hc>t po"1blt ott 'hort 
partner ror de .. 1gn a' wel l a' producuon , 

t'\pcc1a ll v Jor l<Jmpanit' thJt need ro come: 
o ut ,,,; 1h inno v~tivc rH?••· product , , 

h welcome' LU,tomer dc ,igncd produt.t ,, 

bt' Lrl ll\.~' it' t:ngiri~crlnR: le.am ii, experienced 

with all pha~e' u t microcornpul«r R & l) . 

Thi, ~ivc1 ir the i lcxihility to cop~ 1•·11h 

dc;ign change' and engineering change' o n 

http:perrphcr.11
http:1tc.h1rn.1I
http:origir1.1I
http:oft\\�.He
http:tcrmm.ik
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the production line, preventing cosdy de lays. 

Honotron is a peripherals manulacrurer. 

This month, the company will announce a 
new Key-Mouse at the Comdex sho w. The 

Key-Mouse olfers the advantage that it can 

be connected directly to the keyboard, 

without the need of any additional pon . 

Honotron a lso offers computer keyboards 

for IBM POXTtAT and PSn and compatibles. 

These arc of the membrane type and have 
a real two-step tac ri le feeling. 

Labway is just a year o ld, but already 

has sales pu hing the million do llar mark. 
Its products include 5.25n external FDDs 

for the entire PSt2 family; mouses (two

button , Din connector) again for the whole 

PSn family; RAM card s for PSt2 model 501 
60; mouses (tree-button, BS-232 connector) 

for PC-XT and AT; EAT Motherboards; 

and NEAT BIOS. 

Labway's external FDDs ca n readtwrite 
and format both 360kb and 1.2 mb; and 

require no expansion slots, interface card 
or power supply . The mouses offer high 

tracking speed; provide a test program and 
menu crea te r; and are 1000.kl IBM mou e 

compatible. 

Lyi-Cheng En terprise is a good example 

of the way Taiwan companies grow and 
adapt co changing market cond ition s, 

acqui ring new skills and technology ~ l ong 

the way . Founded in 1877, the company 

began as a producer of radios, TVs, and 

arcade game machines . 
Since then, Ly i-Chcng has grown 75-lold 

in term s of capital, built a new modern 

production facili ty and shifted to XTtAT 
(808 8, 80286, 80386) personal computers 

and peripherals. Tota l production capacity 
now is 16,250 PCs a month . 

Maxas Industrial began opera ti ons two 

years ago as a sourcing agent for companies 

located in Singapore and the United States. 

Soon thereafter , rhe company moved in to 
manufacruring itself. Today Maxan is an 

in tegrared company with the resources ro 

engineer, manufactu re and market techn ically 

advanced, high quality . electroni c computer 

equipment. 
Maxan views Its main strengths lie in 

strong P & D and manufacrnring divisions. 
It focus is in data commun icarions, but it 

also has experience de ign ing other product 
for OEM clients . 

In product development the compa ny is 
oriented towa rd s non-systems hardwa re. Jr 
empha izes data transmi sion and PC-related 
add-on products. It has in-house elect ronic 

circuit and mechanical design capability, 
as well as some ab ility in software and 

firmware development. 

On the manufactur ing side Maxan's 
strl".ngths incl ude , manual assembly of elec

tronic board level and basic box products; 
quality control and assurance; production 

process des ign and engineering; non · 
cemperature cycling burn -in ; funccional 

testing and diagnostic tests; and parts pro· 
curement. 

Products developed and carried by Maxan 

include dial-up 2400 BPS Hayes-compatible 

modems; group :! compatible 9600 BPS fax 
cards; Nhermax control cards IEEE 802 .3 

compatible control cards for ethernet LAN; 

and IEEE 602.3 compatible ethcrn<:t local 
repeaters. 

Founded in 1981 , R . Tcclrnol ogy Cor· 

poracion is a well -t•<tabished manufacwrcr 
and exporter of anri -<iati c, anti-radiation 

(VLF ) products . It is a subo;idiary of Tai,van 's 
Dai kyo Petrochemical Company . 

RCS Technology 's VDT filters d im111a te 

i: lare nd reflection; enhance picture con trast; 
block VLF radiat ion 98 .90/o; and d iss ipate 

static electric ity 100% . The filt ers provide 
the highe · r reso lut ion sc reen available. 

virtually and dust acc umulation, arc effective 
on both color and monochrome VDTs and 

are available for curved and flat monitors. 

Real Time lndumial" RTA-03E Multi 
RS-422 serial adapter (4 portd is designed 

for IBM PC AT or compatible computers. 

h offers an asynchronous communica tion 

protocol and can me an EIA 422 industrial 
standard interface . The communication 

distance is up ro 3000 eer, with a baud 

me of up 10 58K BFS. 
Real Time's fax ca rd i compatib le with 

PCtXTtATt386 or PS12 model 10. FCC 
approved, it is compatible with CCITT 
V .29 and V .27. TER. T4 ;ind T30. 

Real Time also offers the RTX .Q2B 8255 

plus card , a programmable input/output 
interface for PCt XT and P AT. tt is suita ble 

fo r design and experimentation . Ir contains 
96 llO lines; six independent 16 bit counters . 

each with a count rare of up to 5 MHz; and 
two programmable interrupt chips. 
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Create a professional form in less than 15 minutes!!! 
A ERFORM i an M - Window applicalion. AU the 
advantage y u enjoy and rely on from Windows, like 
ea e-of-u. e and e cellent graphics, are at your fingertip 
when you use A RFORM. With ACER ORM, lines 
can be a chin a a trand of hair or as thick a your 
pencil. For frame and text backgrounds you have 16 
pa!lcrn to choo e from. 

Corporate logo and other image are easily loaded and 
sized . With SoftFont , character styles come in a wide 
variety of hape and sizes -- and the fonts you select 
are hown right on the creen , j u t a they appear on 
your printed form. 

Se/ec:1oble line widths range from 0.5 cm 10 .OJ cm . 

ACER FORM 

Acwal loaded image. 

loaded, resized image. 

RFORM offer a comprehen ivc toolbox with 12 
o l 10 aid you in dra\ ing line , loading and cropping 

image , and typi ng r loading text. There' al o a LOol 
e pedally for blo k operalion , such as aving a part 
of your form ror loading imo another form or uniformly 

/ 

editing parts o f your form. 

ACERFORM' text editing 
feature allow you to utilize 
data from several ources. 

The ACERFORM Toolbox offers on 
unprecedented range of form tools. 

You can key in direct ly from 
your keyboard or load data 
tared in WordStar, 

dBa e III Plu 
and otu 1-2-3. 

~lit 421 on ll6adtr SitTl'We Card 

Worldwide inquiries, contact: 

corp.The Third Wave Publishing 

aiwan, R.0. 
:8 6-02·765· 767 

A cERFORM enables both mouse and keyboard u er 
to develop a form efficiently without dealing with compli
cated creens and trange codes. The command menus 
and form tool complement one another lo make form 
building a logical and s imple process. 

AC RFORM support most laser printer and is for u e 
on IBM PC/ XT/ AT/ 386 & PS/ 2 compatible y tern 
Write u today for more details . 

USING ACERFORM YOU CAN: 
• 	 Merge data from external sources as you print. 

• 	 Easily draw lines and frames and place them 
on your form accurately. 

•	 Load, place, crop and size images accurately. 

See the actual form and all font typefaces and 
sizes on your screen as you work. 

• 	 Fill out the form partially, or not at all. 

For inquiries in the U.S. Contact: 

Vault Corporation 
CA L: 1(800)445-0193 US$299 
In CA: 1(800)821 -8638 Su •cd rci&ll pnce. 

Major credit cards accepted. 

The Third Wave is a member of the ACER Group 
IBM. PCI XTltlT Qnd PS/1 at< "llsttrtd uad""o'*• of fot<m<1f;ona/ Bus.in<'# MMhints Corp. ll'ord tar is o r~isttrtd tro1ltmark of MiaoPro. Irr<:. d~ Ill Plw u " 
rn,isttffl/ tr11dtt11atk of A.sh/0/1-Ta/8, Im:. Lolus and l · l ·J art rq.w<rNi rrodtm11rks of lht Lolus lkw/opnornt C0<p. Windows il a "3111tml trad<mtuk of M1erosoft Corp. 
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Roval lnlormat1un Eleccronics ( fRL) 
~· has been makin!: qualitv monitor> for cen 
0 
:::> 	 vedf,_ EmrhJ<>i::ir1g produu <Ju~lny ;ind 

rd1ahi l1tv. a' wdl a' afcer-<alc< 'uppon'?' 
TKL ha< twencv quality ontrol Jnd quali ty0 

r. 	 <P~..,ur.:1nc ~ cnginccp; in irs lOO-rnan \•/orklon.t'. 

The TKL monitor erie' lcaturc' a 
-creJmlmt:d, dq:?ant dn1gn and o fer' co mplete 

IBM PCIXT 1ATIP 2 comparibi liry The 

enhan ced hii.:h n:so llltion , high cont ra,! , 

dark ttnc , norqdare screen give, ,harper 

imag'" · The tilt anc.l 'wivc l ba•» .11lows c:;isy 

ad1u"mcnc , wnh readrly accc<s1blc Lontrol 

'w1rchc, 

The T aipc1 Compu ter As,oc1a11on is om: 
ol ch· major driving for ., heh ind T.1iwan\ 

erm:rgence as a major player in the world 

1r1l o rmation indu try . Founded in 197·1 with 

le" dun 30 mem bcr<>, today the a . so ia1ion 

ha, more: chJn 1700 membe r<, 1ncludini: a 

numh..-r o r rnajor lorciw1 companic Corren cl y 

cha ired b1· · ran C. J Shih. prnidc: n t ot 

;\ er. 1h1: a'socia 1inn\ a 1ivi1ic:< range from 

'oltwon: dcvdop mcnt and mJ rk c1 re,ca rch 

to an ti - Lounte rkiting and in ternational 

cnoperacion . 

Pan ut thc a"oudtiun ·, mandate i' to 

c>: pand ,,·o rldwidc recog11ition at the Ta "''a11 

111lor111Jtion 1mlmtry Th" invo lve' both 

enLtJUragrng loreign li rm' IO loLate office' 

and rrodltcuon tac1lit1c' on thc " l ~nd ; and 

help in).: gain a pproval tor T aiwa11 -madt' 

rrodu< t' . 
!11 nrd<:r [o <:ll our01~e torc1gn invc)tor~ . 

the a"oc1Jtion auivcly work'> '"ith the 

RO(_ govcrnrnc111 a11 d the ln<titute lor the 

lnt o r111Jt1 0 11 lndu,trv to improve the overa ll 

11ivnt111ent environment. h a l>o hdp' loreign 

firm' 1ck111itv local product -make" lor 

\OUrC111g . 

·rhc ..l-.. ... ociadnn ... pon~ors {\1olo tr;idt' ~ho\"'" 

ann u.1llv fa c h lun<· 1t orga111ze' Computer 

fa1pt:i the large,1 com puter produc" how 

111 Taiwan Th" Vt.'M thl' ,how'' "'' attend•d 

hv 4,000 lort·1gn buv<;r' and loµged more 

than S7 2 mi ll ion 111 ,a le, 

In Apnl the ,1"n<ia tion -taµe, Sohex 

T.11pc1 a' a \'el1Lll' tor ;nltwJrt' devc:loper' 

aml hu1•r:r, Th<· 'hov. 1nc_lude' >emiriar' and 

di,play, ot the lateq 'oltv.•arc dc,ign> 

The 	a" o c1ation ha' been a rnaior lo rcc 

1n l .1 1\\ 'an·, .1 11 t1 · Lount~ rl c: i t111~ erton Rt.:'
cogm~111 i; the uiltural a pc(.!> ot the problem 

where im1tat1on trad1t1 o na ll y ha, been 

rt'1:a <led J' ,1 torm of pre ise - the a,soc1at1on 

ha' 'oui;ht to rai'<.: pubh\: awart"nc" o l 1hc 

im po rtance ol 1111dketual property righ ts. 

Taiwan Fif\t Linc Computer " able 

Co r po ra11on IS ano ther compara11vclv vuu11g 

company . \Xlith a , up-to-da t<.:, l~d lv 1mq.:rm:d 

productmn faci litv and a corporate: <- u lturc 

ernrha, izing quality con t ro l. the company 

seek> to oflcr cus tome rs beuer qua litv .1 

c.ompi:titivc price,, w ir h uri -time dd ive rv _ 

Founded in 1985, it now ha> 'a le, m the 

)4 m ill ion ran~ <.: . lrom ca ble, , da ta ,wit (.. h · 

boxc, , f:Cndcr c hanHcr, and ,im1lar product' 

pecitic prod uu' indu<le PS/2 'crn l 

tabln , Applc1alk/l'vlaclntmh cab le,; phonenet; 

r\pplcta lk adapter b11>; and SCSI t<.:rm1nator, _ 

Tarnng is not only Taiwan' o lde" e lcc 

tronoc' and cornpucc:r co mpany , 11 1 aho 

the bigge t, with a rrue wo rldwide (..apah1l1Cv. 

It opn a t(;I ~mdcr it ow n b randnamc a. well 

a' on an OL\1 or ,ubcontract manutocturing 

ba~I\ To ca! 'a le, , including home: app licanes 

and i11du,1ria l equipment , c~ mc to I 4 

bill ion in t987 

Ta cun g', produu rJnw: i' c:normou,, bv 

Taiwan <, tandard For example. 11 producn 

808 I 0 6 , 80286 and 803 6 ba,cd micrn

co mpu rc r ' and works1a rior1<;; J~ wdl a< di>k 

com rol , graphic co rHrol, mc morv expan,ion 

.rn J LAN add-un ard, . In termina l, , Tatung 

make, ANSI , AS ·11. and Al'-1 11..\ Ultl'C 
terminJI emu lauon'; VT-220 . I)C 200, ..\Di\! 

SA i I , and Wv<o c 50160 rmularioc1' 

ln mon nor> Tailing produce' monochromt: 

!1'v\DA . ,'v\CA and 1\\CGA compaublcJ, 

Lolo r (CCA EGA and PC,\ co mra1 ib lc) and 

pla;ma d1,p lav units _ It manutauurc' do t 

matrix prinrc"; a' wdl a> engme' .rnd 

(..Ontrolle r, ior laser beam printc·r, Tatung 

a l;o manutac turc FDO~ . HD[),, kcvboa rd, 

and moLise >. po " •er supp ly \rnit' !linear and 

'wit c hing mode 1. CKTs and re leu>mmu111 

ca11on' equipment 

Lookmg ahead, Tatung " wo rk mii to ward 

more h igh end ' "'tem' produc t' le 'eeb 
lurther integra110n ol Tarnng's ,v,t<.:11 d,_-,1µn 

and ASIC design tec hnology It wanr' co11 

irrncJ b roadening o l C.\IJ1CA:->I appl1<.a uon' 

and an in c rca'e 1n pruJuuiv1t y and quality 

111 dc'1gn . cng1n eerin~ and manu lac rnr1ng 

c leurorncc har11 l' h a1m' a t the lunh1:r 

1nte~rat1on of co mputc:r anJ c.:0 111111unu.. .Lt1t >r1 ' 

tcc hnologv . "' well d> 1ncrca,cd appl1cat1on 

ol ,urtacc rnoumin g !t'Lhnolof.:\' 

1-uumkd in 198 Team Tnhrwl<>gv 

helped pi o neer the LIS. markt·1 lo r T .11"·.111 

hij:!h ccc h producb. ir1troduullf.: ih 111odc11i

at the IQ 4 Com,!"' '"""' Th e re,pt111,c 

lro m th1' ini tial lurav wJ' "' O \Tf\' hc-lm1nglv 
po.;,,1t1\e d)(· cc>1npanv 111lmt.'di.~uclv dre,.. LIP 

.1 ' orld ma rketing rian In ,ub,cqucm vea r ' 

~re;irn modem.., \ \ 't•rc;.· '-l 1hjc(.tt:d to c.:;.;;te,:·11 ... 1\ <.: 

product te>tirlg Jli Qver the '' urld Current 

rroduu1011 " I 0 11\l(l unit, ,, 111 011 th 

In Tt"Jm' rr JOUCt ra11gc Jre 2-lf)() J1Hi 

' iiOO RPS " " th MN I' pr1Holol mndl'm '-. The 

1\.li cro I 200 " .i 'r.:uJ ll v d"'1g11c:d pm kct 

modem '"ithu ut h.1m.:rv or ,.\( Jdaptor 

rcc:i u irc:d lt-i. .. i .::.t" i.. univ 2l.n1 · 7cm ·· I l uri 

A ll Team modc:1m are prr1v1dnt wnh B.i ll 

.rn d CCITT prutou> I, a nd ore I la "' 

Lo n11nJnd tompattble 

()ua l1rv Lontrul " t.1kt·11 w 1111u,1,. lw 

Tcan _ From IQC ICT l in J1rn11t t'X wuh 
HP -3065 ), burn -in tc't i:48 -ho111' ), n111u1011 

te't. AQL tcq lO QA tc-t , evc-rv ''L'P '' 

pcrlormr:d choroui.:h lv th<: Lnmpa111· h." 1H1 

mir\1 1'1lU 111 ,,rdc:r .... Jnd ,...<: lcornc: ... privJte label 

a11J 	 Lu,tunl dnigm:d order, 

Sixteen ol Tea m' t>5 , 1,10 .ire: 111 f{,,. I) 
l'roduch unckr dc:vc:lc1pme11t 111L ludc J I''\ 2 

modem (2·100 1-H' ·J to bt· Jnnoun<c:d tl11' 
month · .1 \' 12 mod.:m 111L lud1n g \' 21 to 

\I 32 and Bell IO~l2t2 A. whi lh " ·di he 
annoum_eJ 111 ,., Iv 198H, .1nd a LAN ord 

.1 Tcarn 11 c t1Ftherm:t 11Heil.1Lc card ,na1la hlc 

next mo nth , wh1Lh wil l ht" ,1hk tCl r1111 

d1reulv Novell, ' U\vJ rc 11 211<> or n" 
h\' ,clecung thL" i'\IE1noo "'t wart· dr ive r 

r\ ... uh ... 1J1 arv o t A"er ont: tll r .1n.. ~in.., 

l,1 rg~ .. t :ind hl..·"t 'no \\ n t.oPnp uccr and 

p1:riphcrJI 111an11tauurer'. the Third w·J,o.: 
l'uhJi,h1n,_ ( lll'pllrJLHll1 "thc 1, Jand ' h1g,_nr 

"Jttwarc _ rcriphcral ;rnd puhli< at111m \om 

p.1nv C,,,J1:, la-i vear wc:re ~5 ' r111ll1ur1 and 

,houl<l e . c1xd ) 10 m11lu1n d11, vt·.ir 

Th11d \\ 'J\'t'' rroduu line up ll)L ludn 

the Cem:rJunn Adapt inn l'r11du<t' I( ,t\1 11 

'e r1c ' ol pcrrplwrak dt·'1gr1c:d Ill pr"' 1de 

1hc: u1mpu er u-tr '"1 h th<: me~n' to bridl!e 

tho.: tc~hnolojlV J-!"P h<·t"e"n d11tt'l<"it 

tt:<..hnolog\' ..,yi,.[<:111.., ro r t:XJmpk Ill "-V\tl.."IT1 

up'" rJdn Jnd the tran,p<>rt o r datd be1w<:o.:11 

1nLomp.;n1hlc.: '-Y"' tcrn\ lniucd prndu<.t., ori 

the mM -er Jre a lrnc: ul c.xtcrna l Jrl\ n 

c.JH1..,t"-trnµ- ,, , .. 1x rnndt'I..., c..o\t.· run.: all nia ror 

t\'P"' ul p<,,2 IJC lapto f! ' portable, and 
( ommodon: appll(_J tl!Jm . lrir hn th l 5 " Jnd 

'i 25 " tlnppy d"k med1J 

I hc auwmJ t1 on 1ndu,1n· r 1:p rc-~t·nt' the 

next uea •.,•hne u; 111pu1e1 tedrnulugy t111d ' 

1n c rea,ing ;i pplrt ,1t1 nn Third \'Cave ha, 11\ 
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U. S. A. 
PDM 
(713) 488-8830 
MicroAge 
(206) 74&-8045 
SYSCOM 
(516) 765·0570 

CANADA 
0UDGETRON INC. 
(416) 673-7800 

NORWAY 
PROFESSIONAL 
SYSTEM A/S 
(02) 253350 

BENELUX 
COMPUOATA BV 
(0) 73-422045 

ITALY 
OATATEC 
(06) 8321-213 

W. G. 
RVS 
(089) 35-10-071 

FINLAND 
MIKROMERIOY 
(90) 550-155 

ICE LANO 
TAEKNIVAL 
(1) 68 16 65 

SWEDEN 
DATADRAGET 
(08) 286 262 

GREECE 
SMM •ABEE 
(01) 9715007 

SINGAPORE 
PET 
292·9155 

SAU DIA RABI 
AL-JASSIM 
(3) 832-2148 

PHILLIPINE 
RANK 
(2) 40-2391 

NEW PRODUCTS: 
ETHERNET LAN CARD 
(10M) 
V.32 MODEM 

SEE US AT 
COMDEX/FALL '88 
BOOTH #3036 
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Kev less Data o llec1ion Series w fa<:ilita te 

the pro es~ ing of in o rmat io n at all level> 

or compLitcri za tion . The se ries provides the 

1i,er wit h a tim e-' ving and CO>t-d cctive 

method of data input in a manner that i ~ 

v irtually error free _The company's ba r-code 

reader line r under th is se ries p resently 

c.omi>t> ol tour model>: a keyboard emulat0r, 

an RS232/422 lnterface reader , a po rtable, 

hJnd held rca1.kr and an on- line reader 

'Xpc nda ble t0 a 128- unit network . 

Moq recen tly , Third Wave relea sed 

ACERFOR1\,,.1 , ;i dc>ktop torm -co mpo>iti o n 

,oltware u 1ng the Mi c rmoh \Xlindow' 

MODEM 

Bfll 103 1212A 

ccm v21t V22 1V23 1V22 bis 

1200. 2d00, 9600 BI'S 

AIJTO-DtAL. AUTOANSWER 

HAVES"" COMPATIBLE 

MNP ERROR CORRECTION 

FCC & PTT APPROVAL 

"? IDA"'UAlflROr1UC§-... ,... 

Dototronics Technology, Inc. 

17'2 ..,,n-Klr.g 1. lld _s.c s. 101.,..1 11:i5n. 10'-"

PhOne [02) 762-3W IJ u.....i (02) 7~6213 Un<H) 

!&le" 28440 DTXMOO~M fox U0-2·7~14. 

In USA please contocl: 
Sunhill Inc TEL-(206)-575·"41 31 

to rmar. Fea ture for feature , it offe r the 

bc,t ,oftware o its kind in the market , but 

i> n:markably easy m learn and convenient 
to use. 

Founded in 1984, within a year O stempor 

Elect r ic\ na me appea red in Byte in connec

tion with T aiwan computer manufac tur ing . 

Os tempor·~ president and chief engineer, 

Johnny hen, ta kes cred it for creating 1he first 

leg.ii IBM PC.AT compatible computer in 
Taiwan_ 

Since the Ostcmpor has gone o n to ocher 

ac hievements . In 1986 it p roduced a t 2MH z 

AT-compatible motherboa rd with bu ilt in 110 
pons (Mode l 2000 AIB), anticipa ting the IBM 

PS/2 'YStem . In 1987 O s1empor in troduced a 

16 MHz AT-co 111pa1iblc all-fu nction 

motherboard_ 

Thi s year Ostcmpor's successes have in 

cl uded its modc:I 5000X cabincL This ,Jeet, 

~ l im , newly dcsi~ncd cabinet is only 37.5 x 

11.5 9 cm. The OOOX can be fi tted with 

one 5 .25" and dircc 3.5" drives , or a total 

of four. It is also fitted with •ix ho rizon tal ex 

pansion lots. u,cr wi ll c~pccia ll y appreciate 

the triang ula r fro nt pa ne l, whi ch is inc lined 

fo r ea'y viewi ng_ 

hitcn Entcrpr iGe con

centrates on com puter R & D and manufac 

rurin s. while sis ter company, Paoku P & C. 
ocuses on marke ting and sa les. Together th e 

two are pushing toward a S2 1 million rnrnover 

this year . 

P & C Shi ten is currently active in IBM· 

ompatiblc PCIXT / AT co mputer a nd 

pe ripheral a well a:. laptop computers with 

a CCA funciion . By the end o f the year 1hey 

wi ll ~rso be producing laptops with EGA and 

VGA funciions . 

Paoku is the exc lusi ve di s1 ribu w r fo r a 

num ber of . uro pcan companie, , inc luding 

Svenska M ic ro Data or Sweden; Ern i·Compro 

and Panat onic Fareast ol Switzerland; C. S. 

E. D . o f Belgium; ACM Wor ld Trade Centc 

of H o lland; I.E . E. E. Df France; and Edicon · 

ult RL and Compre l of Ita ly _ 

Together the two compa nies also upply 

a num be r o f major inform ation 1nd u, try 

i;iant>, >uch a M tau ~h ita 

•O.scove<y 2400P P011Modem'" 
(Poe e t-Size Po<1001e Mooem) 

•Discovery 2400C Modem 
Dlol·Uplleo.OO-L1n6/SyndAsyn 

•Discovery 2 100 Acousllc Coupler 
(Poe et -Size Acoushc C up Se!) 

•O.scovery 2<100l1K Mooem 
O>oHJ ecm1d-L1ne1Asyn 
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I'll 
· mlJITA 
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IBM PS/2 MO<lel 30 Compal1~ 

We Are Offering Full Range PC 
Wi1h Beurr Quali1v. er\'icc. And ... 

Of c our1e Thc Bet1er " Pri•e" 

SEE U t\T COMDEX HOW 
SOOTH N0.871 <WEST HALL) 

Im.I ~ l.t 0Dt.L.k' A.\ 0Af A.RJ l:[GISTUlDDADOUdl.K'.S 
LYI-CHENG ENTERPRISE CO ., LTD. 
NO. l6'1, Cl!UN·YOl."NG RD .. NAN.KANG. TAIPEI. TAIWAN, R.O •. 

Of TII( L"ln.'1 ATl 0 'AL Ill L\15' >IACll L'11> COll.POl..\ TJON TLX' l ! l ll LVI HE."G TAX' SI!(>.!.; I I TEL. 881>-Vi ) . )&< ; 

• VGA. MULTl V Cl 

NEW M ODOEL 

1 YN) 

MU LTISY C) 

1'1 " COLOR VGA MONITOR 
A D VGA PLU ~ MO !TOR 
(HOR : 31.SK / 35. 2K) 

.............. .. .. ... ...... .. ............ ... .. ... ......................................... ........ .. ..... ........................... .. ... ..... ..... ......... .. .. .................................. ................ .................... .... .. .... ... .. 


172·1 CHUNG CHENG RO .. TA VA HSIANG 4281C TAICHUNG HSIEN. TAIWAN, R.O.C. 

TEL:(045)672770- 9 FAX:(045)672700 TELEX:51149 CHIENHOU[DA AS l TAIPEI OFFICE/ TEL:(02)72529B 1-2 FAX:(02)7251993 
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SMART-CAB LEMAN® 


##I APPLETALKIMAC/NTOSH NETWORK HARDWARE 
FIGURE (1) APPLETALK ADAPTER KIT 
KS·A.001 APPLETALK ADAPTER FOR MACINTOSH 
KS·A.001P APPLETALK ADAPTER FOR MACINTOSH 

PLUS 
PATENT IN TA IWAN 

FIGURE (2) & (3) PHONEN~ KIT 
KS-A..()()2 PHONENET KIT FOR MACINTOSH 
KS·A.()()3 PHONENET KIT FOR MACINTOSH PLUS 

PATENT IN TAIWAN 
FIGURE (4) SCSI~ TERMINATERS 
KS-S..(}()4 	 MALE TERM/NATER FOR MACINTOSH 

NETWORK 
KS-S.005 	 MALE TO FEMALE TERM/NATER FOR MAGIN· 

TOSH NETWORK 
PATENT IN TAIWAN 

FIGURE (5) SCSI* CABLES 
EXTENSION CABLE. HARD DISC CONTROL CABLE, · 
FLOOY DISC CONTROL CABLE. INTERFACE DATA CABLE 
- ETC. 

#II PS/2 KEYBOARD ADAPTER KIT 
FIGURE (6) PS/2 KEYBOARD ADAPTER KIT 
KS·l-005 	 PS/2 KEYBOARD ADAPTER FOR PC ATIXT 

KEYBOARD TO FULLY COMPATIBLE WITH 
PSl2SERIES 
PATENT IN TAIWAN 

OUR INTEGRATED PRODUCTION FACILITY AND 
STRONGLY QC PROCESS, TO OFFER "ZERO DEFECT'" 
" ON TIME DELIVERY" AND " REASONABLE PRICE", ON 
FULLY PRODUCT RANGES - CABLES, GENDER 
CHANGERS. DATA SWITCHBOXES. - ETC. PLEASE 
CONTACT US FOR DETAIL. 

AGENT WANTED.... 

TFL GROUP LEADER: 

TAIWAN FIRST LINE COMPUTER & CABLE CORP. 
P.O. BOX 12472 TAIPEI, TAIWAN, R.O. C. 

FAX: 886-2-5910004 (REP), 886-2-5942209 (REP) 

TELEX: 29393 TFLKSLEE TEL: 886-2-5925192 (REEP) 

PHON~. SCSJ• . - • - • ARE REGISTFIA TED MAllXS OF Tl'I. GROUP 

PC Afl'n I /"Sit 14M R!fO&STR.4 '£0 ~~ Jflll' 

A.P'i"'l...tTALK. A4ACIN'10$H ANO ~l"lit4 ME REG£5l'Rill n'DM.UkS O'.Ah\.£COWll"llJTA. rNC 


PERSONAL FAX 

GUIS 


USS1, 195 	 4 functions in 1 unit 

You surely have a dream to hold every single 

message around the world to catch up with !his 

high-tech era. In order to get closer to your mends. 

clients. and lover. you must own her-

GUTS Personal Fax· 

She never strikes, never stops. 

She never sleeps. never spys. 


She performs as: 

ccrrrGJIG2. 9600 bps: Auto Fallback 

Hand tree speed dialing for easily sending 

Auto redial tor efficiency increasing 

32 one-touch diahng for lriendly using 

Auto power oU for cost saving 

Normal/Fine mode tor best quality 

Text/Halftone to secure the colorful result 

LCD for clear display of all essential information . 


She is yoursecretary to auto answer your incom

ing fax and telephone call. 

She is a recorder to record messages. when you 

are away. 

She is a voice-reminder lo leave message to your 

partners and colleagues. 

And she is so fantastic. considerate and lovely 

that you can 't miss her. 


GUIS 


Glorious Union Information Systems Inc. 
14th Fl .. 207 Tun-Hwa N. Rd .. Taipei. Taiwan. R.0 .C. 
TEL: 2-7171740, 2-7153356 TLX: 22651 GUIS 
FAX: 2-7134572 
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UNIQUE DESIGN 
MODEL 5000X CA BINET 
*SMALL & SUM - 37.5 Wxl l.5 Hx42.0D CM 

Fron t Pannel - Only 9 CM high 
• 	 an fit X .286.386 & PS-II MOTH ERBOARD 

lso incl. 6 horizontal slots. 
*DRIVE SPACE - 4 d rives can be filled, incl uding 

2 type of drives 5- l /4" & 3- 1 2" 
OPERATING PANNEL - Triangle-Solid 
& Inclined-plane 

*SCREEN WINDOW - show speed, 
time & 3 lamps for power, tu rbo, 
HOD. <.:lll. by4 button. Sae us at: 

(11 CGmDlll7Foll '88 
A LL-JN-ONE - LasVegas 

Novamber 14-18Mother Board: 5000X Booth : C928 
CPU : O:? 6 
Speed: 6/12/ t 6 MI lz 
Video: VEGA, 
1CGA comp:il ible 

I/0 Pore : 2 ER/l PAR. 
Memory: 511 KBt o4MB 
and J MODES EMS. 
FDD CTRL: 3oOK to I .44MB 

CABl ·T & MAJNBOARD TNQUIRlES WELCOMED! 

High Speed 
High Perfonnance Laptop 
80286 6f12MHz Clock 

1.44 MB* • Floppy Drive 

40 MB Hard disk 
640 x 400 high resolution Plasma Display 

PAOKU P&C CO., LTD. 

P&C SHITEN ENTERPRISE CO., LTD. 

HEAD OfflCE: TEL: (02! -t~ 
12F· ,O NO. 100. ROOSEl/£LT AD•• SEC. !I. TELEX: , ll:IOl l'a;HITEN 
TAl'EI. TAINAH, A. 0 C. F4'!'~120~ 

EXPOATEAe PA()KU P&C. CO.. lTO P, 0 . BOX ~I TU'EI 
I'>.CTOAY· P&C $HITE:N El'ITEAPAISE CO.• L TO 

CSC COMPUTER SYSTEMS CORP . 
2• 0 ~AMES SI BfNSENVll~f I 60106 
TEI.. f31~/ 716-$t10 FAX f31 2176G-M12 

Circi. 413 O• lt6ot#r S.l"fh Card 

OSTEMPOR INTERNATIONAL I C 
No. S, Alley 7 , Lane 12, U.S.A. Service Center: 
Sec. 3, Pa Teh Road , 8820 28th S. W. Seattle 
Tai pei, Taiwan, R.O.C. WA.98126 U.S .A. 
Tel: (02) 741 -1462 Tel: (206) 878·1 683 
FAX : 886-2-77651 40 Fax: (206) 824-984 7 
T LX: 14507 OSTEMPOR Manufacturer 
Cildl 411 011 RMrJ.r S.nicc Ctsrd 

http:l.5Hx42.0D


DIGIFAX CWS · l86F 
• AGf C()W.IUN O 1.1(}". ClWMuNGtrt wJ r;~ 2 a.• rttrOJv or t.u MJiCl-'wFs AROt •Nn 

l><f WORLD 
ANY TYPE~·~ E ""'"'SFfR •0000 WC¥1DS 0"'1 r f"XE ro 
SCCCNYr>S 

DIGIFA 
cws 186f 

·woqo MOCESSOR 
·GAA.PHJC FUf'.CrlQN 
-l)RO.<OCASI 

SCREEN WIT SAYF L040 ()([ OJA ! IC 
IEW CU T MERCK rf'Jtt 400 ERA~R 
M\f~O..t(-SCHEOU<ING MUL Fi - F~( & ru .OOl'f<$. 

/I 
OIC.ISCAN 
OS 11\5 

TR4i V iSSOrJ 
. rNE Oftoli'r' SEND 
·PC .:ivtt: M..i.11('" POWf~ ONOFf" 
'""<'.WE 11 S ,-.,, PHOf;fS aOO><.S SIOl'f r6 000 CUSr 

.< rRJ&NSMI rtfO a-.. BR(l.tlOCAS I IACXlE 
'F"-' C();..VfRI ASCJ! 1\'Cf>DSrAR OR i«to PAIN1911USJ< ('.F l.I 
·;.uro COWEllSO\I FROM 1n:r 10 WAGf W>lfl\I l lWVSMm!NG 
'SCAN".JfR SUPPOA r H~NOY sc. .-.r~ER" CANON /)I M'X r1 A.f 'CPQrElf. Ol '"Cf" 

S(;.'NNfR 
·Pn 1fR '1.';lJPP('JR1 

'fL'. TKJN C..At L SU 
oor 1.1.S. TRJY l .4..Sl~ (HP} 

r 
' 1,~~M S('FT\VAftF SlJ~T 

-----------i 

NOVEMBER , .. ,8DIG/SC.AN OS· 105 
"S( A.J\;t.L•,.s(i ~..;()rft ~05 liAM(J JNO(} RIVI ERA. BOOTH R8215 
•e,;RJ. r $CA. < 8W AND r6 Qt.•.aS.i fe¥\ES 

'Sf¥=" r.\'.6Rf {)G;f J.;,t ~ 1.JAl 0 OP[ 
 For more 1nlormatoon. olease contac1 us 
iRfS() ur«.,, .w flf'.,~ oors.v~A 

f)IGI ,\UT0 1" DIGITECH COMPUTER CO., l TO. Cirdt 403 on IUadu Strvice Ca- rr/
1f '.it)~ !t"'i lN5ttfNGS '10 "'i.fC} '.l'IPfl l()fi,H:t fAro'l' .... ~. Aor 
"fl 8&t»?J11100t rA"¥"662l'+U".lllO ·1• l•~ OG1~EC 

http:DIG/SC.AN
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The Best Peripherals For PS/2 


EFD0-2 
5.25 E• ternal FOO 
• Read / wrlre. formal borh 360kb and 

• 2M b on board 

IM x 1 OR 

I .2mb diskette 
• o expa r1 slon slo ls. lnlerface card 
and powe r •upply requ ired 

•For .. n l i re PS/ 2 fam ily 

L. M-2 
Moue 
' Hi9h l radlng srieed 1048 mm/ sec 
•A lps Mic ro- •wilch. "4•o ·bu tlon, DIN 
ron n ctor 

• Resolution: 200 DPI 
" fully omparibl" wllh IBM ..nd 
Mlcrosoh PS/ 2 ou•e 

Circlt 409 on Rladtr St rvict Card 

See us al Comdex Fall 
@C Foll'BB 
Booth 59118 

~ L. 
LABWAY COMPUTER CO., LTD. 
2F, NO ... NANlCIN(I E RO SEC ~ 
TA!ptl, TAll'll\H. AOC 
TEL!D2)""200fl0 fRE.P) FIU( -Z·7&112V'1 

Circlt 416 on Rtadu St"'ict Card 

98.9D/o R on d1OOD/o Stati 
Free Wo king Environment 

RCS 5111 VDT Fslfl!r 
"98.9% radia!ion and 100'\\i 

static lree level 


•Ertminale.s gl<lre and rellec110n 

RCS S/12 	An1t S1•11c 
Comp4Jl•r Co11•r 

·Made ol oorn:Jvctove fiber~ 

prevents charge collection and 
provides lull stalic shield. 

· Prolongs the computer's Ille 
two times. 

RCS 5'13 AnH- S111t1<; 

1<.,bo¥d s11 ..~ 
· Made of highly oonduclMl 
fibers. 

· includes a 3-mele< grounding 
cord. 

· Doubles computer's hie span 
RCS !ill1 Anll - R di1/1on 

Op~rator Apron 
RCS 5U Art fl · St l•C c., SHI 

Ct:»i1#~ 

RCS 5ll0 An11-Su111c Fab<1~ 
RCS S~J Anrl- Stat1c SIHrmQ 

W~HI Ctw•< 

Distributor Welcome 

£ Res 12f' . No. 148, Sung Chiang Rd .. Ta1pe1, Taiwan, 

R.O.C. Tel : 886-2-5512614 (Rep) 
Telex 26902 RCSTEC Fa.x : 6S6-2-53636~ 

ROYAL INFORMATION ELECmONICS CO., LTD. 
7F-1. No . 6.J . Sec. 2. Chong An E. Rd .. Taipei. Toiwon. R O .C 
Tel: 2-5065646 Fox: 2·5065626 Telex : 27974 ROVALl 
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Pat8'11s: U.S A . R 0 C 
Parents pend1Ji9 ' EEC , Japan. Korea 
See US Bl 

G) CGmDIH7Fall '88 
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Ba lly '1 L.u V~gao 


L.as Vegas, Nevada 

SOoth : 8 5 19 

ROYAL 
TREATMENT FOR 
DATA IMAGING 
Interface a Hi-Res 
TRL Monitor 
14" MONOCHROME MONITORS 
T-14 18 Single 
T· l<l28 Duol 
T-1<!2Q 2QKH2 
T· 14J8 Mulhsync 
l -1448 VGA 

14" CO LOR MONITORS 
Cf·M56 EGA 
CJ.1458 Multisync 
CT-1468 VGA 

19" MONO MULTISYNC 
MONITORS 
CH918 1024x768 
CT-1928 1280x1024 

19" COLOR MULTISYNC 
MONITORS 
CT-1959 1024 x 768 
CT-196B 1280x 102.il 

( 

~ 
( 

(' 
r 



Circle 401 on Reader Servict Card Circle 404 on Reader Sl'rvice Canl 

,_ 

• Plug compallble with IBM PC/ XTI AT & PS/ 2 
• Meets DIN low profile standards 
• More compa t de ign 

M-key rollover & auto-repeat 
Nonerasable printing performance on key caps 
by u.slng new Sublimation technology. 
Completely water, dust-proof. 
Adjustable angle feet ensure proper tilt from 
7 to 14 .5 degree. 

DFK-555 105-keys for Macintosh Is available 

tlot•'· 
a~11 ~11•''' 

£VSTACOMP 1::ot" tto ·· 

The New Fashion for 
Make PC Perfoct Godspeed ~r1es 

Co mpu ter Ca bin<! 
2 Sw itc h ing P<> we r Supply 
J. Keyboard 
Manufactu re 6o Export 

Po ..,..•er 

•1 ,. ,.."' lhoc ~ ,__. Dlu!I,.... - raeo 
•g.,..._ h• ,,.J•·,o._,-~+<> 

·s-......... 1011~.a.f 
' 0..-..- ll)O • .f,10·~ 

65168~ .. , ... rc... 
• • .t."llfl l'flior.•rwu 

•1...a -~'''""""~""""-~#· 
• ..,..,. •
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!1 ,~- '°"' 1-0 l S" .-0. o-- HQ 

.,.,...C....lor_,.~>.T...-"°"'*o. 

•o.,._._.. 4:)\ • .t. l'O·l~ 

Supply 

... 

y"JtpuJ Comp11lttt Co1p . 
SIO ll!li!to l---4:: 1-u- r ilf.OC 
1ff,. •TTZ"'XWICI~ Rd :s.c • r..,.. r_ .,. ~oc. 
,..._. IDll G000 COUf' 

,.~..,....~,-DATACOMP ELECTRONICS CO., LTD. 
3F-2 N0.598 MING- SHENG E. AOAD. TAIPEI TAIWAN A.0 .C '-· TEL . 886·02- 715244 1- 2 FAX : 886·02 ·7129369 TLX : 13975 DATACOMP 

.. .. . """" ....
WX.OL4 IEH~ X .s.r~ 

-~pt~-ll()(l!JAl"O'
.RT'X(l2A b2'5.~ o{'l ~ .tla!cOl'l*-Olfl 
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"11.@:.-...Soool<>r....~~ 
R'tli..OX. 4--Pcri~CMU 

.&J.~j 
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BYTE's Subscriber Benefits 

Program 


Y ur BYTE ubscription brings 
you a complete menu of the larest 
in microcomputer technology every 
30 days. The kind of broad-based 
objective coverage you read in 
every issue. Jn addition, your 
ubscription carries a wealth of 

other benefits. Check the check 
list: 

BONUSES 

Annual Separate Issues: In 
addition to BYTE's 12 monthly 
issues, sub criber also receive 
our annual IBM PC issue free 
of charge, a well as any other 
annual issues BYTE may 
produce. 

BYTE Deck: Sub cribers 
receive five BYTE po tcard 
deck mailings each year-a 
direct response ystem for you 
to obtain information on 
advertised products through 
return mail. 

Reader Service: For 
information on products adver
tised in BYTE, circle the 
number on rhe Reader Service 
card enclosed in each issue thar 
correspond to the number for 
the advertiser you elect. Drop 
the po t-paid card in the mail 
and we II get your inquirie to 
rhe advertiser . 

TIPS: BYTE's lelephone 
Inquiry Sy tern i available to 
ubscriber who need fast 

response from advertisers. Aft.er 
obtaining your Subscriber I.D. 
Card, dial TIPS and enter your 
inquiries. You'll save as much 

ten day over the response to 
Reader Service card . 

Free Programs Via BYTEnec: 

lllf I 

modem, valuable program 
listings. There is no connect 
charge for thi rvice. 

Subscription Service: If you 
have a problem with, or a 
question about your u bscrip
tion, you may call our service 
department ro!J-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Easrern 
Time). You can also use 
Subscription Service to obrain 
back i ues. Should you care to 
correspond use the following 
address: P.O. Box 6821, 
Piscataway, .J. 08&55. 

Edirorial Indices: Available 
rbrough our cu romer rvice 
department P.O. Box 328 
Hancock ew Hamp hire 
03449. 

PAID SERVICES 

BIX: BYTE' Information 
Exchange puts you on-line 24 

ign up i a microcompurer, a 
modem. and r.eJecomm soft
ware. For further information 
and co t, call 1-800-227-BYT . 

Program Listings: Li ings of 
programs that a company 
BYTE articles are now avail
able on BIX on disk or in 
quarterly printed upplemen 
(see reply card in thi i ue for 
cost information), or call 
1-800-258-5485. 

Microform: BYTE i available 
in microform from Univer ity 
Microfilm lnternarionaJ in the 
U. . and Europe. See Contents 
page for cosr information. 

DISCOUNTS 

One-year subscription ar $22.95 

Two-year ub ription at $39.95 

Three-year subscriprion ar 
$55.95 

One-year group ubscription for 
ten or more at $18.95 each. 
(Call or write for detail . ) 

TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE: 

Subscriptions & Back Issues: 

1-800-423-8272 

( in .]. 1-800-367-0218 ) 


BIX: 1-800-227-BYTE 

Program listing. Order:: 
1-800-258- 485 

E'1TE 
It's indispensable. 

You get acce to the BYTEnet hours a day with your peers 
Bulletin Board ervice, which via computer conferencing and 
alJows you to download, via electroni mail. All you need to 
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FEATURE 

REKURSIV: AN 

OBJECT-ORIENTED 


CPU 

The linn Rekursiv is a new microprocessor 
designed to run object-oriented languages 

Dick Pountain 

inn Products, a hi-fi firm based in the electron
ics manufacturing belt that surrounds Glasgow, 
Scotland, has a worldwide reputation in the 
audio marketplace. In the early 1970s, Linn 
was one of the first finns to spot the market for 

uncompromising audiophile sound equipment, and the Linn 
Sondek is still regarded by its many fans as the finest record 
turntable ever made. 

A Linn subsidiary, Lion Smart Computing, recently an
nounced the Rekursiv, an innovative new computer architec
ture designed around principles of object-oriented program
ming. How Linn came to design a new microprocessor is an 
interesting story in itself. 

Something Better 
Linn's founder, Ivor Tiefenbrun, i a strong believer in comput
erization, which, until now, the firm had implemented with a 
series of minicomputers. Starting with PDP- I l s in the 1970s, 
Linn now employs two DEC VAX- l l/750s, two I l/780s, and a 
host of assorted micros. These machines are used for account 
ing, stock control, word processing, and the other typical busi
ness-administration tasks, together with a limited amount of 
production control over the cranes and conveyor belts. As a man 
noted both for technophi lia and iconoclasm, Tiefenbrun soon 
became deeply dissatisfied with the software available for these 
machines and, in particular, with the lack of functional inte
gration and ability to be modified. 

By the early 1980s, Tiefenbrun's surveys of current computer 
research trends had convinced him that an object-oriented pro
gramming system would allow Linn to integrate all the fac
tory's functions with flexibility. Since few, if any, such sys
tems were commercially available, and since Glasgow is sur
rounded by some of Britain's finest university computer science 
departments, Tiefenbrun decided lo have such a system designed. 

In 1981, programmers and a compiler writer were hired, a 
Glasgow computer science lecturer was taken on as a consul 
tant, and a language system called LINGO, with many of the 

features of Smalltalk, was written. However, the performance 
of LINGO on the VAX proved to be far from adequate for the 
task of automating a whole factory. Instead of giving up or go
ing in for a long cycle of software optimization, Tiefenbrun 
characteristically decided to finance the development of a new 
processor architecture optimized to run object-oriented lan
guages orders of magnitude faster than conventional hardware 
can. Thus was born the Rekursiv project. (Tiefenbrun seems to 
be inordinately fond of the letter K; Linn has hi-fi products 
called Sondek, Basik, Ittok, and Asak.) 

In 1984, Linn Smart Computing Ltd. was set up and Dr. Da
vid Harland joined as technical director, a job he combines 
with being visiting professor of computer architectures at the 
University of Strathclyde. He and his team have designed a 
chip set with which to implement a persistent-store, obje.ct-ori
ented processor. 

Object-Oriented Programming 

An object-oriented programming system is one where pro

grams are executed by sending messages to packages of data 

called objects. Each type or class of object has a set of opera

tions that may be performed on its members, and you can apply 

the e operations only by sending a message. The internal struc

ture of an object is hidden from the programmer, who must ma

nipulate it onJy with the allowed operations. 


This type of system provides a high degree of security and 
modularity as application programs are isolated from the im
plementation details of the objects and their operations. Pro
gram modifications are very localized and, hence, easy to per
form and more likely to be correct. The best known example of 
such a system is Smalltalk-80 (see "Smalltalk/V Release 1.2 " 
by Mat Davis, June 1987 BYTE, and the section on object-ori
ented languages in the August 1986 BYTE). 

An adde<l attraction of the object-oriented style of program
ming is that you can make program objects correspond to ob
jects in the real world in a more concrete way than do the vari

comi=~d 
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ables and procedures of a conventional programmjng language 
like C or Pascal. The data contained in an object can represent 
its attributes (e.g., size, color, and age) while the allowed oper· 
ations represent its behavior. You can alter the program's be
havior by enrung it message . Object-oriented languages are a 
narnral for writing simulations of all kinds. 

A very prominent property of real -world objects is that they 

magine 
a world where people are flown 
to the moon to sleep every night 

and then flown back 
the next morning to work; 
that's how incongruous 

explicit 110 is in an object-oriented 
program unzverse. 

persist ; 1hat is , they tend nol 10 disappear without good reason 
(with odd exceptions like car key and left socks) . In most com
puter sy tern thi is not the case. When you switch off the 
power, everything contai ned in lhe computer's RAM disap
pears . Program variables are more volatile still. They will dis
appear when you lerminate the program 10 run another one, or 
even (io the case of local variables) when a procedure with in the 
program terminates . 

The only way to preserve information from one session to 
another is to write it onto a permanent storage device of ome 
sorl , usually a floppy disk. However , the information always 
has to be translated into a different format to be stored, and the 
actual acts of storage and retrieval involve pecial I/O opera
tions. These functions are invariably complicated and have dif
ferent semantics from torage operations within a program uch 
a · assignmenl to a variable. 

Persistem programming is a research avenue being explored 
at everal universities, including Glasgow. In a persistent pro
gramming environment, the concept of 1/0 i abandoned alto· 
gether, and the values of program entities are preserved from 
one invocation of a program 10 the next until you explicitly de
allocate them. There is no distinction between long-term data 
and short-lerm data, and the same operations are used for both. 
No separate filing system is needed, since orillnary program 
entities such as arrays and lists can serve for long-term storage. 

In terms ofimplemen1a1ion, though, you need to underlie the 
persi tence with ome kind of di k-based virtual memory that 
is automatic and transparenl to the programmer. In a normal 
programming environment, to store the value of a variable on 
disk, you would have to create a file , open it , copy the value of 
the variable into the file, close the file, and so on. In a persis
tent programmi ng environment, variable values till get written 
to disk, but you won't know when , you don't need 10 explicitly 
request them, and the format of the data doesn't need to be ex
plicitly altered to do so. 

Persistence and object orientation are natural partners, be
cau e if your program is a simulation built from objects, then 
you might expect these objects to live for as long as their real
world counterparts. Imagine a world where people are flown to 
the moon to sleep every night and then flown back the next 
morning to work; that's how incongruous explicit UO is in an 
object-oriented program universe . 

The sort of data-processing system Linn hope to build is one 
where every object in the factory bas an equivalent object in tbe 
computer system. When workers build a product, say a turn
table, the product gets allocated its own object. This object 
simulates the product , reflecting its progress through the pro
duction process. The object accumulates information a the 
product goes through testing and quality control, even to after
salcs, where the object can contain the service records. The Re
kursiv processor is designed to support this model of comput
ing in hardware . 

The Rekorsiv Architecture 

To say that the Rekursiv departs from the mainstream of cur

rent processor de ign would be a gross understatement. Re

duced-inslruction-set-computer technology has become the 

new orthodoxy in high-performance processor design, and Re

kursiv is not a RISC. Instead , it support microcodable, ultra

high-level instruction sets and could be better described as a 

WISC (writable-instruction-set computer; see "The WISC 

Concept" by Phil Koopman, April 1987 BYTE). 


Professor Harland's prime concern is with bridging the "se
man1lc gap" between the operations required in a high-level 
language to imulate real-world activities, and the operations 
that a digital computer can handle. RISC designs actually in
crease the semantic gap (by having only simple instructions) for 
the sake of higher throughput, the idea being that you employ 
the extra performance to close the gap in software. 

Rekursiv takes the opposite tack and allows you to design 
very high-level instructions. The very name Rekursiv suggests 
that machine instructions can be made arbitrarily complex, in
cluding recursive calls and even calls 10 other programs; for 
example, a tree-walking routine can be microcoded as a single 
instruction. 

The Rekursiv achieves high performance by having mulliple 
internal memory buses so that many operations can occur in 
parallel, instead of a highly optimized serial instruction pipe· 
line like a RISC. Built from three custom gate arrays and sev
eral megabytes of fast static' RAM . the Rekursiv is a single 
board rather than a single-chip microprocessor (see photo I) . 

This SRAM holds the microcode and the pager tables used to 
keep track of objects; it exists inside the processor like a con 
ventional processor's regis1er set. The SRAM is organized into 
six different functional memory spaces, each with its own data 
and address buses, a side effect being that the gate arrays re 
quire the largest packages ever: 299 pins to handle all the lines. 
Since there is also a dynamic RAM (DRAM) interface for the 
main object store memory , the Rekursiv could be labeled a 
seven-memory architecture. Even this is an underestimate 
since tbe pager 1ables employ separate buses for each field. 

Figure I hows a block diagram of the main functional unit 
of Rekursiv , where the three gate arrays are the blocks called 
Objekt, Numerik, and Logik. The six blocks that are imple
mented in SRAM are the two stacks (control and evaluation) , 
control store and control store map, the pager tables , and the 
block marked NAM (more on NAM later). Most ofReku.rsiv's 
internal data paths are 40 bits wide, though the DRAM address 
bus is only 24 bits wide. Objects are stored both in DRAM and 

continz.u:d 
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files - there are no runtime modules, 
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BUGS 

Search&Destroy 


Quaid Analyzer is the ultimate diagnostic 
tool for the expert programmer. 

With Quaid Analyzer you can trace any 
software without source code; monitor any 
interrupt; scroll through memory; debug code 
written in any language; easi ly change values 
in memory, registers and at i/o ports. And you 
never need to type a command! 

Now you can have the same powerful tool 
used to develop CopyWrite. Quaid Analyzer. If 
you need to search and destroy bugs - fast. 

To order Quaid Analyzer, call us with your 
cred it card , or send us a check for $200 US 
funds. We ship within a day at our expense. 

An°ll er 

OR YOU'LL NEVER KNOW ~U'REMISSING 

Quaid Software Limited 
Th ird Floor, Dept. 8641 
45 Charles St. E. 
Toronto, Ontario 
Canada M4Y 18 2. 
(416) 961-8243. 
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on hard disk, in what could be thought of as equivalent to the 
external memory of a conventional processor, but since the 
microcode can access this memory, too, the distinction be
tween inside and outside is blurred. 

The Rekursiv's sole purpose in life is to create objects , to 
page them back and forth between memory and bard disk, and 
to perform arithmetical and logical operations on the data in 
their fields . You can th ink of it as combining the functions of a 
CPU , memory manager, database manager, and operating sys
tem all in one. An object is just a chunk of memory divided into 
fields that hold its data and represent the instance variables , in 
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Figure 1: A bl.ock diagram ofthe main fun ctional units of 
Rekursiv, a persistent-store , object-oriented processor that , in 
effeet, combines the f unctions ofa CPU, memory manager , 
database manager, and operaJing system all in one. 
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for programmability, flexibility and reliability. In other words, if yo ur multi-user or multi-channel 
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Call l-800-344-4273. In Minnesota, (612) 922-8055. 

Smalltalk parlance. Every Recursiv object is identified by a 
unique 40-bit number that is assigned to it at its creation (from a 
counter called the allocator) aod that remains with it for its life. 
This number is the onJy way you can refer to the object, because 
only the processor knows its real address. 

When they are stored on disk, objects are prefixed by a head
er holding the object's number, size, and type (a 4-0-bit value 
that the software must interpret in some meaningful way). 
Types are objects, too, so the type field contains a 4-0-bit object 
number . When an object is transferred into memory, only the 
data fields are written into object store; the header is stripped 
off and written to a lot in the pager table along with the new 
address of the data in main memory. The pager table contains 
65,536 (i .e., 64K) slots that you can address very quickly by 
hashing on the object number. 

If the pager table slot for a requested object is occupied, then 
the object's address is retrieve.ct from the slot along with the 
offsets to index its fields, and the requested operation is per
formed on its data. During this table lookup, the hardware also 
checks the type field, refuses to perform operations that are not 
allowed on the type, and performs range checks so you can't 
index a field that lies outside the object. 

If the slot for the requested object is empty, that means it is 
not currently in main memory and there is a page fault. The 
Rekur iv is stopped dead while a signal is sen! to an external 
disk processor to fetch the object into memory. 

This disk processor has its own B-tree directory structure, 
which allows it to find an object's image on disk through it 
number. When the object has been fetched to memory and its 

header put in the pager table, the Rekursiv resumes processing 
as if nothing had happened. without any need to restaJI the cur
rent instruction, as there would be with a conventional proces
sor. Page fault recovery occurs "below" the level of instruction 
execution, rather than being an external operating-system task . 
It is this property that enables Rekursiv's microcoded instruc
tions to be of arbitrary complexity and to include recursive cal ls 
that are forbidden to normal CPUs. 

The programmer's view of Rekursiv is of a truly object-ori 
ented processor in which there is no concept of an address, only 
of object numbers and where objects persist until you destroy 
them. Programs can be executed only by requesting an opera
tion on a numbered object. In a network of workstations, tbe 
object universe can be extended to cover the whole network, 
and object numbers can be made to indicate in which processor 
an object was born. 

Memory Management 
Memory management, especially garbage collection, has al
ways been a problem for object-oriented y tern . In the real 
world, dead objects get eaten by crows or bacteria or consumed 
by rust or whatever, but in a computer simulation, they just 
hang around and clog up the all-too-finite memory space. 

Rekursiv has been designed with a brutal, but fast, garbage
collection strategy . The DRAM object store memory is divided 
into halves, only one of which is used at any time. The last ad
dress in this active half is caJled EndMem , and the "grabspace" 
operation that creates new objects contains a hardware test that 
stops it from allocating object addre ses that would exceed 
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EndMem. When this test fails, more memory is required and the 
Objekt chip invokes hardware garbage collection. 

The Objek t chip initiates a tree-search of all the object de
pendencies in the processor, taking in both the stack and a 
handful of registers. The chip then inspects each object by pag
ing it with di k fetches disabled, and it tag those that do not 
exi t on disk-these must be objects that are either newly 
created, or old but modified (i.e., they have been read from 
disk, altered, and not yet written back). Then it undertakes a 
linear sc<1n of the pager table, copies only the tagged object 
into contiguous addresses in the other half of DRAM, updates 
the pager tables, and resumes execution in the new memory space. 
In effect, this is a heap compaction performed in hardware. 

This hardware compaction is low-level and completely trans
parent, dealing as it does with physical rather than logical 
memory. Its speed i largely independent of the content of the 
memory or its degree offragmentation. As with page faults, the 
processor is unaware of its occurrence and can resume execu
tion where it left off. 

If this process still does not free enough memory , a second 
level of garbage collection progessively squeezes out other ob
jects to disk to free up space. If even this fails (i.e., a new object 
wants all the memory), then a last resor t is to use the spare half 
of DRAM to accommodate it directly. These fall-back strate
gies ensure that garbage collector performance degrades grace
fully rat.her than failing with a bang. The sweeping of unwanted 
objects from disk is a software housekeeping problem that 
should take place off-line. 

The finite limit on object number raises a potential problem 

(even though 238 numbers is quite a lot) because they are allo
cated sequentially by a counter. When you kill an object you 
theoretically free up its number, but you can' t just reset the 
counter to reflect the fact. What happens when you run out of 
numbers? Rekursiv tackles this problem in two different ways. 

One solution is conservative: Don't squander precious object 
numbers on very common data items that tend to be consumed 
and forgotten . The top 2 bits of a 40-bit object number are used 
as flags, so the real object number is only 38 bits long. 

The top bit say that rhis is an objecr number to distinguish ir 
from an untyped binary value (these are permitted in Rekursiv 
but can only exist embedded inside objects; they help to con
serve object memory). The next bit distinguishes between nor
mal and "compact" objects whose remaining 38 bits hold a 5
bit type identifier and 32 bits of actual data rather than an 
object number. Such compact objects ought to be used to hold 
numbers, characters, strings, pixels, and so on. Compacts are 
reminiscent of the way Smalltalk handles Smallintegers. The 
Rekursiv hardware knows about compact objects and extracts 
their data directly so they consume no object memory and can 
be accessed quick.ly. 

The other solution is radical : Rekursiv garbage-collecL'> object 
numbers in an operation totally distinct from garbage-collect
ing the objects themselves. Thi operation need 10 be perfonned 
only infrequently, and ir could be done during an off-line pe
riod such as a maintenance break when all objects are resident 
on disk. A compaction utility writes a new disk image of all !he 
objects, renumbering them with consecutive numbers , and then 

continued 
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Listing 1: A lisp function that copies a tree structure. 

(DK~UN Copytree (Item) 
(COND ( (ATOM Item) Item) 

(T (CONS (Copytree (CDR Item)) 
(Cop y tree (CAR Item) ) )) ) ) 

Listing 2: A Rekursiv instruction equivalent to the 
Lisp function shown in listing J. 

MICRO$COPYTREE : entf 1 pagebus d - ustack 
c~tf IDXBADTYPES ne wtrb r CO NS 
incmsp rn . sp' newmptr 
jf MICRO$COPYTREE l dustk d a pgrorr 

II the CDR branch 
m.fp 1 uaddb~ newmptr 
readust k 
pagebus d =us tack 
idx2 newsr ne wbr loadaddr 
id xget nocheck incmsp m. sp ' ne wmptr 
j f MlCROSCOPYTREE ldustk d~memout 

II the CAR branch 
js RTN$CONS 
::c. f 

resets the allocator's counter to the next available number . 
One implication is that no references to object numbers can 

be allowed to exist outside the Rekursiv universe, since these 
would escape renumbering and become corrupt. Since Rekur
siv is meant to be programmed only at the symbolic level (e .g. , 
as in Smalltalk), this prohibition doesn't prevent you from tor
ing program code outside the machine; but it is a symptom of a 
more profound philosophical problem that all those who build 
distributed databases (e.g. , the hypertext movement) will even
tually face. 

The size of the pager table raises another theoretical prob
lem: If you have a program with more than 65,536 objects , then 
hash collisions are possible (though pretty unlikely) . In the case 
of a table collision, Rekursiv just squeezes the old object from 
that slot out to disk. 

The Microcode 
The Rekursiv is an object-oriented database engine for creating 
and managing persistent objects and, with strict type-<:heck i ng, 
performing just about any operation on them you can think of. 
Since the Rekursiv has a writable instruction store , it will come 
out of the box absolutely empty and is incapable of doing any
thing at all until the microcode for an instruction set is loaded 
into the control store part of the SRAM. Of course , Linn does 
not expect potential users to dive headfirst into microcode pro
gramming, and so the production machines will be supplied 
with at least one instruction set. 

A standard instruction set that supports C, together with the 

Photo 1: This VME board, called HADES, is the first working Rekursiv system. The main units are three gate arrays called 
Numerik (the ALU) , logik (the sequencer/stack unit). and Objekt (the object memory manager). 
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corre ponding C compiler, will be supplied for writing applica
tion programs. Far more interesting, though, is a second in
truction et, a microcoded Smalllalk interpreter, that makes 

far better use of the Rekur iv's unique features. 
The microcode i tored in the control store, an SRAM area 

with its own 16-bit bus, where there is room for 16,384 control 
words of 128 bits each. Another separate memory space, called 
the control store map, holds a table of2048 microcode start ad
dresses, and maps 10-bit op code onto the microcode that imple
ments them. This function is equivalent to the instruction de
coder of a conventional processor that would normally be hard 
wired logic. The control store and map can be thought of as a 
Smalltalk-style bytecode interpreter implemented in hardware. 

Where does the processor keep its program code? So far, we 
have only seen object store memory, which, in conventional 
terms, might be thought of as data memory. In fact, op codes 
can be contained in objects and thus can be stored in the main 
object store, from which they must be fetched as in a conven
tional processor. For frequently perfonned operations, though, 
there is an alternative that offers much higher.performance. 

The block c<ille<l NAM & NAMARG in figure I is the New 
language Abstract Memory that stores up to 524,288 words of 
I 0-bit op codes and their 30-bit arguments that form abstract or 
high-level instructions. Since the NAM is inside the processor, 
it behaves like a fast instruction cache and creates a two-tiered 
system for language implemenlation . 

First, you choose the set of primjtive instructions best suited 
to supporting the specific language and wri.te them in micro
code. Now you have a customized assembly language, and you 
could write a compiler that generates these primitive instruc 
tions directly as its output; this i how C will work. But for 
advanced languages like Smalltalk, Lisp, or Prolog, you would 
use this abstract assembly language to write a set of interpreter 
subroutines and make them resident in the NAM. In the case of 
a Smalltalk implementation, the abstract code in the NAM 
would be the methods of the most important system classes. 

Methods for user-defined classes would be contained in ob
jects in the main memory and would thus incur a memory fetch, 
though you might be able to "freeze" important code into 
NAM . This two-tiered structure should allow Rekursiv to sup
port these artificial intelligence languages that are traditionally 
interpreted almost as efficiently as a fully compiled language. 

As a sample of what Rekursiv microcode looks like, the 
fragment in listing 2 is a recursive instruction that copies a tree 
trncture, equivalent to the Lisp function shown in listing 1. 

The microcode for MICRO$COPYTREE calls an auxiliary in
struction, named CONS, as well as calling itself in two places. 
Simulations of this code suggest that when running on a 10
MHz Rekur iv. it will creace a new CONS node every 2 micro
seconds, some 20 times faster than Lisp on a Symbolics 3675 
workstation. In the course of writing a Prolog interpreter, 
Linn ' programmers have also implemented Prolog unification 
as a single instruction. 

HADES and the Real World 
Linn has plans to use the Rekursiv architecture in several prod
ucts: an accelerator board for existing engineering worksta 
tions like those from Sun, Apollo, or MicroVAX; a networked 
Rekursiv-based workstation~ and the full multistation control 
system for flexible manufacturing that was the original goal of 
the project. The Rekursiv chip set will also be sold to OEMs. 

The three custom chips are all fabricated in a 1.5-micron 
CMOS proce s and packaged as 299-pin ceramic pin-gr1d 
arrays. umerik is a fairly conventional 32-bit AW compatible 
with the AMD 29203 . It has a full 32-bit multiply with a 64-bit 

result and a built-in 32-bit barrel shifter. Logik is the sequen 
cer/stack unit; it controls the control store and map, the stacks, 
and the NAM. Objekt is the object memory manager that con
trols the pager tables to get the addresse of objects and per
forms range- and type-checking . In addition to these three, 
there is a p.rogrammable timer chip calle.d Klok. 

So far, Rekur.iiv has only exi ted as a microcode-level simu
lation, but the three main application-specific IC chips have 
now been fabricated by LSI Logic Ltd. and , as this article is 
being written, only the circuit board remains to be made. The 
first working Rekursiv system will be a VME board called HA
DES (Hardware Accelerator for Dynamic Expert Systems) that 
plugs into the back of a Sun-3 or Sun-4 workstation (see photo 
I). HADES is built from the three custom chips, 2 megabytes of 
45-nanosecond SRAM, and 5 megabytes of 100-ns DRAM ob
ject store on a quadruple extended Eurocard (a longer-and 
wider-than-standard printed circuit board). HADES will em
ploy a partition on the Sun host's hard disk to page the object 
memory, and this setup will cramp performance considerably 
due to the limited bandwidth of the VME bus. Later versions 
will incorporate their own close-coupled hard disks with fast 
direct-memory-access transfer into object memory. A 10-MHz 
Rekursiv reading consecutive words from object memory in 
one cycle each reads 50 megabytes per second. You would need 
to use a disk capable of a transfer rate of this order to avoid a 
paging bottleneck. 

HADES acts as a VME bus slave and interrupter, which 
means it is completely controlled in two ways by the Sun host to 
which it is interface.d. The control store is memory-mapped 
into 2 megabytes of Sun/VME memory pace so an instruction 
set can be written into it. Reading from a control store address 
executes the microcode at that address . Four 32-bit registers, 
two for reading and two for writing, are use.d to communicate 
with the Rekursiv's main data bus. A typical way to program 
HADES from the Sun would be to load the Smalltalk instruc
tion set and then send a stream of ASCII codes representing a 
Smalltalk program to these registers, whereupon the Rekursiv 
acts as a hardware interpreter and executes them. It's very de~ 
sirable to program the Rekursiv in such a high-level, symbolic 
fashion to avoid having to refer to absolute object numbers in 
the program code. Otherwise , object number references could 
be removed from the machine (e.g ., in a program store.d on a 
backup streamer tape), and these numbers could escape the pe
riodic object number compactions and so become invalid . 
When using Smalltalk as the programming language , symbolic 
object names would be mapped to Rekursiv object numbers 
only by a dictionary that exists inside the Rekursiv it self. 

A Rek ursiv Future? 

I find the Linn Rekursiv an interesting development for several 

reasons . Its sheer originality offers some relief from the flood 

of "me-too" RISC chips that threaten to drown the industry. 


If Rekursiv delivers its promised performance, we may, at 
last, see Smallta lk becoming a viable production language. 
What interests me most i that Rekursiv could be a powerful 
testbed for developing new object-oriented languages . The 
foundations of Smallta lk were laid in the 1970s, and it repre
sents the infancy, not necessarily the pinnacle, of object-ori
ented programming. Object-oriented databases could be the 
next hot commercial product. Since Rekursiv does most of the 
work for you in hardware, I expect it to do well. • 

Dick Pountain is a BYTE contributing editor, a technical au
thor, and a software consultant living in Lo11do11 , England. You 
can contact him on BJX as "dickp. " 

NOVEMBER 1988 • BYT E 349 



If you m:rnage an org~nizarion \Vilh more PCs ~111 d 

peripherJls than you care to count. mayb" you should 

consider tying them together - with :i STARLAN 

:.Jctwork from r\T&T 

Supporting :11: ·iJc range of DOS :ind L'Nlx· 

serYers fur \Yorkgroups of all sizes, a sing!<: STAHi.AN 

350 BYTE • OVEMBER 1988 

>let work c111 link from 2 10 O\'er 100 DOS 1->C: -. so indc

pendent-minded standa lones can effectively function :ts 

one. \X'hich means users cm share printers, rctrie\'t' ;1nd 

edi t common c!ocumenl.\ update centralized da1:1hascs 

~ind send or receive rne:sages electrnnicall~~ 

AT&T's modubr ~1rchitel'lure and l\\'isted-pair 

http:STAHi.AN


wiring make it eas\· for rnu co add vo ice and dac:i 

..;tations the same \\';t\' \ 'Ou ;tdd s~tff: :L<> needed. 

nd b\' rnnnecring your S'IAHLAN etwork to 

AT&T:-; InformaLion Sy:tem: , etwork. \'irtually all the 

inform:1tion-processing equipment in your ompany 

can fx:come ~t fully irnegrated. cosH:fliciern system. 

lh !ind out more. ca ll I 800 2£17 - 1212. 

From quipment 10 nem'Orking, fmm computers 

tt> communications, AT&T is the right choice. 

AT&.T 
The right choice. 

NOVEMBER 1988 • BYTE 351 



Use Premium Ditto.Fuel Only. 

lake Yi gallon ol gasol in lormu

lated for high-performance motor 
cars. 

Add a clod of dirt. a quart of 
kerosene, a tablespoon o f sugar, 
and a dollop of axl gr as . 

prinkle wi th rust particles and 
dog hairs. Sti r. 

You'd be crazy to pu t that in 
your ~ rrari , right? 

Bui wha t we've just concoc ted 
i. the petroleum quival nt o f a 
kilowatt of ord inary electricity. 

Emerson UPS's Provide 
Clean Fuel For Computers. 
in · today's ompu ters are no 

I s high performance machines 
than th most sophisticated au to
mobi l s. they n d high ly-refin d 
fuel. too. 

An Em rson Unint rruptibl 
Power ource is th electrical 
equivalent of a petroleum refi nery: 
Raw fuel in , good fuel ou t. 

uch a imple so lution lo all the 
harm spik s. sags. and blackouts 
ca n do. 

Unrefined Electric ity Does 
Crude Things To Computers. 

nl ike bandsaws. washing 
machines and tv's, omputer 
circuits ar hypers n it ive to the 
slightest power varia tions. Data 
can b scrambled or vapori zed in 
a f w mill is conds. Programs ·an 
era h un er moniously. 

Fact is, many problems blamed 
on hardware or so ftware are, in 
reality, the fault ol raw electricity. 
lndu try statistics how that ha lf 
the downtime, lost employee and 
machine productivity, and main-
l nance costs ar the direct resul t 
of bad electri city. 

A typica l computer si te expe
riences about 7 blackouts, ov r 500 
sags and more than 2,000 spikes 
and surges per year. Plus there's 
almost continuous line nois at 
even the best locations. 

Power surges alone are er d it d 
by one insurance company with $35 
million in pc losses just last year. 

Any way you look at it. making 
su re your computer g ts pr mium 
fuel is up to you. Fortunately, it's 
easy and affordabl . 

UPS Performance And Throughput. 

Most people th ink f Emerson 


UPS systems as just battery backup 


protection against power outages. 
In r ality, they' re als the best 

power conditioners money can 
uy. They work continuously, 

un iquely providing an impene
trable barrier that isolates your 
computers from power problems. 

The resu lt : You get the I vel of 
performance your compu ter was 
design d to deliver. The level you 
pa id for. 

The High Performance 
UPS Manufacturer. 

Emerson makes a lull line of 
UP , power conditioni ng and dis
tribution ystems, ven simple 
surge protectors. 

All fea ture quiet op rat ion, 
attractive design, UL-listed sa fety, 
opera tion that is one-swi tch 
simple, and proven reliability 
backed by the be t ervice in the 
busin ss. 

So, let us help you rev up your 
productivity. Simply call l-800
BACK-UPS for our free introduc
tory bro hure and the name of 
your local representative. Or write: 
Emerson Computer Power, 3300 S. 
Standard St. , Santa Ana, CA 92702. 

1~15Ml!RSDN - Computer Power 
Computers Won't Run Right 

On Th Wrong Fuel. 
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PC Power , Part 2: 

BACKUP POWER 

How do you provide reliable backup power for your computer without 
creating new electrical problems- and how much will that cost you? 

Mark Waller 

W 
hen the utility power fails , your computer won ' t 
work. You may think the solution to th is prob
lem is an uninterruptible power supply. A UPS 
device supplies continuous power to the com
puter whether the utility power is flowing or 

not. However, in the world of personal computers, backup 
power systems are generally standby power systems, or SP Se . 
These devices switch on when utility power fail s. This distinc
tion of switching or not switching is the basic functional differ
ence between a UPS and an SPS. 

The main task of these 
products is to keep your com

puter running when uti l ity 

power fails, as opposed to 

urge suppressor or power 


conditioners whose main task 

is to protect your computer. 

Backup power and power pro

tection are areas of vital im

portance- especially if your 

investment in computing in 

cludes a local area network 

(LAN) or desktop publishing 

syste m. It is vita I that you 

know the difference between 

backup power and power pro

tection. Since SPSes are not 

all alike, you must be vigi 

lant ; otherwise, not only will 

you waste your money , you 

may end up with additiona l 

power problems. 


Standing by • . . 

The building blocks of an SPS 

include the battery , the bat

te ry charger , the tran sfer 


switch , and the inverter ( ee figure I). Most of the time, raw 
ut ility power is fed into the computer . All the while , though, 
the battery charger keeps the battery ready in case the power 
should fail. If power does go out , the transfer switch enses the 
outage and turn on the inverter, which provides AC power by 
drawing energy stored in the battery. After power is restored, 
the switch turns off the inverter and tra nsfers the computer 
back to utility power. 

That process sounds simple. Theoretically. it is. But differ
ent brands of SPSes handle this situation with varying degrees 

of efficiency. There are many 
functions that an SPS must 
prov ide during th is simple 
sounding process. It must, for 
instance, recognize at what 
point the ut ili ty power has 
fa iled and whether or not the 
voltage must drop out com
ple tely before it makes the 
transfer. It mu t also decide 
how fas t it will make the 
transfer once the process is 
initi ated . The way an SPS 
deals with the e tasks deter
mines the effectiveness of the 
product. 

A bette r SPS will witch 
over to battery any time the 
util ity voltage drops below a 
certai n preprogrammed level; 
say, I 03 vol ts . Low-budget 
units often have less-expen
sive en ing circuits that may 
not transfer to battery until 
the power drops significantly. 
Since every manufacturer 

con/iflJled 
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rates its SPS in terms of transfer time, how they calculate this 
time is critical. 

Your computer's power supply has some capability to store 
electrical energy so it can ride-through extremely short-term 
outages. The term ride-through refers to the power supply's 
ability to deliver stored energy to the computer even when its 
power supply has lost incoming power. As a general rule, your 
computer can tolerate outages from 20 to 30 milliseconds be
fore it goes down. If your SPS can transfer to banery power 
within that time frame, you should be able to stay operational. 
Generally speaking, the less-ex.pensively constructed your 
power supply , the less time it will be able to sustain the com
puter through an outage. 

ACAC Transfer 
switch 

Battery 

charger 


AC 


DCBa11ery ,____ Inverter 

Figure l: The building blocks ofan SPS are rhe barrery and 
the inverter. The battery powers the inverter, which converts 
DC into AC. Notice thaJ these blocks only operate when the 
rransfer .rwitch senses 1ha1 uriliry power has failed. 

Additional 

~170-Vpeak 

140.V peak, RMS 

r-------\-~-120 V RMS 

Figure 2: A comparison ofthe sine wave generaJed by utility 
power and the square wave produced by many SPSes. At any 
given poim along the graph, a square wave contains more 
energy than a sine wave. Its peak voltage is equal to its RMS 
voltage. 

Most manufacturers claim their devices have from 4- to !O
ms transfer time , which is within the ride-through time of the 
computer's power supply, and you should have no problems 
keeping your sy tern up when the power goes down. If, how
ever, the voltage drops for several millisecond before the unj1 
enses the outage and this time increment i not taken into ac

count, the stated transfer time may be well under the actual 
transfer time. Reputable companies include the time it take to 
sense an outage in their total transfer-time calculation. 

If 4 to 10 ms is good, wouldn't 2 ms be better? Some compa
nies boast that their devices have transfer times of 2 ms or less . 
Reaction times as fast as these can cause the inverter to kick in 
and out, constantly draining the battery every time ashort-term 
drop in voltage occurs. The point here is that you don't need 
your SPS continually reacting to events that are not outages but 
simply fast fluctuations on the line. 

Thus, transfer time is a trade-off between the computer's 
ability to ride through small power glitches and the need to pro
vide quick backup power in case of a real outage. The fact that 
computers will tolerate such a long time without power leads 
most manufacturers to advertise their products as UPSes in
stead of SPSes-a questionable practice, and you should know 
the difference before you buy. 

Riding the Wave 
Uti lity power is a 60-Hz si ne wave. You might just as ume that 
your shiny new SPS will generate just such a sine wave. But, if 
you look at the fine print in the specifications, you may very 
well see terms such as sq1UJ.re wave, rectangular wave, or modi
fied square wave. Sometimes the literature will even show a 
picture of a great-looking square wave. Of course, you won't 
know if, when the picture was taken, the SPS was under load, or 
if the load was a witching power supply such as that inside your 
computer, or simply a plain old light bulb . 

Figure 2 shows a comparison between a sine wave and a 
square wave . A square wave is a compromise between cost and 
quality. Since an inverter incorporates digital switches that 
turn on and off, it is less expensive to design an inverter to pro
duce a square wave. But since a square wave's peak voltage is 
equal to its root-mean-square voltage, designers must compro
mise on a level somewhere between the normal 170-V peak of 
the utility sine wave and its RMS voltage of 120 V-usually 
around 140V. 

A 140-V square wave provides 100 little voltage with too 
much energy for the standard computer loads. A square wave al 
any given point along its curve contains more energy than a sine 
wave. Some engineers claim that your computer's power supply 
needs a minimum of 148 V RMS. The additional energy in a 
square wave will cause power-supply overheating and stress. 

One school of thought preaches lhat a well-designed square 
wave is the best waveshape for switching power supplies since 
the switching power supply draws current in a nonlinear fa h
ion. Engineers may argue, but you must be able to determine if 
the product is well designed, or it may produce the kind of 
waveshape shown in photo I. This is the "modified" square 
wave generated by dozens of SPSes on the market. This wave
shape will change as the load increases in order to keep the 
RMS voltage at the proper level, and it may even look more like 
a square or a rectangle. 

On the other hand, when manufacturers go to the trouble of 
producing a sine wave, the output will likely be electrically 
cleaner than the average square wave . 

A potential problem with an SPS inverter's waveform output 
is its high-frequency noise content. This noise can damage your 
computer components or interfere with your processing. Many 
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inverters use pulse-width modulation. PWM is a means of pro
ducing a desired waveform using high-frequency switching. 
The SPS filters out high-frequency components of the resultant 
signal, and the effect is a sine wave of low harmonic content 
with relatively little noise output. (Harmonic content refers to 
multiples of the fundamental frequency of the intended wave
form . These multiples may cause distortion of the waveform, or 
high-frequency harmonics may appear as noise.) 

In spite of this filtering, some of the switching noise will leak 
through and appear on the output. Square and rectangular 
wave hapes have a greater tendency to produce noise, since the 
waveshapes conta in harmonics of the fundame ntal 60-Hz 
power signal and are created by la rge switching pulses. 

Photo 2 shows the high-frequency content of the modified 
square wave in photo 1. You may think this looks harmless. 
Consider the fact, however , that these noise impulses occur 
about three times every cycle and arc about 350 V in magni
tude. If you buy this model. you may save around $50 over a 
better-engineered model, but you may put you r computer in 
danger every time your utility power fails. 

Synchronicity 
After the SPS has been operating off the battery and utility 
power returns, two th ings must happen. First, the sine-wave 
output of the SPS must synchronize with the incoming utility 
power. This process is sometimes cal led phase ma.lching. Then 
the unit must switch from battery power to utility power . 

These operations sound fairly simple; the tenn describing 
them is rerransfer. Most inexpensive units do not synchronize, 
however, and synchronizat ion is important. Your computer's 
power supply is designed to expect the peak voltage of the sine 
wave to occur at regular intervals. If the peak of the sine wave is 
missing for very long , your computer may crash . When the SPS 
is on battery power, it generates its own sine wave or square 
wave according to its own internal clock. When utility power is 
restored, the sine wave's phase may not match that of the SPS. 
In order to prevent a mismatch. and perhaps a system crash, the 

PS must sl ip sideways: slew iL~ ine wave to match the phase of 
the utility wave before retransferring. 

The SPS must also decide at what voltage level it should initi
ate retransfer. ormally, this level is a different, higher voltage 
than the transfer voltage. For instance. if the SPS transfers 
when the voltage falls below 103 V, it may wait until the voltage 
rises to 108 V to retransfer. This process avoids "dancing" on 
and off the inverter if the voltage hovers at a level near the 
transfer point. 

Many SPSes provide selectable transfer points for site-spe
cific considerations. If your location has periodic brownouts, 
you may want to set your SPS to a low transfer point, such as 90 
V. to avoid constantly draining its batteries. 

Battery Basics 
The concept behind providing backup power for your computer 
is 10 give you enough time to save your work in volatile memory 
and bring your ystem down safely. SPSes are not designed to 
give more than a few minutes of backup power. If you need 
much more backup time than that, you may have to modify an 
existing unit to accommodate a larger number of batteries. 
There are some models that allow for this option . 

The amount of battery time you need is a function of the kind 
of processing you do. You may, for instance, have an account· 
ing package that needs everal minutes to complete a task . 
Many manufacturers gamble that you are only going to load 
your SPS to about 60 percent of capacity, and in order to 
achieve ma lier, sleeker packages, they may undersize the bat

tery. Jf your actual load is 300 watts, you may want to give 
yourself additional capacity and buy a 500-W SPS. Compare 
one manufacturer's cabinet to another' s. All things being 
equal, the size of the cabinet itself will tell you which unit will 
give you every minute you need. 

Another battery-related feature you hould consider is called 
automatic shutdown. If your SPS 's battery completely drains, it 
may fail prematurely and not last nearly as long. And , short of 
total drainage , there is a point, called the end voltage , beyond 
which additional discharge will cause damage to the battery 's 
cells. 

SPSes that come with a built-in automatic shutdown function 
will probably cost a bit more, but this type of device may prove 
to be a bargain if your batteries last twice as long as those in a 
less expensive model. 

co111in.ued 

Photo 1: The modified square wave produced by many 
i11expensive SPSes. This waveshape changes to correspo11d 
wirh the increasing demands ofthe load in order to maintain 
the designed RMS voltage. 

Photo 2: These innocuous-looking spikes are the outp!lt of 
the typical inexpensive SPS. They are actually 350 Vin 
magnitude and can be the source ofstress on your 
computer 's power supply; they may even cause processing 
errors or damage to your computer's /Cs. 
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Spike Those Rumors 
Many manufacturers advertise that their SPSes are also power 
condjtioners, which mjght make you think that you are pro
tected from nois.e and spikes a well as blackouts. But SPSes are 
not cure-alls. Thi "conditioning" usually means placing one 
or more metal-oxide varistors deep inside the SPS (see "PC 
Power, Part 1: Power Protection," October BYTE). This is an 
inexpensive way for manufacturers to claim lhey have provided 
you with a surge uppressor. But a surge suppressor is an infe
rior form of power conditioning. To expect th is conditioning to 
be much more than window dressing is wishful thinking. 

The Ideal Product 
You might think that the ideal product would be an on-line 
UPS. This concept is partially correct. The difference between 

Photo 3: This photo shows common-mode noise present on 
rhe line before insertion ofan on-line UPS. Common-mode 
noise can be the most damaging form ofnoise. 

Photo 4: Normal-mode noise (top trace) and common-mode 
noise (bottom trace) after the insertion ofan on-line UPS. The 
top trace conrains a small amount ofnoise from the UPS 's 
inverter. The bouom trace shows inverter noise superimposed 
over the common-mode noise present in photo 3. As you can 
see. the UPS has contributed ro. rather than eliminated. 
common-mode noise. 

a true UPS and an SPS is that in the UPS, the inverter power 
the computer at all time . The incoming utility power is con
vened to DC by a rectifier/charger that transfers power 10 the 
inverter over a DC bus. The batteries are connected to this DC 
bus and. if the utility supply should fail, can provide instanta 
neous power to lhe computer- there is no switching time to 
worry about. 

In a UPS, the inverter and rectifier/charger are on-line all 
the time. Thus, they are larger and more substantial than those 
found in an SPS. This fact makes the cost of a comparable UPS 
three to five times that of an SPS. Specialized peripherals such 
as some large external hard disk drives might not be able to tol 
erate the switching times of an SPS. 

Because of the AC to DC to AC conversion, the on-line UPS 
provides an excellent barrier to normal-mode noise (again, see 
last month's article). Bui the on-line design does little to sup
press common-mode noise. 

Photo 3 shows the common-mode noise present on the power 
line. Photo 4 how the common-mode and normal-mode noi e 
present after the insertion of an on-line UPS. Notice that the 
PWM inverter inside the UPS produces only a few volts of nor
mal-mode noise (top trace) . But the inverter generates about 30 
V of common-mode noise, which you can see superimpo~d on 
the noise already present in photo 3. 

In my previous article , I concluded that a power-line condi · 
tioner is the best product to protect your computer. The heart of 
this device is an isolation transfonner with the neutral to 
ground bonded on the secondary. On the other hand, if you are 
concerned with blackouts, a properly designed SPS will carry 
you through outages. But, since it i not on-line all the time , 
there is no ongoing power protection. 

The ideal product would seem to be a combination of power 
conditioner and SPS. In fact, one company recently announced 
a product that combines the two in one cabinet. But at S1500 for 
approximately 500 W, it is out of reach for most of us-al 
though thi price is less than that of many on-line UPSes of the 
same size. 

A marriage between a power-line conditioner and an SPS is 
the best solution. The most effective way to connect the prod
ucts is to plug the SPS into the wall , and the power conditioner 
into the SPS . This way, you are conditioning your power even 
when it is provided by the battery and inverter. The conditioner 
takes care of any SPS-generated noise . 

Protect your LAN 

The industry is ju I beginning to see the results of the comput

ing revolution that networking has brought about. The econom· 

ic va lue of data being handled via LANs is greater than ever 

before because there are multiple users who depend on the data. 


etworked data is often constantly updated by a file server and 
a large hard disk drive. They must be protected at all costs . In 
addition lo mere protection, you must also be concerned wilh 
outages because they are the source of head crashes , down
time, and lost data. 

Therefore, it is essential that you obtain an SPS to back up the 
file server and associated hard disk drive . Backup power is a 
necessary element in the success of a LAN because the network 
will not work for you if you don ' t learn to rely on and trust its 
performance. 

Not only should you use an SPS for backup power, you 
should also use its e;\ternal alarms, which will trigger LA 
software to alert other users that they are on battery power and 
have only minutes to close their files and shut down. Remote 
users, whose power may be coming from a source that hasn ' t 

conlinued 
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Circle 7 on Reader Ser'l'ice Card 
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failed, especially need this feature. 
Local users should al so have backup power, or the file server 

should be able to use battery time to bring users back to their 
files gracefully. 

Of course, you should use a power-line conditioner to protect 
your hard disk drive and its valuable data from destruct ion . E 

with an 
expensive computer, you shouldn 't 

scrimp on power products. 

sentially, a LA is just one big ground loop with several power 
sources and cable running all over. You shou ld make every 
effort to provide a noise-free power environment so you will 
avoid degradation of your data. 

Publ ish or Perish 
A desktop publishing system is usually a state-of-the-art com
puter with a high-speed processor, a large hard disk drive, a 
tape backup, and a la er printer. With an investment of th is 
magnitude, you shou ldn't scrimp on protection; what comes 
down the power line can seriously damage your system. 

The typical laser printer draws as much as 1000 w, and this 
can be a problem . Thousand-watt power conditioner are ex
pensive. Your only less-expensive option is a surge suppressor. 
If it is properly designed, a surge surpressor should protect the 
printer well enough to prevent any major damage. A laser 
printer, after all, is a lot more like a copier than a computer on 
the in ide. 

In a desktop publishing environment, backup power is essen 
tial for the computer, but not necessarily for the printer. If a 
printing function is disrupted by an outage, it may be a nui
sance, but the job can be done again. The computer , on the 
other hand , has large and rather lengthy processing chore . It 
makes sense to provide it with an SPS to ensure that jobs fini h 
and files are closed before power shuts down. 

Buy Safe, Not S-Orry 
Many people spend thousands of dollar on hardware and soft
ware, only to dash out and buy the least-expensive protective 
and backup power products they can find. You will waste your 
money on this trategy and leave your system vulnerable, and 
you may even introduce undesirable noise into the electrical 
environment. 

To obtain devices that provide you with a safe personal com
puting ystem, you shou ld invest the same amount of thought 
and evaluation as when you selected your computer to begin 
with. The process will vary depending on your needs and your 
particular system configuration. 

Armed with the facts, you can make informed buying dec i
sions and then relait and let your investment in c.omputjng work 
for you. • 

Mark Waller is a computer facilities consul1a111 and the author of 
Computer Electrical Power Requirement and Mastering PC 
Electrical Power, both published by Howard W. Sams. He cari 
be reached on BIX c/o "editors. " 

http:Ver!.10112.01
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TOTAL POWER PROTECTION 
BLACKOUTS ~;i:,.":,usar lo opera.ti! during compto10 toss 

BROWNOUTS ~~;'! ~<Q OC ~t rom tow AC vcl1age i>etow1

OVERLOADS Au1oma1tc .!itlu,do.vn m overload s11uall()l'l 10 
p101ec1 UPS from tnlil'Qfler b'Utnout. 

UPS runs on onve<ter (I t7 volts) when ACOVERVOLTAGE vol tage flxCO&ds l J2 vOllS. 

Clamps translf>r\IS aoovo 200 "°'1s 'MlhSURGES'sPIKES an erHtrgy raring or 100 ,oukl$ OI lOS$ 

• FULL ONE YEAR WARRANTY 
• ORDER-SHIP SAME DAY 

• 1 MILLISECOND TRANSFER TIME * 

• SYNCHRONIZED SINEW A VE * 
• 250 watt and 500 watt unit5 offer 4 m5ec 

transfer t ime. f'WM w<iveform 

PARA SYSTEMS, INC. 
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si • kur; a. [L. securus]: The ability to shelter your 
confidential data and your whole personal computing 
environment away from prying eyes, meddling associates 
and criminal intent. 

ecuring your personal computer files has 
been, unti l now, a mostly complicated and 
unreliable matter. ot any more. 

As incredible a it may sound. now there is a 
simple and economical way to solve all your data 
ecurity problem . It's 

called Personal Data Pac 
technology. From Tundon . 

Thi innovative tech
nology consists of a 
portable. small and rugged 
30MB Winchester disk 
pack, the Per onal Data 
Pac, and an external drive 
receptacle, the Ad-PAC. 
The total package costs 
less than $1000. 

When you equip your 
PC with our Personal Data 
Pac technology, data sa[ery 
and ecurity problem 
become a thing of the past. Instantly. You simply 
eject the Personal Data Pac, containing all 
you r data files , and lock it away in your desk 
or your safe. 

Installation of the Ad-PAC is as simple a 
plugging the controller card into an expansion 
lot of any AT-compatible workstat ion and 

connecting the cable. The Personal Data Pa can 
then be inserted and removed as easily as a 
VCR cassette. 

But removability doc n't mean los of reliability 
or efficiency. he Personal Data Pac performs 
exactly like a fixed Winchester with an effective 
acce s time of 40 milliseconds. According to recent 

The Tandon Ad-PAC 

tests, chis repre ents the fa t st data throughput 
of any removable mass storage available today. 

The Tandon Ad-PAC will also secure you from 
the disaster of fixed d isk failure and at the 
ame time elim inate the need for inconvenient 

and low back-up systems. 
Afull 30MB of programs 
and fi les can be tran 
ferred from Data Pac Lo 
Data Pac in less than 
three minutes. So when 
disaster trikes, insert the 
back-up Data Pac and it's 
bu iness as before. 

Tundon's simple solu
tion co the complexities 
of da ta security is also 
a ailablc in a complete and 
powerfu l system, the 
Tundon Pac 286. This com
pact, fully AT-compatible 

workstation offers high-performance computing 
and the increa ed versati lity. capacity and 
convenience of two built-in Data Pac receptacle . 

So, don't call a high-priced sc urity con
sult.ant. See your local 'fundon dealer for a more 
sensible solution, or call us at 1-800-556-1234, 

xt. l71 (in California 1-800-441·2345, Ext. 171 ). 

lan'Clan 
We 1re redefining 

personal computing. 

GSA# GSOOK87 AGS6049 OPTl 
Pricing and informa tion correc t a t pr.:~stimt: . Tandon reserves the rii;lu to vary prices and spccific<1tion~ 

a t any time withou t noli e. Tandon is a 1rademark o f Tandon Corporatio n . 

Cl'rclt 326 on &ader Service Card (DEALERS: 327) 



CTX. already rated "Best Buy" by PC Diseet and PC World 
for their multiscan and monochrome monitors, now presents 
ite NEW 14 ~ Multiecan and VGA monitors. 

The new ClX-3435 Multiecen monitor features a 14 ~ 
diagonal non-glare CRT. The unit rests on a newly 
developed detachable swivel-tilt base designed for greater 
versatility and convenience. Thie monitor's wide range of 
compatibility includes Apple MacII and Commodore Amiga 
as well as CGA, EGA. MDA. and VGA video cards. 

The new VGA monitor. with its 30 MHz. band width, is com
patible with all VGA cards on the market today. Availability 
is in both monochrome and color, each offering resolutions 
of 720x480, 720x400, or 720x350. 

For more information on these new crx monitors end other 
high quality crx products please contact our new 
headquarters at: 

EASTERN REGIONAL omCE FAc:roRY 
CTX INTERNATIONAL, INC. COllmNl!NTAL Tl!CHNOLOGY, INC. CllUNTKX ELECTRONIC CO., L TO. 

161 Commerce Way ROOM 4-01. NO. 50 SEC. 1. 
300 McCAW DRIVE HSIN-SHENG S. RD.. Walnut, CA 91789 EDISON, NEW JERSEY 08837 TAIPEI, TAIWAN, R.O.C. 

TEL: (714) 59~146 • FAX: (714) 595--0293 TEL; (201) 22H377 FAX; (201) 225-tl355 TEL: (02) 3921171 FAX: (02) 3919780 

Arpk \ /u, II 11 u ri·,..·r,fc'rt'ol rro,frmtH ,1 ~rP'" CtN111~wo. bJ. 

-lmrs:u 1'1 u ff)..?J\trrnJ IW41c:murk. tifCmw11otlor•··.·lmrJ,:H 
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FEATURE 


MULTIPLE 

REGRESSION 

WITH EXCEL 


A little-known feature ofMicrosoft Excel lets you do 
powerful multiple regression analysis 

Charles W Kyd 

icrosoft Excel contains a powerful feature 
that 's new to spreadsheet technology. It's a lso a 
hidden feature, largely overlooked by users and 
the computer press. 

The new feature is array processing within 
preadsheet formulas. It includes functions that multiply, in· 

vert , transpose, and find the determinant of array or matrices. 
It lets you generate a temporary array, modify it, and sum.ma· 
rize it , all within the same formula. It allow range definitions 
to change as the result ofcalculated values in the spreadsheet. h 
even br ings certain characteristics of a relational database to 
spreadsheets. 

Most important, it lets you perform sophisticated applica
tions, such as multiple regression analysis. 

Array Processing in Excel 
In Excel, an array is a rectangular area of data that can exist in 
spreadsheet cells, in range definitions, or as a temporary work 
area with in a formu la. By using arrays, you can largely elimi
nate the columns of intermediate calculations that clutter many 
spreadsheets. 

For example , figure 1 present a simple purchase history file 
containing the month of purchase, part number, quantity, and 
price of each purchased item. To calculate total purchases for 
this figure, most spreadsheets would require that you create a 
column that subtotals purchases for each row. Figure 2, how
ever, summarizes figure 1 directly. 

To create the formulas in figure 2, you first define in figure 
1 the range name Quant1 ty as •$C$6: $C$14 and Price as 
=$D$6:$D$14. So far, there are no surprises; you could define 
simila r ranges in most other spreadsheets. But in Excel, you 
can also define the range name Subtotals as =Quantity 
*Price. This definition sets up Subtotals as an array that con
sists of each cell of the Quantity array multiplied by the corre
sponding cell of the Price array. 

Notice that, unlike other spreadsheets, Excel allows the new 
array to exist in memory. independent of the rows and columns 

in the spreadsheet. To prove this point, if you pres the F5 
(GOTO) key in PC Excel and enter Subtotal s , Excel returns 
an error message because there ' s no place within the spread
sheet for the cell pointer to go . 

The formula in cell E21 of figure 2, which depend on Ex
cel's array-processing ability to return the amount of total pur
chases, could be replaced with a different formula: 

I. It could contain ..st.JM( Subtot als ) . Because you've de 
fined Subtotals as an array that contains the ubtotal of each 
purchase, you can simply find the sum of this array. 

2. It could contain •SUM(Quant1t y*Pr 1ce ). When you enter 
th is formu la, it first creates a temporary array containing each 
subtotal, which the SUM function totals. For this formula to 
work properly, however, you must enter it as an array formula. 
To do so, first type it in as you normally would. Then, in PC 
Excel, hold down Control-Shift and press Enter. (In Mac Ex 
cel, hold down the Command key and press Enter.) When you 
do so, Lhe spreadsheet shows that you've created an array for
mula by enclosing it in braces in the formula bar, like thi : 
{=SUM(Quantity•Price) }. 

3 . It could contain =MMULT (TRANSPOSE (Quant ity) ,Price ) . 
Using the techniques of traditional matrix algebra, this formula 
calculates the dot product of the two arrays. To do so, the for
mula transposes the 4-by-l Quant 1ty array to produce a l -by-4 
array, and then premultipl ies it by the 4-by- I Price array , pro
ducing a l-by-1 array that contains the grand total. 

These formu las generate the same result, and they do so 
more quickly and with a less-cluttered worksheet than other 
spreadsheet programs require. But because of the way you've 
defined the Quantity and Price ranges , all three of the formu 
las rest on shaky ground. Remember, these ranges begin and 
end with data in figure 1, not with the top and bottom border . 
This approach is dangerous because if you insert additional 
rows of data above the first row or below the last row of data, 
you don't expand the two ranges as you should to include the 
new data. 

conrinued 
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The common way to deal wilh lhis problem is to define range 
names to include the top and bottom borders. Thi way, range 
names always include any rows of data inserted between lhe 
borders . Unfortunately , this approach fails in this instance be
cause many array operat ion would attempt to treat the empty 
border cell a legitimate data, thereby returning error 
me sages . 

To solve this problem, you must define dynamic range 
names, names that expand or contract as the shape of the data 
expands or contracts . To do so, you first define the range Input 
as =$A$5:$D$15. This range, which surrounds the data in fig
ure l, serves as a reference for the dynamic range name 
definitions. 

Once you've defined Input, you can define these four 
range : 

Month=INDEX(Input , 2 , 1) : INDEX(Input , ROWS 
(Input)-1 ,1) 

PartNum=I DEX(Input , 2,2) : INDEX( Input , ROWS 
(Input)-1 , 2) 

Quant i ty =INDEX (Input,2,J ) :INDEX (Input,ROWS 
(Inpu t )-1 ,J ) 

Price=INDEX(Inpu ,2,4 ) :INDEX ( nput,ROWS 
(Input)-1, 4) 

These dynamic-range definitions allow the number of rows of 
data to expand and contract while a llowing the defined ranges 
to do likewise and sti ll reference only the actual data . The IN
DEX function provides the key to this process. This function 
takes the form =INDEX (array, row_num, colunm_num) and re
turns either data or a cell reference, depending on how it's used 
in a formu la. Here, because two I NDEX functions are joined by 
a colon. Excel correctly assumes that you want it to return a cell 
reference . 

Therefore, the first cell in the Quantity range is defined by 

the cell in the second row and third column of the Input range, 
which is cell C6. The last cell in the Quant1 ty range is defined 
as one row above the last row of the Input range and in the third 
column of that range, which is cell C 14. (The ROio/S function 
returns the number of rows in a range and therefore specifies 
the last row of the Input range. ) 

This approach, therefore, defines Quantity as the range 
C6 :C14 . This is the same area that the origina l definition of 
Quantity specified, but unlike the first definition , this one is 
dynamic . 

With these four ranges defined , you can quickly calculate the 
remaining summary information in figure 2. Cell E22 in thi s 
figure counts the number of purchases made in February. Its 
formula, which you must enter in the form of an array, is a 
follows : 

=COUNT(IF(Month=2,Month)) 

This formula creates a temporary array that contains the month 
value whenever the value equals 2, and then the formula re 
turns the count of this a rray . 

Alternatively, you could use the following formula to pro
duce the same re ult : 

=SUM(IF(Month=2,1)) 

This formula creates a temporary array that contains the val ue 
of I whenever a value in the Month range equal 2; the sum of 
this array returns a count oft.he number of occurrences. 

Cell E23 returns the sum of all purchases made in February 
for part number 110. Its formula , which must al so be entered a 
an array. is 

=SUM(IF( PartNum=llO,IF(Month=2,S btotals))) 
conrinued 
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2- 3 Purchase History File 
4 Month PartNum Quantity Price 

5 
 ::::::::::::;::::::: ;:: :::::;:;:;:::::::::::::::;:::::::::::;:;:;:::::::;:::::;:::::::::::::::::::::::::::::::;:;:;:::::::::::::::;:;:::::::::::::::;:::::::::::;:::::;: 
6 1-
7 1 

- 8 1 
9 2-10 2-

11 2-12 2 
~ 

13 3-14 3 

101 
105 
105 
101 
110 
105 
101 
110 
112 

12 
50 
20 

100 
10 
10 

100 
50 

5 

3.00 
41. 00 
42.30 

2.95 
18.00 
40.85 

3.10 
18.00 
7.50 

15 ;:;:;:::;: ;:;:::;:::::;:;:;:;:;:::::;:;:;:;:;:;:;:;:::;:;:;:;:;:;:;:;:;:;:::;:;:;:;:::::;:::::::;:::::::::::;:::::;:::::::::::::::::::::::::::::::::::::::::::;::::::::: 
16 

Figure 1: This purchase history file contains transaction data that Ex.eel's array formulas summarize i11figure 2. 
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FEAT U R E 


MULTIPLE REGRESSION WITH EXCEL 


This formu la creates a temporary array !hat contains a subtotal 
value whenever the month of a purchase equals 2 and the pan 
number equa ls llO, and then the formula return the sum of 
these subtota I . 

Notice that instead of the AND operator, this fom1u la uses 
nested IF statements to join the two conditions. (PC Excel 
allows a maximum of eight IF statements to be nested in this 
manner; Mac Excel allows seven.) Also notice that only the 
final IF statement in the nest must specify the THEN portion of 
the argument. 

The table at the bottom of figure 2 uses a similar formula to 
generate a summary of purchases by part number and month. 
The general format of this table is one that I've used for years 
for analyzing purchases, sales, operating expenses, and other 
transaction data. 

To generate this table using most other spreadsheets, you 
would need to define a Criteria range and then set up a two
way data table that depends on a DSUM calculation. ot only 
does this approach require a complex setup, it calculates slowly 
because the ent ire spreadsheet must recalculate once for every 
cell in the data table. 

However, Excel lets you create this table easily. To do so, 
fi rst enter the data in the ranges A29: AJ2 and 827: 027, and 
then enter the following array formula in cell 829; 

;SUM(IF(PartNum;$A29, IF(Mont h=B$27 , Subtotals))) 

To complete the table, simply copy the formula in cell 829 to 
the range 829 : DJ2, and then enter Lhe SUM formulas in row 34 
and in the range E29: E32. U ing thi approach to generate the 
summary table requires that the spreadsheet recalculate only 
once-just as with any other formula that does not require 
iteration. 

Multiple Regression Analysis with Arrays 

One effective way to illustrate the power of array processing i. 

to apply it to a chal lengi ng but useful application such as multi

ple regre sion ana lysis . This tati stical technique offers th ree 

cha llenges: It depends on sophisticated formulas generally hid· 

den in dusty statistics books: it uses calculations that are be

yond the ability of most spreadsheets to directly perform; and it 

produces results that many users find difficult 10 interpret. 


Nevertheless, multiple regression serves as a va luable tool in 
many business applications. Suppose. for example, that the 
controller of a company that manufactures pri nted ci rcuit 
boards for personal computers wants to improve her company's 
sales forecasts . To bring a note of reality to the overenthusiastic 
estimates of her marketing depa rtment, she decides to forecast 
company sales by using general economic indicators. If she can 
find a relationship between the economic indicators and her 
sales, she can base her own forecasts on the economic forecasts 
of outside experts. 

Multiple regression analysis is a standard statistical tech
nique that can find this relationship between a dependent vari
able (sales) and several independent variables (economic indi
cator ). To begin the analysis, the controller decides to test an 
assumption that her ales vary with changes in total corporate 
profits, disposable consumer income, and the nationwide sa les 
of personal computers. She therefore assembles the data shown 
in figure 3. 

Figure 4 shows a spreadsheet that contains the results of her 
analysis. These are the statistics commonly produced by soft· 
ware designed for stati tical analysis, but not by spreadsheet 
programs. (fhe Data Regression command in Lotus 1-2-3 gen
erates about half of these stat istics-those found in row 7. 9. 
10, and 19, in the range C20: E20, and in cell A2 I.) 

comimied 

A B c D E F 
18-19 

20 Purchase Summary 
21 Total Purchases 5,063.00 

22 
 Number of Purchases In February 4 

23 sum of February Purchases for Part # 110 180.00 
24.___ 
25 Summary by Part Number by Month 

26 
 Month 

2 7 
 PartNwn l. 2 3 Total 

28 
 ::::::;::: ::;:;:::::::::::::;::::::::::::::: ::: ::::::: ::::::::::::::::::::::::::::::;:::::::::::::;:::;:;:;:;:::::;:::::;:;:;:::::;:;:;:;:;:;:;:;:::::::::;:;:;:::;:;:::;:;:;:;:;:;:::::;:::::::::::::::::::::: 

29 
 101 36.00 605.00 0.00 641.00 

"JC) 
'"3""l-32 

105 

110 

112 


2,896.00 
0.00 
0.00 

408.50 
180.00 

0.00 

0.00 
900.00 

37.50 

3,304 .50 
1,080.00 

37.50 
33 :::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:;:::::::;:::::::::::::::::::::;:::;:::::::::::::;:::::::::;:::::::;:::;:::;:::: :;:::;::::::: 

34 Total 2,932.00 1,193.50 937.50 5,063.00 
35 

Figure 2: Array formulas in rhis figure summarize rhe transaction data from figure 1. Tiley do so without using columns 
ofimermediare calcularions, criteria ranges, DSUMfuncrions , ordala tables. 
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LoseThoseLonesome 

IBM Blues. 


The largest group of IBM and compatible 
PC users in the world shares its problems and solutions 
online every day in CompuServe's IBM Forums. And 
you can join them. 

Keep up with the latest upgrades as soon as 
they're available. Get help with printer and disk utilities 
from experienced users. Plus si.1pport from !HM soft
ware authors and hardware vendors. 

Why spend hours working the bugs out of a 

program when omebody has alreadv solved the 


Cirdt 75 on Jaadu Strvict Card 

problem? How will 05n and Windows affect you? 

Visit a CompuServe IRM Forum and find out. 

ll1ere's no better way to get more out of your IB 1 

or compatible. 


To join ompuServe, see your computer dealer. 

To order direct or for more information, call I 800 

848-8199. In Ohio and Canada, call t 614 457-0802 

If you're already a member; type GO IBMNET 

at any ! prompt. 


CompUServe· 
,\n H.!ok ( Ullf..,.., 
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FEATURE 


MULTIPLE REGRESSION WITH EXCEL 


T he correlation 
matrix helps uncover a potential problem; the forecast 

may be unreliable iftwo or more independent variables 
are closely correlated. 

To cut to the heart of the application, I've included tables that 
explain both the range names (see table 1) and formulas (see 
table 2) used in figure 4. This approach lets you refer to the 
information easily when you create the application. But before 
you refer to these formuJas, let's take a closer look at what their 
results mean. 

Interpreting the Results 
How might the corporate controller interpret the results in fig 
ure 4? Overall , the analysis shows a trong a sociation between 
changes in sales and changes in the economic indjcators that 
she's selected. The R-squared value in cell C IO is the easiest 
value to interpret. It tells the controller that 90.1 percent of the 
variations in sales can be explained by variations in the inde
pendent variables. 

When the controller looks up the F value (cell Cl 1) in a table 
at the back of nearly any introductory statistics book, she learns 
that she 's identified a statistically significant relationship in 
her analysi . When ·he check the standard error of the esti
mate (cell C9) , she learns that actual sales generally fall within 

$.922 of their estimated value. This value represents a rela
tively accurate estimate, considering that her sales range from 
$10 to $17 in figure 3. 

Row 19 of figure 4 shows the regression formula, which esti
mates that monthly sales equal $48.646, plus 0. 704 times cor
porate profits in the month, plus 0.318 times disposable inoome, 
plus 0. 714 times computer sales. Rows 20 and 21 help her eval 
uate the significance of these coefficients . Row 20 contains a 
measure of variability of each coefficient, and row 21 contains 
a ratio that shows how many times greater each coefficient is 
than its measure of variability. When she looks up each of these 
I-statist ics ratios in her statistics book, she finds that each coef
ficient is significant at the 95 percent confidence level. 

Rows 28 and 29 help the controller to estimate future sales. 
She enters economic forecasts of corporate profits, disposable 
income, and computer sa les in row 28. When she recalculates 
the spreadsheet, it combines the coefficients in row 19 and the 
estimates in row 28. The result, which appears in cell 829, pre
dicts the sales of her own printed circuit boards. 

coniinutd 

c D E F 


1 

A I B 

f-- 

-5 

2-3 Data for Multiple Regression Analysis 
4 Corp Dispos able Computer Board 

Profits Income Sales Sales 
6 Month 

,___ 
y 

7 :::::::::::: ::::::::::::::::::::::;·: ·:::::· :··::·:·:·:·:·:·:·:-:::::::::::::·::::::::::::::::::: ::::::·:-:·::;·:·::::::::::::::::::::::::::;::::::::::::: ::::::::;::::::::::::::·:·:·::::::::::::::::::::::·:·:·:::::::::::::::::::::::::·:·:·: ·:·:·::·:·::·:·::·:· 

8 January 1 35 49 33 17---9 February 1 JO 48 30 10 
10 March 1 34 50 32 14-11 April 1 35 50 28 12-12 May 1 34 51 29 12 

l 2 3 

>---
13 June 1 39 49 30 16 

>-
14 July 1 34 55 33 16 

>-
15 August 1 36 47 33 14-16 September 1 35 50 31 14-17 October 1 34 47 31 12 
18 November 1 36 50 34 17 

'-19 December 1 31 4 9 31 10 
20 :::::::::::::::::::::::: ::::::::::::::::::::::::::·:::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::=:::::;:::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::;:::::;:::::::;:::::::·::::··:::::·:::::·:·:::;:;:·:::;:::·:::;:;:=:;:·:=:· :·:::·:·:: 

Figure 3: A record ofeconomic data by month and a record ofprimed circuit board sales for a hypothetical company. Figure 4 
perfonns a multiple regression analysis ofthis data. 
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FEATURE 


MULTIPLE REGRESSION WITH EXCEL 


The spreadsheet includes an analysis of variance (ANOVA) 
table for two reason . First, it generate certain values required 
by other formulas in the spreadsheet. Second, it summarizes 
the regression results from yet another viewpoint. You can see 
that the sum oft.he squares due to regre-ssion (SSR) is almost as 
large as the t.otal sum of squares (SST). In fact, as the R
squared value tells you, the SSR represents 90. 1 percent of the 
SST. Similarly, the mean sum of squares due to regression 
(MSR) is significantly greater than the mean sum of squares 
due to the error (MSE) . In fact, as the F value tells you, the 

MSR value is 24.28 times the MSE value . 
The correlation matrix at the bottom of the spreadsheet in 

figure 4 displays the correlation coefficients for each pair of 
variables . This coefficient is a measure of the linear association 
between each pair. If the variables have a perfect linear rela 
tionship, the correlation coefficient equals either I or -1, de
pending on whether the variables both rise and fall togethe r or 
whether one rises as the other falls . (Of course , each variable in 
the matrix is perfectly correlated with itself.) The correlation 

continued 

A B c 
1-2---3 Multi p le Regressio n Anal ysis 
4 
5---6 Regression Resul t s 
7 Nu mber of Observa t ions ( n) ] 2 ---8 Numbe r of Ind . Var iab l es ( k ) J--- Std Error of Esti mate9 . 922 

10 R- S qua r ed 90 .10 \ 
11 F Va l u e (df= J . 8 ) 24. 28 

12 -
13 
14 Var i ab le Numbe r 1 
1 5 
16-17 Ind i vidual Va r i ables 
18 Co ns t an t-
19 Coef fi cie n s -4 8 . 6 4 6 . 70 4 
20 S t d Er r or of Coef 8 .4 71 . 121 
21 T Stati s t ic ( df = 8) - 5 . 7 4 2 5 . 8 0 3 
22 
23 Av erage Valu~ J4 . 4 1 7 
24 S t a ndard Dev ia t i o n 2 . Jl4 

2 5 -
26 
2 7 Point Esti mat e 
28 En t e r Valu es : 35 
29 Est . '{ Valu e 1 5 . 142 
3 0 -J l -
32 An al y s i s of Va ri a nce (ANOVA) 
33 SS 
34 Re gres s ion SSR 61.87-
J S Erro r SSE 6 . 80 
3 6 Tota l SST 68 . 67 
37-
38 

"'J9 Correlation Ma t ri x 
40 1 2-
4 1 1 1 .0000 . 0202- 4 2 2 . 0202 J - 0000 
4 3 ) . 1 4 6 1 .1 009-
4~ y . 7JJ7 . 3))6 

45 
4 G - 4 ., 

ll 1·: ~· G 

I' 

2 ) y 

. 318 . 714 

.132 . 15 6 
2 . 398 4. 59 4 

49. 583 31.250 13 . 667 
2 . 109 1. 815 2 . 4 98 

·~ 9 11 

ctr MS 
3 2ll . 62 MSfl. 
8 a . as MS F. 
; 1 

J y 

.14 61 . -nr1 

. 1009 . 1116 

1 . 0000 . ti 41'1 

. 6 ·I 1 · ~ l . 0000 

Figure 4: This spreadsheet uses Excel 's array processing abilities to present the statistics common to statistical software. 
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MULTIPLE REGRESSIO WITH EXCEL 

Table 1: The range names used to create the 
spreadsheet in figure 4. 

Input= MR_OATA.XLSllnput 
This range name refers ro figure 3. 

Data= INDEX(lnput,2,2): 
INDEX(lnput,ROWS(lnput) - 1,COLUMNS(lnput)) 

The Data matnx contains all the data and only the data. It ex
cJudes borders and the column of s from the Input matrix. 

XI= INDEX(lnput,2,1): 
INDEX(lnput,ROWS(lnput) -1, COLUMNS(lnput) - 1) 

X=INOEX(lnput,2,2): 
INDEX(lnput,ROWS(lnput) -1, COLUMNS(lnput)- 1) 

These two arrays of X data differ in only one way: The Xi ma rix 
1ndudes he column of 1s; the Xmatnx excludes this column. 

Y= INDEX(lnput,2,COLUMNS(lnput)): 
INDEX(lnput, ROWS(lnput) -1 ,COLUMNS(lnput)) 

The Y column contains the data in the rightmost column of 1he 
Data matnx. 

These four ranges a.re defined using dynamic range definitions. 
as descnbed 1n the text. 

n=$C$7 

This name defines the cell hat contains lhe number or observa· 

t1ons ~n this example. the number of months of data). 


k=$C$8 

Aulhont1es are d1v1ded between whether the k notation should 

repre sen the number of independent variables- he Xs-or the 

number of all variables-the Xs and the Y Here. k represenls 

the number of X variables. 


b=SB$19:$ES19 

Tnis name contains all coefhcients of the regression equation. 


Avg"' $C$23: $F$23 

AvgY=$F$23 

The Avg name COlltains the averages of lhe X and Y vanables. 

The ;.,vgY range contains only the average for the Yvariable . 


Std= $C$24:$FS24 

This name contains the standard deviation of each of the X and 

Yvanables . 


Est =SBS28:$ES28 
The Point Estimate section of figu re 4 forecas s a value ot Y 
when you enter es11mated values of X. This range contains the 
estimated values of X. Notice. however , that the range includes 
cell 828. which contains he hidden value of l . To hide this 
value, select Format Number and hen enter";;" (two semico
lons) as a custom formal. 

SSR=SCS34 
SSE=SCS3S 
SST=SC$36 
These names contain the respective values for the sum of lhe 
squares due to regression (SSR), attributed to errors (SSE). and 
the total sum of squares (SST) . 

MSR=$E$34 
MSE= SES35 

These two names label values ram the ANO/A table MSR rep· 

resents the regression mean square; MSE represents the error 

mean square. 


KADAK's 
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years of practical real-time 
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MULTl-TASKING SYSTEM 
(version 2.0) 

tor the IBM® PC, PC/XT and PC/AT 
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• 	 Time s li cing available - task priori! ies 
• 	 Sou rce code of the - memory allocation 

C interface and device • Event Manager 
drivers is included • Semaphore Manager 

AMXB6'" operalH on any 8086188, 80186188, 80286 sysl<tm. 
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A MESSAGE To 

OUR SUBSCRIBERS 


ROM TIME m TIME WE MAKE THE BYTE 

·ubscriber list available to other companie.s who 

wish ro send our subscribers maceria l about their pro
ducts. We take great care to screen these compan ies, 
choosing only rhose who are repurable, and whose pro 
ducts, services, or informat ion we feel would be of in 
terest ro you . Direct mail is an efficient medium for pre
senting the latest personal computer goods and services 
to our subscribers. 

Many BYTE subscribers appreciace this controlled use 
of our mailing list, and look forward tO finding infor
mation of interest ro them in the mail. Used are our 
subscribers' names and add resses only (no other 
information we may have is ever given). 

While \Ve believe the disrriburion of chis informarion is 
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of any subscriber who does nor want ro receive such pro
motional literature. Should you wish to restrict the use 
of your name, imply send ~·our request to the follow
ing address. 
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MULTIPLE REGRESSION WITH EXCEL 

Table 2: The formulas used to creme the spreadsheet in figure 4. They should be entered in the order they 're listed here. 

C7=COUNT(Y) 

The number of Y values equals the total number of observations. 


CB=COLUMNS(X) 

The number of Xcolumns equals the number of independent 

vanables, range name k. 


A11 = "F Value (df= " &k& '',"&n - k-1& " )" 

This formula returns the two values of F's degrees of freedom (k 

and n - k - 1) as a label. 


C14 1 

014=1 +C14 

Copy this formula to the right as needed. 


819(PC);INDEX(LJNEST(V,X), 1,k- 814+1) 

In PC Excel, the LHIEST function returns a 1·by-4 array tha con 

tains the coefficients of a multiple regression equation in the 

order of X3. X2, X1 . and the conSlant. The I NDEX function dis

plays a value from this array. Copy this formula to the nght as 

needed. 


819(Mac) = INOEX(MMULT(MMULT(MINVERSE(MMULT 

(TRANSPOSE(Xl),XI)), TRANSPOSE(Xl)),Y),814+1 , 1) 

Because Mac Excel (through version 1.5) doesn't have the LIN· 
EST function, you must use arrays to generate the coefficients ot 
he mult iple regression equation. This array formula returns he 


coefficients in a 4-by-1 array in the order of the constant , X1 , X2 , 

and X3, and then the INDEX !unction displays the appropriate 

value. Copy this formula to the right as needed. 


A21 = " T Statistic (df"" " &n - k -1 &") " _ 

This formula returns the value of the !·statistic's degrees of free

dom (n - k - 1) as a label. 


C23 = AVERAGE(INDEX(Ol!lta, 1 ,C$14): 
INOEX(Data,ROWS(Oata),C$14)) 

C24=STDEV(INDEX(Oata, 1,C$14): 
INOEX(Data,ROWS(Ol!lta),C$14)) 

Copy these formulas to the right as needed. However, because 
the Y column con ains a Y in row 14 ra her than a number, this 
ormula won't work for the Yvalues. 

F23 = AVERAGE(INDEX(Oata, 1,COLUMNS(Data)): 
INDEX(Data,ROWS(Dl!lta),COLUMNS(Data))) 

F24=STDEV(INDEX(Data,1,COLUMNS(Oata)): 
INDEX(Data,ROWS(Data),COLUMNS(Oata))) 

Use hese two formulas to calculate the average and standard 
deviation of the Yvalue. 

828 1 

This cell contains the value of 1 but is hidden by its number for 

mat of "::". 


C28 35 

The remaining cells in this row contam the fo recasted values or 

the 1ndependen variables (the X values). 


829 = MMULT(Eat,TRANSPOSE(b)) 

This array lormula calculates the Y value by multiplying the es 1
mated values of the independent variables by the coefficients of 

the regression equation . 


C34=SUM((AvgY- MMULT(Xl,TRANSPOSE(b)))"2) 

To find the sum of the squared deviations due to regression 


(SSR) 1n this array formula, subtrac he column of pred1c ed 'r1.> 

(generated here by he MMULT section of the ormula) from the 

mean of the ~ (AvgY), square the results, and then sum he 

squares. 


C35=SUM((Y - MMULT(XI,TRANSPOSE(b)))"2) 

To ftnd the sum of the squared deviations caused by errors 

(SSE) in this array formula. subtract the column or predicted ~ 


(generated here by the MMU T sec ion of the formula) from each 

value o Y, square he results, and then sum the squares. 


C36=SUM((Y -AvgY)'"2) 

To find the total sum of the squared deviat ions (SST) in this array 

formula, sub ract the average Y from each value of Y , square the 

results , and hen sum the squares. 


034 = k 

The SSR degrees of freedom equals the number of independen 

variables. 


D35=n-k-1 

The SSE degrees of freedom equals the otal number of obser· 

vations less the number of both the dependent and indepen

dent variables 


D36=n-1 

The SST degrees of freedom equals the total number of onse · 

vations less the number of dependent variables. II also equals 

the sum of the previous 2 degrees ot freedom. 


E34=SSRJD34 
The mean squared deviat ion due to regression (MSR) equals 
he sum of the squares due 10 regression cliv1ded by the SSR 

degrees or freedom . 

E35= SSE/D35 
The mean squared deviation caused by the error (MSE) equals 
he sum or the squares caused by the error divided by the SSE 

degrees of freedom . 

A42;1 +A41 
C40=1 +840 
Copy these formulas down or to the right as needed. 

841 =(MMULT(TRANSPOSE(Data-Avg),DataAvg)/ 
(TRANSPOSE(Std) • Std))/(n - 1) 

If you let U and Wbe any variables 1n the Data range, and you let 
uand w equal the value or the d8111ations from their means, their 
co rrelat ion coefficient is equal to Sum(u "w)/Sqrt(Sum 
(u"2)"Sum(w"'2)) . This formula generates an array hat con
tains all such combinations of correlat ions. To enter this ormula, 
first highlight the range ~1: V.4, type the ormula as shown, and 
then enter it by pressing COnirOl-Shift and Enter. (In Mac Excel . 
hold down the Command key and then press Enter .) 

C9=(SSE/(n- k-1)f0.S 

The standard error of the estima e equals the standard deviation 

of the error values. To find the standard deV1ation, divide he 

sum of the squares of the error terms by (n - k - 1) and then talle 

the square roo of the result . 


C10;;;SSRJSST 

The A-squared represents the proportion of all squared devi

ations ha have been explained by the regression equation. 

That is. it's the simple ratio shown. 


conrinued 
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M LTIPLE REGRESSIO WITH EXCEL 


C11 "'MSRJMSE 
The F value compares the mean sum from reg ression to the 
meafl sum from errors. 

820 =SQRT(INDEX(MINVERSE(MMUL T(TRANSPOSE(Xl) , 
Xl)) ,8$14+ 1,8$14+ 1).$C$9"2) 

Multiplying the MHNERSE portion of this array formula by the 
square ol he standard error of the es1ima1e ("sigma squared ") 
re urns the vanance·covanance matrix. Taking the square roots 
o the diagonal elements of this matnx returns the standard devi
at ions of each of the coefficients of the regression equation. 
whrch are more commonly referred to as the standard errors of 
the coefficients. When you've entered this formula in he one cell 
shown, oopy 1 to the right as necessary. 

C21 =C19/C20 
The t-stat1st1c equals each coef ficient divided by rts standard 
error. 

coefficient equals 0 if there is no linear relationship between 
the variables. 

This correlation matrix helps the controller uncover a poten
tial problem with her regression analysis: Her forecast may be 
unreliable if two or more independent variables are closely cor
related, a condition that statisticians call mulricolillearity. In 
the spreadsheet, however, the correlation matrix shows that 
none of the independent variables have a correlation coefficient 
greater than 0. 1461. Therefore, multicolioearity isn't a prob
lem for her because, as a rule of thumb, these problems arise 
only when correlation coefficients are greater than 0. 70 or less 
than -0.70 . 

Suppose, however, that the controller had included two addi
cional independent variables in her analysis: sales of monitors 
for personal computers , and corporate bankruptcies. If she 
had, she probably would have found that sales of personal com
puters show a high and positive correlation with the sales of 
monitors for personal computers and that business profits show 
a high and negative correlation wich corporate bankruptcies (as 
profits go up , bankruptcies go down). She would therefore 
eliminate these variables. for two reasons . From a stat istical 
standpoint , they create multicolinearity problems. From a 
practical standpoint, these two variables add little to the ana ly
sis, and there is no need to go to the work and expense of includ
ing them . 

Creating the Worksheet 
To create figure 3, first open a new worksheet. Turn off its 
gridlines and set the manual calculation mode. This figure con
tains no formulas. Enter the labels, data , and formatting as 
shown. Notice I hat column B contains a column of Is . The ma
trix formulas used in figure 4 won't work properly if this col
umn is missing. If you want to hide this column after you've 
entered it , do so by assigning the number format ";;" 10 the 
column . 

The current version of Mac Excel (1.5) cannot draw the shad
ed borders in figure 3. Instead, I suggest Mac Excel users sub
stitute a row of Xs for the shading. To do so, highlight the shad
ed area, select Format Alignment, choose Fi ll, and then enter 
X in the leftmost cell. 

Define the range Input as =$8$?: $F$20. Th is range extends 

from the borders above and below I.he data and from the column 
of Is to the last column ofdata . After you've assigned the range 
name, save your spreadsheet using the name MlL.DATA.XLS. 

To create figure 4, first open a new worksheet and turn off 
its gridlines. Enter all labels and borders shown in the figure 
before entering its names and formulas . Enter all range-name 
definitions shown in table I for the figure. Of course, many of 
these range have no values associated with them yet, but th i 
wi ll cause no problem. 

I've arranged the spreadsheet in figure 4 in a logical se
quence for reading the results of a regression analysis, not in a 
sequence convenient for entering the formulas. Table 2 shows 
the sequence to follow when you enter the figure's formulas. 
When you follow this sequence, each formula you enter builds 
on formulas entered previously. 

Cell B 19 of figure 4 contains the only instance where the 
Mac and PC versions of Excel use different formulas. As table 2 
hows for this cell, the PC version uses the LINEST function, 

which returns the coefficients of a multiple regression equa 
tion. But because the current version of Mac Excel lacks th is 
function, you must substitute an array formula. Using matrix 
notation, this formu la is as follow : 

b = (Xi'Xi)" ' Xi'Y 

In this formula, b is the 4-by- I array of the coefficients of a 
multiple regression equation, Xi and Yare ranges defined in 
table 1, the apostrophe mean to transpose the array, and _, 
means to find the inverse of the array . 

When you've completed figure 4, save it using the name 
MR_J . This name stands for multiple regression using three in
dependent variable ·. 

Roll Your Own 
To enter your own data into figure 3, you will probably need to 
modify its size. When you do, be sure to adjust both figures 3 
and 4, if necessary, so each has the same number of indepen
dent variables. 

When you adjust figure 4, the correlation matrix will give 
you a problem initially, because when you try to add rows or 
columns to the matrix , you get an error message that says 
"Can't change part ofan array." To work around this problem , 
highlight the matrix, click on the formula in the formula bar, 
and press Control-Enter (Opt ion-Enter in Mac Excel) . The cor
relation matrix will then return a #VALUE! error. Insert the ad
ditional row and column and add the new headings. 

To change the error values into a working matrix , highlight 
the matrix that now contains five rows and columns, click on 
the formula in the formula bar, and pres Control-Enter (Com
mand-Enter in Mac Excel). 

When you recalculate, the matrix should return the correct 
values . But if it still returns a #VALUE! error, check that all 
numbered headings are correct and that you have five column 
of data in your version of figure 3. 

When you first try to create and modify figures 3 and 4, 
you'll probably see that #VALUE! error more than once-I cer
tainly did . But as you use arrays, you'll quickly learn that 
they're easy to use and correct. Soon, you ' II wonder how you 
ever got along without their incredible power. • 

Charles W. Kyd spent JO years as a chief financial officer of 
high-tech companies, and he is now a writer and consultant. 
This article has been adapted from his !Jew book. The Micro
soft Excel Business Sourcebook (Microsoft Press, 1988). He 
can be reached on BIX c/o "editors. " 
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FEA T URE 


IT'S APT 

TO WRITE 


The Abstract Planning Tool is an intelligent outliner that makes 
logical connections from your thoughts and ideas 

Peter ffilyner 

f you don't want people to fall asleep while 

I 
they're reading what you've wrinen, there's 
plenty ofcareful planning to be done before you 
begin writing. 

Most people organize their material with 
either an outline or index-card system. Many different outlin
ing programs can help you handle this part of your writing pro
cess, but generally they are not much more than word proces
sors that let you format your material in various ways. They 
rarely help you sketch out your ideas in the initial writing 
stages. 

To make outlining more 
natural and precise, I have de
veloped the Abstract Planning 
Tool (APT), a new system for 
writing that bonows many 
techniques from program
ming languages and their 
compilers. One significant 
difference between APT and 
other outlining programs is 
that this system understands 
logical connections. This fea
ture is unique in that it allows 
you to think about the rela
tionships between your ideas. 

Birth of a Notion 
Instructors of beginning pro
grammers often tell their stu
dents that writing a good pro
gram is like writing a good 
essay. This advice was the in
spi ration for creating APT. 
To write a good essay. you 
must carefully define your 
topic at the beginning and 

group the material into smalJ, manageable sections. You should 
discuss subjects only after you have introduced the ideas on 
which the subjects depend. Finally, you must draw everything 
in your material together into a single cogent treatise at the end. 

Languages like Pasca.I were specifically designed to force 
the programmer to write code that follows these strong struc
tural guidelines. To a large extent, they have succeeded. There 
has been little focus, however, on using the structure of a well 
defined programming language to help arrange the ideas for 
writing any type of material that requires logical organization. 

Just as programmers aim to 
teach the machine a task, you 
begin a writing project by 
wanting to impart some infor
mation to the reader. The sub
ject might be how Shake
speare drew heavily on the 
social and political tenor of 
Elizabethan England or how 
two numbers are relatively 
prime if, and only if, Euclid's 
algorithm returns a I . 

With this goal in mind, 
then , you outline your ideas 
and arrange them in a logical 
and reasonable order. If the 
outline is good, the piece will 
succeed and the reader will 
understand the topic. But if 
the outline is bad, the result
ing material will be bad and 
the re~der will end up con
fused and unsatisfied. 

Unfortunately , there is no 
set outline pattern to require 
you to develop your ideas 

conlinued 
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carefully. Thus, when you spontaneously create an outline, you 
may end up with one Lhat i hopelessly convoluted and has little 
or no tructure. In this situation, you may overlook defining 
terms that need definition or you may turn lines of argument 
into loops by introducing facts and ideas too early or too late. 
As the writer, you must bear the burden and responsibility for 
producing a well-conceived argument. 

APT is an attempt to provide writer with the power to gener
ate structurally sound outlines by casting ideas in a quasi-math
ematical or qua i-logical form. The APT compiler takes these 
abstractions and converts them into a simple, sound outline just 
as a Pascal compiler converts a list of code words into a working 
program. The APT compiler requires you to define all your 
ideas at the beginning and carefully connect them in equations. 
You can still produce a bad outline, just as a programmer can 
inadvertently generate code that will loop forever, but Lhe 
structure of APT makes you think through many of the poten
tial problems in advance. 

continued 

IDEAS 

Slavery; [The use ol slaves on southern plantations. ] 

Southern farming ; [Economy of the South depends on 


large-scale plantation farming.] 
Plantalfon labor: [Plantation farming of tobacco and sugar 

is labor-intensive. Automation for these processes is un
available. ] 

Nor1hern factories: {The northern economy is dominated by 
factories and high-technology manufacturing.] 

Automation ; [Automat ion of northern factories reduces the 
need for labor.) 

Nor1hern farming; [The northern soil is more suited to 
grains and other crops easily harvested by new automated 
machines .) 

Economic differences; [The North has a factory economy 
while the South relies on labor-Intensive farming.) 

Tariff: {Hawley-Smoot bill raises tariffs on imported goods.) 
Civil War; [War between northern and southern United 

States (1661 - 1865).) 

Farming diflerences: [The differences between the two 


systems.) 


CONNECTORS 

helps: LEFT; 

leads to: LEFT; 

and; 

or; 

does not help; 

requires: RIGHT; 

different than. 


CONNECTIONS 

Automat ion helps northern farming; 

Automation helps nor1hern factories; 

Automation does not help planlation labor ; 

Plantation tabor re(luires slavery ; 

Southern farming requires plantation labor; 

Tariff helps northern factories; (!arming differences • 


northern farming different from southern farming) 

Leads to economic differences; (farming differences and 


economic differences) leads to Civil War. 


Figure 1: Using a texl editor or word processor, you can 
create a le.xi file to be fed into APT. The statemems must be 
arranged under the headings Ideas , Connectors , and 
Connections. 
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Why build a printer that 
can print standing on its head 
when all you want is 
outstanding letter quality? 
T he a nswer is better quality printing. 

We made our new 300 Series 24-pin printers more 
rugged than they have to be and more reliable than 
ever. We buil t in a patented optical sensor and linked it 
with a un ique rack and pinion printhead drive. 

So you gel more accurate printhead positioning. And 
that means out land ing letter qualit y. 

All in a prin ter o stable it works upside down. 

But even right s i de up, you get 
letter qua l ity pr i nt i ng this good . 

Our engineers call this "championship specs." More 
than 3 mill ion loyal users ca ll it rugged reliabi lity. And 
it shows in the quality and performance of every 
primer and modem we make. 

Call 1-800-0KIDATA for the dealer nearest you. 

Cirdt 239 on Reader Service Card 

O KIDAT1\ " a,,rc1-1l-l"1;"n:'<l lrndtm:u\.: of O ki Amfflc~. Inc_ 
JvtarQ,Uo( d<'DO'C'C d-e 0 1.:t Amenc.a, Inc:. We put business on paper. 
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FORTRAN for the 80386 
o Source Level Symbolic Debugging 

u 	 ses All Available Memory 

c Runs in the 32-bit Protected M6de 


o Royalty Free License on Developed Programs 
.:;DOS Suppon Library with Source code 

Put the full power of the 80386 into your programs . Our SVS FOR1'RAN· 
386 compiler breaks DOS's I6·bit instnJction and 640K memory limit Willi 
SVS you can cut a typical program's nm-time in half. while using up to 16 
Megabytes of memory . SVS fu.tly support.• bolh lhe Imel 80287/R0387 and 
lhe Wci tek 1167 ma1h co-processors. SVS F'ORTRAN-386 needs the Phar 
Lap-386 Lmk"r. 

Supporting Software Tools : 

SSP(Scilech Scientilic Package) with Soum: Code Included 
Mathematical and Statistical Routines - Fast Fourier Transforms (FFTJ 
-Speciali7.ed Mauix-lnvcrsion Rout lncs - tntcgrnti on U1iHtics - Poly nomi al 
Roois-Nonparamctric S1atis tics 

SPP(Scitech Plolling Package) wi1h Source Code Included 
Suppons CG A. EGA. MCGA. VGA. Hercu les and AT&T 6300 graphic 
display._ Plots can be created and displayed or saved in a disk 1le with 
provision for enlarging , reducing, translating and ro1a1ing 1he original plot. 

MA T(Mainlainability Analysis Tool) 
MAT analy7.cs and diagnoses your FO RTRA programs, documcnlS each 
mod ule's interface. including all inten:ommunicoting modu lcs ond gencratcs 
cross-reference tab les. MAT provides the infonnalion you ne<:d to make 
your programs more reliable ond easier 10 main111in. 

Prices: 
S\IS FORTRAN·386................. .$ 69 5 

SVS PASCAL-386... ... ... .... ...... $695 

Ph•r Lap-386 ASMILINK .. .. ......$495 
Scllecl'I sc1en1111c l'ackage.......$325 

Scl!ech Plaiting Pacl<ege ......... $325 
 Science Applications
Malnlalnablllly Analysis Tool .... $ 595 

lnlemational Corporation 
5150 El Camno Rea. S<M18 C·J1 

Lea Al'°", Caliloml.I 94022 
For more lnlorm•!lon call: 

1-800-346-5159 
In CA call {4 ISi 96().5931 

FEAT U R E 


IT'S APT TO WRITE 


An APT Example 
Assume you are writing an essay on the economk causes of the 
American Civil War. APT helps you handle this by getting you 
to organize your thoughts into three segments: Ideas, Connec
tors, and Connections (see figure I). 

In the Ideas segment, you list the principal ideas of your 
paper, each followed by a semicolon. The compiler considers 
the words between semicolons as a token, a separate entity that 
represents each idea or connector. The same word can appear 
in different tokens, and one token can be a prefix of another. 
You ca.n include additional thoughts and explanations between 
brackets, and the program will ignore these words. 

The Connectors segment defines various words that will join 
two ideas . They are stored as separate tokens that may contain 
words from other tokens and other connectors as prefixes. In 
figure 1, for example, ' 'helps" and "different from" are con
nectors. "Helps greatly" is also a perfectly acceptable connec
tor. The compiler treats it differently than "helps." The 
parser's current design limits you from using the same word in 
both an idea and a connector. You should not find this situation 
too much trouble, though, because ideas will generally consist 
of nouns , and connectors will generally consist of verbs . 

There are three different types of connectors. Ordinary ones 
(also called symmetric) place no restrictions on the order the 
two ideas will take in the outline, while left and right connec· 
tors force the compiler to develop either the left or the right side 
of the equation first. 

In figure l, the program defines the verb "helps" to be a left 
connector. When the compiler reaches the clause "automation 
helps northern factories," it plac,es the left side of the equation, 
"automation," first in the outline. The link "helps" force lhe 
topic of "automation" to be developed before "northern fac
tories." Uthe connector is a right one, the right side comes first. 
" Requires" is a right connector, so in the phrase "plantation labor 
requires slavery," in the final outline, "slavery" will come first . 

You specify whether a connector is left or right by placing a 
colon immediately after it and writing the word left or right in 
capital letters. Unspecified tokens are assumed to be symmet
ric. In figure 1, "or" is a symmetric token. 

In the Connections segment, you draw together your ideas in 
pairs with connectors. Each of these new idea-connector-idea 
clauses forms a new idea, and you can link these clauses with 
nested parentheses in patterns such as "(idea-connector-idea) 
connector-idea." The first connector idea in parentheses now 
acts as a new idea. If you plan carefully, then when the ideas 
and connections are defined, the resultant clauses may come 
close to being grammatically correct . In figure l, I defined 
"does not help" as a connector so it could join two ideas to
gether in an English-like sentence. 

The program takes a text file for input. You can create the 
file with any editor or word processor lhat stores the words in a 
simple text-file format with no control characters or escape se
quences. You need to make the files look exactly like figure I, 
using the words IDEAS, CONNECTORS, CONNECTIONS, 
LEFT, and RIGHT. 

Semicolons must separate the different ideas, connectors, 
and phrases, but a period must come after the last item in each 
segment. The program asks for the names of the input and out
put files. The output file will contain all lhe error messages. 

The compiler encourages free-form thinking by accepting 
Ideas, Connectors, or Connections segments in practically any 
order. It only requires that the ideas and c-0nnectors used in a 
clause be defined in a previous section. Two out! ines can easily 
be combined by cutting and pasting complete segments from 

corninued 
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Think small in a big way 

When you think multiuser/multitasking, 
think Concurrenr DOS 386, the big 
name in small systems from Digital 
Research, architects of the first standard 
operating system for personal compu
ters. Now, Concurrent DOS 386 allows 
multiple users to share pe ripherals, files 
and opplicotions, using serial terminal 
workstations linked by RS-232 cables 
to the system. It's fost, reliable ond 
economical. 

The big news today is small systems 

Concurrent DOS 386 meets the increos· 
ing demands placed on small systems by 
supporting multiple DOS programs on 
both the system console and attached 
terminals. You con run popular pro
grams such os Lotus 1-2-3, dBose8 Ill, 
WordPerfect and many more, with full 
moth coprocessor support. The system 
runs up lo 255 tasks simultaneously, with 
fu ll intertask communications ond byte
level record, file and device locking. 

For people who hate waiting in line 

Concurrent DOS 386 brings you a ll the 
remorkoble speed and power of the 
Intel 80386 processor. A priorit ized pre
emptive scheduler allows task execution 

ond intertask communication by several 
users at near fu ll processor speed while 
letting some tasks "interrupt" others 
according to the needs of each user. 

A small system with a big memory 
Concurrent DOS 386 g ives you access 
to four gigabytes of linear physical 
memory. Its powerful memory paging 
capability fully supports the Expanded 
Memory Specification wi th no addi
tional hardware or software. 

Menus ot o touch 
Now you can create and customize 
menus, while progrommoble function 
keys let you condense complex com· 
monds to a single keystroke. The file 
manager runs siondord operating 
system functions, plus you hove on 
on-line help facility. text editor and 
support for DOS-based device drivers. 

Multiuser color graphics 
Now with the introduction of the new
est member of the Concurrent DOS 
family, Concurrent DOS 386/Multiuser 
Graphics Edition, your demands for 
high-resolution EGA bit-mapped graph· 
ics in the workstation environment con 

be met. Take advantage of advanced 
technology allowing you lo run popular 
DOS-based graphics programs on indi 
vidual workstations as well os on the 
system console without sacrificing system 
performance. Ask us about this exciting 
new version of Concurrent DOS 386. 

Allyou have to remember 
is Concurrent DOS 386 

Concurrent DOS 386 from Digital 
Research is the name lo remember 
when it comes lo 386 lechnology. The 
power and versatility of Concurrent 
DOS 386 ore giving a new meaning 
lo the word multiuser. 

CAll DIGITAL R£SEARCH AT 
1·800·443·4200 AND ASK FOR OUR 
CONCURRIJIT DOS PROGRAMMER 
I RMA110N Krt 

CONCURRENT DOS 386: 

SHARI NG THE SYSTEM AFFORDABLY 


0 191tof Ric1.eolfch a~ tho D1.g1tol ~eorch k>go Oflf" rie-g1,1ered 
1rodt:maffl. e r.d COMW~nr '" o Hod&lr.or\t of D.g, 101 Rei-eC(c,, In( 
OthC"r prodvc t llQmCI .gre rogi1l('rcd 1rodc~lu. or rrodemortu oi 

::~::~~:~~~~,~~:::~a~-:':::1~'~f1'/~~~~:jovt 

[QJ DIGITAL RESEARCH. 
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Describe: slavery 

Deacrlbe: plantation labor 

Show how: plantation labor requires slavery 

Describe: southern farming 

Show how: soU1hern farming requires plantation labor 

Describe: northern farming 

Show how: farming differences"' northern farming differ
ent from southern farming 

Describe: economic differences 

Show how: farming differences lead to economic 
differences 

Describe: automation 

Show how: automation does not help plantation labor 

Describe: northern factories 

Show how: automat ion helps northern factories 

Describe: tariff 

Show how: tariff helps northern factories 

Show how: automation helps northern farming 

Show how: farming differences and economic dillerences 

Describe: Civil War 

Show how: (farming differences and economic differ
ences) leads to Civil War 

Figure 2: The outline produced by APTfrom the text 
infigure /. 

IDEAS 
Definition of right triangle; {a triangle with one right angle. ] 
Pythagorean theorem; {a squared plus b squared equals c 

squared.) 
Defini tion of sine; (sine Is the ratio between the opposite 

side and the hypotenuse! 
Definition of cosine; {cosine Is the ratio between the adja

cent side and the hypotenuse) 
Transcendental identity. {sine(x) squared + cosine(x) 

squared .. 1) 

CONNECTORS 
and; 

implies: LEFT. 


CONNECTIONS 
Definition of right triangle Implies Pythagorean theorem; 
(Pythagorean theorem and (definition of sine and definition of 

cosine)) implies transcendentaJ Identity. 

Figure 3: You can use APTfor ouilining material that 
needs to be precisely organized. such as mathematical 
proofs. The ouiline shown here is a proofofa trigonometric 
identily. 
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one into another. You just need to make sure all the necessary 
idea and connectors are carried along into the new outli ne. 

How the Outliner Organizes 
When the APT compiler finishes reading the tokens. it trie to 
create an outline using the basic ideas and the connections that 
must be made between them . It s1arts by selecting one of the 
clauses in the Connections segment and tepping through the 
ideas in it one by one. The ideas that should be joined together 
are placed one after the other. Then the connection between 
two ideas is inserted into the outli ne immediately after the 
ideas are defined. 

Figure 2 shows the results of running the outline in figure I 
through APT. When the compiler develop the c lause "planta 
tion labor requires slavery," it asks you to describe first slav
ery, then plantation labor . Right after these two idea are intro
duced, it asks you to show how they are connected-that is, how 
plantation labor requires slavery. The words " describe" and 
" how how" are two stock phrases the compiler uses when it 
creates the final outline. 

The outli ner takes the list of ideas and organizes them. Ini
tially , it chooses the clause lhat holds the first idea on the Idea 
list and develop those thoughts. Then it chooses the ne:w.t clause 
containing lhe idea lhat is closest to the beginning of the Idea 
list. APT continues with this pattern until all the clauses are 
processed . It breaks any tie by choosing the clause that occurs 
first in the Connections section. Thus, "slavery" winds up first 
in the outline because you placed it first in your list of ideas. 

After the ystem is finished with the first clause, it moves on 
and processes clause after clause until the program is done . If 
an idea appears in severa l clauses, the outliner will ask you to 
describe it only once. After lhat, the outliner will assume the 
concept is familiar. When you run your fir t input through the 
out liner , you should get the results shown in figure 2. 

As the program organizes the ideas within each clause, it 
checks for left and right connectors and tarts with the ideas on 
the appropriate side of the connector first. When it comes to 
ideas joined by symmetric connector . it places the ideas in the 
outline in the same order as they are defined in the Ideas seg
ment. Thi rule give you ome control over the final order of 
the outline, but the program will resort to the rule only after it 
finishes placing all ideas close to the other ideas with which 
they are being connected. 

The ne:w.t version will include an option that prevents the out
liner from even considering using the topic on the right side of 
the left connector before the left side is used, and vice versa. In 
this case. there would be a dependency relationship between the 
clauses. The program would not develop a clause until a ll the 
other clauses it depends on are developed . Such a feature would 
be useful in situations requiring rigorou. logical development , 
such as mathematical proofs . Figure 3 is a good example. 

In figure 3, "implies" forces the left side, the nece sary con
dit ion, to be developed before the right side. o matter how you 
rearrange the ideas. the compiler ensures that the left side of 
each connector "implies" comes before the righL It also places 
lhe first clause, "definition of right triangle implies Pythago
rean theorem," before the second clause that u es " Pythagore
an theorem" as a necessary condition on the left side of "im
plies." It wouldn't make sense to consider the second clause 
before the first clause is proven. 

You can a lso break up the outline into a sequence of short 
Ideas, Connectors, and Connections segments so the definition 
of an idea is close to its use in a connection. This allows you to 
break the outline into more manageable segments- a process 

coruinued 



New Power to DOS. 

ew 2.0 API Toolkit. 


More and more, programmers and work
station builders are using DESQview 2.0 as a 
development tool. The reason is simple. 
They can create powerfuJ, multitasking 
solutions today for the millions of DOS PCs 
in use today. Solutions comparable to those 
promised for tomorrow by C£J/2. 

The API Advantage 
Programmers who take advantage of DESQview's API 
(Application Program Interlace) get access t? the ~werfuJ 
capabilities built into DESQview-multitasking, window
ing, intertask comunications, mailboxes, shared programs, 
memory management, mousing, data transfer, menu
building and context sensitive help. 

Bells and Whistles 
A program taking advantage of the DESQview 2.0 API can 
spawn subtasks for performing background operations or 
new processes for loading and running other programs 
concurrently. It can schedule processing after an interval or 
at a certain time. lt can use DESQview's intertask commu
nications to rapidly exchange data between programs, 
5hare common code and data; or interrupt at critical events. 
It can use DESQview's menuing and mousing capabilities 
:o create menus. And there's lots more it can do. 

Some of the applications under 
development right now using 
DFSQview 2.0 API Tools: CAD, 
medical systems, insurance, 3270 
mainframe communications, 
network management, real 
estat , typesetting, point of sale, 
education, commodity trading, 
tock trading and Online voting. 

DESQview Developer Support 
So if you are adeveloper, looking to create programs with 
mainframe capabilities, but wanting to sell into the existing 
base of millions of DOS PCs, we can be very helpful We 
offer DESQview API Tools for assembler or C 
programmers: a debugger, a Reference Manual. And lots 
more tools on the way. 

Plus, we offer DESQview API Developers Conferences. 
Come learn about the DESQview 2.0 API and 80386 D<Y3 
Extenders. Meet 80386 experts as well as those smart 
people who are creating DESQview 2.0 API workstation 
solutions. 

For more infonnation call or write us. 

80386Power 
80386 progranuners can take advantage of 
the 80386's protected mcxie for large 
programs, yet run on DOS and multi.task in 
DESQview-side by side \vith other 80386 
and DOS programs. The breakthroughs that 
make this possible: DOS Extenders from 
PharLap Software and Al Architects and 
DESQview support of these DOS extenders. 

Quarterdeck Office Systems, 150 Pico Blvd., Santa Monica, CA 90405 
(213) 392 9851 
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IDEAS 
Marie; 
Jean-Phillipe; 
Franoois. 

CONNECTORS 

loves: 

is married to: 

doesn 't k.now that. 


CONNECTIONS 

Marie loves FranQois; 

Marie Is married to Jean-Phil lipe; 

Jean-Phill ipe doesn 't know that (Marie loves FranQ<Jis); 

Franr;ois doesn't know that (Marie ls married to Jean-


Philli pe) . 

Figure 4: The outline genera/or performs its work by 
representing the ideas in each clause as nodes. As more 
and more links are created, a direcred acyclic graph , 
such as this one outlining a movie plot, is constructed. 
Each connection is added to the graph by crea1ing a new 
node with poimers to the two nodes it connects . 

Describe: Marte 

Describe: Jean-Phillipe 

Show how: Marie Is married to Jean-Phillipe 

Describe: Franoois 

Show how: Frem;ols doesn 't know tha.t (Marie is married 
to Jean-Phill ipe) 

Figure 5: The ow fine produced f rom the acyclic graph in 
figure 4. The program produces this outline by searching 
downwardf rom the root (the highest node in each 
clause). When it locares two ideas. it walks back up the 
structure.joining them. and continues making all the 
coM ections until it reaches the root again. 

roughly equivalent to defining a subroutine, but it doe · not in
cl ude any notion of globa l and local ideas . Everything is globa I. 

APT's Algorithm 
T he outline generator performs its work by creating a structure 
called an acyclic graph. A different node represents each idea. 
T he program adds each connection by generating a new node 
with pointers to the two nodes it connects, as shown in figure 4. 
This new node is said to be "higher" than the two nodes it 
joins . The highest node is the last one entered in the graph for 
each clause. The connections are shown as two lines from the 
connector pointing downward to the ideas that are joined. 

The program easily produces an outline from this structure. 
The highest node in each clause is known as the root. The pro
gram develops clauses by searching downward from the root. 
T he ide.a nodes in each clause are at the foundation level. Every 
connection made is higher. When the program finds two ideas, 
it moves back up, joining them, and continues to make all the 
connections until it reaches the root again. as shown in figure 
5. At each node, the program checks to see if the node is a left 
or r ight connector. If it is either, the outli ner chooses the appro
pr iate branch to be examined before the other. Otherwise, it 
picks the branch-either the left or the right-that leads to the 
first idea on the list. If it finds a node that another clause has 
used before, it stops here and moves back up the tree . 

The outlinerchooses between clauses by examining the posi
tions of the idea nodes in the Ideas list. It picks the clause that 
includes the earliest idea defined in the APT program. This 
feature gives you some control over the order in which your 
ideas appear. If you want to rearrange your paper and move 
"farming differences," for example, so that this subject ap
pears earlier in your material, you can move this idea to the top 
of the Ideas segment, and the outliner will do its best to accom
modate the change. 

The parser builds the tree with the help of symbol tables . In 
APT's present design, each word is a separate entity that is 
stored in a symbol table. Each token is saved as a list of words in 
its own table. As it constructs the directed acyclic graph, the 
program maintains a list of ide.a-connector-idea triplets already 
entered in the graph and checks to see if the particular phrase 
being processed is already there. If so, the program uses the 
existing locat ion in the graph; if not, it constructs a new one. 

Ordinarily, ideas end up as nodes at the bottom of the graph. 
but this doesn't have to be so. An equal sign can attach the idea 
to a node much higher in the graph. 

For example, in fig ure 6, the equal sign connects the phrase 
"Joyce's Oeuvre" with the small tree representing three of his 
major books. Now these books can be referred to by the token 
Joyce's Oeuvre, and the token will represent the three. The sys
tem asks you to introduce the three books only once, when it 
first comes to Joyce's Oeuvre in a branch. From then on. it re
fers to the books as Joyce's Oeuvre. 

You can use APT for many applications that require plan
ning. Construction projects, for example, have phases that depend 
on one another , such as "the first floor requires a foundation 
before it can be buil t. " You can easily convert these scenarios 
for APT's use by listing every step as an idea and connecting 
them with left or right connectors such as "must precede" or 
"requires." APT will try to arrange it so that connected stage.s 
of the project appea r near each other in the outline. 

Strengths and Weaknesses 
At th is point, it might appear as if this tool is only useful for 
disciples of Bertrand Russell and others who think that all 

continued 
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The future of personal romputing is dear. More DESQview even lets you transfer text, num
powerful PCs. Ea.5ier to use PCs. 'v\lith graphics , and fields of infonnation between pro

grams.and character-bMed progrrurn working side by 
side.Talking to each other. Multitasking. Wm Fulfill the 386 promise. 
dowing. Menuing.Mousing. Getting your work For Bffi.16 PC useis, OF.SQview becomes 
done easier and faster. a386 control program when used in 

--~ ronjunctionwith Quarterdeck'sHave it all now. 
DES(!.1ew"' is the operating envi

ronment that gives lXY5 the capabil
ities of 05/2"' And it lets you, with 
your trusty !l&, !l&, 00286, orro3&J 
PC, leap to the productivity of the next 
generation. For not much money. And 
\\1thout throwing out your favorite 
software. 

Add DE5Qview to your PC and it 
quickly finds your programs and Lists 
them on menus. So you can just point 
to the program, using keylnm:i or 
mouse, to start it up. DESQ\ie\ov 
knows wh~ that program lives. And together, you don't have to leave your current 
what rommand loads it 

For tha;e who have trouble 
remembering [X)5 rommands, 
it adds menus to [X)S. It even 
lets you sort your files and mark 
specific files to re ropied, 
backed-up, or deleted- all 
\\~thout having to leave the pro
gram you're in. 

Btst of all, Dlf-Oview 
ac:complishes all this with asubstantial 
peed advantage over any 

alternative environment. 
Multitask beyond 640K 

When you want to use several programs 

For programmers, Df.SQl.irvls 
Af'I, 1>ith its strengths in inter
task rommunications and multi
tasking.~ aqui:!<. and m5)' 
way to adapt to the rutun>.Vvith 
the APrs mailboxes ard shared 
p-ograms,programrrers are 
able to 00;.ign programs running 
on OC6 with capabilitiel like 
lha;c of C6/l 

program Just open the next 
program View your programs 
in windows or full screen.Open 
more programs than you have 
memory for And multitask 
them ln 640K Or if you own a 
special EMS 4.0 or EEMS 
memory boord, or a 386 PC, 
DE5Qview lets you break 

through the fX)5 640Kbarrier for multitask
ing. You can start 1-2-3calculating and tell 
Paradox to print mailing labels while you're 
writing all'port in \r\brtl Pmect, or laying out 
a newsletter in '*ntura Publisher, or design
ing abuilding in Aut<£AD. 

Expanded Memory Manager 
(QEMM}-386--giving faster multi
tasking as well as virtual windowing 
support. 

And when you use DESQview on 
an IBM ?3/2"' Mcxlel SO or 00 with 
QEMM-50/E() and the IBM Memory 
E".xpaMion Option, DESQview gives 
you multitasking beyond 640K. 

Experts are voting for 
DESQview. And over 
amillion users, too. 

lf all of thls sounds like promises 
you've been hearing for future systems, then 
youcan understand why over a million users 
have chosen DESQview. And why PC. 
, • • Magazine gave DESQview its 

! i l LJ Editor's Choice Award for 'The 
, .. . 
: iiil\ll n Best Alternative to 05/2," why
• - .. .1 
l~ fi!ffiYWl3 readers of lnfo'Norld twice voted 
EDITOR'S DESQview "PrcxJuct of the Year" 
~~ why, by popular vote at Comdex 

Fall for the la<it two years in a 
'NI': 19& D!XY), . 

WORLD A'\'D i<li<? rov.~ L.J\l'riewwas 
PRODUCT selected as "Best PC 
o F T H E Environmenr in PC Tech 

Y E A R joumal's Systems Builder
l

Contest. 

DESQ.~ew lets you have it all now. 




GET SUPERSOFT's 

SERVICE DIAGNOSTICS 

All the software. al ignment diskettes. parallel/serial wrap-around 
plugs. ROM POSTs and extensive, professional documentation to 
provide the most comprehensive testing available for IBM PCs. 
XTs, A Ts and allcompatibles under DOS or Stand Alone. No other 
diagnostics Olfers such in-depth testing on as many different types of 
equipment by isolating problems to the board and chip level. 

NEW: SuperSoft's ROM POST performs the most advanced 
Power-on-Self·Test available tor system boards that are compatible 
w1ththe IBM ROM BIOS. It works even in circumstances when the 
Service Diagnostics diskeue cannot be loaded. 

NEW: 386 diagnostics for hybrids and PS/2s ! 
For over nine years. major manufacturers have been rely ing on 
SuperSoH's diagnostics software to help them and their cus tomers 
repair microcomputers . End users have been rely ing on SuperSolt's 
Diagnostics 11 for the most thorough hardware error isolation 
available . Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) time, money, 
and headaches in fixing their computers . even non-IBM equipment. 

All CPUs & Numeric Co-processors All Color Graphics &Monochrome 
System Expansion & E.-tendl!d Memory Momtors 
Floppy. Fixed & Non·standard Disk Drives Para llel & SenaIPons 
Standard & Non· standard Pnn ers Mono. CGA. Hercules l\ EGA 
System Board : OMA. Timers , Interrupt. Adapters 

Real -11me Clock & CMOS conhg. RAM Al l Keyboards & e 8042 Controller 

Join the ranks of XEROX. NCR, CDC. SONY, PRIME, .. . who have 
bundled SuperSoft's diagnostics with their microcomputers at no risk 
because of our 30 day money back guarantee. 

Service Diagnostics lor PC. PC/XT, and compatibles only . $169 
Alognme<i1 Olske1te lor PC. PCfXT an<l compa.llbles (48 tpi <iri"ls) $ 50 

Wrap-a.round Pl~Q lor PC, PCIXT and oomp ol ibles (pillllllel and •enal) .. S 30 

Servle. Olagnostlce: The KIT (Include• all oi the •bove-

Service Olagnoslk:s lor AT and cornpallbles only $16~ 

Al111nmen1 D1slwue IO< AT l!Jld compat1bles (96 11)< drives) S 50 
Wrap-a.round Plug lor AT (setiaQ S 15 
ROM POST lor PC. PCIX'T and compabble• only . .$24S 
ROM POST lor AT and compatlbl.es on ly , $245 

...,. $502) .$495 
Servi<:<! Oiagnoslocs for 386 or V2. V30, or Ho.rri"' "tc. (pJe""" •P""ifv) - .$195 
Diagnostics II ;15 lhe S(lllftion ~o the :serv1ee probki ms o• usel'!I of all 

CPIM-W, CPIM-ll6 and MS-DOS computa<s . $125 
ROM POST tor PS12 and e0<np;itll)les only . $245 
AlignfTl8nl Dlsl<elle 101 PS/2 and oompatlbl9S [15 Inch) S 50 

To order, call 800-678-3600 or 408-745-0234 
FAX 408-745-0231 , or write SuperSoft. 

sU 
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FEATURE 

IT 'S APT TO WRITE 

IDEAS 
The Dubliners; 

Ulysses; 

Finnegan's Wake; 

Joyce's Oeuvre; 

The city of Dublin; 

A literary version of Dublin. 


CONNECTORS 

rises from ; 

centers around; 

and. 


CONNECTIONS 

Joyce's Oeu11re - The Dubllners and Ul~s and 


Finnegan's Wake; 
Joyce's Oeuvre centers around the city ol Dublin; 
A literary version of Dublin rises from Joyce's Oeuvre. 

Figure 6: With APT, you can group parts ofthe outline 
together using an equal sign. In this example, th e equal sign 
connects three ofJoyce's major books so they can therefore 
be referred to by the roken "Joyce's Oeuvre. " 

knowledge can be atomized a.nd neatly connected_ This is not 
necessarily the case. Inside the system, each connector is rep
resented as a point.er in a graph ; but outside, the connector is 
just a word. The connection can be as strong as the word "im
plies" or as ephemeral as the nebulous phrase "might have 
something to do with." The nature of the link depends entirely 
on your choice of words. 

Th is is one of the strengths of the A PT system. lt lets you be 
as colloquial or as proper as you wish . Your ideas might be 
sketchy slang or well-thought-out parts of a sentence . But , in 
the end , the system will do the work and arrange everything as 
best as it can. It lets you concentrate on making lists of ideas 
and thinking through the best way to join the ideas before you 
begin to write. 

You might find learning to link your ideas difficult . But 
many people who've used the system say that before they 
learned ii , their outlines were merely lists of ideas withoul firm 
connections between them . They would link the topics as they 
wrote and often make substant ial revisions to the outl ine . The 
APT system helps you organize your material earlier, when you 
can more easily experiment and change th ings. 

Many people, especially nontechnical writers , may balk at 
using such a logica l way of planning and outlining . They may 
say, " Good writing isn't mathematics." True, some literature 
may be free-flowing and not strictly structured, but most writ
ing must have a logical structure so it can be understood . 

APT forces you to think through the details of your writing 
project . But because the machine does the organizing, the pro
gram frees you from worrying about the overall structure . With 
luck, you will discover that joining ideas is a more natural way 
to construct an outline. Once that is done , all you have to do is 
the writing. • 

Editor 's note: The source code for APTis available i11 a variety 
offomiats. See page 3 for derails . The code was wrillen wirh 
Lightspeed Pascal; however, minimal changes should allow ii to 
work with other versions ofPascal. 

Peter Wayner is reading toward a Ph .D. in compuler science at 
Cornell Universiry. He can be reached on BIX clo "edirors." 
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tim ·.) But w did it all with just one, integrated, scientific 
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moothi.ng, integration , differentiation, curve lilting, 
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not tied t.o it. You can expand rutd customize the functional 
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don't have to b a profe · ·ional programmer to use it. 

And just in ou n d it, you' ll appreciate our GO days of 
free technical upport. Ongoing support i available. 

Test ASYST on your own screen with our 30-day 
no-risk offer. Call 1-800-348-0033. 
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FEATURE 


PARALLELIZING 

PROLOG 


Three approaches to running Prolog 
programs on multiprocessor machines 

Dick Pountain 

m nee found only in academic environments, Pro
log has graduated to the real world and is now 
available for just about every computer made. 
Applications developers are finding that Pro
log's symbol-manipulation and built-in pattern

matching abilities make it particularly suited for programming 
expert systems, database query systems, and natural-language 
processing systems. 

Such applications typically involve searching very large 
databases and need very fast computers to achieve adequate 
performance. They are there
fore natural candidates for be
ing sped up by parallel pro
cessing. Almost from its 
inception, Prolog researchers 
have wanted to implement the 
language on multiple CPUs so 
that the sequence of pattern 
matches that are involved in 
solving a Prolog goal would 
all be evaluated at the same 
time. Efficiency is not the 
sole rationale for this desire 
for paraJlelism; the philoso
phy of pure logic program
ming itself indicates that tbe 
order of evaluation of a pro
gram should not matter . What 
better way to escape from th is 
order than by doing every
thing at the same time? 

At a superficial glance, 
Prolog appears to be well suit
ed to parallel evaluation. Pro
log programs are descriptions 
of the problem rather than 
prescriptions for how to solve 

it. There is nothing in the text of a Prolog program that explic
itly states in what order its parts shouJd be evaluated . 

However, all is not so simple as it seems. Prolog has to run on 
real-life computers and is only an approxjmation to the time
less, purely logical style of programming. Prolog programs use 
variables to hold values and so have an execution history, how
ever fleeting. Although many features of Prolog make it more 
suitable for parallel execution than conventional languages , 
running tasks in parallel requires mechani m for communica
tion and synchroniz.ation between processes-mechanisms that 

are not present in current dia
lects of Prolog. 

Research on parallel-logic 
programming languages is 
being pursued at a number of 
centers in the U.S., U.K., 
West Germany, Hungary , 
Portugal, and Australia, not 
forgetting , of course. the Jap
anese Fifth Generation Proj
ect, an important component 
of which is a parallel Prolog 
system. Recently, some im
plementations of para.Ile! Pro
Iog or Prolog-like languages 
have begun to filter out into 
the light of day, and at the 
1988 CEBIT Electronics Fair 
in Hannover, West Germany, 
I encountered no less than 
three of them, each using dif
ferent strategies . 

CS-Prolog was developed 
by Ivan Futo and Janos Szer
edi at the Computer Research 
In titute in Budapest, Hun

continul!d 
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F EA T URE 


PARALLELIZING PROLOG 


gary; Parsytec Prolog is from the German firm Parsytec; and 
the most radical solution to parallelizing Prolog, PAR LOG, is a 
new language developed at Imperial College, London, by Keith 
Clark and Steven Gregory. (If you are not familiar with the 
structure of Prolog programs, the text box "Prolog Basics: Uni 
fication and Back1racking" on page 390 will set the stage for 
discussing parallelism in Prolog.) 

The Old Order 
Sequential Prolog uses a strategy called depth-jirs1, left-to
right search, so lhat execution proceeds by first trying the 
clauses for a relation in sequence (down the page in the source 
code) and then, when a match i found, by trying the subgoals 
of lhe clause's body from left to right in sequence (across the 
page) . People oflen prefer 10 talk about the OR and AND di
mensions because the clauses of a Prolog program are con
nected by an implied logical OR, and the subgoals of a clause 
body by an implied AND ( ome dialects allow you to write this 
AND explicitly in place of commas). 

The djstinction between these two dimensions is important, 
as each requires different trade-offs to parallelize them, and it 
is possible to parallelize one dimension while leaving the other 
strictly sequential. In an OR-parallel Prolog, you would match 
a goal against all the clause heads simultaneously; the problem 
then amounts to choosing which one to evaluate, supposing 
more than one of1hem unifies. In an AND-parallel Prolog, you 
would test the clause heads in sequence as usual , but once one 
was unified, all the subgoals in its body would be evaluated 
simultaneously. The problem here is that since these subgoals 
may share variables, who gets to bind lhe variable? This is just 
the classic problem of communication and synchronization 
faced by all concurrent programmers. In both cases , the ques
tion of what happens to backtracking becomes a crucial matter. 
Let's now look at three different sets of solutions to these 
problems. 

CS-Prolog 
Communicating Sequenlial Prolog (CS-Prolog) works by add 
ing the notion of time 10 Prolog, allowing you 10 suspend the 
execution of goals until certain conditions are met. CS-Prolog 
embodies a kind of AND parallelism, in the sense that subgoals 
can be concurrently processed by sending messages to activate 
other processes. This communication must be explicitly con
trolled by the programmer. 

CS-Prolog runs on either a single-processor or multiproces
sor implementation. In a single-processor system, CS-Prolog 
employs no actual or simulated parallelism, since there is never 
more than one process active at a time. However, CS-Prolog is 
currently being implemented on a network of INMOS trans
puters, and, in such an environment, each process is executed 
on a separate processor . 

CS-Prolog adds a number of built-in predicates, the most im
portant of which are new (), sen<! (), wai t_for(), and 
hold(). The predicate new() creates processes dynamically 
during a program run (a process is a Prolog goal that has its 
start time and end time specified but is otherwise evaluated just 
like an ordinary goal) . The full syntax for a process creation is 

new(Goal , Processnarne , Start, En<I). 

The function send(M, Pr ocesslist) sends a message M to all 
the pr0cesses named in Process list, and wai t _for(R) sus
pends a process until it receives a message that will unify with 
R. A message can be any ?rolog term . The function hol d (T) 
suspends a process for a specified length of time T, while sus

pend(P) suspend a process unconditionally so it can only be 
reactivated with act1va te_suspended ( P) . 

There now arises the problem of how to cope with backtrack
ing in such a distributed system . CS-Prolog distinguishes 1wo 
kinds ofback1racking: local and global. 

In local backtracking, a process does nol pass a communica
tion point, thal is, a point at which the process sent or received a 
message; local backtracking is alway permitted and does not 
affect any other processes . 

In global backtracking, a process passes one or more com
munication points and thereby directly affects the execution of 
other processes. Whenever the backtrack reaches a point where 
the process had sent messages using send( ) , then ami-mes
sages are sent to those same processes , causing them to back 
track as well. The backtracking of the original process contin 
ues. On the other hand, when backtracking arrives at a point 
where the process has received messages via a wa1 t_ for( ) , 
and if there are any matching messages still waiting to be pro· 
cessed, the first one is selected and execution proceeds forward 
again. If no messages are waiting, the process remains 
suspended . 

It's possible for a deadlock to occur during global backtrack
ing if all processes are suspended and there are no messages in 
transit. In this case , a global monitor process running on one of 
the transputers or on ahost computer has to recognize the situa
tion and intervene to break the deadlock; it does this by choos
ing one process and forcing it to backtrack further and repeat 
ing this 1rea1mem until some process arrives at a send(), 
which reactivates other processes. 

Programming in CS-Prolog is in many ways reminiscent of 
concurrent procedural languages like Ada , Occam, or Modula
2. Brainware, a German software firm, is working on an MS
DOS ver ion of CS-Prolog that will run on PC multitransputer 
boards. 

Parsytec Prolog 
Parsytec Prolog is a fully compiled Prolog that uses a form of 
restricted AND parallel ism where the programmer explicitly 
labels the subgoals that are to be evaluated in para Ilei. Parsytec 
designed this Prolog to run on its transputer-based Megaframe 
parallel-processing computer, which allows the company to 
create a high-performance application environment for indus
trial and laboratory control. You can also run Parsytec Prolog 
sequentially. 

The Parsytec compiler actually maps parallel calls onto a 
tree of processors, so that the first subgoal runs on lhe root pro
cessor, the second subgoal on the first ch ild processor, and so 
on. At present, you must configure the physical tree by hand 
using fixed link before program loading. (A new version is in 
development that uses INMOS's digital switch chip to config
ure the 1ree electronically at run time. ) You can use the predi
cate par ( ) to determine the number of available processors and 
the dummy subgoal idle ( ) for setting up time delays to make 
sure a real ubgoal gets executed on a particular processor. 

A parallel call in Parsytec Prolog looks like this : 

goal(A, B) : - ( test subgoaLl( A) & subgoaL...2(B)) . 

The extensions 10 Prolog yntax are the &symbol, which re· 
places the comma to separate the subgoal s of a parallel call, and 
the Isymbol, called guard, which separates test from the body 
of the clause. If the condition test is true, then the two sub
goals in the call body are evaluated in parallel ; if false , the 
evaluation of the subgoals proceeds in a normal sequential 

continued 
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PARALLELIZING PROLOG 


Prolog Basics: 

Unification and Backtracking 


Before understanding the three tech
niques for parallelizing Prolog, 

you need to understand the evaluation of 
a typical Prolog-program. Using the Ed
inburgh syntax, y(ll:l coold define the 
Prolog relation grandfather as fol
lows: 

grandfather(X,G) : 
father(P ,G), mother(X,P). 

grandfather(X,G) : 
father(P, G), father(X, P). 

What this says is th.at G is the grandfa
ther of xifhe is the father of x·s mother 
or the father of X's father. The two lines 
beginning with grandfather are called 
clauses. The term grandfather(X,G) 
is the head ofeach clause, and the terms 
following the : - symbol make up the 
bodj of the cla.use. x, G, and P arc vari
ables. You can use this ttlatioo in con
junction with a database of facts about 
people's ~nts, such as 

father(b111,tom). 
father(tom,paul). 
father(susan,tom). 
father( sally, paul). 
mother(b111, mary). 

Then you could evaluate queries, or 
goals, like asking if Paul is Susan's 
grandfather: 

? grandfather(susan,paul) . 

to which Prolog will reply yes . Altema

tively, yO\I can try to find all grandchil
dten of Paul. 

? grandfather(Z, paul) . 

to which Prolog replies 

z =bill; 
Z =susan; 
no 

When trying to solve such goals, Pro
log attempts to unify the goaJ with the 
beads of all the clauses for the relation 
in question. Unification, which is the 
very heart of Prolog, is a mathematical 
technique th.at auempts to make two ex
pressions identical by choosing suitable 
values for the variables they contain. 
When evaluating grandfather( susan, 
paul), the Prolog interpreter tries to 
unify this expression with the first 
clause head and succeeds by making X= 
susan and G ,. paul (this process is 
called binding the variables). When a 
goal unifies with the head of a clause , 
Prolog then goes on to evaluate the body 
of that clause, taking each term in tum 
from left to right, but replacing any 
variables that have already been bound 
by their new values. These terms are 
called subgoals and are evalua.ted just 
like the original goal, by trying to unify 
them with the clause heads for their own 
relations. In the example, Prolog first 
tries father(P, paul), which unifies 
with the second clause for father by 
making P "' tom; then mother (X ,P) is 

evaluated and fails because Tom is not 
Susan's mother. 

Although having failed to establish 
the truth ofthe clause body, Prolog does 
not give up. Instead it backtracks by 
undoing the binding of P in father( P, 
paul) and trying the next possibility, in 
this case P = sall.y, from the fourth 
clause. Sally is not Susan's mother, 
either, so the mother subgoal still fails, 
and there are no more possibilities for P. 
Prolog still perseveres by backtracking 
all the way; it undoes the bindings for X 
and G and tries the second clause for 
grandfather. This again unifies with X 
" susan, G=paul, and now the body of 
the clause succeeds with P " tom. This 
ability to backtrack lets Prolog find all 
the solutions to a query, as you will see 
if you trace the execution of grand
father (Z, paul) by hand. 

In principle, the order of the clauses 
does not maner. You could shuffle the 
order of the grandfather or father 
clauses, and the goals would still suc
ceed because of backtracking. How
ever, backtracking takes time, and the 
order of the clauses will affect the speed 
of the program. If speed were the only 
consideration, you oould eliminate the 
need for backtracking by trying all the 
possibilities at the same time, that is, in 
parallel, and dramatically increase per
formance . Unfortunately, not all Pro
log programs are independent of order. 
It is quite easy to write programs in 
which the order ofclauses or ofsubgoals 
affects th.e outcome of evaluation. 

fashion. In a case like the above, where the subgoals share no 
variables at all, the test is redundant and may be replaced by 
true: 

golll(A,B) : - ( true subgoaL.l(A) & subgoaL2(B)). 

Backtracking is permitted but is always sequential; that is, & is 
ignored during bac.ktracking. 

To eliminate conflicts over variable bindings, subgoals can 
share variables only if the variables are bound and independent . 
Parsytec provides special predicates to test if variables are 
bound and independent: ground() and 1ndep(). In the follow
ing example, 

golll(A , B,C) : 
( ground(C) subgoaLl(A,C) &subgoaL2(B,C)). 

the variable C is shared between the two subgoals; ground(C) 
will be true if C is bound when the clause is called, and the 
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parallel evaluation is permitted; otherwise , it reveres to se 
quential evaluation. A similar predic.ate called 1ndep(A, B) 
checks that two separate unbound variables have not sneakily 
been unified prior to the call. 

The kind of AND parallelism employed by Parsytcc requires 
very little alteration to the syntax of typical Prolog programs. 
As an example, here is the parallel version of the QuickSort 
program from the third edition of Progranuning in Prolog by 
Clocksin and Mellish: 

spl1t(H, [AIXJ, ( AIXJ,Z) :
A< H, sp11t(H,X, Y ,Z ). 

sp11t(H,[Ai??X],Y,[AIZJ) 
H=<A, sp11t(H,X,Y,Z). 

split(_, [] , [) ,[ )). 

qsort( [], [ )) . 
qsort ( [H\TJ ,S) : 

conJiniud 
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Are poor quality diskettes ruining your reputation? 

ntroducing the Medialogic 
Low Cost Solution 

Not all disks are equal 
Floppy disks that pass Medialogic's 
stringent level of ANSI" tests prove 
that all disks are not equal. Even if 
they're tested to your specifications. 
the quality can vary from lot to lot
from supplier to supplier. 

Now there's a low cost easy-to
use tool to test 31h" and S•/4" floppy 
disks during incoming inspection and 
quality assurance that goes even beyond 
your own specifications. 

The AT based ML5000 is the cer
tifier chosen by OfMs because it was 
developed specifically for them. Up to 
four different disk drives can be con 
figured to meet all your certification 
requirements. A high resolution color 
monitor displays results in real time and 
test data can be stored on hard disk for 
statistical analysis, as you need it. So 
when you want to evaluate diskette 
standards for duplication or re-evaluate 
your own specifications beyond source 
inspection, the ML5000 is the only ceni
fier that offers more than other certifica
tion processes. 

More choice of tests 
In addition to precise amplitude. reso
lution, saturation curve and extra/ 
missing pulse, the ML5000 also 
includes peak shift evaluation, ANSI 
and ECMA • • modulation and over
write capabilities, allowing you a 
greater choice of comparisons. These 
advanced technical capabilities go 
•Amencan National Standards Institute 

··European Compute r Manufacturers Asroc1at1on 
AT is a regis1ere<l 1rademark of IBM Corp 

beyond what you'd expect. Under
standing what's available could make 
a significant impact on your future 
media hand ling operations. 

When you think all disks are 
tested equally- think again. Ask the 
right questions. What certification 
methods does your media manufac
turer use? Do they evaluate beyond 
the minimal extra pulse and missing 
pulse tests? Can returned disks be 
screened for disk or duplication 
defects? Technicalities. Lack of them 
could be the reason you're still getting 
burned on rejected and returned disks. 

More than a floppy disk tester 
• When you add a 31'2" or 51/4 

11 

autoloader to the system you have a 
volume incoming inspection tester
capable of meeting the many require 
ments of your customers. 

• With a spin stand, the precision 
head positioning makes it a formatting 
and duplication analyzer. Or a produc
tion head tester. For head and media 
testing-it's a quality assurance tool. 

• And when you need to test 2 Mbyte, 
4 Mbyte and barium ferrite media 
the ML5000 can do it all. 

MediaLogic offers many more 
options for companies who stake their 
reputation on the quality of the media 
they select-once we know what 
you're looking for. Whether you're 

running quality assurance programs 
or adding your label to diskettes you 
think are tested, it pays to look at the 
industry standard product for quality 
control-the Medialogic ML5000
before you purchase. 

But don't take our word for it, ask 
your media manufacturer if they test 
to all ANSI standards- and then ask 
your customers what they prefer. 

Contact your local representative 
and get all the facts about the ML5000 
and the family of Medialogic test 
products that are built for quality
conscious companies. 

Corporate Medialogic Inc.. 
headQuarters: 310 South Street. 

P.O. Box 2258. 

Plainville, MA 02762, U.S.A. 

1508) 695 2006 


Representat ives: 

U.S.A. 	 WME Systems, 
Westlake Vil lage, CA 
1818) 706 0845 

Internation al 	 Media Service In ternational, 
France 
133-1) 30.66.12.95 

Japan 	 Jastam Corporation. 
Japan 
103) 558 2411 

MEDIALOGIC 
The most logical choice for 
media manufacturers and OEMs 
of quality certification 
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split(H , T, A,B), 
( true Iqsort( A, Al) &qsort(B,Bl ) ), 
append (Al, [HIBlJ , S). 

This version differs from the original only in the second sub
goal of qsort. Parsytec reports that this program runs 2 lh 
times faster on four transputers than on one, which means the 
parallelization is about 63 percent efficient here . QuickSort is 
not the ideal algorithm for paraJlel sorting because the two sub
lists produced by spl1tare of arbitrary sizes, and so the paral
lel processors are not balanced in their work loads; an algo
rithm that shared the workload more fairly would give a better 
speedup. 

You can simulate OR parallelism in a Parsytec Prolog by giv
ing different names to what would normally be th.e clauses of a 
single relation and then invoking them all as AND-parallel sub
goals . For example , so long as X and Y are only used as input 
(i.e., bound) parameters, clausel, clause2, and clauseJ 
will be executed in parallel , as shown: 

clausel(A, B) : 
clause2(A, [BICJ ) 
clauseJ(A , [ ]) : 

goal(X,Y) : 
(true Iclausel(X,Y) & 
clause2(X, Y) &c l auseJ ( X, Y)). 

This technique can be an effective way of speeding up searches 
of large Prolog factbases, such as you might use in an expert 
system. 

PARLOG 
PAR LOG is not Prolog , but a parallel-logic programming lan
guage with many similarities to Prolog. It employs both AND 
and OR parallelism and also performs unification in parallel. It 
renounces backtracking, however, in favor of what is known as 
committed choice between clauses . The clauses of a relation all 
have an initial guard computation. PARLOG tries all the 
clauses in parallel , and only those whose guards succeed are 

candidate clauses for evaluation. In PARLOG , the first candi 
date is chosen to be evaluated further; the program is said to 
commit to the use of th is clause. PARLOG doesn't use back
tracking and, therefore, finds only one solution to a goal. 

In PARLOG, the guard computation consists of matching the 
clause head against the goal (as in ordinary Prolog) together 
with an optional test that can be placed before the clause body 
(Jike that in Parsytec Prolog). So, to commit to a clause, a goal 
must match the clause head, and the test (if present) must be 
true. To illustrate the syntax, here is the split relation from 
the QuickSort presented above, rewritten in PARLOG: 

sp l it(H, [AIXJ, [AJY~ ,Z ) <- A<H : split(H ,X, Y,Z ). 
split(H, ( A X) ,Y, [AIZJ) <- H " <A: split(H,X, Y,Z) . 
sp l it(_ , (] , [] , []). 

What was an ordinary subgoal in Prolog (e .g., A< H) has be
come a guard test here . The colon separates the guard calls 
from the body, and everything to the left of it is the guard com
putation. The<- symbol is equivalent to Prolog's ; - symbol. 
PAR LOG separates parallel conjunction of subgoals in a clause 
with a comma and employs the ampersand symbol to force se
quentia l evaluation (exact ly the opposite of the Parsytec 
syntax). 

PARLOG handles the problem of binding variables in paral
lel with a binding mechanism that allows unification to be sus
pended, and by distinguishing between input and output vari 
ables. A PARLOG relation must have a mode declaration that 
fixes the direction of each of its variables, such as 

mode split(H?, X?, YI ,ZI) . 

where the ? means input and the I means output. The default 
mode for variables is input. The variables Hand Xcarry values 
into a goal and will normally be bound in a call , while Y and Z 
return the answers and wil I normally be unbound in any call . A 
typical call might be split(4 , [1, 5, 6,4,2, 7] ,X, Y), with the 
sublists returned in Xand Y. 

The rules for variable binding are as follows : 
contin.u.~d 
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Company Information 

Braioware, GmbB 
Gustav-Meyer-Allee 25 
1000 Berlin 65 
West Germany 
(030) 463-3058 
Inquiry 968. 

Parallel Systems Technology Ltd. (Parsytec) 
Jii!icher Strasse 338 
D-5100 Aachen 
West Germany 
(241) 166000 
Inquiry 969. 

The PARLOG Group Secretary 

CompuHng Dept. 

Imperial College 

London SW7 2AZ, U.K. 

(0 1) 589-5111 
Inquiry 970. 

• No output variables will be bound until after the caller com
mits to a clause. 
• All the input variables are unified in parallel, and only vari
ables in the clau e head, not the caller, can become bound . If 
unification would require binding a variable in the caJler, then 
un.ification of that variable only will be suspended until another 
call provides a value for the variable . 
• Similarly, guard tests cannot bind any variables in the caller 
and will suspend if they attempt it. 
• Commitment to a clause cannot happen while such an input 
match or guard test is suspended. · 
• Once a clause is committed to, then all the output variables 
are unified with the clause he.ad in parallel with evaluation of 
the subgoals in the clause body. 

Though these rule might sound complicated when expre ed 
in such terms, what underlies them is simply a ''one-way traf
fic" system; inputs can only go in, and outputs can only come 
out. 

This subtle binding strategy provide all the communication 
and synchronization needed in PARLOG in a way that is quite 
transparent to the programmer. No ro111ng back or undoing of 
variable bindings is ever necessary, because PAR LOG vari 
ables a.re never bound more than once; this allows for a small 
and efficient implementation. Even better, the shared-variable 
problem ceases to be a problem and becomes an asset. Shared 
variables now become communication channels between pro
cesses, where a process is the evaluation of any subgoal in a 
parallel conjunction. Moreover, these channels are self-syn
chronizing (just like those in the Occam programming lan
guage) , with receiver waiting patiently until a value is ready 
from the sender. The mode declarations of a program define a 
data-flow network in which the progress of execution is con
trolled by the availability of its data . 

To try to illustrate how this works, consider a call to the 
split relation embedded in a parallel clause body : 

mode f eeder( XI) ; 
mode consumerl(X?). 

mode consumer2 ( X?) . 

..... feeder(List) , split(4, List ,X,Y), consumerl(X), 
consumer2(Y). 

The second input argument of this call to split is not bound, 
so when the call is matched in para) lei with the split clauses , 
all three attempted matches will suspend, because each would 
require binding List to something. Hence, the call to split 
cannot commit. Both consu.merl and conswner2 suspend, too, 
because their arguments are of mode input and are unbound. 
The only part of the evaluation that is not suspended is feeder, 
which must bind its output, List, to some value (otherwise it 
results in deadlock). If the value bound to List is a nonvariable, 
split can proceed to commit to a clause and produce its out
puts, to be consumed in turn by consumerl and consumer2. 
Even if feeder binds List to a term containing variables (say, 
[EfL]), the input of split can still proceed since the binding 
took place elsewhere, and it would match both split clause I 
and 2 with A bound to E and X bound to L; now, however, the 
guard tests will suspend until a non variable binding for Eis sup
plied from elsewhere (His already bound to 4) . 

PAR LOG enables some powerful programming techniques. 
For example, a process can produce as its output a list of terms 
containing variables and then uspend on one or more of these 
variables . Thi list acts as a list of messages sent to another pro
cess, and when the second process binds one of the variables, it 
is, in effect, returning a reply to the sender. This method , 
known a back communication, can be used to implement ob
ject-oriemed message-passing systems very elegantly. 

The binding scheme is not completely foolproof, however. 
Since guards can contafo call to user-defined relations , it' s 
impossible for the language itself to enforce the delayed binding 
rule. PAR LOG provides a primitive called data(X), which 
causes suspension of binding. You can employ it in writing safe 
guards, but you might still ignore it and write unsafe guards 
that will bind variables in the caller. Research continues into 
compile-time and run-time checks for such un afe guards. 

Implementations of PARLOG for Sun workstations and the 
VAX already exist, and a simulated paralJel version for the 
IBM PC has been demonstrated . Several PARLOG systems for 
multiprocessors are currently being developed . 

The Parallel Debate 
Highly parallel Prolog-like languages are likely to be enor
mously important in the quest for more intelligent computer . It 
is too soon yet to s.ay which is the bes! solution for paraJlelizing 
Prolog, if indeed any one solution can be the best. Research is 
still proceeding mainly at the implementation level, and it will 
be some time before much serious application experience is ac
cumulated. To further complicate matters, the design of paral
lel-processing hardware is also in its infancy, with no single 
architecture a clear winner . 

The subject is bound to generate plenty of controversy be
cause compromises are involved , and because Prolog purists 
can be very zealous. For example, is the abandonmen! of non
determinacy in PARLOG too high a price to pay for its elegant 
synchronization mechanism? I would say not; some will dis
agree. Others may judge the synchronization mechanism in CS
Prolog too explicit and nondeclarative. But , then, any language 
that doesn't generate controversy is probably dead . • 

Dick PoU11tain is a BYTE contributing editor. a technical au
thor, and a software consultant living in Lendon, England. You 
can contact him on BIX as "dickp. " 
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Mono System 
• Intel 80286 6110 MHz clock 
• 640K RAM (upgradea!}le 10 I MEG) 
• 1.2 MB 5.25" floppy drive 
• 1 parallel - 1 serial 110 port 
• 200 wall power supply 
• 14" monochrome momtor 
• 101 enhanced keyboard 
• Real-time clock ca lendar wlbattery 
• 2 year warranly 
• Oper sys_w/man ual & tulorial 

s1.195 
1 MEG RAM up-grade. . . $260 
For RGB color mon ilor/card. add S180 
For EGA color moni tor/card. add SJBO 
For Multiscan moni tor 

With 800X600 oon1rl card... S480 

6-8-1 0-12 MHZ 
286 System

Monochrome 
• Intel 80286 6112 MHz clock 
• I MEG RAM 
• 1.2 MB 5.25" lloppy drive 
• I para llel - 1serial 110 ports 
• 200 wall power supply 
• 101 enhanced keyooa rd 
• 14" TTL monochrome monitor 
• Real·lime clock calendar w/ba ttery 
• 2 year warranty 
• Oper. sys. wtmanual & tutoria l 

s1.595 
For RGB color monilor/card. add S180 
For EGA color mon i1or/card. add S380 
For Mu ltiscan monitor 

Wilh 800X600 contrl card ... S480 

Mono System 
• 16 Inte l 80386 CPU .1 MEG RAM 
• 1.2 MB 5 25" floppy drive 
• 40 MB 28 MS (fasl) hard drive 
• 101 enhanced keyboard 
• 1 pa rallel · 1serial 1/0 ports 
• 200 watt power supply 
• 14" TTL monochrome monilor 
• Real -time clock calendar w/!}attery 
• 2year warranty 
• Opers. sys. w/manual & 1u1orial 

$2.750 
386 Color System 

For EGA Hl-REZ monitor. . . . . . $380 
For Mull iscan monitor 

With 800X600 card. . . . . $480 

8088-TURBO 

SYSTEMS 


• 	518 MHz·1 floppy-mono· 
cIk/caI· 256K. . 

• 	518 MHz same as above 
w/640K... . . .. . . 

• 	5110 MHz same as abOve 
+2 floppies. . .. . . .. . ... $895 

• 5110 MHz as above + AG B SI 0.900 
• 5/10 MHzas above +EGA. SI 2.150 
• 2 year warranty 
• Opers. sys. w/manuat & tutorial 

TOSHIBA 

Laptop Computers 

Tl 100 plus 518 MHz w/640k . . Sl.410 
T1200 as abOve + 20 MB h.dr. S CAll 

(New w/back lite twisl LCD) 
13100/20 w/20 MB hard drive S2.990-----------1-----------+------------1 T3200 6112 MHz 286 

IBM PS2 

30-002 IOMHz 8086 2 dri,es. . Sl.250 
30-021 IOMHz 8086 20rnb HD Sl.695 
SQZ-00 1 IOMHz 286 30mb HD S2 .9SO 
SOZ-001 IOMHz 286 60mb HD $3.400 
70-E61 16MHz 266 60mb HO.. S4.4 3S 
70-12120MHz 266 120mlJ HD. $5.91 5 
SS03 Ir monochrome monitor. S Z05 
851312"colormom1or . S S45 
8513 14" cotor moMor S 41S 
8514 16" color mo1111or . St.250 
5.25" I 2mb ex1ernal drive. 255 
Pro-prinier II 80c:lll 200;ps. 440 
Pro-pnnter X-24 80col 240tps, 650 

CHIPS - CHIPS - CHIPS wl40 MB. · ·· · · · · . . . . . . . Sl.&95
COMPAQ 
Simm - Sipp-Modules.. SCAU T51006116 MHz 386Deskpro 286-20 12 MHz 20mb HO $2.520 

Deskpt0286-4012M HZ 40mb HD. $3.150 256 1201100/80 SCAll w/40MB. ... .. . .. ... SU95 
Deskpro 386-60 20 MHz 60mb HD.. $5.875 - ns. . . . . . . ONE YEAR WARRANTY 
Deskpro 386-131120 MHz 130mb HD. $7.235 
VOU Board . S 170 
VGA Board. . . . S 525 
11 " Ambe1 or Green Monitor. S 230 
14" Videographic Color Mooilor .. $ 565 
Por1able-ll/4 BM Hz 20mb HO. . .. $2.950 
Portable-111120 12MHz 20mb HO.. U.1$0 
Portable -386140 20MHz 40mb HO $6.355 
St 2k·2mb upgrade ki t tor 286 $ 405 
t -2mb upgrade kit for 386. S 595 

Canpaq&°""""Oilll!thl!~lf..io 
marks ol tnnpaq CanP111et CGrpota1;ai USA 

TAPE BACKUPS & ADD-ONS 

IJWin· I rot5 20 MB XTIAT 
lrwin-145 21l MB Al 1n 1~ma1 

A1cn1,..40 MBXTIAT 
Aron1ve 60 MB 1n1erBal 
Ardli"" 60 MB fx!'1MI 

1200 BaOO:s 111temal modem 
1200 S.IJCI$ • • 1erBal "'°""" 
1400 a.~ ill remat modem 
2400 Baud~ >l(1trn.il modem 

suo MS OOX 3 3 WJlh GW!ISIC & manual $10~ 
$515 OS/Zverl ooersys & manual SZIO 

2mb XTIATIPS2 FQn~ W1111 512k CJI $4~0
SCAU 600x600 Genoa super GA <;ar~ 160 
$CAil 800>.600 Genoo 5100 super VGA c;ir~ 310 
!Cl.U t024x768 Gmoa :;200 $Uper VGA ~l·m l?O 

$ !.! 13" T<d!n>I<• PGA/VGAIEGA mCJllllo<ISld uo 
15" kl.t< MGAIPGAIVGAIEGAICGA moM« Illsm 
1:r Sony 1302 mull1sun m()Otlor 26m $60 

$240 
$ 1 ~ 

13" Sllfly 1JOO mull1scan man11cr .37m SSIG 
14.. ~ wn1te monocrome morutOf $115 

' I MEG all speeds. ..... , .. . . SCAll t---------- 
287 Malh-Co's all speeds. . ... SCALL 
387 Math-Co 16 & 20 MHz. . . SCAU 
60367 16 MHz_. . .. SCAll 
60387 20 MHz. . .......... SCAll 
2754/256 EPROMS. . . . SCALl 

DRAMS SRAMS 

ALSO AVAILABLE 


HARD DRIVES 

ST·Z25 20mb hall neiQhl 65ms ms 

ST-238 30mb hall heiQhl 65ms $210 

ST-251 ·2 40mb hh 40ms .... sm 

ST·251·1 40mb hh 26ms . ms 

ST-4()96 80mb full nelont 28ms mo 

Mm1scr1be 8425 2Cmb 3.5" 26ms. ms 

Mlmsc~be 3053 ~b hh 28ms $510 

Miniscribe ~ 8Cmb ro 28ms . mo 


KXHJ80i 144cps dral1128cps NLO+cond mocle $180 
KXHJ'3 1i 192cps dralV38cps NLO+cond. mode . $215 
KXT0'32i 240cps drar1148cps NLO+cond mode ... S329 
KXT592i t80cps draftJ38cps NLO+cond mocle . sm 
~X1595 240cps draltJ51cps NLO +cood. mode .. sm 
KXl524 240cps draftJT60cps texl+ 80LO+ cond. Ssao 

P321SL 216 cps drafll72cps LO 3 fon ts bu1ll -1n 
P34 1SL 216 cps clralt172cps LO 3 l0111S t>uill-1n 
P35 1SX 360 cps dratv1 20cps LO 6 ronts built-in . 
Color UPQrade lor P351 SX. 

IALL PRINTERS INCL UD E 6' CABLEI 

. S 495 
. S 625 

SI .OU 
$230 

LAZER PRINTERS 
HP Laser Jet. . . . . . $1.750 
Panasonic 4450. . _ . .. . . . .. . S1,595 
Toshi Pagelaser-12 . ..... . .. SZ.650 

SCANNERS 
Panasonic. . . .. _. $!195 

(With contrl card & softwa re) 

Toshi/fuji/EpSOll 360 K. ' .. ' s 15 
EpSOll/Nec 1.2 MB .. $95 
Tosni/P'dnaS011ic 760 K. SllO 
Nec/Tosni 1.4 MB . . . .. .. _... . mo 

CONTROLLER CARDS 
20130 MB cntrl card.. . , ...... 
20130 WD AT C/Ga rd . , , . .. , .. 
20130 WO ALL Gard .. . , ... , .. 
20130 WO Mpt ALL . . . .... 

ML 182+ 180J30cps NlO.. 
Ml192+ 200/40cps NLO.. . 
ML2'92 240/1 OOcps NLO , 
ML390 24· pin 350cps, 
Ml391 wide carnage ... 

SHECOM COMPUTERS, 
Ask lor our Desktop Publishing INC. 	 Call before _you buy_ and CAD/CAM/CAE System Packages & 

22755-GSavi Ranch Parkway 	 SAVE I SAVE! SAVE I Apple & Add-Ons & Enh1ncements 
Yorba Linda, CA 92886 Most orders shipped with 48 hours or less 
FAX (818) 912-501 7 HOURS M-F 8 1.m.-6 p.m. SAT 11 a.m.-3 p.m. PACIFIC TIME 

714-637-4800 
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. .. With a 10 Day Trial Membership 

If you·\'e thought about joining BIX 
before but weren't sure it wa.-, •vhat mu 
nenle<l. now is the time to try it. lkcau:.e 
now for a limited rime. we're inviting 
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Put its puwcr to work for you and un· 
leash your full microcomputer potential 
-programming, dc~igning, speci~·ing, 
re ·earching- anti more. 
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• 	Rt~earch problem. and find the 'olu 
tion" that no om: el~c ha, httn :ihk 
lO render 

• Acn:.s ~omc of the 1110"1 :tlh·;mu:<l 
public domain ~ofrwarc ;l\ailablt: in 
th · indu~tn. 

• 	lncrea~c ~· our working knowkJge 
of m1crm tu make more confiduit 
purcha ing ckchion~ :111<..I rccommrn
dation~. 

Join BIX and ann yourself with 
the latest in microcomputer

re lated infonnatio 
HIX\ exclu~i\'t JI icml~J'/es nl'W~\\ ire 
gi\'l'\ \'ou rnmplete, tbil!. up·to-dat<: 
computer indmtry information 'lou'll 
gain in:-ight from Bn I·. e<..litor. and \\ n1 . 

n:-. who anal~ 1.e nrn product and their 
polential impact, inl(Jfm you of the 
latt~t mcrgt-r~ and au.iui,irion~. and rt · 

port late-breaking new, from important 
~t'minar. and conferc.:nn.·" 

Talk to colleagues or ~ide 
You'II '>t:n on top ol your rnmpam \ 

hu,1nc'" '' irh BfX\ cln.:lronic mail 
'-l'f\'iCe. 

•"falk "' {() \()llr ea I CON. \\e~I "ON 

- ntn h1rupcan - cnntach .111 in the 
\;111\e U:I\ 

(>r. "'rnpl~ rnmmunic1te \\1th ntha 
BIX u~er-. worldwide ~hare intiirm;llion 
and itlt:L\ [lfil:llch. or in L01lfcfl"r1CL" 

t.1100 c an~ op1.1on ror 
online acce ith a one time 

39 mem 1i ~ 

• I 'l' \INrr( .ml \I \ or \mrnun 
h;pre~' and heg111 your IO da1 m.11 
u e ot BIX riglu nm' 

• 	llll' 10 da} trial :11 o .1 pplir' 11 }OU 
open ,1n 111J111u11al pr<:·pJu.l ~crnum 
on BIX Trial rnm11H·nct onrt Wt' 

oprn ) our .1crnum Jml not ii\ rnu 
Oclirr hilling op1ior1' induding qu:il 
1finl rnrpur;Hr .tccounh ;1re .11.11Llhk 
( om our lil day 1ri ;1l j, not ;11.til.lhk 
lur till'\(.'. .1crnt111!'> J ( .111 or\\ rill' mx[ 
tor tktJib 

1·,e utdit can.h for 1mmrd1.tte 
K<'l' or call lht· UIX I klplinl' lor 1ntor· 
malion on am other pa1 ment optiun :11 
I-HOil 22-·298.) (Imm I .•me.I ( anad.1 l 
(,t)).l)~ t--(i I (in \n,· 11.tmp,hirc 
:tntl el t'.\\ here ) 

,\lf now' Our to lLt~ lml oftl'r 1 

'>uhiect to cancellation :11 anr ti1m:. 

' li1 no11f\ BlX 1ha1 \OU w1,h 10 u1,omt1nuc ,rn 1tc ~I ,un 11111l· <lu rinc. lhl \ri ;i l pn10,1 _.,11 lhl Ill'\ lklpl111l ;mJ '""r r1111rt 11 rm1>1·r,h1p kt·" 111 h, rt lumkJ 

"Btx un.hr Kn--.,rd "~ lrn1nr11hn>u!(hou1 lht· I ' .md C.a11Jtb h1r 1hr 11 llll1L'I nu111hl·r nr.m·,1 1•111 tJll rhr BIX lldpl1m or 11 mnrl .II I l'i•HI ''11Oi1 1J 
+II 1our luL al 'Jv1nntl numbn '' .11011 lJll 1·011 will rttl"lll ,1ud111on.1I d1 .1r~l' Ir• 1111 ~1111r 111< .11 ph11nt c• 1m p.1m JI 1lw1r prn J1hni: r Jll 
ConuntlllJl 1 ·~ "lpnntl wn RJlt\ from 111htr Jrt.LI m .ll.lllJhlt lrom nrx. 
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RAMpak™ for your Compaq! 

MicroWay is your besl sou rce for lhe 

software and hardware you need to get true 32· 
bit speed out of your 366 machine. 

Since many of our users have been having 
difficulty obtaining memory to upgrade their 
DESKPROs, we decided to add a 386120 one 
megabyte upgrade module to our product line. 
The RAMpak..' is Compaq compatible and can 
be used to extend your 386/20 from one lo four 
megabytes. MicroWay·s -SlotSaver'" combines 
an mW1167 with a VGA card for the 20 MHz 
model. We also se ll the 25 MHz Weitek 3167 
for the DESKPRO 386125. 

Additionally , we have mW1167 slotless 
numeric coprocessor cards for Acer, ALA, 
AT&T, Compaq, Del l, Everex, HP, Micronics, 
NCR, Olivelti, Tandy and Wyse 388 systems. 
We will soon offer an rnW 1 167 that runs in the 
Micro Channel of the IBM model 70 and BO. 

Dr. Roben Atwell, a leading defense scientist, 
calwlates that NDP Fonran-386 is cuffenrfy 
saving him $12,000 per month in rentals of 
VAX hardware and software while doubling 

his productivity! 

Fred Ziegler of AspenTech in Cambridge, 
Mass. reports, ·1poned900,000 lines of 

Fortran source in two weeks without a single 
problem!" AspenTli!Ch"s Chemical Modeling 
System is in use on mainframes worfd.vide 

and is probably rhe largest application ro ever 
run on an Intel procsssor. 

Dr. Jerry Ginsberg of Georgia Tech reports, 
"My problems n.m a factor of six fasler using 
NOP Fortran-386 on an mWI 167 equipped 

386/20 rhan thEly do on my MicroVAX II.· 

Our NOP compilers and NOP ulilities are the 
key to taking advantage of the IWO to five-fold 
increase in speed that 1he mWl 167 provides. 
The compilers generate mainframe style code, 
while our uti lities simplify ports from either Iha 
PC or the mainframe world . A new utili ty 
enables our NOP compilers to call HALO 88. 

If you are curious about the beneli ts of the 
NDP/mWl 167 approach, consider the follow
ing (price estimates are for complete systems): 

Coprocessor Speed (Flops) Prlces 
80287-10 80,000 $3,000 
80387·20 440,000 $5,000 
mWll67·20 2,100,000 S6,000 

When driven by a 32-bil compiler, the 
mW11 67 approaches the speed of a $600,000 
VAX 86501 In laci , many of our userll have 
reported incrnases in tumaround ol 2 10 4 limes 
that of lheir VAX! Call us for complete details. 

32-Blt Compilers and Tools 
NOP Fortran-386™ and NOP C·386 ' " Com 
pilers generate globally optimized . mainframe 
quality code and run in 386 protected mode 
under Phar Lap extended MS-DOS, UNIX. or 
XENIX. The memory model employed uses 2 
segments, each of which can be up to 4 
gigabytes . They generate code for lhe 00287 . 
80387, or mW1 167. Both include high speed 
EGA graphics extensions written in C that per
form BASIC-like screen operations. 

•NOP Fortran-386™ Full implementation of 
FORTRAN· 77 with Berkeley 4 2. VAXNMS 
and Fortran-66 extensions ......... . . $595 

• N DP C-366™ Full implementation of AT& T's 
PCC w ith MS and ANSI extensions .... $595 

NOP Package Pricing : 
367FastPAK : NOP Compiler. Phar Lap and 
80387 Coprocessor 16 MHz: $1299 

20 MHz: $1499 

1167FastPAK: NDP Compi ler. Phar Lap 
an<l mW1167 Coprocessor 16 MHz: $ 1695 

20 MHz: $2295 

Phar Lap Developmenl Tools . . . .. $495 
Virtual Memory Extension ...... . . $295 

NOP Wlndows TM_ N DP Windows includes 80 
functions thal let you creale, store, and recall 
menus and windows. It works w ith NOP C-386 
and drives all the popular graphics adapters : 

. . . . . . . . . Library : $125, C Source : $250 

NOP Plot1"' - Calcomp compatible plol pack
age that is callable from NOP For1ran . II in
cludes drivers lor the most popular plotters and 
printers and works with CGA, Hercules, EGA 
and VGA . ... . . ..... . ... .......... $325 

NDPtFFPM - Includes 40 fast running , hand 
coded algorithms for single and double dimen
sioned FFTs which take advantage ol lhe 32
bit addressing of the 386 or your hard disk. Cail · 
able from NOP Fortran wilh mW1167 and 
80387 support .... .... .. ..... ....... $250 
367FFT!or 1 S-bil compilers .. .. . . .... . . $250 

HALO 68 lo NOP Graphics lnlerface - This 
module enables you to call graphics routines in 
HAL088 lrom NDP Fortran or C ........ $100 

MicroWay® 
80386 Support 

(508) 746-7341 

Parallel Processing 

Monoputer"" 
The world's most popular transputer develop
ment product runs all MicroWay lransputer 
soltware using ei thera T 414 or Taoo. The TBOO 
processor has built-in numerics and provides 
performance comparable to an 80386 running 
at 20 MHz with an mW1167. The new 3LParal
lel C and Fortran compilers make this an espe
cially attractive porting environment Can be 
upgraded to 2 megabytes. 
Monopu1cr with T414 (0 MB) . .. .. .. $995 
Monoputer with T600 (0 MB) ...... $1495 

Ouadputer"" 
This board for the XT, AT, or 386 can be pur
chased wilh 2, 3 or 4 transputers and 1, 4 or 8 
megabytes of memory per transputer. Two or 
more Ouadputers can be linked together to 
build networks wilh mainlrarne power which 
use up to 100 or more transputers. One 
customer's application has gone from 8 hours 
on a mainframe to 16minuteson a system con
taining five auadpulers •••••••••• from $3495 

Transputer Compliers and Applications 
MicroWay offers Parallel languages for tl'le 
Monoputer and Ouadputer. 
Logical Systems Parallel C .... . .. . $595 
MicroWay Occam2 . .............. $495 
3L Parallel C . . .. . . . .. ..... . .. ... $895 
3L Parallel Fortran . . . . ...... $895 
MlcroWay Prolog Interpreter , . . ... . $750 
mField - A specialty finite element analysis 
package targ eted al transputer networks. 
Ideally suited to take advantage of the six 
megallop speed of the Ouadputer ... $1600 
TSOOINAG™ (See NOP/N AG) ... . ... $895 

3s7eAslc~ ~" M i°~r~w~ ~'; s · ~-e~ 1 '6 ~ b i t 
Micros oh compatible Basic compiler generates 
the smallest EXE fi les and the lastest running 
numeric code on the markel .. ... . .. . .. $249 

Compaq 386/20/25 Add-Ons 
RAMpak™ - One megabyte 32-bit memory 
module l its in Compaq memory slot . . CALL 
mWt 167"' - Built at MicroWay using Wei tek 
components and indudes an 60:387 socket. 
mW1167-16 . ... . ... $995 
mWl 167·20 . . ...... . . .. . .. $1595 
mW1167NGA-20 "SlotSaver" ..... $ 1995 
Weitek 3167 25MHz .... . . . .... . . $1995 
80367·20 ... ... . .. ..... . $675 
80367-25 . . . . . . . . . . . . ..... . $795 

Numeric Coprocessors 
8087 .... ... .... . . ... . .... . .. . ... $99 
6067·2 . .... .... ..... .. .. . ... . .. $145 
60287·8 ..... . ...... . ........ . .. $239 
80287-10 ... . .•.. . ... ... ... . ' .. . $279 
80387·16 ' . . ' .'''' .. ' ''.' ... ' .. ' $450 
80387-20 ....................... $675 
80367-25 . .... .... ... . .. ' . ... .. . $795 
267Tu'rbo·12 (for AT comparibles) ... . $450 
256K 100ns DRAM . .......... ... CALL 
256KSIMMS . ............ .. . , .. . $119 
1 MB SIMMS ............. . .. .. .. $450 
(All of our Intel coprocessors include 87Test.) 

Intelligent Serial Controllers 
MicroWay"s AT4 TM , ATST"'. andAT16™ are the 
fastest 80186-based intelligent serial control
lers on the market They come with drivers for 
UNIX, XENIX. and PC MOS . 
AT4 ... $795 ATS ... $995 AT16 ... $1295 

32-Blt Appllcatlons 
PSTAT·386- This mainframe statistics pack· 
age has been used by government and in
dustry for 20 years . The lull vers ion was ported. 
Requires 4 to 6 megabytes of memory: $1495 

NDP/NAGT" - Features a library of 268 en
gineering and scienti fic numerical algorithms . 
Callable from NOP or 3L Fortran ........ $S95 

12 MHz PC Accelerators 
FastCACHE·286 12 MHz ... . ..... .. $299 
SuperCACHE-28612 MHz . . . . . . . $399 
FastCACHE·286 9 MHz .. . ....•.... $199 

Micro World Leader in PC Numerics 
P.O. Box 79. Kingston. MA 02364 USA (508) 746-7341 

32 High St.. Kingston-Upon - Thames. UK.. 01-541-5466 
USA FAX 617-934-2414 Australia 02-439-8400 Germany 069-75-1428 
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CIARCIA 'S CIRCUIT CELLAR Steve Ciarcia 

Part2 

A SUPERCOMPUTER 


Steve continues the 
supercomputer project 
with a look at the 
Mandel brat set 

Photo 1: The complete Mandelbrot 
set, as displayed by an EGA monitor 
(no magnification) . 

n the first part of this article, I ex
plored the limits of computer per
formance aod described several 
multiprocessor architectures. In 

che next two parts, I will describe che 
Circuit Cellar Mandelbrot engine, a 
small-scale supercomputer designed to 
produce the familiar Mandelbrot set 
images much faster than is possible with 
an affordable scalar processor. 

This installment deals with overall de
sign issues and the algorithms and meth
ods used in the software. 

Picking the Problem 

Many of the letters that prompted this 

project detailed the letter writer 's favor

ite fantasy computer. Some of the proj 

ects were awesome in scope, featuring 

multitudes of bit-slice processor , 

ganged up with megabytes of static RAM 

and kilobytes of custom microcode! 


As I explained last month, the Man
delbrot set calculations are nearly ideal 
for a multiprocessor because the problem 

can be divided among any number of 
processors and there is no need to com
municate between processors during the 
solution. (I could have tackled North 
American weather forecasting, but the 
resulting project would have been out of 
the reach of nearly everyone.) 

But a Circuit Cellar project is a blend 
of the challenging and the commonplace. 
It must be challenging enough to be inter
esting and informative, but it must use 
relatively commonplace components so 
that interested readers will be able to af
ford it. Building a supercomputer out of 
the latest custom LSI components would 
certainly be challenging, but few could 
afford the resulting hardware. 

The cost of a multiprocessor is con
trolled by two major factors: the cost of 
each individual processor element and 
the level of communication between 
them. Element cost is obvious: lf a single 
element costs $500, how many people 
would be willing to buy 64 of them? The 
level of communication determine how 
many ports each element must have and 
how complex those ports must be. 

The Circujt Cellar Mandelbrot engine 
uses Intel 8751 processors rather than the 
8088 or 80286 chips found in IBM PCs, 
ATs, and compatibles. The 8751 is simi 
lar to the 8031 used in many of my Cir
cuit Cellar projects during the last few 
years, except that it contains 4K bytes of 
on-chip EPROM for program storage. 
Although processors in the 8051 family 
are often thought of as simple control 
lers, you are about to see what happens 
when a bunch of them concentrate on a 
single task: The engine becomes a bee
hive of activity! 

There are several compelling reasons 
for choosing a processor from the 8051 
family: performance, capability, and 
price. The performance with a standard 
12-MHz crystal is just under l million 
instructions per second because most in
tructions take one or two cycle.s of 12 

clock periods each. The chip includes a 
continued 
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bidirectional serial port and extensive in
terrupt support, as well as a reasonably 
competent instruction set. Finally, a pro
cessor element can be a single-chip 8751 
or an 8031 with an external EPROM, de
pending on whether cost or board space 
is more important; the cost per element 
ranges from under $10 to $40. 

Figure I shows a block diagram of the 

Mandelbrot engine and the connection to 
the AT controller. The engine can in
clude any number of proce.ssor elements 
between I and 255, and performance in
creases smoothly with the number of ele
ments . The AT connection uses a stan
dard serial port for data transfer, with 
the port control lines handling handshak
ing and array resets. 

Listing 1: (a) Pseudocode for the Mandelbrot set program kernel. (b) The 
same code wirhour rhe SQRT function. 

(a) 

(G iven a comp l ex point c and an 
ite~ation limit K) 


z - O+Oi 

count • 0 

while (count <- Kl and 


(SQRT(Re(Z)ft2 + Im(z)A2) < 2.0) 

z • z2 + c 

coun t • coun t + 1 


end while 

(b) 

(Given a comp lex po i nt c and an 
i teration limi t K) 
z = O+Oi 
count = D 
wh i le (count <• Kl and 

((Re ( z)2 + I m(z)2) < q. OJ 

z = ?2 + c 

count ~ count + 1 


end while 

AS-232C serial port 

IBM PCAT 
with EGA 
display 

8751 8751 

Chain out from last 8751 

Data to engine 

Up to 
252 more 8751 

processors 

Chain in 
Data from engine to first 

processor 


Reset line for all processors is controlled by PC serial port DTR signal. 


Figure l: A block diagram ofthe Circuit Cellar Mandelbrot engine. 
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The Complex Plane 
Photo l shows the entire Mandelbrot set 
displayed on an EGA monitor. You can 
look at the image as either a mathemati 
cal objecl or the output of a computer 
program, but you've got to understand 
both views to know how the Mandelbrot 
engine works. 

Discovered by Benoit Mandelbrot, an 
IBM Fellow at the Thomas J. Wat on Re
search Center , the Mandelbrot set is 
probably the best-known example of a 
fractal figure. Indeed , for many people, 
"Mandelbrot set" is synonymous with 
" fractal" and constitutes their only 
brush with complex numbers. 

Mathematically , the Mandelbrot set is 
a set of points in lhe complex plane. A 
complex point c is in the Mandelbrot set 
if the magnitude ofz in iterative formula 

z = z2 + c 

(starting with z = 0 + Oi) remains finite 
af!er an infi nite number of iterations. 

The text box on page 404 gives a brief 
introduction to complex numbers and 
arithmetic for those of you who may be a 
linle shaky on the subject. Pay particuJar 
attention to the process of squaring a 
complex number, because il's central to 
the algorithm. 

The criterion for determ.injng whether 
a given poini is in the set should give you 
pause. No computer can run through an 
infinite number of iterations in a finite 
amount of time, so we can never be cer
tain that a point is in the set. The best we 
can do is show that a gi:ven point is defi
nitely not in the set, but that is sufficient 
to create aJl the pretty pictures. 

It turns out that if the magnitude of z 
exceeds 2 .0 after any iteration, it will 
eventually "blow up" to infinity after 
some additional number of iterations ; 
therefore, that point is definitely not a 
member of the Mandelbrot set. If it re
mains below 2.0 for all the iterations we 
attempt , the best we can say is that it 
hasn ' t blown up yet and thal the point 
may be a member of the set . 

The test becomes more reliable with 
more iterations. For example. if one 
point blow up after 2 iterations and its 
neighbor survives 1000 iterations, the 
second one is probably a Mandelbrot set 
point. The iteration limit must be the 
same for all the points in a given image, 
although the particular value depends on 
where that image lies in the complex 
plane. 

The algorithm behind the Mandelbrot 
set is shown in listing la. As you can see , 
despite the foregoing discussion, it's sim
ple enough to fit on only a few lines- the 
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sort of program I li ke. 
Figuring the magnitude of a complex 

number requires a square root, but that is 
adifficult and time-consuming operation 
for a microprocessor. Fortunately, we 
can avoid extracting a square root by 
simply changing the comparison : When
ever the magnitude exceeds 2.0, the 
square of the magnitude will exceed 4.0. 
Li ting I b shows the revised loop. 

Determining whether a point is in the 
Mandelbrot set is simply a matter of eval
uating the algorith m in listing I b until it 
terminates. If the final count is less than 
the iteration limit, the point is definitely 
not in the Mandelbrot set. If the count 
equals the iteration limit , the point is 
either in the set or the limit is too low to 
rule it out; in either case, we assume that 
the point is in the set. 

By convention, all the points in the 
Mandelbrot set are colored black. The it 
eration count for the remaining points se 
lects one of the colors available on the 
display , so the rainbow hues are a direct 
indication of the size of the iteration 
count. The blue pixels in photo 1 had the 
fewest iterations, the green ones had 
more, and so on up to the bright white 
pixels adjacent to the central black area 
marking the set proper. 

Floating Points 
The center of the image in photo I lies at 
-0.5 + Oi in the complex plane, and the 
horizontal axis is about 3.6 units long. 
The EGA was in 640- by 350-pixel 
mode , so 224,000 separate pix.els are 
shown on the screen. You have to evalu
ate the algorithm in listing I at each one 
of those points, so you can see why Man
delbrot set images take so long to create. 

Because the entire area of the Mandel
brot sel must lie within a circle 2 .0 units 
in radius centered on the origin (think 
about it for a while), the calculations 
must be done with numbers that can rep
resent fractions. The familiar integer 
variables used for most purposes in pro
grams simply do not have the range of 
values needed for the Mandelbrot set. 

Because IBM designed the original 
PC with a socket for a math coprocessor, 
nearly everyone is familiar with float 
ing-point numbers. Jn fact. that single 
design decision may have had more to do 
with the spread of PCs in the engineering 
domain than any other; for the first time, 
floating-point math on a small computer 
wasn't prohibitively slow . 

But it turns out that floating-point 
numbers are not well sui ted for the Man
delbrot set calculations despite the fact 
that they are quite easy to use. The Man
delbrot engine uses real numbers , to be 

sure, but they have a fixed -point repre 
sentat ion rather than floating-point. To 
explain why, I must first detour into 
floating-point numbers and return via 
fixed points . 

All numeric values within a computer 
are represented by a fixed number of 
bits. Remember that a single byte of 8 bits 
can take on 256 different values. and that 
2 bytes can count 65,536 va lues. The C 
programming language (and others, as 
well) allows long integers that have 4 
bytes and about 4 x 109 different values. 
The key idea is that a given number of 
bits can take on only a fixed number of 
different values. 

The mathematical definition of a real 
number poses a problem for computer 
implementations. Between any two real 
numbers, no matter how close together, 
are an infinite number of other real num
bers . Representing an infinite quantity 
requires an infinite number of bits , so 
computers simply can't represent all the 
real numbers correctly . 

floating -point numbers represent 
"lots" of real numbers in a "few" bits. 
The trick is similar to the scientific not.a
tion I used just above. Instead of writing 
4,000,000,000, I used 4 X 109 and saved 
quite a bit of space. Each floating-point 
number has three parts : the mantissa, the 
sign, and the exponent. The mantissa en
codes the significant figures of the real 
number, the sign tells you if the mantissa 
is positive or negative, and the exponent 
represenis the magnitude. 

Figure 2 shows the floating-point 
equivalents of some common numbers. 
Note that the exponent is actually an ex 

(a) 

ponent of2 rather than the IO used in sci
entific notation. The exponent is selected 
so that the manti sa is a lways between 
0 .5 and 1.0. which you can ee by com
paring the values for I, 0.5, and 0 .25. 
Because the decimal point (or , more ex
actly, the binary point) can be located 
anywhere in the mantissa, the represen
tation is called floating-point. 

Figure 3 shows the IEEE standard for
mal for the floating-point numbers 

continued 

0.0 	= -10 x 0 x 20 

sign - O 

mantissa"" 0 

exponent .. 0 (by convention) 


1.0 	- - 10 x 1 x 20 

sign"' 0 

mantissa"' 1 

exponent = O 


2.0 	- - , 0 x , x 21 

sign - . 0 

mantissa "' 1 

exponent ,. 1 

-	 2.0 "" - 1' x 1 x 21 

sign = 1 

mantissa= 1 

exponent "' 1 


0.5 .. - 10 x 1 x z-1 

sign= 0 

mantissa - 1 

exponent • - 1 


- 0.25 .. - 10 x 1 x 2"2 
sign- - 1 
mantissa= 1 
exponent = - 2 

Figure 2: Some common numbers 
wri11en in the floating-point format. 

I<-----4 byt&S - 32 bils ----->I 

seeeeeee emmmmmmm mmmmmmmm mmmmmmmm 


(s)ign· 1 bit 

(e}xponent • 8 bits 

(m)antls.sa • 31 bits 


(b) 

l<----------8 byles • 64 bits----------> I 
seeeeeee eeeemmmm mmmmmmmm mmmmmmmm mmmmmmmm ... mmmmmmmm 

(s)lgn-1 bit 

(e)xponent • 1 1 btts 

(m)anll$$a - 52 bits 


Figure 3: IEEE standardfloa1ing-point fomiats. (a) The format for 4-byte 
floating -point numbers (float ). This representation has a ra11ge of +I- 3.4 x 
10-Js t0 + /- 3.4 x 1011 and a precision ofsix to seven decimal digits. (b) The 8
byte double format , which has a range of+/- 1. 7 x 100-30• to +/- 1. 7 x 101os 
and a precision of 15 to 16 decimal digits. 
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known 10 Microsoft C programmers as 
float and double variables. C program 
typically use double variables whenever 
floating-point numbers are required, but 
there's a trap for the unwary in this 
practice. 

Many common real -world program
ming problems are well behaved, in that 
the real numbers are all within a few 
orders of magnitude of each other . For 
example, in electrical engineering, the 
range of values extends from about 10- u 
to 10 12 or so (I femtofarad to 1gigahertz, 
for example). Calculations tend not to 
ex.ceed these bounds, so programmers 
can get away with double variables most 
of the time. 

Mandelbrot set calculations, on the 
other hand, require more precision than 
even doubles can provide. Photos 2a 
through 2c show the spike on the left
hand edge of the Mandelbrot se.t in in
creasing magnification. As you can see, 
there's not much change in structure as 
you zoom in on the set. Th is is one of the 
defining characteristics of a fractal fig 
ure. The level of detail and overall struc 
ture are similar at all magnifications. In 
some sense, the picture is the same re
gardJess of the magnification . 

To contrast this with ordinary objects, 
try magnifying the period at the end of 
this sentence by a factor of 10,000. The 
period is about 0.015 inch across, so the 
disk would be 150 inches in diameter . 
The difference in structure between the 
page and the period hou ld be obvious. 

Photo 2c magnifies the tip of the spike 
by 1012. This is a magnification almost 
beyond comparison, but here' an anal 
ogy: The mean distance between the 
earth and un is 92 x 106 miles or 5.83 
x 1012 inches. One inch magnified by a 
factor of 10 12 is one-fifth of the way to 
the sun. 

Pixels in photo 1 are 0.0056 (3 .6/640) 
units across, while pixels in photo 2c are 
5.6 x 10· 1j units aero s. The horizontal 
coordinates of the left edge of the spike 
are about 2.0 in both pictures, so you are 
looking at a single picture that spans 15 
order of magnitude. Recall that float 
variables have only six digits of preci 
sion, and you will begin to see why they 
would be inadequate. 

Because the Mandelbrot et calcula
tions use the results of one iteration as the 
source for the next pass, there is an inev
itable loss of precision in the calcula
tions. This is often called truncation 
error, because the true value of a real 
number must be truncated to fit within 
the available precision. The size of the 
truncation error increases with the num
ber of iterations and is roughly the loga
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rithm of the iteration count. 
The calculations in photo 1 were car

ried out with an iteration limit of 64, so 
about two digits (log 64 = 1.8) of preci 
sion were lost to truncation near the black 
areas marking the Mandelbrot set. Many 
interesting images require hundreds of it
erations, so the precision loss can exceed 
three or four digits . 

lf the image requires 15 digits of preci

sion just to represent the coordinates and 
4 digits to contain the truncation error, 
what happen when the program uses 
float variables having only 6 digits? 
The answer is painfully obvious: See 
photo 3. Some of you have seen this ef
fect in your programs, and now you 
know what caused the failure . 

Using double variables doesn't solve 
the problem. Photo 2a needs about 18 

Photo 2a: The "spike" at the left end ofthe set magnified JO times. 

Photo 2b: The "spike" at the left end ofthe set magnified JOO times. 
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digits of precision, which is 2 or 3 more 

than double numbers can offer. What 

can you do? 


Fixed Precision 

Alt.bough the Mandelbrot set calcula

tions require high precision, they don't 

requjre a luge dynamic range. The en

tire Mandelbrot set lies within coordi

nates of +2.0 to -2.0, and the largest 


useful magnitude is only 4.0; some of the 
exponent bits in float and double num
bers are wasted. Being able to represent 
numbers as large as 10301 is no advantage 
in these calcuJations. 

Figure 4 shows how real numbers are 
encoded in the Mandelbrot engine . 
There is no exponent, so there is no way 
to "float" the binary point in the man
tissa. With the binary point in a predeter-

Photo 2c: The "spike" at the le/1 end ofthe set magn.ifiea JOll times. 

boto 3: Using float variables while performing the same magnificalion as in 
'wto 2c (10'2 times) makes precision loss due 10 truncation obvious. 

mined location, these numbers arefu:ed
poinl numbers. The values are stored in 
two's complement notation, rather than 
the sign-magnitude used in IEEE float
ing-point numbers. The complete value 
occupies the same number of bytes as a 
double number, but it has at least three 
more digits of precision. 

It turns out that fixed-point number 
programs are both simpler and faster 
than floating-point code, simply because 
there's no need to work with the expo
nent. Simplicity is particularly impor
tant in the Mandelbrot engine, because 
the code is written in 8051 assembly 
language. 

Fixed-point addition is also easy to 
understand. Listing 2 shows the 8051 
code needed to add two fixed-point num
bers, given two pointers to the start of 
each number. The loop simply adds cor
responding bytes and propagates any car
ries to the left. 

It 's worth noting that the 8051, despite 
its Intel heritage, stores 2-byte integers 
with the high-order byte in the low-order 
address, so the addition proceeds down
ward from the bjgh addresses. This is the 
convention used by Motorola processors 
and is exactly opposite from the Intel 
8088 family. As you might expect, there 
are conversion routines in the AT driver 
code to convert from the 8088 convention 
(low byte first) to the 8051 convention 
(high byte first). 

Although addition is simple, multipli
cation and division are not. I was able to 
skip dMsioo because the Mandelbrot set 
calculations rudn't need it, but multipli
cation was essential. The 8051 instruc
tion set includes a muJtiply that produces 
a 16-bit product from two 8-bit inputs in 
only 4 mjcrose<:onds (µs), but combining 
the partial products into the final answer 
took some tricky coding. 

Multiplying two 8-byte fi:ited-point 
numbers produces a 16-byte product. A 
little pencil work will show you that there 
are 64 multiplies and 56 2-byte additions 
to combine th.e partial products. Because 
each addition can generate a carry into 
the next byt.e, there are a considerable 
number of additional steps to propagate 
the carries throughout the partial prod
ucts. Finally, the product bas to be 
aligned so that the binary point is in the 
right location (if the point can't float , the 
number must). 

Normal extended-precision multipli 
cation routines use a series of nested 
loops to handle the repetitive calcula
tions. Because this routine is used four 
times in each iteration, I coded it as a 
monster macro that creates about 2.5K 

cominued 
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bytes of straight -line code. Space consid
erations prohibit printing such an incred
ible buJk here, bur it ' available for your 
inspection on the Circuit Cellar BBS. 

Because the dynamic range is so low, 
many of the math routines check their in
puts to prevent overflows. For example, 

the squaring routine will flag an attempt 
to square a number greater than 2.0. Un
like most math routines (which signal an 
error), that overflow simply indicates 
that the magnitude of a complex number 
will exceed 4.0, so the Mandelbrot cal 
culations for that case are finished . 

I< 8 bytes "' 64 bits >I 
sl iiffff ffffffff ffffffff ffffffff ffflfftf ... ffffffff 

sign· 1 bit 
Integer - 3 bits 
fraction· 60 bits 

Sample values. with only the first 4 bytes shown: 

Value Binary Hexadecimal 
0 .0 0000.0000000000000000000 00 00 00 00 
1.0 0001 .00000000000000000000 10 00 00 00 
2.0 0010.00000000000000000000 20 00 00 00 

-1 .0 111 1 .00000000000000000000 FO 00 00 00 
-2.0 11 10.00000000000000000 EO 00 00 00 

0 .5 0000., 0000000000000000000 08 00 00 00 
0.25 0000.0100000000000000000 04 00 00 00 

-0.5 1111 .10000000000000000000 F8 00 00 00 
- 0.25 , , 11 .11000000000000000000 FC 00 00 00 

Figure 4: Circuit Cellar Mandelbrot engine fixed-poim numbers. Each number 
occupies 8 byres ofstorage and has a range of - 8. 0 to + 7. 999 . .. Giid a precision oj 
l 9 decimal digits. In Imel 805 l code. the high-order byte is stored in the lowest 
address· this is the reverse ofthe convemion used in orher Imel processors. Values 
are stored in two 's compleme111 notation. The implied bi11ary poim does 1101 occupy 
a bit location. 

Complex Numbers 


Back in the bad old days, when com
puters filled rooms with racks of vacuum 
tubes, there were no math coprocessors. 
A great deal of work went into creating 
algorithms 1hat cou ld use fixed-poinl 
numbers to give useful results. Having to 
deal with a little of that analysis for this 
project made me appreciate the early pio
neer a whole lot more. 

Now that you have an appreciation for 
the calculat ions behind the Mandelbrot 
set, I can describe how the engine actu
ally works. 

The Big Picture 
Any computer system must have some 
means to get data in, select and run pro
grams, and gel the results back out. A 
general-purpose multiprocessor (if tha1 
isn ' t an oxymoron) must have extensive 
I/O faciJities and a programming lan
guage that supports the array of proces
sors. But, as I said in the beginning, I'm 
not interested in supporting a ll the soft
ware that' needed for a general-purpose 
supercomputer . 

The Mandelbrot engine is dedkated to 
olving the iterative formula that com

putes the Mandelbrot set. Thal dedica
tion simplifies the process of selecting 
and running programs: There is but a 
single program! The Intel 8751 single
chip microcontroller is an ideal proces
sor element , because that program is 
burned into the On-<.'.hip EPROM. Once 

A complex number is made up of two 
eparate numbers, wh.ich, for his

toric reasons, are called the real and 
imaginary componenis. The imaginary 
component is distinguished by a lower
case i either before or after the number. 
For xample, 

1+ 2i or I + i2 

is a complex number with a real part of 
I and an imaginary part of 2. The real 
and imaginary components are rarely 
integers, so you' ll often see complex 
numbers wriuen with decimal frac
tions: 

1.2345 + 0.432 li 

Electrical engineers often use j instead 
of i, because the symbol for electric cur
rent is i. 

Because oomplex numbers have two 
components, they can be plotted on a 

plane, with the real component along 
the x (horiwntal) axis and the imagi
nary component along the y (vertical) 
axis. Thjs plane is often referred to as 
the complex plane because it contains 
all possible complex numbers . 

Adding and subtracting complex 
numbers is a simple matter of keeping 
track of the reaJ and imaginary compo
nen.ts separately. For example, the sum 
{l +2i) + (3+4i) evaluates to 4+ 6i , 
whil.e the difference (1 + 2i) - (3+4i) 
becomes - 2 - 2i. 

Forming the square of a complex 
number is a somewhat trickier opera
tion. Squaring the number 3 + 4i pro
ceeds in this fu hion: 

(3+4[)2=(3+4i) X (3+4i) == 3X3 + 
3X4i + 3X4i + 4iX4i = 9 + 12i + 
12i + 16i2 = 9 + 24i - 16 = -7+24i 

Simplifying (l6i)i to -16 uses the fact 
that i denotes the square root of - 1, 

which is why the imaginary component 
is called "imaginary"- it isn't one of 
the numbers we use in lhe real world. 

I'I I avoid describing complex division 
because the Mandelbrot formulas don 't 
need it. If you're interested, your local 
library probably has a book on complex 
numbers that shows how division of 
complex numbers works. 

Each complex number has a magni
tude that represent the "size" of the 
number. The magnitude of the complex 
number z is given by the formula 

Mag(z) =((Re(z)l + Im(z)l) 

where Re{z) and lm(z) denote the real 
and imaginary components, respectively. 
The magnitude is simply the hypotenuse 
of a right triangle with sides Re(z) and 
Im(z). For example, the magnitude of 
3+4i is Mag(3+4l) = [(Re(3 + 4i)Z + 
Im(3 +4i)2) = ((31 + 41) = ((9 + 16) = 
[(25) =5. 
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programmed . the chip doesn't need a 
disk drive or tape drive to get tarted; 
simply turn on the power and release the 
reset line, and the program is up and run
ning immediately. 

The issues of data communication are 
not so simply resolved . Once again , 
though, because we are dealing only with 
the Mandelbrot set , there is little need for 
interprocessor communication during 
the computations. Although the 8751 in
cludes an on-chip serial port, there isn' t 
enough room for a general-purpose net
work , and there isn't enough space in the 
EPROM for much of a network operating 
sy tern. 

Refer back to figure I to see how the 
communications are handled. All the 
8751 serial inputs are connected together 
and driven by the AT's serial output. 
Similarly , all the 8751 serial output are 
connected together to drive the AT's 
serial inpul. Of course , there are com
municalion buffers along the way to en
sure that the ports are not overloaded. 

Each processor has a unique ID num
ber assigned during the initialization se
quence , which I'll describe next month . 
The AT can address a message to any 
number of processors in the array. If the 
message goes to a single processor, all 
other elements ignore the message and 
continue with their computations. 

It' s easy enough to c-0ntrol transmis
sions from the AT to the engine's proces
sors, because there is only one sender on 
the line. Getting information back 
without collisions between processor 
could be very complicated , but another 
characteristic of the Mandelbrot set cal
culations came to our rescue. 

Despite the exquisite precision re
quired during the enormous number of 
calculations in each engine, the results 
can be summed up in l or 2 bytes. Poll
ing each processor for its result didn ' t 
make any sense , because the necessary 
handshaking would reduce lhe effective 
data rate by at least a factor of 4 . S-Ome 
coordination is required , though , be
cause lhe processors must return their re
sults in a known sequence . 

The "chain-in" line shown in figure l 
organizes the output communications. It 
daisy chains through all the proces ors in 
the engine, so the AT is connected to the 
first processor, which drives the second, 
which drives the third, and so on to the 
last processor, which is connected back 
to the AT. The key to this is the 8751 pro
gram , which will output its result only 
when its chain-in line is active , then tog
gle its chain-out line when transmission 
is complete. 

The AT driver program gets ready to 

receive a set of results, then toggles its 
chain-out line . The first processor sends 
its result , then the second, and so forth 
through the array. The last processor 
sends its result and toggles the AT 's 
chain-in line. which tell s the AT that all 
results are complete. The cycle repeats 
when the AT is ready for lhe next set. 

Because the driver program knows 

how the processors were a . igned to 
pixel , it can put lhe results into the right 
places . The actual screen painti ng oc
curs between sets of pixels to reduce the 
loop overhead , so the results are metered 
out of the engine in bursts. The 8751 pro
gram will send only 1 byte if the iteration 
limit i le s than 256, which reduces the 

continued 

Listing 2: The 8051 code 10 add two fixed-poinr numbers. 

Md t \o/O l ong i ntege r s 
RO point s to the high orde r byt e o f the ta r-get 
Rl points t.o the h i gh o r de r byte o f the .source 
Mashe s A, B, and Rl 
Re t ur ns RO unchanged 

NUMLEN EQU B by t es per fi xed po in t. number 
long_ add PROC 
PUB LIC long add 

MOV A, RO po i nt to e nd of ta rget 
ADD A,#NUMLE N- 1 
MOV RO ,A 
MOI/ A, Rl poin t to e nd o f s ourc e 
ADD A, I NUMLEN - 1 
MOV Rl , A 
MOV B, INUMLEN number t. o add 
CLR c se t up fo r loo p 
L?loop EQU $ 
MOV A. @RO p i ck up target. 
ADDC A, @Rl t ack o n buffer 
MOV @RO , A drop into target 
DEC RO tick po i n t e r s 
DEC Rl 
DJNZ B, L? l oop r epe a t for .:ill b ytes 
RET 

long_add ENDPROC 

Photo 4: The driver program's w om box. It is possible for you to home in 0 11 an 
interesting part ofthe array and magnify it. 
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data transmission time by a factor of2 for 
most images. 

You may wonder why I would pick a 
serial link instead of a parallel port. The 
answer is simple: It work ! A standard 
RS-232C serial link can send 1 byte in 
about 380 µ.s at 28,800 bits per second. 
Compared to the Lime required to com
pute that byte, the transmission time is 
small. Only for trivial pictures does the 
transmission time for the full array ap
proach the c.omputation time. 

You might also wonder what effect the 
daisy chain has on the re ult throughput. 
After all, all the down-chain processors 
must wait on any proce sor that 's not 
ready when its chain-in signal becomes 
active. I'll di cuss performance next 
month, but suffice it to say that it's not 
all that bad. The processors already 
polled have started on their next set of 
computations, and the remaining proces
sors are probably still running through 
the current iterations. Only in the case 
where one processor hits a point in the 
Mandelbrot set while all others are out
side does this delay become significant. 

Because results from the Mandelbrot 
set calculations are shown on a graphics 

display, it's only natural that you should 
use a graphical means to select which 
part of the array to view. The driver pro
gram creates an overall view of the 
array, shown in photo 4. 

Coming Attractions 
Now that you understand how the Circuit 
Cellar Mandelbrot engine works, I can 
describe the actual hardware used to 
build it. Jn the final part of the series, I'll 
cover the hardware construction and the 
AT driver program needed to get the 
images up on the screen. • 

To receive information about the Circuit 
Cellar Ink publication for ha.rd\.Vil.re de
signers and developers, please circle 100 
on the Reader Service inquiry card at the 
back of the magazine. 

Special thanks to Ed Nisley and Merrill 
Lathers for their expert contributions to 
this project. 

EdJtol"'S Note: Steve often refers to previous 
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PolyAWK-- The Toolbox Language·~ 

~oosl For C, Pascal, Assembly & BASIC Programmers. ro][] 
We call PolyAWK our "toolbox" language 
because ii i5 a general·purpo language that 
can replace a host of specialized tools or pro
grams. You will still use your standard language 
(C, Pascal, A sembler or other modular 
language) to develop applications, but you will 
write your own pecialized development tools 
and programs with thi versatile, impl and 
powerful language. Like thousands of others, 
you will soon find PolyA1..VK to be an indi · 
pen able part of your toolbox. 

A True Implementation 
Under MS-DOS & OS/2 

Bell Labs brought the world UNIX and C, and 
now professional programmers are discovering 
AWK. AWK was originally developed for UNIX 
by Alfred Aho, Richard Weinberger & Brian 
Kernighan of Bell Labs. Now PolyAWK gives 
MS-DOS programmers a true implementation 
of thi valuable "new" programming tool. 
PolyAWK fully conforms to the AWK standard 
as defined by the original authors in thetr book. 
17ie AWK Progmm111i11g l..a11g11age. 

A Pattern Matching Language 
PolyAWK i a powerful pattern matching 
language for writing short programs to handle 
common text manipulation and dala conver
ion tasks, multiple input mes, dynamic regular 

expre sions. and user-defined functions. A 
PolyAWK program consists of a sequence of 
patterns and actions that tell what to look for 
in the input data and what to do when it's 
found. PolyAWK searches a set of files for lines 
matched by any of the patterns. When a match· 
ing line is found, the corresponding action is 
performed. A pattern can select lines by com· 
bi.nations of regular pressions and com
parison operations on strings, numbers, fields, 
variables, and array elemenlS. Actions may per· 
form arbitrary processing on selected line . The 
action language looks like C, but there are no 
dedarations, and strings and numbers are built· 
in data type . 

Saves You Time & Effort 
The most compelling reason to use PolyAWK is 
that you can literally accompli h in a few line 
of code what may lak pages in C, Pascal or 
Assembler. Programmers spend a lot of time 
writing code to perform imple, mechanical 
data manipulation - changing the format of 
data, checking its validity, finding item with 
some property. adding up numbers and print
ing reports. It is time consuming lo have lo 
write a pecial-purpose program in a standard 

$199 OS/2 	 Requfres 
MS"OOS 2.0 or above

$ 99 MS-DOS or OS/2 & 256K RAM 

When you order PolyAWK you receive a copy
ol The AWK Progrsmming Language written by
the authors of the original UNIX-based AWK. 
The book begins wlth a IUlorial that shows how 
easy AWK is to use. followed by a comprehen
sive manual. Because PolyAWKis a complete
implementation of AWK as defined by the 
book's authors, you will use th is book as the 
manual !or PolyAWK. 
You can purchase PolyAWK and the book, The 
AWKProgramming Language for $99 (MS.DOS) 
or $199 (0512). Purchase bolh the MS-DOS and 
OS/2 versions for $249 and save $49 (includes 
one book). II you already have the book, you can 
order PolyAWK software only for $85 (MS-DOS) 
or $185 (0Sl2). which is $14 olf the tegular pur
chase price. (The book serves as the User's 
Manual, so you you should already have a copy 
of the book If you are ordering the software ooly.) 

PolyShell Bonus For MS-DOS! 
PolyShell gives you 57or1he most useful UNIX 
commands and utilities under MS-DOS in less 
than 20K. You can still use MS-DOS commands 
al any lime and exit or restart PolyShell without 
rebooting. MS-DOS programmers - discover 
whal you have been missing! UNIX program· 
mers - swi tch to MS-DOS pain lessly!
PolyShell and PolyAWK are each $99 when 
ordered separately. Save $50 by ordering the 
PolyShell + PolyAWKcombination package !or 
$149 (MS-DOS only). Nol copy-protooted. 

30..Day Money Back Guarantee 
Cr~dit Card Orders: 

1-800-547-4000 
Ask for Dept. BYT 


Send Checks and P.O.sTo: 

POLYTRO Corporation 


1700 W 167th Place, Beaverton, OR 97006 

(50.3) 645-1150 - FAX: (503) 645-4576 


language like C or Pascal each time such a task 
comes up. With PolyAWK, you can handle uch 
tasks with very short programs, often only one 
or two lines long. 

Prototype With PolyAWK, 
Translate To Another Language 

The brevity of expression and convenience of 
operations make PolyAWK valuable for proto
typing even large-sized programs. You start 
with a few lines, then refine the program, ex· 
perimenting with designs by trying alternatives 
until you get the desired result. Since programs 
are short, it's easy to get S!arted and easy to start 
over when experience suggests a different 
direction. PolyAWK has even been used for 
software engineering courses because it's possi· 
ble to experiment with designs much more 
readily than with l<uger languages. It's straight· 
forwclrd to tran late a PolyAWT< program into 
another language once the design is right. 

Very Concise Code 
Where progrnm development lime is more 
important than run time, AWK is hard lo beat. 
These AWK characteristics let you write short 
clnd conci e programs: 
• The implicit input loop and the pattem-adion 

paradigm simplify and often entirely elimi
nate control flow. 

• Field plitting parses the most common fonns 
of input, while numbers and strings and the 
coercion between them handle the most 
common data types. 

• Associative arrays use ordinary string5 as the 
index in the array and offer an easy way to 
implement a single-key database. 

• Regular expressions are a uniform notation 
for describing patterns of text. 

• Default initialization and the 	ab ence of 
declarations shorten programs. 

Large Model 
Implementation 

PolyAWK is a large model implementation and 
can use all of available memory to run big pro
grams or recld files greclter than 64.K. 

Math Support 
PolyAWK also includes exten ive support for 
math functions such a strings, integers, 
floating point numbers and transcendental 
functions (sin, log, etc.) for scientific applica
tions. Conversion between these types is 
automatic and always optimized for speed 
without compromising accuracy. 

® 
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EMBEDDED• LANGUAGES 

ExTalk allows users 
to extend the 
capabilities of your 
application programs 

T
hough the term "embedded lan
guages" suggests a subject ex
plored only by programmers, 
the topic is closer to home than 

you might think . Have you ever created 
your own custom log-on routine with 
your favorite communication package's 
script language? Or written a macro for 
your word processor to remove superflu· 
ous spaces between words? Script and 
macro programs are both embedded 
languages. 

You could think of embedded lan
guages as miniature programming envi
ronments within an application that per
mit the user to customize and extend the 
application beyond what its designers had 
anticipated . There are other examples of 
embedded languages (so called because 
the language is embedded within the 
larger application) ; for example, some 
database packages include embedded 
languages so extensive that most of your 
work with the package actually involves 
programming on a par with "traditional" 
high-level language development. 

In this article, I am going to describe a 
simple language that I have designed that 
you can embed in your application pro
gram to provide a facility for users to 
ext.end the application. I call the lan
guage ExTalk. ExTalk is a fairly stan· 
dard Algol-like procedural language 
with the expected control structures, like 
IF ... THEN .. . ELSE, WHILE.. . DO, 
BEGIN ... END , and functions with ar
guments . It also supports object-oriented 
programming with message passing and 
inheritance. If you've had experience 
with C, Pascal, or any of the modern ver
sions of BASIC , then you'll most likely 

be right at home with ExTalk's syntax. 
In addition to providing normal pro

gramming constructs, ExTalk has a fa
cility for extending the language with 
functions that are unique to the applica
tion it is embedded in. So, for example, if 
you're writing the world's next great 
CAD program, a user could call on this 
faciJity to access functions already built 
into your package for drawing polygons 
on the screen . Or perhaps you're build
ing a communications program and 
you 've already designed the routine for 
handling the Kermit protocol; ExTalk's 
extension capabilities would allow a user 
to call your Kermit routines from a com
munication's script to create a custom 
file-transfer program. 

What's Inside 
ExTalk consists of a compiler that trans
lates ExTalk source programs into code 
for a virtual machine . This virtual ma
chine code is then executed by an inter
preter. This approach simplifies the pro
cess ofponing ExTal k to other machines 
that support the C language (ExTalk is 
written entirely in C) . It will work with 
any compiler that is compatible with 
K&R C. (If you've got the BDS C com
piler, you're probably out of luck.) To 
add ExTalk to an application, you simply 
compile ExTalk's compiler and inter
preter and link them into your applica
tion program. 

As I mentioned earlier, ExTalk's syn
tax should be familiar to most program
mers . An example of ExTalk code for the 
factorial function is shown in listing I. 
This is the standard recursive implemen
tation of the factorial function. Notice 
that there are no type declarations; in Ex
Talk, data is typed, not variables. Con
sequently , any variable or function pa
rameter can take on any type of value . 

To use this function , you need to com
pile it into bytecode, the instructions that 
the ExTalk interpreter understands. You 
compile the function through the ExTalk 
compiler, which stores the resulting code 

as the value of the function name sym
bol- factor ial , in this case. Listing 2 
shows the code that the ExTalk compiler 
produces for the factor ial function. 
(I've added comments to clar ify the 
code.) 

By careful examination of the code, 
you have probably deduced that the Ex
Talk virtual machine is a stack machine 
(see the text box "Inside ExTalk" on 
page 412) . That is, instead of registers, 
the EYM 's primary operating storage 
during instruction execution is a FIFO 
stack (see figure 1 for a diagram of the 
virtual machine's architecture) . 

Instructions always operate on the top 
few stack entries . For instance, the KUL 
in truction multiplies the top stack entry 
with the second stack entry and replaces 
both with the result. The LIT instruction 
moves a value from an array of literals 
associated with the compiled function to 
the top of the stack . 

Each oft.he bytecode instructions con
sists of an op-code byte, possibly fol
lowed by one or more exten ion bytes. 
The MUL instruction takes just a single 
byte while the BRF (branch on false) in
struction takes 3 bytes-one for the in
struction, and two extension bytes to en
code a 16-bit offset from the base of the 
function as the target for the branch. 

The bytecode interpreter simply 
fetches each instruction and simulates 
the effect of that instruction, thereby 
creating the virtual machine. Some in
structions move values to and from the 
stack; others load or store values into 

continued 

Listing 1: ExTalk listing/or a 
function that computes the 
factorial ofa number n. 

Function facto rial (n ) 
If n = 0 

Then l 
el s e n * fac t oria l(n - 1 ) 
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global symbols or function arguments . 
You call lhe ExTalk bytecode inter

preter with a single argument- specifi
cally , the name of the function to exe
cute . The function itself must not take 
any arguments, and its return value is 
discarded upon completion . The inter
preter starts by creating a dummy stack 
frame for the named function and then 
transferring control to the function. ff 
the function i compiled bytecode, the 
interpreter enters the instruction fetch 
cycle . If it is an extension function 
(which I'll describe in a moment), the 

interpreter then ca lls the corresponding 
C function. 

Extending the Language 
For ExTaJk to be useful as an embedded 
language, the developer must be able to 
extend it with functions specific to the 
application you decide to embed it in. 
You could do th is by adding op codes for 
each applicat ion-specific function you 
want ExTalk to support , and then writ
ing the addjtional C routines the byte
code interpreter will need to handle these 
new op codes. This has the advantage 

Listing 2: E.xTalk. virtual machine bytecode for the program in listing I. 

PUSH m<1 k.e room o n t he 5t i1 CK 
ARG 00 move a r:gume nt ze r:o to the st a c k 
!?U SH ma ke room on t he s tac k 
LIT 02 move l i t er:al 2 to the Stilck (OJ 
C:Q c omp a r:e t he top t wo s t ack en t r: i es 
BRF Ll b r: anch if they are not e qu a l 
LIT 03 move literal 3 to t he s tack {l) 

BR L2 b ranch arou nd t he e l se clause 
Ll ARG 00 move <1r-gument i:ero to t he s t <1 c k 

PUSH make ro om on t he s tac k 
VAR 04 move va l ue of FACTORI AL to t he s tac k 
PU SH make r oom on t h e stack 
ARG 00 mo v e <1r:gume nt zer:o to the St il Ck 
PUSH make r oom on the stack 
LIT 05 mo ve litera l 5 to the stack (1 ) 

S tJ B s ubtrac t the t op t wo s t a ck e nt r i e s 
CALL 01 call the FAC TOR I AL fun ction 
MU L mu l t i p l y t he top t wo stack en t r: i e s 

L2 RET URN r:etur:n from FACTOR I AL 

Compiled function 
Stack --~~~~~~~--. 

argc 
old Ip 
old pc 

arg3 
arg2 
argl 
lcn 

code bytecodes 

lit1 
lit2 

1113 
llt4 

li15 

pc 

Figure 1: Inside the ExTalk virtual machine. The stack-pointer pseudoregister is 
sp . and thef rome-pointer pseudoregister is fp. The pseudoregister code points to the 
current compiled function and is usedforaccess 10 the literals. The cbase 
pseudoregister points to the base ofthe string ofbytecodes associated with the current 
f1mction. and pc points to the op code of the next bytecode instruction to execute. 

that the interpreter will not require spe
cial code 10 dispatch 10 the application 
functions . However, it has the disadvan
tage that only a limited number of op 
codes are available (256, since ExTalk 
has an 8-bit op code), and ExTalk al 
ready uses some to define its rudimen
tary instructions. 

l have chosen a djfferent tack . In tead 
of adding op codes , l have introduced a 
new data type for application functions . 
When the bytecode interpreter executes a 
CALL instruction, it looks at the data type 
of the procedure being called . If the pro
cedure is a compiled bytecode proce
dure, it invokes the interpreter recur
sively to execute the bytecodes that are 
associated with the called function . If 
the procedure is an application function , 
the bytecode interpreter retrieves the ad
dre s of the C language procedure that 
handles the application function and 
calls that function. Since the C proce
dure ha access to the EVM' stack , you 
can use that tack to pass a,guments to 
and from ExTalk and the application 
functions. 

An example of an application-specific 
function appears in listing 3. Since I 
wrote ExTalk on a Macintosh computer. 
this example shows how to draw a line in 
a Macintosh window . 

The ExTal k compiler generates code 
that pushe the arguments on the stack 
from left to right . Since the stack grows 
from high memory to low memory, the 
arguments appear in reverse order on the 
tack. When an extension function is 

called, the last argument is on the top of 
the stack (in the stack element array 
sp[O]), and each preceding argument is 
at a higher location in the stack (the next
to-last argument is in sp [ l ], and o on). 
Since the LineTo function takes two ar
guments, the first is in sp[l] and the 
second is in sp [O ) . 

First, the routine calls chktype to 
check the types of the two arguments. 
For LlneTo, both arguments must be in
tegers . Next, LineTo fetches the va lues 
of the arguments from the stack. Since 
ExTalk allows arguments of any type to 
be passed to functions , each va lue on the 
stack contains both a type field and a 
value field. The chktype macro checks 
the type field of the specified stack en
try. When a routine fetches the value of a 
stack entry, it uses the value field. The 
expression sp [1] .v.v_1nteger fetches 
the integer value of the econd element 
on the stack . 

After fetching the values of the rwo ar
guments, LineTo saves the current port , 
sets the port to the graphics window , and 

continued 
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Inside ExTalk 

F ollowing is a list of the instruction 

set for the ExTal k virtual mach ine . 
I've grouped the instructions based on 
operation and provided a brief descrip
tion of each . 

Branch lns1r11c1ions: 

BRT nnnn Branch oo true 
BRF nnn.n Branch on false 
BR nnnn Branch unconditionally 

The branch instructions BRT, BRF, and 
BR take a 16-bit offset in the 2 bytes fol 
lowing the op-code byte. If the branch is 
taken, the new PC is determined by 
adding the offset to the base address of 
the bytecode SLring. 

Constants atid Variables: 

LIT nn Load literal 
VAR nn Load a variable value 
SET nn Set the value of a variable 

The LIT, VAR, and SET instructions take 
an 8-bit offset into the literal vector in 
the byte following the op-code byte. 

Subroutine and Messaging : 

CALL nn Call a function 
SEND nn Send a message to an 

object 
SENDSUPER 

nn Send a message to super
class of self 

RETURN Return from a function 

The CALL, SEND, and SENDSUPER in
structions take the number of arguments 
in the byte following the op-rode byte. 

draws the line. Finally, the routine re
stores the aved port (u ing the Set
Port() routine), pops the arguments off 
the stack, stores the return value on the 
top of the stack, and exits . 

To make the LineTo function avail 
able to Ex.Talk programs , you must enter 
it into the symbol table . You do this with 
the following: 

ad<Lfunct1on( " LI NETO", 
ex_lineto) ; 
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Arguments, Instances, and 
Class Variables: 

ARG nn Load an argument value 
ASET n.n Set an argument value 
I VAR nn Load an instance variable 

value 
I VSET n.n Set an instance variable 
CVAR nn Load a class variable value 
CVSETnn Set a class variable 

TheARG,ASET, IVAR, IVSET,CVAR,and 
CVSET instructions take the argument, 
instance variable, or class variable num
ber in the byte following the op-code 
byte. 

Miscellaneous: 

TRUE 
FALSE 

PUSH 

NOT 
ADD 
SUB 
MUL 
DIV 
REM 

BAND 

BOR 

BNOT 
SHL 

SHR 

LT 

EQ 

GT 

Load top of stack with true 
Load top of stack with false 
Push nil onto stack 
Logical negate top ofstack 
Add top two stack entries 
Subtract top two stack entries 
Multiply top two stack entries 
Divide top two stack entries 
Remainder of top two stack 
entries 
Bitwise AND of top two stack 
entries 
Bitwise OR of top two tack 
entries 
Bitwise NOT oftop stack entry 
Shift second stack entry left by 
first 
Shift second stack entry right 
by first 
Compare top two entries for 
less than 
Compare top two entries for 
equal to 
Compare top two entries for 
greater than 

This adds the symbol LINETO to the sym
bol table and sets its value to be the ad
dress of tbe C func1ion ex._lineto. 
Now, all reference-s 10 the symbol LINE
TO will refer to this extension funct ion. 

You can now use the LineTo function 
in ExTalk just Li ke any built-in function . 
Listing 4 shows an Ex.Talk function that 
draws a square using the L1neTo func 
tion and the MoveTo function, which is 
defined using the same method I showed 
with LineTo. (Notice that Ex.Talk is not 

case-sens1t1ve. It considers the symbols 
LI NETOand LineTo lo be identical. ) 

A typical application would probably 
contain several hundred application-spe
ci fic functions. A spreadsheet might 
have functions for computing sums and 
averages of ranges of cells, while a com
munications program might have func
tions for conrrolling the modem and 
sending and receiving strings of charac
ters. These functions could be imple
mented either as extension functions , 
like Linero above , or as functions in Ex
Talk itself built on top of the lower-level 
extension functions, as I did with the 
s quare function. 

In either case, ExTalk, along with the 
application-specific extension functions , 
gives the user much more control over the 
behavior of the application than would be 
possible without an extension language. 
The user can add new functions to tbe ap
plication without having to wait for the 
next release of the application . Thus, you 
give the user much more flexibility in 
tailoring the application to suit his or her 
needs without having co resort to the 
kitchen sink approach. 

The ExTalk Compiler 
The ExTalk compiler reads a text file 
containing ExTalk source code and 
sends the compiled result to memory. 
You call the compiler with a single argu
ment that is simply the name of the file to 
compile . Functions are compiled, and 
the resulting function i stored a the 
value of the function name symbol. 

The compile r consists of a lexical 
scanner, a parser, and a code generator. 
It makes a single pass over the source 
code. The parser i an ordinary recursive 
descent type, and it generates bytecodes 
during the pa.rse rather than building an 
intermediate representation of the pro
gram . Listing 5 shows the part of the 
compiler that handles the "+" and " - " 
operators. 

First, ExTalk calls the do_exprJ () 
function to parse and generate code for 
the expression to the left of the operator. 
Then , using the t oken () function, it 
fetches the next token to see if it is either 
a" +" or a" - ." If it is, the program 
generates a PUSH instruction to reserve 
space on the run-time stack for the sec
ond operand and then calls do_expr3( ) 
to parse the expression to the right of 
the operator. After parsing the ri.ght 
hand expres ion , ExTalk generates the 
instruction that will perform the op 
eration (addition or subtraction) on the 
two values that are left on Lhe top of the 
stack. 

continued 



ASSEMBLER DEVELOPMENT ENVIRONMENT 

~"'~~ 

Acomplete, integrated macro assembler development environment for 
1he.!D6 family of processors under DOS. Including apowerful window
oriented source debugger, syntax checking editor, fast linker, and the 
FIRST INCREMENTAL ASSEMBLER. 

Other assembler development 
cycles look like this: 

.,._,, Edit Program
Debug 

Assemble 


Link 
' 	 Correct ' Reassemble ..- Syntax Errors 

Cyc le Time: 2-20 minutes (or more) 

With other systems, the development cycle 
for large programs can take several minutes 
involving a lot of tedious hopping from one 
program to another.The INCRA Assembly de· 
velopment environment is completely integrated. 
everything you need to develop assembler pro· 
grams or routines for programs in other lan
guages, is available at tfle touch of a key.With 
INCRA you go from program enny and editing to 
debugging instantly because the INCRA assem
bler is INCREMENTAL It updates the executable 
code as soon as you change the source - in 
milliseconds. And the powerful INCRA debug 
window is always ava ilable at the push of a 
key to trace through the program. If you find a 
mistake, just ftip to the editor and correct it 
then fl ip to the debugger and continue testing. 

The INCRA editor checks your assembler 
syntax as you enter, giving intelligent error 
messages that make it clear what was wrong 
and how to fix it - you never have to worry 
about waiting 5minutes fur a program to as
semble, only to find you have to do it all over 
because you forgot to put in a comma! INCRA 

The INCRA development cycle 
looks like this: 

Edit Debug 

Cycle Time: Less than 1Second! 

also contains a fast, integrated linker that can 
quickly pull in procedures from other modules 
and libraries at the push of abutton.The INCM 
incremental assembler works just as well on 
linked programs as on single modules, so you 
can develop large, multi-module programs, 
and mixed language programs with ease. And 
with INCRA. macros expand as soon as you 
enter them, no need to wait for assembly to 
see if the macro expanded the way you 
thought it would! lf there'!; a mistake, just edit 
the macro call, and the macro will immediately 
reflect the changes. 

If you're a serious programmer working with 
assembler; INCRA's power and speed will make 
your life easier. If you're just learning assem
bler, INCRAs ease of use will make it exciting 
and fun! 

If you've always thought of assembler pro
gramming as slow, time-consuming, compli
cated and tedious, wait till you get your hands 
on INCRA.You'll be saying assembler develop· 
ment with INCRA is Fast ... $1SQOO
Efficient.. .FUN! 	 u.s 

'7ttpJad6~~-ataft... 
1~ u tk toot ta ««-. 

SYSTEM R!QUIREMtNTS 16M'PC Off alMPATISlEWITH 156X 

lncra Features: 
lncremerrtal A$Rmbler 

·:r Complete macro assembler 

.'c Supports 8086188. 80l86. 


80286, 8087. OOZB7 
·.'c AJso opera tes in batch mode 

(faster than MASM 5.0l 
;.'r Compatibte wilh MASM !ill 

(W111 assemble mast MASM 
5.0 programs wi111out ctia1111esJ 

Editor 
·.'r Full Screen, fully featured 
:.'r Syntax checking 
·-'r Automatic INCREMENTAL 

assembtv 
·:r Cus1omizable Options 
·:r Unique line buffer for movmg 

and re-on:lerlng lines 
·,'r Super fast sean:h and page 
·)r Instantly generates .exe and 

.obi files 
-.'< Temp late program files 
-.~r Lots morel 
Debugger 
·.'r 	Window-oriented -see all 

dala, reg!sters. fla~s. and 
executing source Imes (with 
comments) at a glance 

-.'c 	Fully symbolic lno need 10 
declare publics) 

-.'r 	 Single step, multiple 
breakpoints, conditional 
breakpoints, cli8ck-tntce 

·,'c Highlights changes ID reg1s· 
teis, flags & data al each SU!p 

·.'r Powerful symbolic data 
display 011tions 

·:r Save and restore daia display 
definitions 

·.'r Oissassemble with symboflc 
names 

.'r Frip to and from your pro· 
grams display screen 

·.'r Lots morel 
Linker 
·.'r Fa ster Iha n MASM 5.ll 
·.'c link incra files, regular .obj 

Illes, and libraries 
Macros 
-.'r Full macro capabifrties 
·.'< Macros can be instanlly 

E!)(panded in the editor to 

inspect resu lting source 


:.'r full conditional a:;sembly Is 

supported 

Calculator 
:.'< Available at all Um!IS 
"" Complete s11t of arithmelic 

and logic1I operations 
.._., 	 All program constant and 

offset values are avaijable as 
operands 

-..'c 	 Hex. decimal. OClill. binary. 
ascii results and operands 
accepted 

Options 
-.'t 	Change environment fealllres 

such as screen cotors. cursor 
type, rabs, processor type, me. 

·,'r Save oplions permanently 
Help 
·.'c Pop-up command descriptions 

available at all times 

To order; Call ( U.S.A or C.nedal 

1-800-387-8722 
or send cllecJc or money order to· 

l&.;JJMHI 

25 Warrender Ave.• Suite 9119, 


1srtngton. Ontario Canada 

M98 5Z4 


{dealer inquines welcome! 


NOVEMBER 1988 • B Y T E 413Circle 92 on Rllader Service Card 



HANDS ON 
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Listing 3: An ExTalk applicarwn-specific fU11ction. This rouline uses the 
Macintosh LineTo routine to draw a line from the current pen position to the 
position given by the top Jwo arguments ofthe ExTalk machine 's stack. 

/•ex lineto - application function ' lineto ' •/ 

int e-;_ lineto {) 

{ 


Windowl?tr save; 

int h ,v; 

chktype(O ,DT_I TEGER ); 

chktype(l ,DT INTEGER); 

h = spill .v .-;; integer ; 

v • s p[O ] .v.v: integer ; 

GetPort (&save) ; 

LineTo(h , vJ; 

SetPort(save) ; 

sp += 2 ; 

sp- >v_t ype ~ OT NIL ; 


Listing 4: Drawing a square using the routine defined in listing 3. 

Function square(x , y,size) 
Begin 


Mo veTo (x ,y l ; 

LineTo (x +size ,y); 

LineTo( x+size ,y+size) ; 

LineTo(x ,y+size ); 

LineTo (x, y) ; 


End 

ExTalk repeats this process until it no 
longer finds a " + " or a " - , " and then 
calls the stoken () function, which 
saves the current token so that the next 
call to token( ) won't lose whatever 
token do_expr2() didn't match. 

Object-Oriented Programming 
I designed ExTalk to support object-ori
ented programming . In addition to being 
able to define functions , you can also de
fine classes of objects in Ex Talk. Listing 
6 is an illustration of an ExTalk class 
definition . 

This class definition describes a class 
called Square with instance variables x, 
y, and size. Each instance of this class 
will have values for each of the instance 
variables . Instances respond to the mes
sage show by displaying the square, and 
to the message x: y: by moving the 
square to a new location. The Square 
class itself responds to the message 
new_x:y:size: by creating a new in
stance and then initializing its instance 
variables. 

A message expression consists of an 
open bracket followed by an expression 
that evaluates to the object that is to re
ceive the message. In the case of unary 
messages, the receiver is followed by the 
message selector. The message sbow is 
an example of a unary message (a mes
sage with no arguments). 

In the case of messages that take argu 
continued 

Listing 5: This routine in the 
ExTalk compiler conrains the 
parsing for "+ " and " - " 
operators within an expression. 

do e xpr2 (),
int tkn ; 

do expr] () ; 

while ((tkn • token()) == ' +' 


I I tkn -- ' - ' l 

switch (tkn) ( 


CdSe '+~: 

putcbyte(OP PUSH) ; 
do_expr3 (); 
putcbyte (OP /\DD); 
break ; 

case ' - ' : 
putcbyte (OP_PUSH ); 
do expr3 () ; 
putcbyte{OP SUB); 
break ; 

stoken (tkn); 

Ustlng 6: Defining classes within ExTalk. This code defines a class called 
Square. 

Class Square 
IVars x,y, size ; 
CMethod ( 3e lf new_x : xx y: yy size : ss] 

I [ super new] init x: xx y: yy size: ss) 

Method [self init_x: xx y~ yy size : ss) 


Begin 

x : - xx; y : = yy; 

size : '" ss; 

self ; 


End 

Method [self s ho w) 

Begin 


HoveTo(x ,y); 

LineTo( x+s ize , y); 

LineTo( x +si ze ,y+s ize ); 

LineTo( ~.y+size) ; 
LineTo( x,y); 
self ; 


End 

Me thod [self x: x.x y: yy ) 

beqin 


x :- xx; 

y : • yy ; 
!!elf ; 


end; 
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Hard drive with HD/ FD Controller 
• Eight Port RS232 Intelligent Card $ 995 

with Xenix Driver 
• 32-Bit 8MB Memory Expansion Board $2997 
• Intel 80387 - 16 Coprocessor $ 495 

• Complete SCO Xenix System $1595 
(including Operating System, Developing System and 
Text Processing System for 80386-based System) 

• SCO Lyrix System $ 595 

• SCO ProfessionaJ $ 895 
• SCO Integra $1295 
• SCO Foxbase Plus $ 995 

• SCO VP/lX $ 495 
(integrated DOS environment  two users) 

• Language & Development Tools CALL 
• Networking & Communication Packages CALL 
A software purchase of$2995 or more is required to receive 
your FREE SIVA 386 System. Mix and match to meet 
gourneeds! 

Prices are for Industry Standard 80386-ba.sed Computers. 
For aJI other systems and items please call: 

1-800-252-4212 


VNS America Corp. 
Suite 270, 910 Boston Post Road 
Marlboro, Massachusetts 01752 U.SA 
In Massachusetts 508-460-0016 
FAX: 508-481-2218 

•offer good until December 31, 1988. 



1 Exxon 25 Standard Ori (Ohro) 49 Consol•dated foods 
2 General Motors 26 AT&T Technologies 50 Lockheed 
3 Mobrl 27 Boe1n9 51 Geor91.J -Pdc1f1c 
4 Ford Motor 28 Dow Chemical 52 Monsanto 
s IBM 29 All ied 53 WR Grace 
6 Texaco 30 Eas tman Kodak 54 S12nal Companies 

7 EI du Pont 31 Unocal SS Anheuser-Busch 

8 Standard 011 (Ind ) 32 Goodyear 56 Nabisco Brands 

9 Standard Oil of Cal 33 Dart & Kraft 57 Johnson & Johnson 

10 General Electric 34 Wes1 in2house Elec. 58 Coastal 

II Gull 011 35 Ph1 hp Moms 59 Raytheon 

12 Atlantic R1chf1eld 36 Bea1r1ce Foods 60 Honeywell 

Shell Ori 37 Union Ca rbide 61 Charte r 

14 Occidental Petro leum 38 Xerox 62 General Mil ls 

IS US Steel 39 Amerada Hess 63 TRW 

16 Phrlhps Petroleum 40 Umon Pacr f1c 64 Caterpillar Tractor 

17 Sun 41 General Foods 65 Aluminum Co of Amer 

18 United Technol 1es 42 McDonnell Dou2 las 66 Sperry 

19 Tenneco 43 Rockwell Int. 67 Gull & Western Ind 

20 ITI 44 PepsiCo 68 Conti nental Group 

2 1 Chrysler 45 Ashland 011 69 Bethlehem Steel 

22 Procter &Gamble 46 General Dynamics 70 Weyer haeuser 

23 R.J. Reynolds Ind 47 3M 71 Ralston Purina 

24 Getty Oil 48 Coca· Cola n. Colgate· Palmohve 

27million 
Americans can't read. 

And guess who pays the price. 
While American business rs trying to stay competitive with loreign companies, it's paying an 

added penalty. The penalty of doublEr-digit illiteracy. 
Belie...e it or not, 'Z7 million American adults can't read and write. Anotner 47 million are literate 

on only the most minimal lever. Thal adds up to almost one third of our entire population . . . and 
probably a diSlurblng number of }<)Ur employees. 

Whal does illiteracy cost you? Get out your calculator. Illiterate adults make up 50%-75% of 
our unemployed. Every year they cost us an estimated $237 billion in k>st earnings. They swell 
our welfare costs by S6 billion annually and diminish our tax rMnues by SS billion . 

Illiteracy costs you through your community, too. 11 robs the place where you Y!Ork and live of 
its resources. It undermines the polential of the people who make your products and lhe people 
who buy them. No dollar figure can be assigned to this, Bui owr the years, this may be the 
costliest loss of all. 

What can your company do about this? It can join in local eHorts to fight illiteracy. It can 
volunteer C>Jmpany dollars and facil ities for better school and tutorial programs. It CM invest in a 
more literate community. 

The first step is to calf the Coalition for Literacy at 1-800-228·8113 or fill out the coupon be
la.Y. Do it today. You may find it's the greatest cost-saving measure your company has ewr lal<en. 

Aliterate 
America 
is agood 
investment. 

,--------------, 
I _I w.:int m y com pdny to ;oin ' he ~iqht ..,11 q 4 1m.t dttlE'i dC:f II P1 edse ~l"ld cr0< l''!h.1te OMlt"l ddd111o na1 1n io tmo1 1on I 
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I ( omc><>nr I 
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HANDS ON 

SOME ASSEMBLY REQUIRED 

ments , each argument is preceded by a 
keyword. The string resulting from com
bining all the keyword is the selector. 
For instance, the message [mysquare x: 
10 y: 20] will move my square to 
(10,20). The selector for this message is 
the string x : y: , and the arguments are 
10 and 20. 

Here is an ex.ample of creating a new 
instance of the class Square: 

mysquare : = [Square new_x: 100 y: 
200 size: 20] 

Once you have create.d an instance of the 
Square class and stored it as the value of 
the symbol mysquare, you can display it 
using this expression: 

(mysquare show ] 

You can move it to a new location using 
th is expression: 

( mysquare x: 100 y: 200) 

You can use objects to model parts of 
the application . For instance, a word pro
cessing program might have classes of 
object s to represent chapters , para 
graphs, and footnotes . A communica
tions program could use objects to repre
sent conferences and messages during 
communications with an on-line service 
like BIX . See the August 1986 BYTE for 
a complete description of object-oriented 
programming. 

Portable Simplicity 
ExTalk is a simple language that can be 
embedded in an application to provide 
u er programmability. It i ea ily under
stood by people who are familiar with C, 
Pascal , or modern versions of BASIC, 
and its implementation is portable across 
different machines and operating sys
tems. It should be useful to developers 
who want to add an embedded language 
to their applications. 

Next Month 
Rick Grehan returns with a ser ies on 
large database management using keyed 
files. • 

Editor's note: ExTalk is available in a va
riety offormats . See page 3 for details. 

David Betz is the author of the popular 
Xlisp programming language. He can be 
reached on BIX as "dbetz. " 

Your questions and comments are wel
come. Write to : Editor , BYTE, One 
Phoenix Mill la11e, Peterborough. NH 
03458. 



Brand Names • Great Prices • Quick Delivery 


EXPO SUPER TURBO 
30MBSYSTEM 

sass 
10 MHz 

• S12K •MOHO/GRAPHICS/ 
• 3601( FLOPPY DA. PARALLEL 
• 20 MB SEAGATE • Hl·RES AMBER 

HARO DRIVE 

S.191~40 MBitszswi\ 
12MHZ 

1 1410 

MONITOR 
•AT K.EYllOARD 

EXPO 286/10 

s1395 

• 80286 10MH& SPEED 
•MOK RAM (1MB CALL) 
• 1.2 MB FLOPPY 
• ~MB HARO OR IVE 
• WD COKTROLLER 
• MOHO MONITOR SYSTEM 
•KEYBOARD 

Friction/Tractor 
Paper Parking 
144 CPS/36 CPS 179 
PRINTERS CPS COL $ 
NX-15 120130 136 $329 
ND-10 180145 80 $299 
N0- 15 180145 136 $389 
NR-10 240/60 80 $329 
Cable s 10 

~ LOGITECH 
SERIAL MOUSE 

$75 JiGENIUS MOUSE 

$59 ~ 


&)>Seagate 

20MB w/Controfler S265 
30MB w/ Controller s2es 
30MB ST-4038 5485 
40MB ST-251 5395 
40MB ST-251-1 5485 
80 MB ST-4096 CALL 
130 OR 230 MB {13MS) CALL 
PS/ 2 HARD DRIVE UP GRADE CALL 
INCLUDES: Bootable from Hard Disk, 
C<lntrotler. Cables, Hardware, Easy 
Instructions. Software. 1 Year Warranty 

AT DRIVES 
80 Meg ST4096 ..... .... .. .. ......... ... .....$739 
40 Meg ST251·1 ......... ... .... ........ ..... $449 

~~~~~s $79 

1200 BAUD .... ........ ........... ......... ........ $79 

2400 BAUD INT .... .... .. .. .... .. ... .. ....... $169 


).;.. MITSUBISHI DIAMOND SCAN 

14" MULTISYNC MONITORW/GENOA 

EGA 800x600 leJ 
RES !99~]SPECIAL 	 · 

:~~~~~~Cl~ ·.·'. ' 
• CGADou~~ 
• 800.<!iOO • Dr~ fOi Auto CAO Windows GEM 

Vonturo, PogemW<or& "'°"'· • 100,. IBM EGA ' 

Compottt>io • 132 Column Or1vors Pot Lol!A 1 ·2-3 & 
Sympnony • eoxoo DMktop Publlah•"il 

Genoa EGA Adapter ............. $195 
(If bought separate) 

l.._MITSUBISHI 
14 10C 640X3SO $409 


430C 640X350 469 

137 Diamon<i Scan 800x560 499 


1409C 640x200 	 299 

.c:••• SAMSUNG 
U 

1453 EGA 640x350 ... ............ .......... $359 


~~~!wN~···:0


EBS PORTABLE 
10MHz SPEED 

s1397 COMPLETE 
WITH 20 MB SEAGATE SYSTEM 

• 8088·1P 4.77/1 0 MHz SPEED 
• 360 K FLOPPY DRIVE 

• 20 MB SEAGATE HARD DRIVE 

• MONO/GRAPHICS/PARALLEL 

• HI-RES AMBER MONITOR 

• SERIAL/PAR/CLOCK/GAME 

40 MB SYSTEM COMPLETE 51 550 
CALL FOR 286 8c 386 MODEL 

EBS PORTABLE IV 

286/ 12 MHz 

s1495 D 
m1cron1cs 

NX· 1000 
Multiple Font $

_ 
• 90288/ 12MHz CPU~ 
• 1.2 MEG. FlOPPY DRIVE 

:~~M~~6,~~p~~ ADO $1951 

• MOX200 PIXl:L (80X25 LINES) 
• 5 EXPANSION SlOT 
•EXTERNAL RGB/ COLOR PORT 
• DIMENSIONS 

8 Vo(H) x 9 \'J(W) x 15\0.(D) 

20 MEG SEAGATE SYSTEM 
40 MEG SEAGATE SYSTEM 

FUJITSU 

'1695 
'1895 

360K 'hHTS.25.. .................................. $79 

1.2M 1h HT 5.25" ..... ..... ............... ......... $95 

720K 11.HT5.25'" .................................... 99 


VIDEO ADAPTERS 
Paradise EGA .................. .. ... .......... $115 

Monogra.phic w/Port ........................ $59 

Colorgraphlc w/Port .... ........... ......... $69 


WESTERN DIGITAl 

16 'B;t ~i:e:i;::pp;' A,,,~' M ' s• 

~~1i~0~~edw~i~~ G;;~i~~ii~~··wAH·::},: 
CableSet .. .. ...... .. ...... .. .... .... .. ...... ........ $9 

EGA 640x350 ... ... .. .... ... ..... ... ............ $115 


~~~ Controller ...... ....... ..... .. ... .. ....$89 


;:~;~~~i~~v ; 
CoMPUTERE,X.,PD 1-aoo-s22-ExPo 
TEXAS# I IBM11• COMPATIBLE COMPUHR CINTIR 	INQUIRE 713·784•0990 

SERVICE 713·784-7817 
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THIS AD WAS TYPESET ON A LOW COST LASER PRJNTER USING 

:!1('£/£/DO:M 

o:r 
P'l\,'ESS™ 

B cnE<t>GmJKL-o•rrv-.wxY 
Dyna Computer Gives You FREEDOM OF PRESS™ 
Set Your Printer's PostScript® Potential Free. 

Without going on a spending spree. 

Now you can do Postscript® on most 24 wire dot matrix, laser printer and ink jet printers and avoid the out
landish prices of postscript printers. 

YOU CAN DO ALL OF THIS FOR ONLY $495 

= =::;;; 

Freedom of Press works with any desktop publish
ing software that generates its output in the Posl
Scripl® language. That includes such popular 
programs as PageMaker® and Ventura® as well 
as virtually all other text -and -graphic software 
now available. 

r-ou~ 11 ~Lad' 'r•·•doaa o~ Pr••• ju•t ~ v•r••f!J.l• wbea ie 
O(m;e• to Cyp•~•C•• • t11•r• •r• J5 .b.iob ~11 ty outJ.tn•• 
.,quiv•-1.•Gt" to t.bWll• ~ov.nd oa OD th• W••r#:rit•r ,.lu.• . 
ADd 'r••4o. oL Pr••• tpy•f•~• o..a be •oa.l-4 to •.ny tJ'P4' 
•J•~ c.A4' rot• t•d tv &R.Y •Agle. PT••dom ot rr••• •UJ;Jpo.rt• 
c.b• Vll•t ..jorJ.ty ot Ja••r &Jr1nt•r• and~• wJ:r• dot -tr~ 

,p.r.tDt•r• •• ••JJ •• t..b• J.ak j•t ,pr.tat•r• . •o"' tlMt• v•r · 
.. tJJHy. 

f rudom o.( ~.. i& • b.ip.IJ Id.......~ pn>p-Lm \Jl.9( iacaptT&ka mMJ ad· 
vaaYt:no ~ o.ly ia lM moal ~'9tinii.od imacii.1 17 1'-nm .1. Far ~Poe. ii 
""°' tltc. ~be.ti q \lollity fm 1 .n)""I &" .ibbk, 90I ju1 •im.ple red~t~.Q!.,. 
temt.1111 o1 • •dtk U..t~- ~ iao liWlm w'll.IJ JU1.r prinn . )'Ota ma ~ •~ 
ftttdom. ol Ptt..• • II ~ you ~ 1.bt: bltba1 rcaol•llo. 11 iii a.pdllc. ol pn::d•·m,. 
lu ~ Ca. 1. ,,\ ..-... Pou ScriP4 'ftllld.Y 1-...eir priinK:t cu ~ you N mt11~ .,. $1000 . 
Bwil fmcdom ol Pwa.i lii6t1 (~ ;..1 S-49, , II "• c.u y i.o M11u.1/U ~ 'O 1i1K. .._llD 10 
kuiara. I~ •~ pri..u i..,a W bat· .11.pll. ia~1.&tiic.o ..:i Uua; Mia. ..a..1iu. 

CAU. fOlt YO""R LOCAL DEAUJ! TO RECEIVE F'UllTHEJt l~"FOR.MATION 

Dyna Computer is proud to be dislributing high quality 
software created by a proven company. Freedom of 
Press Is made by custom applications Inc. (CAI), the 
same company that supplies many leading printer 
manufacturers with their PostScripl language inter
preters. CAi's experience in such demanding areas as 
pholotype96tting translates into proven, professional 
sonware for you. In addition Dyna Computer brings 
you seven years ot computer manufacturing inovations 
and distribution experience to your automation needs. 
Our new 31JMhz 386 cache tower computer systems and 
ATupgrade board offers you the "one step ahead "per
tonnance you would expect from one of the first com
pa?ible manufacturers in the United States. Whether its 
Freedom of Press™ or the Fastest 386 systems on the 
market, Dyna Computer is the right place to go. One 
other thing. Dyna's prices ..are right and so is our ser
vice. Nyou can 1afford to buy a 386, there is agood 
chance we can arrange a I ease toryou. GIVE US ACALL 
AND LETS TALK ABOUT fT. 

FREEDOM OF THE PRESS™. BROUGHT TO YOU BY DYNA COMPUTER, A COMPATIBLE MANUFACTURER 
THATS ONE STEP AHEAD. CALL ABOUTFREEDOM OF PRESS™ OR OUR NEW 30MHZ CACHE 386. FT GETS 
AN SI RATING 0 F 36.3 AND ITS GREAT FOR DESK TOP PUBLISHING APPL/CATIONS. PHONE 408·943-0100. 

.,,,.,1.,.,he. Tllll'hft.. fl 11fNI • I ,.......,. t i ~.. ........ 61114 •Mlf II M'......: ,...,..........,... ~i, ~· ,..,.-.ti~ Diii~' rmr ~.,_,._,, •bln,h".; L•W..,I ,.._ipjtl 

a.,_,.,, n_ 

-..------ 
~ ~ ':!!:" === --

l fi~;µ;~-;;;;;;-:::·::.'"" ·~:·. '"" .:. ~ : ;;: .._ --- ;;;;I.·, ·.·:-.;;;;-.: := ;;;;;;;;;=;;;=;;;;;;;;;;;==;;;;;;;=;:;;;,::·:= .. ;;;;; _,. ;;;;= ,- = . = _, ~c= :.·=. ====~ ~;_.= - . = = .. I/;:~;;;;; ~~.-:.:;;;; ;-:;~~~ ""' ·,, ;;;;;· .= = :·).= __ := = ,,-,..;.-: := .;-= ,. = ,-.-•·.= .--,= ..=,.~=;;;;; -.·.. .,.;;;;;;
COMPUTE R 

3081 NORTH FIRST ST., SAN JOSE, CA 95134 (408) 943 -0100 FAX (408) 943-0642 
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HANDS ON 

PROGRAMMING INSIGHT • Christopher J. Batory 

ADDING 
DIMENSION 

Here's a technique 
that provides the 
fastest possible access 
to an array element 
inC 

M

any of today's popular pro

gramming languages sup
port the multidimensional 
arrays used in graphics, 

modeling, and simulation or even for lo
cating a specific position on a screen. 
Most implementations of BASIC do; 
Turbo Pascal does; FORTRAN does; 
but C does not. Is there any way around 
this omission? You bet there is. You can 
implement DIMENSION A (N,M) and X;; 
A(I,J) in C, and not through a pseudo
dimensional substitute either. I know, 
because I've done it. 

If you have a compiler that supports 
structure return, you can also write state
ments such as 

X"matri.x_operator( A,B); 

where A, B, and X are matrix structures 
and operator can be multiply, add, in
verse, and so forth. Most important, the 
function matri){__operator( ) can dy
namically dimension X, and you can ac
cess elements by applying the simple 
bracketed-integer access format . 

Problem Evaluation 
To analyze the problem, consider the 
basic two-dimensional array of floating 
point numbers or matrix. If you declare 
it as 

double array[n] [m] ; 

then there will be a minimum of n x m 
double units of storage allocated at com
pile time in the current storage class. 
With this method, you must set n and m 

ILWSTRATION : ROBERT TINNEY © 1988 

constant before compiling, a statement 
that would be illegal in C ifn and m were 
variable. As a consequence, you must al
locate memory whose size will depend 
on the maximum size of array expected . 
Moreover, if this array is declared as 
local storage clas , then it may consume 
valuable stack space. 

A Pseudomultidimeosiooal 
Dynamic Array 
There is a simple way you can create a 
pseudomultidimensional dynamic array 
by using the rnalloc ( ) function with a 
pointer to the desired storage unit. Con
sider the array whose label is A. The fol

lowing method transforms A into a one
dimensional array with multidimensions 
d1m_l.,d111L2, .. .. 

double *A; 
A" (double*) 

malloc(sizeof(double)
*dim_l * dim_.2 * ... ) 

According to the rules ofC, you can only 
access elements in this type of array by 
one index: x =A[q] ;. 

This method, therefore, has a major 
drawback; to access individual elements, 
you must present array size variables 

continu~d 
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ADDING DIMENSION 

dim_l., dim_.2, and so on at every index
ing operation, multiply them by the cor
responding index, then add them together 
10 reduce 10 the required offset q that cor
responds to the linear array A . For ex
ample, if you wanted 10 eittrac! A(iJ, 
. . . ,k), you would write 

x =A[ ( 1 *dim...1) + (J *dinL.2) 
+ ... + k Ji . 

Although this method is feasible, it can be

come awkward even when you try a simple 

operation such as matrix multiplication . 


The One-Dimensional Array 

To evolve a general method for elegantly 

handling multidimensional dynamic 

arrays, you first con truct a memory-al

location function so the allocated mem

ory can be accessed by integer indices . 

You do this with the calloc ( ) function. 


If an array bas only one dimension of 
n, you can use this simple soluiion: 

HOW DO YOU GET 

AJOB WITHOUT 

EXPERIENCE? 


AND HOW DO YOU 

GET EXPERIENCE 

WITHOUTAJOB? 


Most young people have one 
answer to this problem. They avoid 
it until they're out of college. But 
they could be getting solid work 
experience while they"re still in col· 
lege. With your company's help. 
And ours. 

We're Co-op Education. A nation
wide program that helps college 
students get reaJ jobs for real pay, 
while they're gettin~ an education. 

But we can't do 1t without you. 

Those reaJ jobs have to come from 
reaJ companies. Like yours. 

For more information on how 
you can participate in this valuable 
program, write Co-op Education . 
&ix 775£, Boston, MA 02115. 

ot only will you be giving stu
dents a chance to earn money 
and pick up the most valuable kind 
of knowledge, you' ll be giving 
yourselves a chance to pick up the 
most valuable kind of employee. 

Co-op Education. 

You earn a fulurt' wh1•n ~oo l'arn a dt.'!! r~"" 
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double *A; 
A: 	 (double*) 


calloc(n, sizeof( double)); 


As in the previous pseudomuJtidimen 
sional case, you can access the ith ele
ment by x = A[ 1] ; . Once interaction wilh 
A is no longer required, you can free the 
memory with 

free((char* ) A) ; . 

The Two-Dimensional Array 
In order to c reate a two-dimensional 
array of size n x m , you must declare a 
pointer to an array of pointers to the de 
sired storage units by writing 

doub e **A; 

and you must give the pointer variable A 
memory space for n pointers of size 
pointer to double: 

A= 	(double**) 

calloc(n , sizeof(double*)); 


You can access each of then pointers ro 
double by an index, as in the one-dimen
sional example. The key here is that you 
must give each of these n pointers mem
ory space for its corresponding m storage 
units, effectively creating an n--quantity 
ofm-size one-dimensional array contain
ing the desired storage units : 

for (j = O; j <• n - 1 ; ++j) 
( 
A[ JJ =(double*) 

calloc(m , sizeof{double)) ; 
}. 

Combine these three sections into a 
function, and you ' re finished. Since ac
cessing is done via indirection, the order 
in which you establish pointers is impor
tant . You must give allocat ion to the 
highest-level pointer first so the next
level pointer can know of its predeces
sor's existence. Again , according to the 
rules ofC, you can express the "pointer 
to pointer to double " variable A as 
A[ J [ J, thus reaching down to the small 
est unit- in this particular case, a dou · 
ble. Thus , you can obtain the (i, jth) ele
ment by writing x" A[iJ[J] ; of the 
dynamically al!oc-ated array A of size n , 
m. This statement is the corresponding 
free function to complement the two
dimemional allocation function . 

To free the allocated memory , you use 
a freeing order that is the reverse of the 
allocation order. Thus, all lhe memory 
used by A would be freed accordingly: 

cominued 



Buy with 

ence 

In an effort to make your 
telephone purchasing a more 
successful and pleasurable 
activity, The Microcomputer 
Marketing Council of the 
Direct Marketing Association, 
Inc. offers this advice, "A 
knowledgeable buyer will be a 
successful buyer. " These are 
specific facts you should know 
about the prospective seller 
before placing an order: 

Ask 11zese Important 
Questions 
• 	 How long l1as the comµany 

been in business? 

• 	 Does the company offer 

teclmical assistance? 


• 	 ls there a service facili ty ? 

• 	 Are manufacturer's warran
ties handled through the 
company? 

• 	 Does the seller 11ave formal 
return and refund policies? 

• 	 ls there an additional charge 
for use of credit card5? 

• 	 Are credit card charges held 
until time of shipment? 

• 	 What are shipping costs for 
items ordered 7 

<C. IJirect MMkdingA~soci,1liun. Inc 1988 

Reputable computer dealers 
will answer all these questions 
to your satisfaction. Don't 
settle for less when buying your 
computer hardware, software, 
peripherals and supplies. 

Purchasing Guidelines 
• 	 State as completely m1d ac

curately as you can what 
merchandise you want in
cluding brand name, model 
number. catalog number. 

• 	 Establish that the item is in 
stock and confirm shipping 
date . 

• 	 Confirm that tl1e price i.s as 
advertised. 

• 	 Obtain an order number 

and identification of the 

sales representative. 


• 	 Make a record of your 
order, noting exact price in
cluding shipping. date of 
order. promised sltippir1g 
date and order number. 

If you ever have a problem, 
remember to deal first with the 
seller. If you cannot resolve the 
problem, write to MAIL 
ORDER ACTIO LINE, c/ o 
OMA. 6 E. 43rd St. . New York, 
NY 10017. 

This message is brought to you 
by: 

the MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing 
Association, Inc . 
6 E. 43rd St. , 
New York, Y 10017 

MMC 

MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketng AssoaatJ0r1. lr.c 
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for(J "n-1; J >"0; J-) Note that the rightmost dimension of m is 
{ not required. This is because the last call 
free ( (char *) A[J ] } ; to calloc() in the allocation function 
} manages unit storage internally. A[] [] 

free ((char• ) A);. is a scalar and not a pointer, whereas A 

Listing 1: This listing illustrates the dimensioning function for a three
dimensional array A(m,n, p}. 

doub l e """ A; 

A = (double ***) calloc(n , sizeof 
(double**)); 

for (j ~ 0 ; j <• n - l : j++ ) 
( 

A(jJ • (double **) calloc(m, 

sizeof(double *)); 


for (1 • 0 ; i <• m - l ; i++) 

( 


A(j] [i) = (double *) calloc(p, 

sizeof (double)); 


and A[] were established as pointers and 
therefore can be the only ones freed. 

The General Case 
For the three-dimen sional array 
A(rn, n, p), you would use the dimension
ing functjon in listing 1. You should see a 
pattern emerging that can be carried to 
any number of dimensions. 

You can acces.s the (i, j , kth) elemem 
by x =A[i][J] [k ] ;. The corresponding 
three-dimensional freeing function is 
shown in listing 2. As before, the right · 
most dimension is not required. 

With this method, you should watch 
for a number of things regarding the use 
of the callee ( } and free ( ) functions . 
Be aware that calloc () allocates mem
ory in the "heap." This means that if you 
create a dynamic array A within your 
function, even if the pointer variable A 
were declared local, that array should be 
freed upon exit from your function . 

The reason for this operation is that 
heap management generally is handled 
by the operating system, and memory al
located there is not recovered automati
cally on exit from the allocating function 
as local stack variables would be. More
over, the scope of the pointer variable A 
is only function -wide, and when the 
function is exited, the variable's address 
information is gone. 

The remaining problem is that , to the 
operating system, the allocated portion 
of memory still eems occupied. There 
fore, subsequent calls to your function 
will pile up memory in the heap until 
there is no more memory available. Your 
function, however , will continue to oper
ate properly, but only up to that point. 

This restriction would be imposed in a 
situation where you want to have access 
to an array created by another function . 
To overcome it, you apply a technique 
similar to the pseudocode in listing 3. 

Now you have the complete solution. 
The upshot of this method is that only 
one pointer is passed as argument , not 
the entire array. There may be instances 
where you require a copy of the original 
array, and you can easily program ac
conling to C rules. 

A Note for 8086 Programmers 
A key advantage of this method for 8086
type segmented memory is that when you 
compile your program for the large mem
ory model, each indexed pointer will be 
assigned its own data segment, because it 
is treated as a far variable. That is, the 
declaration 

double **A; 
cominued 

Listing 2: This is the corresponding three-dimensional freeing function. 

for ( j • n - l; j >• O; j--J 
! 
for (i ~ m - l ; 1 >• O; 1--1 

! 
free ((char *) A[j] ( i) ); 
l 

free ((char •) A( j]l ; 
l 

free ((char *J A); 

Listing 3: Ifyou want to have access to an array created by another 
function, you can use this technique. 

ma i n_funct ion() 
( 


double -* X; 

X • o ther_function(); /* [X] 


is dimensioned. * / 

/* Your access to what 
was ( Al via pointer [X). •/ 

matri x free(X); /*Here you f ree 

memory allocated by */ 


/* other_function(J to clean the 

heap . "I 


double •~ other function()
( 
double ,... A; 

matrix_dimension(A); 

re~urn (A); / * The address of the 


array in the heap */ 

I* is returned to the 


main fu nction() •/ 

/ * before pointer A 


d i sappears. */ 
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INTRODUCING THE FIRST LOADER WITH SMARTS! 


A 3rd GENERATION TECHNOLOGY 

PROLOADER II is CONVERTIBLE 
3.5" and 5.25", the same loader does both 

Converts from one disk size 
to the other in seconds 

PRO OADER II is FLEXIBLE 
•All disk drive types and 

multiple disk formats supported 

*Interfaces for IBM'", Apple.. and Macintosh"' 

PROLOADER II is RELIABLE 
*Revolutionary disk loading method 
creates a new standard in reliability 

VAUtrs PROLOADER II 
Born of a company that has duplicated 

over 4,000,000 disks. 

• Designed from experience. 

from $1,595.oo 

A complete 
package 

VAULT 
CORPORATION 

Contact VAULT CORPORATION at 

2192 Anchor Court, Unit "C'', ewbury Park, CA 91320 


or call TOLLFREE 

800-445-0193 (Nationwide) or 800-821-8638 (California) 


PROLOK'" FILElO r TECHLINE'" UNI LOK 
"°LOADER 11 IS a lRanEIHllK CF ~AULT COltPORAtlO 1811 lS AtRADfllAll~ Of I TEllNl.l lOIW. 8USLMESS llACHl~E5 COlll' .t.Pl'lf 11111 Al.AC! OSH A~E IAADEllA S Of Al'l'U COMPlllEA 

COPYRIGHT C)l988 VAULT CORPORATION 
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fU Box 0019 ~WA oo:'3:l FAX: OOl-94&0043 
Ptoro: ~ « 6Q4.270.9l14 

Circk 161 on ReaderServiu Card 

UNIVERSAL LOGIC PROGRAMMER 
· ~OGAAMS. 

AEAOS, OUPU 
CATES TESTS 

ANO 

SCCURES 
 E'.I 
HUN()A{DS ~ 
OFro ANO 
24 P1N 
0£VlaS 

• 23 UNTVER 
SAL PIN 
OfWERS 
WfTH l N0£ 
PE :t>ENT ft.0..-1100 
DAC, AOC4 
SLEW FUN<> 

Tl()ffS P!lOGAAM ALMOST mY LOOIC DEVICE 


• MENU DRIVEN OKRA ON IS EASV TO LEAAN ANO OOC>< 
TO OPERATE 

• CONNECTS TO N>1V tBM C0MPAf'8lf COMPUTER 'AA 
PAAAUwEI.. PRll'llER PORT 

• EDITS FUSE DATA& TEST VECTOl'S v.m< FVU 
SCSlffN fOITOR 

• TESlS V.1T"H VECTORS & SE.OJFIES AFT'EJ\ PflOGFtAMMING 
• StJPPOll rs AU """"'-'A PU) CE\'El.OPEMEl'lT SOAWAAE 
• GOLD TEX'TOOl 21F IC SOCl<E'T • ()NU HHP FUNCTlON 
• MONEY 8AO< GlJAIWlTff • S£lF c.AUBAATING 
• TOU.·fAEE TEC>i SUPPORT o JEOEC FlLE IN>OUTPUT 
• UPC.ATABU V\A flOPPY • ONE" Y'£AA W...rututTV 
• [P!l()M PROGRAMMERS Ai.SO • SAME DAY SHPMEIJT 

• JUST 1198 
CALL FOR FREE DEMO DISK 800/225-2102 

BP~ 
10081 HAOOINGTON ,1190 HOUSTON. TX n043 

713/461 ·9"30TLX· 1561•77 FAX· 7131<61-7413 

Circle 54 on RMlkr Servkt Card 

16-BIT RESOLUTION 

ANALOG· TO-DIG ITAL 


CONVERTER 

12,000 SAMPLES/SEC 


tor IBM PC, XT & AT 

SINGLE PIECE PRICE 


$475 
We manufacture a broad line 

of data acquisition and control 
hardware and software for Apple 
and IBM computers. 

Call tor quotes on custom 
hardware or complete systems. 

LAWSON LABS, INC. 
5700 RAIBE ROAD m 
COLU M BIA FALLS, M T 59912 


S00-321 ·5355 or 406-387-5355 


Circle 187 on Reader Service Card 

ON TARGET ASSOCIATES 

Products and Services 

for Design and Manufacturing Engineers. 


Micro Olanncl Design Consulting 
Pro101ype Card 

Ncwslc11cr 

PS/2 ~========ASIC's 
Adapicr Bracket Sets 

Bum·in M other Boards 

We will move your PCJXTIAT producis 10 the 

~icro Channel, or crea1c your new design. 

CALL: (408) 980-7118 
for our Free catalog 

ON TARGET 
TARGET 
TARGET 

... the PS/2 leaders. 

Circlt 241 on Ruuhr Service Card 

EPROM PROGRAMMER 
$ 3 4 II 

me tP-1'5 A GREAT VAlUE ·~o HERE'• WHY : 
• 	FIEAOS. PACX:iRliMS. COPES OVEFI ~ EPFllOM AJ'61 ~"5-

AlCM 3J ISG-S INO..l,(MNG 'r716'2751J~l I 
• F1EAOS l'MT'ES M'El. MOTCIRCL\ smoKlMT f€lC & NAR" 
• oPTIQNl.L ~ PROGAAA1 B74XJl751 ,IJIC51 .sn.5 
• MENU-OOIVEN (Hp SElECT!ON av MR) & PiN.NO "100.U'S 
• FAST . SJ..C1N. Ol.IO< PULSE Pll()GRN.AMING AUlOA'THMS 
• SPLITS FllfS flV BASE A!lMESS A'6l 000.~ (18 & l:2 8IT) 
• /.U INT£UJGENCE IN LINT, Ziil ~SSOA l!AS£0 
• ~ 12 $. 21 ~Vf'RQGAAMMING FOR CMOS 6 A SVffiX PMl'S 
• F-AEE PC-00$ SCFTWAAE. • RS232 TO ANY COU'..PUTER 
• GCUl mcTOO<.ZIF SOCXET • 8 8AUO RARES TO 38.<00 
• M0N£Y SAO< GUIAANIEE • ONE YEAR WAA!WllY 
t 2 FllEHlRMWAAE IJl'OA.TES t SAA!E DAY SHPMENT 
o O<EO<SUMS SUPPORTED o \N ERASERS FROM $34 ~ 

CALL TOOAY fOR MORE INFORMATION 
800/ 225·2, 02 

BP~ 
10681 HAOOINGTON #190, HOUSTON, TX 77043 

713/461-94JOTLX: 1561477 FAX. 7 13/461-7413 

Circk 54 on Realkr Strvkt Card 

8051 FAMILY 
EMULATORS 

-· ~-t.:......~.. · 
. . -~ 

: 1:,, ~· 

For 1nro call: 

Ausura G2 n 38 76 38-<i 
Au:s.1raha 02 654 1873 
Oenmar 02 65 81 11 
Finland See SwlldM 
France 01 69 412 801 
Great 8flla1n 01 4U 2586 
15-rael OJ 499034 
Korea 02 784 7841 
New Zeara.nd 04 886 375 

OfW3y Sees-den 
Portugill 01 8l 56 70 
Spain 03 217 2340 
Swt lzerl.and 01 740 41 OS 
\Vest German:,i 08 131 16 87 
Sweden 040 92 24 25 
USA 408 866 1820 

Cfif'IP-Ooil A • ,07E noHau ~l f 
~DOe'-1 CA 9!i008 

CORPORATION ~ 40111) HS-1!20 
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HANDS 0 

ADDING DIMENSION 

becomes equivalent to 

double far* far* A; 

or "A is a far pointer to an array of far 
pointers to doub e." 

You can calculate the total number of 
segment from the following formula: 

[ D A] +k 
This formula hows a k-dimensional 
array where A, are the dimensions of the 
array name with A1 the leftmo t and A. 
the rightmost: 

array_name(A1 )(A2] ... (A. ) 

Therefore, each indexed pointer can han
dle 64K bytes of your smallest unit. For 
the double case here, you can comfort
ably use all the available memory 
without resorting to special k.eywords for 
one matrix , so long a it is nearly square. 

Fastest Possible Access 
With this technique, you can create and 
use multidimensional arrays as easily a 
in other popular languages. Moreover, 
when you use C, your program accesses 
the individual storage units by indirec
tion, as opposed to leaving open a possi
bility that the final pointer may be re
solved by index multiplication. Thus, 
there is no doubt that you have the fastest 
possible access to a storage unit. 

To get a better idea of how the tech
nique is implemented, you can study the 
sample program. It uses the following 
matrix st ructure: 

struct mat 
( double **a; 
/* 11 a 11 short for "array"* / 

int rows; 
1nt col s; } ; 

This structure holds a pointer and two in
tegers that define the size of the matrix . 
Dynamic C contains an input , output, 
and do-something functions. • 

Editor's note: Dynamic C is available in 
a variety offormats. See page 3 for fur
ther details. 

Christopher J. Batory is president of 
Micropath, a Monrreal, Canada, Jinn 
specializing in radio-telecommunications 
software and services. He can be reached 
on B!X c/o "editors." 
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TRY THE NEW GENERATION FOR $30 


KNOWLEOGEPRO 
KnowledgePro use Topic.,.s..--~u.~..-..ttt-;;;-i 
Topics can contain data, 

rules, lists and pictures. s dozen simp le commands, 

non-programmers can u e topics t lain complex 

procedure , rules or recommendation . 

plus commands, professional programmers can c 

sophisticated expert sy tern tool and applications quic 

and easily. 


HYPERTEXT 
Hypertext can be a powerful too l for 
organizing text, graphics and data, but 
without an underlying structure the user 
becomes lost in a maze of informat ion. 
KnowledgePro adds structure, control and 
intelligence to create an exciting new 
teaching medium. 

ou' ll never go back to your shell! 

Q. Who's using it? 
A. Engineers, Educators, Lawyers, Scientists, Managers, Authors, Bankers, Software Developers, Expert System 
Developers, Computer VARs and VADs, Trainers, Consultants, Experts in Agriculture, Manufacturing, Insurance, 
Petro leum, Government and many many more. 

Q. What are they doing with it? 
A. Intelligent tutorials, smart manuals, procedure guides, rule books, computer aided instruction, sales and promo
tion, data analysis, non- linear documents, text analysis, diagnostics, software front-ends, expert systems, training and 
education, hypertext authoring, case studies, insurance claim determination, investment analysis, intelligent forms 
there seems to be no limit to the diversity of applications. 

Q. What can I do with the demo system? 
A. The KnowledgePro demonstration system comes with a 100 page manual and lots of examples to get you started. 
You can create and save small working knowledge bases. The only commands that you can't use are those for 
handling external files or chaining knowledge bases. We even credit your $30 toward the cost of the full system. 

Q. How much is the full development system? 
A. KnowledgePro costs $495 and there are no run-time charges, so you don't have to pay more when you distribute 
your applications. The Database Toolkit (for acce s to dBASE and Lotus 123 files) costs $49 and the Graphics Toolkit 
(for access to PC Paintbrush pictures) costs $89. Our KnowledgeMaker induction system (for creating rules from data) 
costs $99. KnowledgePro runs on IBM PC, AT and PS/2 compatib le machines with 640K memory. 

TO ORDER Call 518-766-3000 (Amex, Visa, tvVC accepted) or send $30 + $5 shipping & 
handling for the demo ($38 tota l foreign) or $495 + $8 shipping & handling for the ful l system ($553 total foreign) to 
Knowledge Garden, Inc., 473A Malden Bridge Road, Nassau, NY 12123. In NY State please add 7% sales tax. 

KnowledgePro ® 
ln 

published association By Bev & Bill Thompson by KnowledQe with 
The fi rst Knowledge Processor. GARDEN Fe 

Knowll'dgcl'ro ,, • t"'8islered trodemorl< ol Knowledge Garden. Inc.. loCU> I 2J I• a "'1Ji<1~ tr~rl< ol Loh ... i)eyelopmenl COfP., d8..S£ "a trademorlc ol "-<hlon hie. IBM is• reg~ 
11..JomMk ol I"'""'"'i""•I 8usr- Mach"- Inc•• KnowledgeMake< ,. a 1r.1dem.ori< ol Knawl@dg" Carden lroc. l'tlolo Tct...""'1«>11 C 
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-----THE BUYER'S MART----
A Directory of Products and Services 

THE BUYER'S MART Is amonthly advertising section which enables readers 
to easiry locate supplier$ by product category. ~ a unique feature, each 
BUYER'S MART ad includes a Reader Service number 10 asslSI lnlereSled 
readers in requesting information lrom participatlng advertisers. 

RATES: lx--$475 3x-S450 6x-S425 12)(-$375 
Prepayment muSI accompany each insertion. VISA/MC Accepted. 

AD FORMAT: Each ad will be designed and type.set by BYTE. Advertisers must 
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descriptive text (250 characters is recommended, but up to 350 characters can 

be accomodaled), plus company name, address and telephone number. Do not 

send logos ot camera-ready artwork. 

DEADLINE:Pd copy is due approximately 2months prior to issue date. For ex· 

ample: November issue Closes on September 9. Send Your copy and payment 

to THE BUYER'S MART. BYTE Magazine, I Phoenix Mill Lane, Pelerborough, 

NH 03458. For more inlormalion call Mark Stone at BYTE603-924-3754. 
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FREE CATALOG 
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at SuPe< low pnces FAST ORDER PROCESSING 
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World's latOfft menul6Clurar of 

unlnlemuptlble power ayat11ma. 
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eldra leatures. e><eell&nt debugging lacll111as. sam
ple Al programs. lully-ln<lexe<f ma.nuaJ, !tee 
teclmlcal support. 

Microcomputer Systems Consultants 
P.O. -- - e...-.., CA 93180 

(605} 967-2270 

NEW Ex.pert System 

----~--~- · SPN<I upNo J>fCOl*Mllng -.eruomoly RIOlculouol)'-'.I"<____,.......,_.,,,,~ 

~ "°"*""' oncl onaly!ls. lnbmolion - IO 

- ....·-P<I- Many .....,p1e.1 .... _ 
011 Cell or wme lo< mono inlormallon. 

NovaCaat Expert Syatema 
2530 ~ryes311 Pd Suilo 607. San Josll. Q\ 95132 

(406) 272-4071 fax: {408) 437-rrn 
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LISP on a MAC 
Get all lhe functionality ol the Franz.Hsp 
dialect of the Lisp language. $20 purchases 
a 64K Lisp program, which will 11Jn on a 
MAC plus or equivalent. 1MB RAM recom
mended for this program. Send order to: 

Oosson Software 
Box 33113. Coon Aapids. MN 55433 

Inquiry 564. 

ARTIFICIAL INTELLIGENCE 

muLISP"' 87 for MS-DOS 
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311'5 H&nli!>i -.. S<Ato 505. -lllu. HI MilS 

(803) '734·5801 

Inquiry 585. 

ATTORNEYS 
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BACKUP SYSTEMS 
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417.... lngolo SL , SO... Cruz. CA 95080 

(800) 345-4220 In CA: (408) ~&-993& 

BAR CODE READERS 
Ftom 11111 manuflliC!urer for PCOOl!l.f, & PS.'2. IV.• 
13CM$ as 2nd kayll<>atd, reads 1111 lceyeo data. Ex· 
lilmal or IKls install. Wnh 61""1 wand---$399. Al5C 
Kimtrcn, Linlc, ~- & RS-232. F'orlables. U-ia. 
Sloi badge readers. and MagStripe tool 

30 <f8Y S back. 
Worthington Data Solutions 

• 7A 1t10110 Sl . ~ 0>a CA QroftO 
(800) :J4S-4220 In Ck (40B) 45.8-~38 
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-----THE BUYER'S MART----

BAR CODES 

PRINT BAR CODES/BIG TEXT 

FROM YOUR PROGRAM 


.ldd bAr oadel and big lnPl1ica lml1 IO )OU< Pfl>Vlllll• 
Prfnl rTOm AHY M$-OOS ~ s.t - UPC,
EAN, 2 al 11. MSI, Code 39. Epaon, otd, 16"' clol matrix 
t<oct uplO I'<". LuorJo l up tor. Fonl ~ nol 
,.qui~. S15M2'9'. ~ d• U beclc. 

Worthln ton Data Solutlons 
41M I St. SOra Cruz. CA 90060 


(llCJOJ MM.:120 In CA: (•08) •5&-99:!8 


COMPLETE LINE 

OF BAA CODE PRODUCTS 

• PrlntBar II • Prln1Bar Softfonts 
• PrlntBar I • CodeScan 2000 
FREE BROCHURES (916) 622-4640 

Bear Rock Software Co. 
6069 Enterprl1e Or. Pl•c;ervme, CA 95W 

Inqu iry 588. 

BAR CODE SOLUTIONS 
w. ............Our PC.w.no~-v-_... ' -~ .....- ,,,
-.. _ ot _.. ' 
~.,,- .....--.....,..~ 
~ - ..... clocldng u- Our .....-lobo4 """'" i.o ..,,..._,.......->:...,, ws.oos et ~s""'
..--Cl'-in-a.w. •----lo. 
Our --- - -" U> Mitty_.,. --.. ti» 

lntemlllonll Ttchnologlet & Systems Corp. 
n>C N<lrlh fl«ry &.. B1M. CA 1l:M21 


!?Ml ttf.lllO l'AX: 714 ~ TU ~mt 11Ct 


Inquiry 589. 

BAR CODE MADE EASY 
PE~E.z.AEAOEA" ~- ...... 
RSZ1:2modoll,,.....1Mryl0odd·boro>dtb~""" 
~ WITHOUT SOF1'MRE MQIJlflClTIOO 

~-~ 1l!<'2 - ........, Bir codl pmng
--Cliltu<_on..._.....-. Olla"""1--PERCO 
2190 w 11in SI . Eugene, OA 97402 

(503} 344-11B9 

PC BAR CODE SPECIALISTS 
Sat CIOCle r llCleB Oeslgoed ror rut, rllllallle, cost 
etlllc:IM! diltll Dl\IJy. look!I juSI Olcll l!eyboard daral 
C1- from lllalnle511 ~ wand or ·iaar lrUffllce. 
Al9o. ~ ear eooe anci lilxl prinling 80llw1lnt. 
0,... warrancy. Ooaler lnqulrln welCOfne. 

Seagull Scientific Systems 
15127 N.E. 2.W., S\J l1" 333 

Rodmond. WA 98062 

OAR CODE READERS 
Among 11'4 - - In:! - _, uiOd --.... ·-...-(<Od93'2 .. s. 
Ul'C'ENt ~-- - ~. -Q.!OS'*l~ptllo<tttuj!Ofy.-IOll 
$1~ ....:! DIN_,. ain.-ros iroop... 

- - ftlopondltrlL S-... c1or • I - ~:.=...---CAl..l.lor-l(IObwlO 
Solution• EnglnMrtng SalH 

8653 Geet04 Awe.. SilYet Sonng. MO 20910 
800-835-6533 

Inquiry 590. 
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BAR CODE 

DATA INPUT DEVICES 
Bu Code & ~ SCJlpo R....i- lor mlcn:Joom. 
putlfl & 19rmln lnelucllng IBMPSrl & ...... ,.., DEC. 
AT&T, er. WyM, Willg, All .- connea on 1"8 
keyboatlj - 6 .,. ltlllSP8N"I IO d oolrwwe. Law 
"""' bat codo pm! prognuM & rnagnetiC encode<'S .... 
alto ...- GS.O. oonttact IGSOOK87"6SS346. 

TPS Electronics 
4047 Tl'llflSpOrl. Palo Alto, CA 94303 

415-856-6833 Telex 371-9097 TPS PLA 

Inqu iry 591 . 

BBS/PUBLIC DOMAIN 

3$0 + N- Tit/,,. Add«I Each Month 
l8+ Special Int t M'! Forum m9ssage bl!.589 pl\Js 
Real Time Conferencing . USA lOOAY D.w:i$1on
Une N- s.l'lllc6. Ouanorfy Newsletter & BBS 
SystOm Usen Gu.ldo. PC Pursu~ ~essQ)le. Fee: 
$'10/3 Mo. - $'25/Yr. 
9 Incoming llneL FREE DEMO MODE 

(503) 761-8100 1212400 N,8,1 
RANDOM ACCESS lnfonnatlon Network 

P.O. Box 16875, Portland OR 97216 

Inquiry 592. 

CAD/CAM 

$39.95 CAD 
RJlly lea1un>d, l)'lllbo1s, aUIO dimensioning, Mich
Ing, lillm, reads OXF. handles 1111 but lh9 largMI 
drawings. Exl,..maty powerlu'I BAS~lka macros. 
on I "" manual plU9 "" much "10<4. Requl11!S IBM 
X11A11PS2 -..Ith 640K and hard c:ll$1c. 20.000 new 
UW<ll thls )'911!. 

PAFEC INC. 
!5660 ~ 1'9rl<, Not=A. GA 

1-800-52.PAFEC ("°4) 441·9300 

Inquiry 593. 

CASE 

Affordable CASE 
A now conc;opt In Computer Aided Engineer
ing lor developing PC/DOS app!lcatlonsl C 
Olspatcher generales ras1. efficient C code for 
command Jld menu driwn applications. 
Oevek>p. documenl, lllld change easily. Many 
features. For many compil91S.. S29!iOO MC/Visa 

Amaryllls Inc. 
--Rd., oca:in.w.011.00 

(1117) 365-MSll 

Inquiry 594. 

FINITE STATE PROGRAM COMPILERS 

Develop & doc;ument software faster, 


11 IU!le prognima that exec:ute quicker 

& un len memory: Ada, Beale;, C. 


For1nn & Pa11c;al. 

II™ PC. lCT. /Cf, !'S/2 200K RAM Dao 211• 


- lt1'1.00 por ._ (W!lll f'rlmw - ~) 

AYECO 5025 Nassau Cude. Orlllndo 

INCORPORATED FL 32808 (407) 295-0930 


Inquiry 595. 

PROTOTYPING TOOL 
Build a W'O<ldn9 S)Slem model ol )'OUr applicallon 
wl Pc.l>ROTO. \4!;y Fast. \4tl)' FlcitJM. No Pto
or-mmIng Required. Scr"1l Palnler. Dala B.a:so 
MINO•~ Gtr.efalil daia diCUollary, source code. 
documenlatlon, prOGrammlng specificallons. 
Suilei. IOt JAD n wieu. For PC. XT 0t Kr. Fiom 
S149Jl0. MCNISA. 

Kartech , Inc. (•1e1 ssa.2D32 

11!& - - · ~ Oolar1o, Conoda M8C M 

Inquiry 596. 

CD/ROM 

CD·ROM Dnves & THJea 

L.argut Mlectlon !0< PC I Mic. 


on-~~U::..~ee.'-m 
MC/VISIVAM EX 8CC9pllld. 

Call or write for free 88 page catalog . 

Get II a/I from "The Bure1u" 


Bureau of El11ctronlc Publlahlno 

121 NOtWOOd lwe.. UpP11r Mootclalr. NJ 07043 

(201) ?4$-303 , 

Inquiry 597. 

Publlc Data on CD-ROMs 
• EoonlSlals I - Ptloes, Empla(menl 
• ~ - Bl..S'Census 1984 cons:umec om 
• ~ - .t.i;Jrkukur91 Mrios 
• Makes t.ab1es. DIF. 0< ASCII 
• $49 NCh. req MS.OOS 

• co.ROM putllillllng - -Ible 
Hopkins Technology 

421 Ha?&I L!l'le. Hopkins, MN 55343 

(&12) 931·$37G Compose,..... 7•017,814 


Inquiry 598. 

COMMUNICATIONS 

MULTI-LINE PC-DOS BBS 
The a.- bfll Syolorn (i68S). Secure. roliable. ..,.. 
"'8!u.-d commerd.J lnlonnailon ayoltm kw 181.t 
XTIAT/38111PS2 er oom~ Mtnu edilo< bool 
~Zlllon ti)' nonprogr111111Mra. ~rmll. X & y. 
"40<l•m . Hfgn perrormene• 111ow. ~P •o 32 
unubneous eden.. Usef audit 1ra.J_ 

3001'1200!2400l9600 l)j)s. 

eSott, Inc. 
·~ e. a.-.i ...... - - co..,,.

(303 699~56S 

Inquiry 599. 

Bi-Directional Fiie X-fers 
~----...-~~ 
• t~ Ut"I ~ 0uMg U!N-Rit TraNtlltl· --~--~""'~ 
• U... ... ~-'Ot.1:-
• Mot.~Than-.....mil.~ 
• StwM nen. .,_. CUI& C4t'IMcl co. 

ll"lr;wlneon .. $\iii . a.no CMtk l$OO • S3 "" 

........ ""G . 31>' &5IO'-- s.cUI! • "''°' 

Multlplex Systems (412) m.337• Hin 

P:O. 8C>C 18174, Pittsbltrgh, PA 15242 

Inquiry 600. 

FAX MACHINES $395 
llURATA FAX 1200n&l0 • • • . . ..•• msin~ 
SHARP FAX R)300IF0500 ..S11t5M95 
TOSHIBA lilX :.11~ . S\OAll240.'CAl.I. 
RICOH la20 S12tSIUt5 
CAllOH FAX 20 . . 11279 
PCIXT SYS.~ . fAXtScarme< .. .. 11595 
PC/XT TillejJllo<le_ & _ .. .... $1115 

Pr.,,,y prlcN 'lfRIUC 296 cod 296 fUl«k 3196 
TELEPHONE PRODUCTS CENTER 
23!<01 •ZQ El bvAo... El bo.CA-71•1731MllUlll 

Inquiry 601 . 

COMPUTER INSURANCE 

INSURES YOUR COMPUTER 
SAR;;Wl.RE~ ful~ol~ 
meclla end purcl\ued tohware. As l<ltlt .. $39 a 
)'ear prgyldes comprehensiY8 ~- Blanket 
C011e<age: no llsl or equ prMnl """'°"'°·One call 
does h I. c I e a.rn-10 pm ET. (Sa 9 to S) 

TOLL FREE 1-800-848-3469 
(t.oail51•202~ 

SAFEWARE, The lnsunmee Agency Inc. 

Inquiry 602. 

http:SAR;;Wl.RE
http:lt1'1.00
http:oca:in.w.011.00
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-----THE BUYER'S MART----
-

COMPUTER RENTALS CROSS ASSEMBLERS DATABASE MGMT SYSTEMS 

RENTALS 
WEEKLY MONTHLY YEARLY 

IBM - APPLE 

r111~~~ 
~~& .~$189 ..... MO. 

18M PSl2.....,.. ~ 800 PC-RENTL 

Inquiry 603 
-

CROSS ASSEMBLERS 

CROSS ASSEMBLERS 

Universal Linker, Librarian 


Targets for 36 Microprocessors 

HoslS: PC/MS DOS. micro VAX, VAX 6000 


Developed and supported al'. 


ENERTEC, INC. 
BOX 1312, Lansdale, PA 19446 

2"15462.()966 MC/VISA 

Inquiry 604. 

Professional Serles 
~ ..ieues 'a PMudoSlm Proles6lonal 
Serl olcrouunmblars.U...~~ 
Macroo. Conditional A>Mmbty. Ind Include Flin. Vfr. 
lually un~mlt.d lllza. Ax IBM F'C'a, MS-DOS 2.0 01 
~ W1lll manual IOr SlSOO. &d'l llddilioru! S20.00 
(M1 ..... 4" tu.~ s..winv z. c~ siQ. ~ S15. 
VISalMC (DNJe< lnqu W..loame). 

Kore 
•IO,,...._,~.. Ml•~6 

611Fl91·9333 

Inquiry 605. 

FANTASTIC SIMULATORS 
For "- 80<8. 80!il. 8080. ll085. & ZBO lltnllin. "111 lUl'IClicll'I 
lllnuYdon - g All MOOEB al ............ -.u. 
d111MM1mbl«. a.rat man~ LC..E."a. 


CROSS ASSEMBLERS 

Wt~•he-llOOl.-006.00i0 5ZUO IWnlfleS. 
JU01m . 

Lear Com Compan 
2..0 Klpl"'O SIJS!m. ::108, LL-. CO 

--·2221 

Inquiry 606. 

CROSS ASSEMBLERS 
Macl'O!I, PC Competlble, Aelooal8ble, Cond!

!Jon81$. Fast. Reliable . •••.•..••• from S1 50 


also: Disassemblers 

EPAOM Programmer Board 


MICROCOMPUTER TOOLS CO. 

Phone (800) 443-0779 


In CA (415) 825-4200 

912 HN1t1191 Cr., ConCOfd, CA 94516 


Inquiry 607. 

680XO Cro.u Aasemblers 
--~-a..- ... -y:u ... l'Cot~M....,. ridm .................ID:d"'9... 


~=-"="==-':;.,~~-:ifiOClll'l:9,U\lil'ICl':!Cllm... &4CDD~~lllOl2.illl.lll"d=·--==..~~:"·'=" .... 
llillt~ll'*)'IQ~IC

0..--....ii!>&l.>C_..W_--- ..,,.~ .. (Q)\. ... 

- RAVEN Computer SY11tema 
llm 1211C. SI. Poul. MN 5!112 (812) 93Ml365 

Inquiry 608. 

Z80/HD64180 
stA Sysi$ms C10N assomblen t11n Ott PC and are 
comP<Jl1ble with Mlcrosolt M80ll80. $19'5.00 fOr 
assembler and Unker. We haw CPIM emulalor 
catda IOI PC. Up Ill 12.S mh~ ZOO clock opeed, .....,_ 
Ing at $249.9&1 Also Zl!OIH064180 C compilers. 

Z-World 
f71'2 Plc6uo -· Davis, Cll 95616 (ill) 753-3722 

Pf#H - our /Id$ on - .u2. 

Inquiry 609. 

DATA ACQUISITIONS SYS. 

IT'S ABOUT TIME 
Flnelly. • low COii ($200) ~ acqulslllon ..,..._ 1ha! •• 
~ 10 ldt io, (AS2321A$485). use It Jair MaJritY 
.,.....WWW~ f""""'""comol, lldllea
tkl<lor- prqoaa. Uplo~,,_,_.,..._ 
poot. MMy lc>o ..... opllorw -. 

Sp.co'. 
MlllNfJ-ldglmlM>,--12'24...,..,_ 

DAJM Corp. Ud. 
;MQ IT.IOl-!02..._, E4m-.Albanio, CANAO.t., TSS U8 
40Mt64"4 FAX 40Ml645U 

Inquiry 610. 
- - -

DATA CONVERSION 

MEDIA CONVERSION/DATA TRANSLATION 
Morw tllM }us • .,..,,, dllmp "' ASC1I ,,.,..,, 

-P-..g, DeMs,....,~-on 04o"'1:.:r.....:-:i..::!'.Y~'",.~: 
iw-ane... - EltdJotllC Puolltlllng ~ PSI:! .. ,,....,_ ............. 

11 In the,_,_ lnd.-yt 

CompuData Translators, Inc. 
332$ ~ l!Ml, &lilt 1202, Loo Ansl*s.. Cl. 90010 

213 387-4477 1·800-825·8251 

Inquiry 611 . 

CONVERT 
W.2'1 AND1m·s 


TO MAGNETIC MEDIA 

FOR IRS 


FROM 75¢ PER RECORD 

APPROVED SERVICE BUREAU
. . 

DataCopy Service of Texas 
3306 W. Walnul 1400, Garland, Texas 75042 

(214) 272·7751 

Inquiry 612. 

DATABASE MGMT SYSTEMS 

SOFTWARE KIT PACKAGING 
OEM supplier-to one ol 11'8 YOid's largesl compul8f 
companm allara quaity pad<agir1o and supplies lor 
)"OUf soll'Mlre ptOducls From dskeltes lo Pf!,.od 
"'8llOlls. OuaMy P'Oduc:IS reflealng \'OI" company's
imaoe Is our highest ·pnotWy. Call °' ""11 

COMPUTER LOGICS LIMITED 
4645 Trarnoi Road Uno1 K·9. DopeN. V 14043 

(716) 633-2810 Fax (116) 633-2813 

Inquiry 613. 

ID NTITY RELATIONAL DBMS 
Full ralallonal power without programming. 
Retrl8Y9 dti In multiple tables NSJ1)< Mod !y labltt 
slrUClurn 10 lpeed qu11rles. Import & Expor1 data 
llf\. Ropon wr11or. ro_ ENTfTY m~' rolatJonol 
IA&lctl - DBMS's l!IYOid EASY. $296 Reil- For 
llml10d time $99 plin UPS. 

Horlz.ons Unllmlted & Aaaoca. 
17116 t¢hael Lane. Paofic ~ CA 90272 

121a) 454-4178 

Inqui ry 614. 

FREE TRIAL dBASE Ill CLON!! .., ..,,to•l>'Vll'"""'- --l)O>.IS n,._..,
-••'411de<lll'd"""" .......... -al~ 

=~=ID,!::~~l~i:ss=-·-

•• PC MAGAZINE 5/17/88 • • 
F-Xl~•not~ram USA""1y <M ~~ 
~u~~sl"~~+U · r 

1 on 1 Computer Solutions 
29 ,,,_Cl<, TtutnbUl1. CT~, :I0).3ts.ott• 

d8ASe Ill 11 a _.,,. al Aala>WE 

Inquiry 615. 
-

DATA/DISK CONVERSION 

QUALITY CONVERSIONS 
• Disk • Scanning • Tape 

'TYPEWRITTEN $.33 pe1 page 10 ASCII 
"TYPESET S-.24 poinl Loft> Allllll

rwP Formal!J IM<la.t>lel 
IMAGES 

LogoeJUne AttlGlos.olos 

1at ·Run Computer Services Inc. 
IMI BtoadH)< Slai1'I 50e. N- Yorl<, NY 10001 

(212) 778-08.QO 

Inquiry 616. 

Get the Experti se You NeedJ 
Diak/Disk • Tap.,/Dlsk • OCR 


O.Vr 1,000 lormalsl 3~. sv...ore....,.,~ 9 trac:I<. 

mag tafle, 10 MEI Berno.Jli cart~ Oala bose and 

'Mll'd fl'OOO""JOI' lranslabon. Speaall!;ls ill Ga.em· 

IT16nl Secu111y Data Cal 101 ree consuflallon 

Computer Conversions, Inc. 
9!.80 Blad< Rd 518 J. San °"'DD CA 9:!,26 

(619) 693·1 697 

Inquiry 617. 

DISK CONVERSIONS 
Me<lla 1r111Sle< to Of from: IBM. ~. CEC. W4n0, 
l.alilllr, CPT, Mkx>m. NBI. CT, also WP. WS. 
MStWRD. DW4. MM. Se.mna. DEC DX. MAS 11, 
Xer()lt-Wrl1er, ASCII. 

FREE TEST CONVERSIO N 
CONVERSION SPECIALISTS 
531 Main St•• S 835. El Segundo. CA 90245 

(213) 54~551 (213) 322-6319 

Inquiry 618. 

DISK & TAPE CONVERSIONS 
AUTOMATICA LLY 

SAVE TIME AND MONEY 
0- 1000 Sorlnollts trOm MMK, ~M.alnr~ Wtwo. Pro

-..&~ 
TAPE c-..... aa low .. ~ Me 

OISI< ~a& low u S15JXI pet DoM< 
c.11 or - TOQ(t lor a COOi ~~ 
CREATIVE DATA SERVICES 
1210 W. I.al/mer IM., Cwnpbell. CA 9!008 

(408) 1161M1080 

Inquiry 619. 

DISK INTERCHANGE 

SERVICE COMPANY 


DISC o;pedalaM tn transl6rring lilq - iftconl. 
pidlll diak~ and'*-' diol< and~~ 

• Docllclllld Wo«I p~ 
• Mlnl, Micro & M.t.lnfJ&mO Compulaot 
• Elo1!adc ~ 1800. 600 And ~ 8PIJ 
• MSOOS. ~ Uf'41X. oos. PAOOOS. rsx•. m;11 

2 """' or1.. • W.atl'ord, MA 011188 
(617) 692-0050 

Inquiry 620. 
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DATA/DISK CONVERSION 

RUN HP SERIES 80 

PROGRAMS ON IBM PC 


__._.10..__.._on_ 

Pac1o1n:t BS, 8e, 111, 11915 10 IBM Pc. /IJ, PS/'2, comlNlbblN 
111<1 run !hem on Mlc:r.-.. ci-1\JI Ot*t(llASIC •ll. File 
~~ lndudocl. HP 8ASIC Jl'OO'll1' .,..,._, Wl(ldo$1< 
file ""Pl' 10 PC'I °"' opeclalty. c.i1 U1 

Oswego Software 312(554-3587 
SO'INonhlda<MSI. F.U 212IH4-U7l! 

TEUXUl7S7c--. - l!OS0.3 

Inquiry 621. 

CONVERSION SERVICES 
Coo.eit any 9 lraCk magnetic tape to 01 from CMJr 
1000 formals llldudlng 3111", 5'1•: B" disl< 1orma1s & 
word ~ Disk IO <*sic conversions also 
available Cail for more ll'ilo. lriroduoog OCAScan· 
Mg SeMces. 
Plvar Computing Services, Inc. 


165 Arlington Hgts. Rd .. Dept. ~B 


Butta.lo Grove. IL 60089 (312) 459 6010 


Inquiry 622. 

DEMOS/TUTORIALS 

INSTANT REPLAY Ill 
Buicl~~ ""--~ M.....:. 
lrnecl Keyboard Macros. and Menu Sy.urns. l.!dud.. 
S<:reon M- ~E<l<Ot. i>rog<a'n ~ 
one! Anom'*'< Recl:t G.est ~ Srnply the BEST Nci 
oopJ pu:11l!C;lad o myal!m flO day sacl$lacOon ITIOllQ\I 
bad< guar IBM ano CompatD. S1•9.95 USCl'lk.ICr e ra 
Oemo DG!«<te $5.0Q 

NOSTRADAMUS, INC. 
$191 South Valley Sttffl (SIO 252) 

Sall Lake City. UWl 114109 (801) 487·11882 

Inquiry 823. 


DESKTOP PUBLISHING 


HIGH RESOLUTION MONITOR . 
• ~ f'lltJlilrw>g ond °'°low COii ~ ...rai 
• _Red..,_b< )'QUI ISM PCIXT °' X1 o:>mpo0blo 
• )02.C • 1U l)IOll' ..... 1, .. tcnlfJn•°""""to<._ F'lge M- w.-CEM W1C1 """10\D
•C&n""""""""""""""<'*"gnllll'oea
• Col NOW~ """'°"'U ll"IJha - .,..,,_ ond 

• VISI. -· too M-car.l ~ 
CATI INC 

16&111-0 - ~. -- ..... °' ll5037HOT UNI!. 403-771J.GATS 

Inquiry 624. 

Desktop Publishers! 
WhM you AMd the b9lt .. ncH'liCJAMlt..... tool• '°' 


So.-..n C•pturw .-nd lm•a• M•n•g•m•n• 


Collage Display Utilities 
0y1uomlc ~Ing, ,.._ 8""""1g an<1 C1Wog1ri11. lt>d
"'"°"· mUdl -1 Suppo'1S EG.A. VOA. P$12 . CGA, - --dl-lSuggested Retail price. only $8996 
Inner Media, lnc. (6031 ~~ -7195 Fax 

Inquiry 625. 


DISK COMPATIBILITY 


IBM PC's USE Mac DISKS 
MatcllMaker let$ )')I.I plug any Macln osh exler· 
nal noppy dr!Ya Into an IBM PC Halt !ha cald ana 
soltwara letS 'J')l.l copy tOl'lrom . Yiew directory, ln
tdallze. "'delela files on 111e Mac d Mtta Work8 
wilt. PCs, X1$. A'a and QOmpali.ble$. The easy way 
to move lttlormalloill 

S149.00 ViSllMCICOOIChk. 

Micro Solution• Computer Products 
1;» W Uncoln H""f . O.l<alb, IL 60115 •151758-3411 

Inquiry 626. 


430 BYTE • NOVEMBER 1988 


DISK DRIVES 

HARD DISKS 
MN6128 11 o MB 28MS $699. 
MN9390E 338 MB 16MS $2399. 
MN6085 7 1 MB 28MS $545. 
MC1355 150 MB 23MS $1299. 
MC 1J35 71 MB 28MS .~5. 

ST4096 SO MB 28MS $525. 
ST25 1 40 MB 40MS $329. 
ST25H 40 MB 2BMS $379. 

CPU INC (714) 870·9033 

Inquiry 627. 

PS/2 DRIVES FOR PC 's AT's 

CompabKll/?C ...................$329 

CompaUKl~AT .. . . .. .............S269 


Bu it.Jn noppy QO<llroller&---<no problem. 

Suppo!IS mu111p1e driVe$ arid lorma!$. Lets \IOU• 

oompul!lr US!l IBM P S/2 1.4M diskllU85 plus mom/ 

C311for h.J11her fnlonnatloo "' to plac& an orde[


..,_O'COQ'CHCCK. 

Micro Solutlons Computer Products 
132 W ~Hwy . DeKalb. IL 6011~ 111117ff.14f1 

Inquiry 628. 


DISK DUPE EQUIPMENT 


DO YOUR OWN DUPLICATION 
Copy 10.000 or only 10 . , •.. In M lillle !ill 15 
soconds each with famous Mounlaln Duplica
tion equipment at the wry best pricestl Soo us 
tor all of your duplicatJon equipment Mads 
from Disks to Drives to Duplicators. 

SYSTEMS SUPPORT DATA 
223 North Royal Ao.<enue. Fr0t1t Royal. VA 22630 

1-800-2)1-4355 

Inquiry 629. 


DISK DUPLICATION 


SOFTWARE PRODUCTION 
• 0151< duplfc: !lon • WatellOuslr.g 
• All IOonats • Drop shipping 
• 	EVER~OCK copy • Fulfillmenl 

pro1ecllon • 48-hour dOIMlty 
• 	 l..abal/sle<MI printmg • Contulmion & 
• 	 Full ?BCi<&glng g1Jidance 

""tvl""s Star-Byte, Inc. 

713 w. ,...... S I. , L.an-.p... · 

21W&a.12GG' 900-243"1J I$ 

Inquiry 630. 

DUPl.JC.UIOH IS THE llNCERQT FORM OF FUTTIRY 

Let us Flatter youll! See us for all dlsk 
duplication needs. 10 disks to 100,000 and 
more All formats- All systems. Best 
pric- Our own in-house printing of 
documenlalion-labels-sleeves. 

SYSTEMS SUPPORT DATA 
223 NOM R<¥!I Awn~. fl'Qlll R<¥!1. VA 22630 

l •IW0-231-4355 

Inquiry 631. 
-

DISKETTES 

CHEAP DISKS!!! 
Although this headline may not rx>f'Mrl 
quality.....our 31h" Hoppy dls](;s do! 

tOO'Yi C•rtlfl•d 
720k only HC 

1.44 MEG only $2.60 

SYSTEMS SUPPORT DATA 


223 onh Floyal A_,.,.,, fronl Royal , VA 22630 
HllJ0.231-4355 

Inquiry 632. 

DUPLICATION SERVICES 

SOFTWARE DUPLICATION 
• One StO!I Shopping • Tech nJcal Suppon 
• Custom PacJ<aJ;llng • Drop Shipping 
• Copy Procectlon • Fast Turn round 

• Compelitlvo Pricill'd 


SATISFACTION GUARANTEED 

800·222-0490 NJ 201-462-7628 

MEGASoft 

Inquiry 633. 

ELECTRONIC PROJECTS 

BUIL.D TALKING ROBOT! 
- 8"id B_E.A.T. C) ,.. Buie Ed""°'lo<lal 
- "-ind in BYTE ....,, & Moy 187 
- e  a child oa11 _.,,, 1hla lai100v from-C<l<li- Millim""' 1()1 ~.OO V.$.-Com- Kll s1eo.oo u.s. 
- .,,,... SIH VISAwolcOIMd 

blno< 

· bcllR 

- F<wlurll!IJ inlarmaion- IO: 

GoCo Dist. 
SUlll80ll. llole...._ SL. _e..c.C--WE:llll 


YlSA ~only: -1~ 


Inquiry 634. 

ENTERTAINMENT 

*•CHESS SPECTACULAR!** 
Al lul aci-~~tor JM .-gr1PliCI _,. 
.,_ ttigl> -anlm.....,1lm9a)OU' EGA 10l<tet 

- "'"'" rn 7, Hugo -Ing bo<*. - _. 
- ~ IHChi<lg moOo_ Se!oct - · Tal<I
~-..On"""" docl<. 11\JCH MORS ! GA 
Cheu W~ 2:5ek EGANGA 5.25• llllk.. VISM.IC 

CUBE Microsystems 
PO. Box 26064. Owrlana Pan.. KS 66225 

(913) 649-6747 

Inquiry 635. 

HOOKED ON BLACKJACK? _,.,.,___)'OWl.,..._lll_tloo_ 
(HIDJ--_... Pl.,sAU.CNlno - - 

Blodojod< Y1.00-. • - - - · - cxuafor )Ql - --ii l~U..--
trw11 ~ '¥0UA.c.CI co.um end ~A .,....._~,... 

-- · •......:-~ · PC-OOSY21> 0<-. 
• llUCIUICO< lllt>O""" t2ilOO _....,.. lJoO<><!o """ 112.!I! 
4$pocffy Olo_ ..,., ~--20 - - - •...-.. tw dehwy. MMChec:Jr or llW;lftlff' O'Ott llO- lFl.,.... edde-.J 

IBG SOFTWARE 
P. 0. !lo< 27-«1$<, [)opt. S. a.co R-., FL 33"27-«15< 

Inquiry 636. 

NEMESIS"' Go Master " 
Go 1S a pop<jlat Ori8111a1 genie of lntellecl!W com· 
1>iexhy and elegant@. NEMESlS. reeognimd 
WDrldwlda as !he best Go pn)gram, is an Ideal 
playmata an<I tUIOt. Poumelle's game or Ille 11\0t!tll 
rwlce: " ff you ere Interested In Go, buy !hi& pro
gnim." BYTE 71r1T 

Toyogo, Inc. 
18 Bamord St • Sia.. !MV, l..aJtiflOll», MA 02173 

(617) 661..()4U 

Inquiry 637. 

80 programs for IBM PC 
Games, quizzes, trMe, utl lllles, antiviral. pro
gramm ng 1ecnnlques, how to use OOS end 
BIOS. All In super fast assembly 1a119uage, In
cludes source code and software license. 
DISK1- 360K S.S 720K $6 Book- $1 8 

Zlpfa. st electronlcs 
BOO< 1:h3a, l.Qxlngton, KY 405l,!l-2238 

Inquiry 638. 

http:0UA.c.CI
http:Butta.lo
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FLOW CHARTS HARDWARE INVENTORY MANAGEMENT 

FLOW CHARTING 11-t HELPS YOU! 
~-'*ll"lllo'-"""""""' ...~"""'c:t.."'"'8 
•• •.,,_ - ...P'irCP911"d c:lwlEboldar>dnonNl_... __.., __ ~.,..,........ ~&<Clft

.-.;--u...-.-~ ........ 
~= ~ <dumn ..i.t ec'"" Jo< -11 - · '"""" """'' 

PATTON & PATTON 
81 G<o11 o.1<o BM:I. SOt> .-. ('.A 95119 

1-300-525-0082 (Outside CA) 
401Hi29·5376 (CNlnt'I) 

Inquiry 639. 

STRUCTURED FLOW CHART 
NSChalt cntll!M NassloSh.l'lllldefman {Slruelured) 
llOwdlatW from a tlmple PDL. Kevwoldt Otllne 
s1JuCW"'I & 18l<I slJlngs "PP"'" In Ifie cl\er1. Euy 
IU c:tNm, _, ealer IU ....,.t Aulclmllllc: char1 slz. 
Ing , lex-I ceni ring. Tnui.1laton1 from many 
ianOUIOM IYlitallle. For Mac 11'\d IBM PC. 

SILTRONIX, INC. 
P.O. Bax SQS44, San Ol<igo. CA 92138 

1-801>-e37-4888 
Inquiry 640. 

HARDWARE 

CHIP CHECKER 
• 74154 TTL + CMOS • 0000 NII. + So.gnellcl 
• 1414000 CMOS • 9000 TT\. 
• 14-24 Pill Cl>lpo • Y + .4" IC wl<Sha 

~ - 660 ~.., d>lpt ...... """ lype
olOUIPUlin_AIKl _ _..RAMd'lipa.IBM !,.,.,.,...blo _.., S25a C12J! '+ CM _...,, SISO. 

DUNE SYSTEMS 
2ll03 WollA Dr.• SI:. .-pl!, Ml •9085 

(616) 983-2J52 

Inquiry 641 . 

lffOUSTRIM. STlleHGTll SIHGLE BOAfW COllPllTEA 
!WI op!Jmum ,_,..,.. for monlloc + contr(ll JIJP~ 
lll>M: 16 ChAn AJO • 4 RS23Vl22 PotlO • .t8 F""ll ti() 
LI"'"' • 8 Oplo IN• • 8 HtOt"'° OU11 • 4 Tlme<s • 
Watdldog • IOCI< M ......... • r..25 1 8.0 Optlons: Relll
clent FORTH OS with Tifll81 Complier, Eclitol, A838111· 
blef, + N1o L.oed/Stlrl; 5 MHz 8085 • 4 Chon DIA • 
llalWy Bacbd Clod<IRAM • s-ldng • PC 6-. 
E-W.C 1000 + $Z41.00 E·PAC 2000 + "'49.00 

EMAC INC. 
PO Boo. 20Q. C....,,_ IL 62902 (1111 52!M526 

Inquiry 642. 

FREE CATALOG 
ProlOd )00' compute< pow9I' from bl&Cl<-Oull. 
eu11. ..-ttalh Ond 11.._J ~ ... oj lcJw 
cool E-"'-' s.ippy un11s. UM~ 
Ind Su~~~nl darrnoge and lo.u al 
- ~~ em:>rJ, r!Wlunalons ~ ..... 
pt1n11MJ11l Sino lot mon411< -1'9 ea!a10Q !Oday. 

INDUS-TOOL 
730 W l.ake St . Cnocooo, IL 6000!.I 

Phone 312-648-2191 

Inquiry 643. 

PC CARDS/KITS 
• 8 bit AIO card, 0-SV .. .. • .. .. .. .. .. S1'9 
• 8 bit DIA card, 0-2.!iV .... ., ... ., . , $711 
• Relay dnwr card, 8 OIJIPU!9 (3A) • • • • • • fl49 
• OigilaJ 110 ca m 1npu11ouipu1). • • • • . •• '79 
• JB XT computet kil wtmortltot . . . .. . $499 

• FREE CATALOG-parlS, kits, compute~ 

JB COMPU·TFIONIX 
3'11 N -1\ lhd.. WI\.. RiltgO. 00 1!1111133 

(303) 425-95115 

Inquiry 644. 

TRAPPED BY YOUR ROM BIOS? 
Uoda.11 I«'' PCll('i, 286 0t 386 macnlnes w tn die 
I test flOM 8IOS trom AWARD Sol\wMe. Suppom 
Erlhanced i<llyboardl'I, VGA GI11Ptllcs, Fast Pro
cen0< Speeds, 3.5" Floppies, NB!Wllfking, ucc. 
Aulholized Niard Ots1rlbu1oc 

CIH 1 ·~23-3400 

KOMPUTERWERK, INC. 
851 Parkvtew Blvd ., Plttsburgh, PA 15215 

Inquiry 645. 

BUY * SELL * TRADE 
Apple • Setvice Parts 


• Ac«tsaories • Sys1ems • 


PRE-OWNED Electronlca, Inc. 

30 Clemalis Avenue, waltham, MA 02154 
800•274-5343 FAX 617-891-3556 
Service Cen!el'9 and Deale1'9 welcome 

Inquiry 646. 

_,,...MEET with HERMIS"' SCI 
APCDillllol--~~

~l :lit:..~ ~1==-~..i-  • 10.-- Ol 'C'
d Aao::wd .. 9(. tt 1eK ar 3:!KbJ11......~...i--Nt-......  ,_ .. J4,h \ilSNMC 

S•n•ory Communloatlon• Inc;.. 
900 F--. Valley Or., ~n, TX 75002 

(214) 727·9365 

Inquiry 647. 

68000 / 68020 I 68881 
COMPLETE DEVELOPMENT SYSTEM 

for lhe 58000, S8020 and 68881 chl...-flldudn 1111 
Chlpt, pow9f IUpply, H11aJ lntet1ace wl1ll toltwata, 

~- n•"""11« (hollvdon a PC). mu'"""tadon· ochom811c, Opemll11g S)'Slam, cabin. 
~I Price41100.00 

Phone URDA, Inc. 
1-800-338-0517 

Inquiry 648. 

HARDWARE/COPROCESSOR 

SCIFOK'"PARALUL COPROCESSOR 
PCJXTiA11386 plug.In - Wllh Fonh 90ftwara 10 
Mlf>$ OQOfillorl, up to 50 Mll'S bursl. IMK to IM 
by1e momoty. Use1 Hanis RTX 2000" RISC 
raalllme CPU Wllh I-cycle motllply, 1-cyc1e 
14iJclOrlly tnlerrupia, two ~ JilaCb; 11111• 
l&-bh lirnedw1Anl8r1, 16-llil llo tlus. Ideal for real· 
time control, •lflnal llnd Image process1ng anc:t 
mu~lple board oporallon . From $1,996. 

SILICON COMPOSERS, INC. (415) 322-$763 
210 CaUIOrnle M., Suhe K, Palo Allo, CA 9430e 

Inquiry 649. 

IMAGE PROCESSING 

ZIP Image Processing 
ZIP llrlngo - i,.._ ptllCOIMIQ ID 11\t PC. ~ 
lmoQoWill - dl;fl!Zot, - I Gt 2 - Po'IO .. _. 
~~-ony--~.._.......... ~lnoob..0&<-
Cell{Jl.1) _,_lo< VISAIMG. 0< - ct>oc:k 

179 • $2 .ill. MO Id<! 5.Wo. 


Hogware Company 
4lQ 84410Ylew. SI l.oula. MO 113l19 

(314)192-7'133 

Inquiry 650. 

srocK·MASTl!!R 4.0 
eo........ioJ GtMo in..ntory ......._..,; 
_.....-~ 

• 5-10 .. la • Sl<>d< S..U. "-""Ii 

•--- ,.,,_.,_ ·-~• em "' ' OllllilY Conwl • F'un;h- °'°" Writlng 
• t.ll.Clipl9 Lao1i11c1na ,• °""" E""Y.p- Otmr 1todcinq • ~Ill~ 
• Oc>o<I Oftlot Alporting • On Lino Inquiry 

• Sodolll<ll ' ~ 
Applltd Micro Bvsln " Syti.ma. lne. 

171-F- - · - - · CA 82913 n4'1DON:I 

Inquiry 651. 

LANS 


Are you ~ IO $pGnd lllou$&nCIS ol dollars for 

Novell or 3-COM? 
I n..~~-lM-llling, IMJICOllSO<ll)I 

- ...th~UIMl!po____......,_- pm - ho! ETBIOSaomprdJlo la<.11-
-~-...-.,..--dll.'SE.
~~~•. - ..-~ond 
m~...,_._ 

Datl!ibase Speclaltles (415) 652-3630 
P.O. Sox 2975, Oakland, CA 94616 

LAPTOP COMPUTERS 

LAPTOP SPECIALS 
lbelilba • Zenith • NEC • ~ue • SHARP • 
NEW, Hald dl'Ms available !Of Tend)> 1400 lJ & 
'b5hlla 1100+ • AFFOROA.BLE SV• • or 3Yl' 
DRIVE UNITS lof LAPTOPS & DES!OOPS • 
DICONIX PRINTERS • 768 card lof TIOOO • 2400 
BAUD MODEMS lo< l..aplOps • Fasc roUable and 
lriandly ........ica. F0< LIM Pricing call 


COMPUTER OPTlONS UNLIMITED 
20l-o16&-76711 (7 O~. 9 am-10 pm Ell5tllm time) 

Inquiry 652. 

Inquiry 653. 

LAP - LINK 
Tl\t--lbr~'°""'P--""YleM 
CO...-~l'C. f15,210t..d ____,_, 

.......... ""Y _____ _
orr;Cllwpo:GJcl-No-~-IO_.,...._-..,..---..-..
llw1•00S<Wl'-°""f112U5~_...,_3\i,' ws11o·- "llildQt"-"*'
~ lbr rrtf $11."5 Ml 

navellng Software, Inc.. 
18702 Nonh Creek Padfway. Bollie l WA 98011 

l •B00-343-8080 (208) 483-8088 

Inquiry 654. 

LEGAL 

LEGAL DOCUMENT MAKER 
All pleadings and documents. 

Any word processor software. 


Free Brochure . 

Nowt Supra 11"'. 


TSC · The Software Company 
P.O. Box ffl2681, WulUa. AK 911687 

(907) 3'nMl550 

Inquiry 655. 
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MAGAZINES ON DISK 

COMBINATION SAMPLER 
3 PC PRODUCTS - 4 DISKS - $29 .~--·for 1bt - llmiyl "--"" 
-. -lon. -ond-$14.86.~ 

· flC~-jr.olb:lht ... IJ ~~---·-
--~ .. - llU5. 

· ~~=:.;.=,~·---T-
SA#l'l.ER; ooo ol -" I• -I °"'Y 1-..- fll. 
CALL rou.~ VlSAlllCIMIE.I: 100-551.a313 

1.8. Ml 
Inquiry 656. 

ttt C2:; - m:.~ 
.... 3210 

LA m111 

MARKETING 

FREE BROCHURE & CATALOG 
Ir y0u have a COO\P«l•r produd tha1 yo..'re 
mattteting . • . or thinking llllcxJt marketing .•• we 
can help. We'll help )'QU ge1 ln•e publicity lrom 
oompu111r magazine edltola, ..- groups and com
puter store11. Send far 8 free brochure today. 

DP Dlrecto , Inc. 
525 Gcocllle Hill Road. Sia ~10, bw). CT 06033 

(203) 659·1065 

Inquiry 657. 

MEMORY CHIPS 

MEMORY CHIPS 
'12M-15-1~·10 Coll S100C (I MOGl Cd 
4154.IS Cd 512!8 b: ~ 3811 Cd 
• tSt-12 Col l!Oll-3-2 Call 
"1211 f'99Y lllO. IOt AT QI 802117-&+10 Cal 
•1..e<-12 (t<IU•I Cd llOll7 Coll 
•1'2>11 [2oeKx4) . Call J<EC-V-~ Cd __.. _

27114,271~12 Cd ..._ Cd 

ESSKAY 718-353·3353 
Inquiry 65a 

MONITOR INTERFACE 

DRIVE MULTIPLE MONITORS 
with one PC using our VOPEX Y\d.o pon ex· 
p&ndero. Fealurlng no loss ol resolution or color, 
presenl811ons are l'AO<e dramalic. We have e 
lfOPEX kit PC. PS/2, MAC II & worutatlMS. Ullil9 
are available fn:Jm 2 to Io output pon:s. 

NETWORK TECHNOLOGIES INC. 
~Jl·T£CH or 21S.ll43-114' MCMWAlilX 

19 t<IS Ellzabolh Sc.. Aurora, OH «202 

Inquiry 659. 

PROGRAMMERS TOOLS 

Cor T Pascal Code Instantly 
Complete data.base In juSI m nutes. Draw & Pain! 
your screen. $how wh ! llolds 10 uu lot lndexM
That'o ~-runn ng source code n 6 MlC>Ol'\ds_ 
Automatic conlex1 sensllive harp, ,programmer 
docs on 11ach program_ $389/TPaocal ver. or 
$499/TC or MS-C ver. 

Call ASCII (800) 227-7681 
Inquiry 660. 

TLIBTII 4.0 Version Control 
Them.. geca 1*1"" They ICMld TUB 3_0: '"pad(M1 Wllll 
lrtl1Ufe$ , . /'1a.• '1rtllH/ 11maz.lngly (ISSI .. ftX• 
-...,,··_pe Tee I> Journal Sept 87. ")aas my /rJgl>esl
,...,.,,,,,-··-i:1. Alcharcllon, Comput.r Shop
per Aug 117. Na« TUB • .O hu: bnnchlng, mo<e 
keyword•. wlldcards & Iii& Ua11. r..i.lon nwge, L.>.N 
.ridWORM drive SUPPO<t. mort. MSIPC-OOS 2.x 5 3.ll 
$!11.85 + $3 s411. V1!181MC_ 

BURTON SYSTEMS SOFTWARE 
P 0 Box 41511. Caiy. NC 27519 (919) 856-11475 

Inquiry 661. 

432 BYT E • NOVEMBER 1988 

PROGRAMMERS TOOLS 

FORTRAN NAMEUST EMULATOR 
f'4,Wl,.$r" ~ llbtoty,,.....,.. - _.,.,_ 

"'1h on om..-. GI NAMe:LIST --- Md 
IMi'l• IOUtlnH. Support• Fortr~ n ~ rypet. 31 ch~ - .......,. IJ OU1Wt line 1ong111, ta.b """'°' pagtig. plU11 

fo...... notbn:f ln compieqwith NAMEIJST
~ -T7«mjlion. Ullnlrn-~·~ 

'60T~2,~!_as!,~~~. Al~•2 
(205) 991-6381 

Inquiry 662. 

DEVELOPMENT 
TOOLS 


ProCessiOnaJ Programmeta Exiender. Standard 

Mac lnlerface, llSU. P'inllng, graphlc::s. 1tl ng. Ex· 

181lde< GrapltPac: Ou lity colot graphs,_ Une. bar, 


, !lemHog, cu51omizallf<l \Sylnbols. 

INVENTION Software 
(313) 996-8108 

Inquiry 663. 

TURBO PLUS $99.95 
,.,_.,,""""-.,.. - ,,,,....., •.O- 

Cot#O--.l'C>Fi-~ .......... ,._,rigUnit Lbana. 5-pio Prov-s. 
- ,,_ __"""""· «J 0.,, ~ 
G-.-s.-ti..... &°"""'~""°' 
HloNY F-- RrMwll lllM & ~ 

Nostradamus Inc. 
.Jt.i"t ~ liMlllj' St ($.lilt 252) S,.. UtiW City. UT IUrali' 

(8!11) "1· 9662 

Inquiry 664. 

Get INSIDE! 
INSIDel Is o -1ul -...re~ lrWysl9 
IOol lo< pcpufar PC compllenL INSIOEI ..,_.,,,.. ll1e 
-..culion tim• 0( ..,.'Y ll11'Ctlon O< ~uto wlll> 
mictoseooad accuracy °' oompulllll ~ ooen each 
llOUIOI llne 15 e>:ec!Jlecl. Sfmply compjle )'DIJf \llll)lice
t\O<I and INSIDE! dOel 1ht ,... S15 

Paradigm Systems Inc. 
PO. Box 152. MUlord, MA 01757 

1800\ 537. 5043 In MA: (508) 478·0499 

Inquiry 665. 

Inquiry 666. 

FREE BUYER'S GUIDE 
~'lc--icwl lo an ~de.,._ 

oenllng -- \llan 300 ............_.,.,. _ ..... 800 
pmducll .... l&l _.ol """""*'"Ind CM1~ We 

--1M~--1~Dy
olte<'ng - - ond low pt\ceo. Coll Ot - "'°91' IC 
- ,.,.., l'REE """'""°'*'*"" e.,,..'I Gu
Prog11111mor't Connection US 800-336-1166 
724Q Wlllpplo-. NW C...- l\00-225-11615 
""'1h ~. OH ..m tn--..i:t1&-<~1 

Inquiry 60/. 

, PROGRAMMERS TOOLS 

DISASSEMBLERS 

MPU OBJECT CODE on your PC 


RaiOCatable. ~be*: <loS8SSemblerl are "°" IMl<latlle 

lot die MQorola. lrti;ll. ACA. Tl, Rod<'M!I. & Zriog """'°"' 

~ bel gene.8boo. SS$(1mbly cspabolly and 
mudl mote. Cal Md asJ< lot wha! you need 

RELMS"' 

PO. Box 8719. San Jo&J, CA 95150 


(401) 356-1210 

TWX 91().379.()()14 (llOO) 4411-4880 


Inquiry 668. 

PUBLIC DOMAIN 

OUTSTANDING IBM SOFTWARE 
ONLY $2 .75/DISK OR L ESS 

Our °"'9dion (Oraina the iaJaa ¥lnlOM of the S.. 
~• ...,. Public; o..m. l'Ycgtomo. MC* '"" "*"' 
dr!wnwilh!ull-.-icn. l!O"lonfta•--
OrdoR lhlppocr FlrJI Clua Wilhln 2• l'<OIMa """ .....,.,., ..__...... .,,,,_~~"'-•25< 
.ramp.,... - - 
A.C.L. (916) 973-1850 
1~ F.-. -.. SU.. "35-B, - CA ~ 

Inquiry 669. 

$3.00 SOFTWARE FOR IBM PC 
Hundreds to choose Imm. wordprocessors. 
da bases, spreadsheets, games, lotto, com
munlcalions, txlsil'MISS. music. bible, 11'1, 8<1uealion, 
language llnd useful utilities lor making -,.,ur cam
pulor easier 10 f.eam. M051 P'OllflllT15 hlMI 
doalmentalk>n on the disk. 

WRITE FOA YOUR FAE£ CATALOG TODAYI 
BEST BITS & BYTES 

PO !lo> 82"5. Oor»B. Von UVL O'< 91409 

In CA; (f1'1 '1111-9175 -.2os.eYTE 


Inquiry 670. 

FREE SOFTWARE 
BEST OF PUBLIC DOMAIN 


& SHAREWARE. 

Carefully selected and 


edited programs for l.B.M. 

Send S.A.S.E. for free catalog . 


C.C.S., Inc. DepL 01 

P.Q_ Bax 312. LAlllYl!lte Hal, PA 19'M4 


Inquiry 671. 

FREE CATALOG 
PUBLIC DOMAIN/SHAREWARE 

• 400 tllld PC 6 comp•- c1ii1;a • 

ZQO !vn'9& - • 125,.,.., ST -
PCclllbu""' U$1.2l5-n. Anl'V" &sr Ulow USl.80 
Hehl ~t OI buy. FrN .nippktgJ cau "* trw, .,,.lte Of QI'· 

.,..,___'°'FREE BIGCAl>-1.0G "''"" ~ 
llMl.PIMM"'*'ty comllU*--48"1 1....-• 


Computer Solutlon1 

PO 8"" 354-°"lll a Mason. MICl1rgan 48854 

1-800-874--1:175 (111-F 10-4 £ST) 1·51Ni21-211'.'1 

Inquiry 672. 

RENT SOFTWARE $1/DISK 
Rem P\Jbllc Domaln ilfld User Supponocl Sdtwaro 
to; $1 p&r di&kfurl or we'll copy. l8M (3'h ' al~J . 
AW!&, C-84. San)') 550 and 'Mac. $ampl1tr n 
VISA.iMC. 24 hr. info.loider lme. (619) 94Hl244 or 
send f 10 SASE (speclly computer) Money ~ 
Guarantael 

FutureSystems 
Box 3040 (T), Vista, CA 92083 


offloe: 10-6 PST hlonrSal. (619) !Ml-9761 


Inquiry 673. 

http:BIGCAl>-1.0G
http:SA#l'l.ER
http:lon.-ond-$14.86
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PUBLIC DOMAIN 

FREE SOFTWARE 
Buy or Rent $1 /dlsk 

WOll<I'• r.rgest ~,.. Sonwal• 1.lblll)' 01 lllM PC & 
Compatibles iUld r.t.clnl~h. Over 3000 program• for 
RAllglOn. U11l~IM, Bualn.,... Ccm .. Word Proottsor, 
EdllcalJon. ana Games on 5.4• a!Wl 3.5 • 1orma1. 8G$1 
qual11y. Lowest rate. and Fastest seMc:e. F-Of last lrae 
~wrll•IO: 

SOFTSHOPPE 
P.O. ao. 15022 , Ann Albor, Ml 48106 

(313) 76$-8721 

Inquiry 674. 

FREE SOFTWARE 
Wu aend rou 15-2'0 new lBM program:a a month on 
5 dlo-FREEI You pey only $5, shipplnglllendltnlJ. 
Atlnual membe<Sllip r~. 529.95. Join today tor only 
S9.96andW11'11 Mnd you ..... JOP<og<Mi•"" 10dlska 
u • bonua-FREEI No glmmlck.-no catches! 

toll free eoo 669·26fJ9 ext a48 

SOFTWARE of the MONTH CLUB 
we ..k• vh.a/maaterc.ardlam•• 

Inquiry 675. 

SCANNING SERVICE 

Signature Scanning Service 
II you htve a HP LUetJal Plu•. Sen.. II or oompaU
ble, ha•• your 1il9m1lllle mada Into 1 1j<aphlc macro. 
Sove tlm"! Sove )'O<ll"..el from writo<'s CQmp! ~II your 
LaseJJet llgn ,-. lottero tor youl I"""- ln.uuc
tlons lor ..- popular""'d I"~ One olgnat..-e
only $50. ThlM or lllOI&. only s.a -1>. LOQ06 And ltt· 
111<11Mds &Jso vtlllable from $1Z5. Bend IO< lree 
samp!HI 

Orbit Enterorlses, Inc. 
P.O. Ekl>c 21J'S.BY, Gion EllJn. n. «1137 

(:111) 4n.J41)$ 

Inquiry 676. 

SECURITY 

TOTAL PRIVACY $49 
Powerlul data protection few PCIAT-<locumen11. 
~. spreadsheels-any-. The Diaty'a DES 
8lld Ultra FllSI enetyp4i0<1 keep 11111 ~t10us out. Me11u 
and command fine modil5. Coinorehensive Help. Clear 
manual 111111s you quicldv. $411 lnttOCIUCIOfy pike. $10 
Demo. V~SA/MCICOO. 9b day money t.ad< guanontee. 

DIARY 1-800-87-DIARY 
Toll FrtHJ Information 24 HOU/'9 • D•y

0.. wrile, P.O. Box 70443, ~levue. WA 98007 

Inquiry e;n. 

BIT·LOCK SECURITY 
Piracy SURVIVAL 5 YEARS provea elfec1lveness 
ot pcweffut multi laymed security. R l!pid de<:typtlon 
algoritlvnt. R able/~811 poet uansparent GOCUrf1y 
device. PARALLEL or SERIAL port. Counl<IO'Wn 
and limOOllt options 111$0 availal>le. KEY·LOK" 
see1Jtlly al amt 112 BIT·LOCI< OOfl. 

MICROCOMPUTER APPLICATIONS 
3167 E. Otero Circle. Llllletoo, CO 80122 

(303) 922-6410 

Inquiry 678 

COPY PROTECTION T: ;:w~:a~ ;::::,.m:.:_·~o.,: 
DISl<ETTE lnln><lucn you IO Supodocl<"-lnvb'blo ' 
~·lot IBM.-PC (nl "°""'Aa.elMI ond Maoinllllll. 
• -d d ouppott • o ...-.. axi. """' 
• CIDIOlnb:t>d wrt!On• • LAN tuppOtl 

• New upvrtdes •vd&ble 
(40&) n3-9680 

SOFTGUARD SYSTEMS, INC. 
no~. .... :ioo.~. CA..._

,Al( !<Ma ln-1 '61 

Inquiry 679. 

SOFTWARE/ACCOUNTING 

BILLING+PAVAOLL = $199 
ABP combf/M!S llmolaleplng, billing, and payroll 
lu1'Ctlon Into one simple. •llSY ~ use soltware 
package. Tho USU< olmply needs ID mat tlmashMt 
Information. lnvdee! andlor cheeks am then 
autocnallcelfy available 10t prlntlng dlr&C!ly Oii our 
~m. 

ASHLEY SOFTWARE 
5010 Nor1h Bridgel Drive, Alphamtta. GA 3D201 

(404) 47~2930 

Inquiry 680. 

dBASE BUSINESS TOOLS 
• ~rel 1.90DOr • f'l.l~fl Ol'Olll'MlCOI)" 
• Accoums Aecvbl. · Accoums Payable 
• O«ler En.try • Job Costing 

I 	 • Sales Analysis • Job Eslimaling 

Ht EA . + s&h ""1EIAS<: 2, 3 0< 3+ SOORCE COD£ 

dATAMAR SYmMS • Cr. Crd.IChlu'COD 
487$-8 Saru Monica /we. 
San DI~ CA 92107 (619) 223-3344 

Inquiry 681 . 

SOFTWARE/BASIC 

FREE CATALOG 

QUICK BASIC TOOLS 


Wtry shop around lor hard-lo-find BASIC tools alld 

utilities? Our FREE Cata'°V Includes: Fl NALLYI 

Fam rv d Prodl!CIS, 011111. 8U4), GNIJ)ltlcs & Win

~ Libraries. Scri>en GeneratOB, and Utilities. 


can 1-800-423-3400 


KOMPUTERWERK, INC. 
851 Patkview Blvd.. Pillsl>Urgh, PA 15215 

Inquiry 662. 

SOFTWARE/BASIC TOOLS 

QulckWlndows 
As l"ffn In th• Mlcroaoft YI.Jue-Pick c.i.iovr 
Cl9a -. pap.up !Ind p<111-<1cMn monuo, __,.,. 
..,.... ond """'~put.._boza qulct<ly n!.uty. 
FUI tuppon<>I Mic,_,,, rnou.._ Jain !hi~ """'-500 
""""'""1.. ""'iv Ould<W- Olld Mio<"""' ""9f IO<IOy. 
OuicitWiAdOM' f19, Advane.d •1-39. FOi' M lc:rOSOft 
OuldtBASIC °' !WlCOM. S.. pg.'ltl 11\'TE, M11<h '88. 

Sottw.re lnterphase, Inc. 
5 e...ii.y SL. - 1oe • P-.C.. RI 02llOll 

1401) 274-5485 Coll n- I., F<H a.mo Olak 

Inquiry 683. 

SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 
~ dita er'Cry.....,, ~ -":aoti lor IN 
l'CIXllAT · PSl2 & ~tile&. UBcled wilti ledum 
Ila ~IO Q.IP & Slap, ~ l7)ipass. ~ Ched<s. & 
ra~ Jool<ups. ~ menu dlllll!ll onfy $395 

CaR kx lroo 30 day lllBI ,_,aJ.. 

COMPUTER KEYES 

21929 Makah Rd .. Woodway, WA 98020 

(201) 779-t44a 1·800·35'·0203 

TSA88·TRANSPORTATION 
A general·purpos-.e ~tor $Q(Ving ~. 
85$11M1enl and tranm pmen1 problems. Solves 
lmn5pollabOn problems "''Cl up ID 510 "'9"S 8lllYot 
desllnabons by a.pi;iying the Tra~ Simplex 
Algonlhm. Ment.Jodtr.oo ....n feallltas smlar IO lP88. 
Aequr!IS 1921<. $149 'Miil 8087 StJJJP00 LtSer5 gude. 
VISAIMC. 
EASTERN SOFTWARE PRODUCTS, INC. 

P.O. Bet 1M211. AlelWldfia. 1111 ~ 
(703) 3~71500 

Inquiry 684. 

SOFTWA A E/BUSI NESS 

dFELLER lnvento 
9'aneos ~ Pf"O'*"' ,..,_, n dBASE 
_,... oocM. 

dl'El.LER l~ory $1MOO 
ReQUITTIS dS><SE II or Ill, PC OOS.'CPM 

c!FELLER Plus $200.00 
Hlo!O<y .00 Purch...., °'110111 

Req..,... d8l\SE l!I or <!BASE Il l P"5 (fct S!Ockrooms) 

Feller Associates 
550 CR PPA, ~o 3. Ishpeming, I 49849 

(908) •&MO:U 

Inquiry 685. 

FINANCE MANAGER II 
Easy to learn. lully fntegraled, menu-<SrMin book· 
keeping 5)'51em lor small buslneos and personal 
use. lBM PC. XT. AT. PSl2 or compalible. ll'y before 
you buy! Ge!'lera! Ledger evaluation Cop)' for Otlly 
$101 

CALL TODAY! (719) 528-8989 
HOOPER INTERNATIONAL: PO Bax !12219. 
Colorado Sptlngs. Colotado 80962 

Inquiry 686. 

1·2·3 + @RISK = Risk Analysis 
Manage risk with @RISK 1·2-3 A<l<l·lnl Att @RISK 
Simulflllon automa!leally relleds lhouaands ol 
"'wttat-11"' scenarios. • View lull range ol possible 
outcOmeS • MOn!8 Cano SimulatiOn • Glllplls In 
.PIC formal • ao new probablli1y dlstribu1ion 
@functloM Now rtlqufffld for all HBMYd MM! 

FREE DEMO 

Pallaade CorporaUon 
:111!9 Elml .. - · N-'loid. NY 1.W 

(607) 511<1-!1!1!13 

Inquiry 687. 

MHANDWRITING" BY COMPUTER 
Now 'TiHh-fJro<>f your m•lllng11 

Unlqua ,_ pn>gnm "'Wrilu" l«llN'I ond 
-..topn In oalpl. MMly ~lling .. .....i..IH ln

~~~"---ForlllM F"CIXTJAJ, - W1C1 2._oin dot ,,,_or HP,_ 

llltJO<luCUMy Chtlotmaa ea1d S1*i81 $89 

PC SOFTWARE SERVICES, INC. 
- ~ Eo>d Ad.• - !02. .._. l.t-. Fl »01• 

(305) 362-9277 

Inquiry 668. 

SOFTWARE/CHURCH 

PowerChurch Plus® 
Fast. friendly, reliable church admrnislrallOn 
sysaem. Futf fund accounting, maiilng lists. 
membership. coi-.ributiens. attendance. v.ord 
processing. acas. payable. payroll, multi-user 
suppoo. and much more • all lor $695 com
plete. Ff1EE demo version. 

F1 SOFTWARE 

PO. Box 3096. Beverly Hills. CA 90212 


(213)1~ 

Inquiry 689. 

ROMAR CHURCH SYSTEMS'" 
~-pluo------..
-- """ loki;I).,=>¥Olfon<>Q-~....._____oplloAll ~""-
.,500~,99~. ,,.....,, , YlO~.,.,.,,... ... 
""f rrontl ~ l«VIOO..,.... 2!i0-""' 
~- fiCl ~~~ b ~. l ';I, & haria 

- """"'"""" Wr.. ..,,_..a.pogo-
Romar Church Sveleme, Attn: BJB 

P.O. E1a>c 4211. Bkhert. IN 4651• 

(219) 262-2188 

Inquiry 690. 
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----- T HE BUYER'S MART----

SOFTWARE/EDUCATION 

FOREIGN LANGUAGES 
Siil 1: 5Panllh-Eng11$h1Eng111h.Sp&nlth $49.915 (U~ 
Sec 2; ~IEl>Qfi1h-S'Mldi9h $4&.$4 (U5o') 
Eaen HI l\U: T1ant111Jon dlalon1M4 (20.000 'WOfdt) 
to look up -dt lmtantly. find synonyms. addldelele 

....m, llnd lnilWlll818><1 lilel. ~-·~ 
pie cholee i.ing, errors re<>a<ded In dlctlonaty. menu 
-· I grM leamlno aid. ISM comp. 1281(, DOS 2J),
llllCll Ml lnclucllls 3 DSDD dlllla. 

WORlDWIDE·WORDS SOFTWARE 
12l!O """"""" D<. L.u~ co llOll28, (103) &!O-&t14 

Inquiry 691 . 

SOFTWARE/ENGINEERING 

PRACTICAL ENGINEERING TOOLS 
Hobbyists-Students-Engineers 

CIRCUIT DESIGN_ Compl)N. menu Mlli<tiont from 
beslc e1-1e1tt 1hrougn eirtuit cktJOnt. 
llATHEMATICS.....CompMlllll. menu Mllection9 from 

llfll9fll ,...ch """""" o&olillrb.NIALYSIS_ ComJNllM Fourier Analysis ol ..........,_ 
and llbtL PCIMSOOS. $49 each, VISA/MC 

BSOFT SOFTWARE (614) 491·0832 
4" COilOf1 Rd., Cdum!Jus. Oli 43207 

Inquiry 692. 

Affordable Engineering Softwllre 
FREE APPLICATION GUIDE & CATALOG 

c.rcu. Anai)99 • Roal Locus • The«nal =~· !er Drners • E~ Grl'jllW:S • S.gnal
• ~ Fd\Qf Oe$1gn • iailsler F 
~ • Logic &tn~ • Mcroomp Oesogn • 
PCIMSOOS • M~ • VISNMC 

BV Engineering •ProfnsloMJSoftwltf 
2023 C~Av~.. Sur\e 6-13. ~.CA 925Q7 

(714) 7&1 -0252 

Inquiry 693. 

VERSATILE DSP & DISPLAY 
PC DATA MASTER ii 1 DOS shell wl11Gn ln19QfatH a 
lvl Ml OI aigrlal j)IOOMSll'lg l\IJ'ICIJOn$; - grapljca. 
clal& file matll. CSP utllHleo. data oampl~1ion. 
and lnle~help. ~ lorCGA. EQA, VGA. ~c 
aAT&T. Add CUIUMI analytll Of o•iplllca func!lone 
easily using yWr flMl<lt• aJ111Pller. $135. Tao ld1 M5. 
Oomo S10. 

Durham Technical Images 
P.O. - n. Dur"-in, Np M""""'q 0'3l24-0072 

(&03) 868·5n4 

Inquiry 6-94. 

Enaineer's Aide 
Join the 56sktop Engineering Revolu//onl 
• Plpoll~ S121r>Q • ~ V-Slrlng 
• l'llm!llFIRIComl><. S/llng • Projocl Fln.oncilll Anllyll1 
• Hoal E>e....,_ Slzln9 • Con.....ion c.ic.M!or. - p._.... Ub<""f • Spocllioollon 
Abov• p<og,_,,,1 In on• tt•nd •lone lnl9!i1:raled 

pa<:bge f0< tees. For 18M PC & M•clnloah . 


EIPCC>N 

1-80CJ.3!17~ P.O. - 270. w-. OH "3~ 


Inquiry 695. 

• COMPOSITE ANALYSIS • 

Menu driven program for 


;inaty;:ing oomposite laminates. 


• Cllcul•..--, 
• Qraplllcei "'-" • 
• Oolabaoo lnclucln Gl......o, K...W & ~
• SWS uMs; - & rnololuro offoc:u 

Settd ch.ecWJMO fOf $225 or $3 !or oema diilk to: 


GS compo•lte•
7W7 E.37th N. '708. Wld>lta. >CS .11722e 

Inquiry 696. 

434 B YT E • NOVEMBER 1988 

SOFTWARE/ENGINEERING 

SOURCE CODE SOFTWARE 
- ·CM/,-·~c. Eng/llHttng 

All poogroms$1111111iedwith- In BASIC. C0< FOR
TRAN. Writlent; pralesslonSsanded~"1lm leading 
lndusalH llld ~~ cisau1IS iYOlible. 
Send lor F1911 catalog. 

Kern International, Inc. 
100 Woymovlh SI., 0$pt. 81, Roclcland, MA 02370 

(617) 871-4982 

Inquiry 697. 

TRICALC 
Three~Calculan In..,. MS.DOS l<ilwlu9 
lldJdlllli: I) ful kudoo Sdnilic; - 2J SW 
Colc:uJ- - ., l.oOA. ~~'""""" l] 512 
- l'n>ir.......ol>lo Colc:uJ-. 1:18 - p ... ""' 
gram lf'Cf ......._ AUD~ error c:netb'1Q W'd CIOfWid aon 
...... ,,..Jl SAU!i 

14 day mot18't'-back guaia111ee ii r)(I( dehgnted 

MCAE Technologles, Inc. 
$474 NQW Sc<Mlll Nia., San ~. CA 95124 

(408) 371-6095 

Inquiry 698. 

SIMULATION WITH GPSS/PC'" 
GP~ is en IBM peraonal computer lmpltm-· 
tion Of IM popullJ maln1r&m41 .imulllloq ian<.IUtiUe 
GPSS. Gnophiel. anlmalion ond an extremely Int....,. 
U....-1ronmont allow alotall)I _ ..... or )'O<S oimuta
tlOAI.. Simula eotnl)IS>' real.world ~ems wflh lhe 
ITT0$1 lnlera<:liv$ anr:I visual reteconomic.• tlmula!lon 
IQl'tw9re. 

MINUTEMAN Software 
PO Boa 1711Y, Slow. M~ USA 

(508) 897-5662 ext. 540 (8001223-1430 w, 540 

Inquiry 699. 

Circuit Analyals - SPICE 
Non-I near PC & Tr1111s~~ Lino., H;. 

• IJatslon 381 with BSIM, GaAs, JFET, 
MOSFET. BJT, diode, om:. mode Is, set<><m 
9f11Phlcs. lmprtN&d speed e.nd COOllefQ&nce. 

• PC v..rw1on 2G6 avalrable a1 $95. 
Call. write, or check Inquiry I kw more Info, 

Northern Valley Software 
293V _......,.. o... Rv>c:ho - - er. 111127• 

(213) 541-3677 

Inquiry 700. 

FREE ENGINEERING MAGAZINE 
Petsotlal EnglntNHlng Is a rnoollily magazlllll S8n1 
lr&e Olf Chalge· (USA only) 10 schln~"lllneo"' 
Who """ PCs ror tecnnlc$1 appilcallons.. 10plcs 
each month Include ln11rumenlaUon • Data 
Al:q(Control • O..lgn Alltom•llon. To """'""' a 
lr&e Mmple l$sue e.nd quallfic:adon lonn e!Uier elr· 
cle bel""" or sor.d <equeoi on leit&rhead to: 

Personal Engineering Communications 
Ba. 1821, 8-MA m41l 

Inquiry 701 . 

EC-Ace ANALOG CIRCUIT ANALYSIS 
'lb.I can aflotd IO gee - with EG-Ace. a &Ube8I al 
the poMllU ECA.-2 dtCIJll .......-. Includes d lhe 
- and bllll.,, ~ • /IC, cc. ~ 'lantlerl 
• A lull 525 pg. E°"2 manual 
• ._,.,., llldee u lul u SPICE. 

EC-Ac. 2..31 IBM PC or Mac $145. 

C.. S'l:Ml3-lllO for FR!E DEMO 


Tat.um Labs, Inc. 
1478 Mlllk 1l>olln Ct, Ann Albor. Ml 48103 

Inquiry 702. 

SOFTWARE/FINANCIAL 

"TliE ANANCIAL PLANNER" SOFTWllRE 
S'll!: ~ - W!i95 -OUR F>RICe ~I + 200 S>l) 
PA-..ir:!IM1' MtnJ°"'8'1-~

•lllllala! ~ •U>on - 5cllo<1Jo 
·P-!!llClgOIO .,...._..._.. 

""""""'--....-- ·Plan~&"""" 
Speory AWie lie. tie. Ilg,. ISM PC<><~ 


C!(S~ SHJPl'IOOUPS 


SOFTECH INDUSTRIES, INC. 717-5114-5191 

RD 1. B• 117A. Dle>t 811()1 , HughoovlU.. PA rrm 


Inquiry 703. 

SOFTWARE/FORECAST 

FORECAST PRO 
An ox"811ent lorllcalln11Plcio>iie1""1 u... artiliQa/ in· 
~IOheipb<lln IMbegi-~Ult~ 
r<wecas1.. ICNeYe IOp.nocei'I retults. T1mt 
analysis techniques Include e>qXJnenl>al s~ing. 
Boic.Jenklna. & dynamfc r19t0sslor>. 

C4LL NOW FOR A FREE DEMO DISK/ 
Bualn.aa Forecast Systema, Inc. 

118 Leonard Str0e1, Belmonl, MA 02178 
(617) 4114·5050 Tl::Lt:X #no-3201 J.82 

Inquiry 704. 

SOFTWARE/GEOLOGICAL 

GEOLOGICAL CATALOG 
GeolOgical sortwate tot iog plOtting, 9riadingl()On· 
1ourlr>g, hydrol<>11Y. dlgitlzlr>g, 3-0 solid modelling. 
synlhelic seismogram. rracturo ~ Image pro
cessing, scoot tici<.91 manager, Oller 50 programs 
ln cafalo9. Mo.clntosh too! Phlee call. or write. fo< 
Free Catalog 

RockWare, Inc. 
4251 l<iplit>g S. . s..Jr. 59$. ~ Flldgo. CO 80033 USA 

(303) 423-Se45 

SOFTWARE/GRAPH I CS 

1llrboGeometry Library 
0- 150 2&3 dfmenslonal IDU!lneo, Includes I,,_ 
lion•, TranakJrmatton•, Equsl.lons, HlddenUnos. 
P9mpedlw. Curws. Aleao. \I>!"'""°' Cllpplno, Pia-. 
\l&aOfa.. Distance. Pol)'decomp, IBM PC ll>d Comp. 
M.IC MSOOS2+ . Turbo Puca!. TulboC. MSC & Turt>o 

=~~~c.m~~pQ'~"'o.,yCOC:~~~~ • 
Disk Software, Inc. 

2116 E. Arapallo ~ 487, Richardson, TX 75081 
(214) 423-7288 

Inquiry 705. 

S E G S 

Scie;mc & E NGINEERING G RAPHICS S'IS"TEM 

See "Whal '• New .. Pll 82. BYTE Juno. 1988 

I.CO. OU & UAW ~CUM Alllng & s-JW>g 1-2-:J 


=~=&~"!":'-~~==
P1ua much rTICW'e, caa ~· 

Edmond Software 
3817 Wlndowr Drive 1~2-00S8 
Edmond, Oklahoma 73013 1-&X>-992-3425 

Inquiry 706. 

FPLOT PEN PLOTTER EMULATOR 
Us. }'OOt doe 1118.!tilC or l~r pri111er All an HP pen 
plotter. Fast h~ros outplrt. vary line wldtli . Includes 
VPlDT vl<tual plotter ulillty 10 Clljlt\Jl\! plOlllng com
mllllds. Suppons NEC P51P6. IBM Proptlnl8r. Ep.. 
son l..<;VMXIFl(, HP l.a$411)et. Uses Horclllos, CGA, 
EGA or VGA 1or scte.en p.eylew. $64 cMck or m..o. 

FPLOT CORPORATION 
Suih SOS. 2...18 Sl.til!W!y SI.• J&oria. NV 11103 

212-418-8469 
Inquiry 7rfl. 

http:tici<.91
http:Bualn.aa
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-----THE BUYER'S M ART----

SOFTWARE/GRAPHICS 

GRAPHICS PRINTER SUPPORT 
AT L4S1J UM Illa PrtSC ~ to makll qwJ/ily !:CalM 
~ ()( Ct)/()( re()IO(Jr.JaJOnS ol )00• dsp/8'/ ()() any 
dOI mBlm. rn/q«. ot laSSI pnner GRAFPLUS sup
ports sll 11!1tSOOS ol PC OI MS-DOS Wit/I IBM (lllO 
EGA. IGA). kmar. and Hfl<CUBs Qtap/llcs ~ 
$49.95. 

Jewell Technologies, Inc. 

474ll 44111 ko<a. SN, Seattle. WA 98116 


800-62$-2828 x 527 f206\ 937-1081 

Inquiry 708. 

FORTRAN PROGRAMMER? 
No..~ .,.,, Cd :i.o OJ>d 3.-0 gr~ rout.,,.t wtlhin....,. 
FOATRAN prog<am. 

GJ'W'MATIC: - tOU!l- $ 1315. 

~: pl«1•r drlwr 135. 

?lllNTMATIC: l)flnto< - 13$. 


FU tllO ISM PC. XT. IJ & c:oml)llilllH. ~ WPPQn • 
-"'Yd~~-· ,.,,.,. ____ 

MICROCOMPATIBLES 
:JOI PtWl\dt Or.. C>tp1, B. SW.r Spring. MO ZOll0'1 USA 

(301) 593-11683 

Inquiry 709. 

SOFTWARE/HEALTH 

MEDICAL·DENTAL SOFTWARE 
- Llldlcll Sallwlt9) ~Olllot..._ 
~.;,.~~~~~== 
ord~-- ... ·-ll!M0t'lllHIW
=-·~~..,~"':"°AMS .::. 
........ ........ -..1C.Nb l<ld tbwl-0<0tmo
-AMERICAN MEDICAL SOFTWARE 


P.O. Box: 236, EdwardsvlUa. IL a2025 

BQ0.423-883' 818-jl92-13DO 


Inquiry 710. 

SOFTWARE/INVESTMENT 

c..,_....., l ,:KXI M""'"' l'\"1do""" --- M
"""~Md')Q" l3MPC "'~U..~8*" 
~ta....:t.*1dmrton0¥W2S~Wd!J.Ho ...'"'IJI- 0... ......... ou.fy .. Uru >:NJ. 


of•'"'1----·---.._... _., 
°""r li&M MCl'lolCWM~OtA.d~~ 


.,..... C* ~- "*'" IECMll)'Ol l't*I rar........,... 

$Jtt-M llcll"•~11:1wei,.,...(e. .... Gf ll0rl 

0nwROlll'Ol ,_,..ll'IOl'9~ t:f)IC*IUng ~U-3:571 

~·-· c61 I~·°' - "' Buslneu Week Dlskettn 
P(>-~. Elloo._ II. 

Inquiry 711. 

SOFTWARE/LANGUAGES 

Inquiry 712. 

FORTRAN for Macintosh 
LM1gua111 Syslems FORTRAN ls a ru .featured FOR
TRAN n compiler lntegratod WMPW. Full ANSI FOR· 
TRAN n plus ~X.cypo axlenslons. 5'.NE numerlcal 
celc:ul31lons & cla1a typet Ind. COMPl.EX'16. 68000, 
88020 and 68881 cbject cala. Meis graill8f lllan 321t 
Un wflll PaKai, C. MatAoP. $304 w1M PW \/fa ll~ 
MCMSA/Check. MAC•. SE, Mee II. HO 19q. 

Language Systems Corp. 
441 c.w. llll¥9. - · "'22010{1'03) 47ll· 011'11 

Inquiry 713. 

1 

SOFTWARE/LANGUAGES 

SUBPROGRAM LIBRARIES 
F',..."*-Ol-o::x»: Mmll.-._~ DOS 
& BIOS & il01\ltletl0no. ~· Up10-- 
- wi!h - """' -od Jilnty. "'"".... with - ~-OUCXMl.~l-loreA.S!C. ~ 
- MS-DOS. Mlll>OS, VMS. HP:!OO. ~- $145 Pt< 
- 30 day ' 1*11:. 'll&IJMC/l':O. 

Scientific LOGICS, Inc. 
21Q10 Alcallt ......_, Cui-doo. CA "601• 

l>h.11 4DIM4a..:Jn/S Compv...... 74Df1."3 

Inquiry 71 4. 

SOFTWARE/LASER FONTS 

Scalable LaserJet Typefaces 
W. alfer U.. la/gall Utlra.ry al t>IQll qulllly rype!llUI 11 
lhe lcw9sl pr\Qtl W~h the FontMaiol< prognun llld our 
-1abl<I rype111..., )OU °"" qu~ly and easily ma~ 
soll lon?S In tU"f'I slM (3-720 SQ). ~ can Hlecl 11ieal.,,., lone.width, ''""' · rctalion, llop, -8ulc Sot (ti _ __, Ml.t5 

l'llt ~·~(214~) ~ 

DIGl-FONTS. Inc. 
3000 voungllel<I S1.. Lakewooa. CO 80215 
(800) 242-5665 (303) 233-8113 

Inquiry 715. 

SOFTWARE/PACKAGING 

HARD TO FIND COMPUTER SUPPLIES FOR 
SOFTWARE DEVELOPERS &POWER USERS 
Clcllh blndM & $llpease1 liJre 1BM"s. Vir1YI binders, 
bcJms. Md loldetll In many sues. Di~ pagM. 
~-.a-. I.ow quantity lmptning. Bui< 
EYorythl119 \'O\f need 10 l>ri"I! 'IOU' -no 10 ""'"'-'· 
Dial< and binder m ~- Much morel U.. Priceal F ..t 
" Mee. Call at wnte IOI e FREE CATALOG. 

Anthropomorphic Systems, Limited 
!116 E.. SL Clwteo Rd .• !J>mbard, IL llOl<A 

1.eoo.DEAL.HOW 312-&N.&1"1 

Inquiry 716. 

SAVE SAVE SAVE SAVE 

LET'S TALK LABELS 
w. do --1sw.· i 3'°>) 

• Sitter • l='aar • Cheapet" •
S.C•_., ._.. ~lallm k'I ~;, IM>lll .. LM't Wk
Wt __ ,.,...__ 

Mel'-' • Blncs.tw • V\nyt PION 

We 1'9 I eomple1e sohwtre packlglng Mrvice. 


Hie• & Aasoclat•• 
9303 Ci~~RO . ~ a-. OH 45)fi 

51~.0IM 

Inquiry 717. 

SOFTWARE/RELIGION 

THE ULTIMATE BIBLE.I 
~. - -upl'CM09Tho-·.... ~-~l-"U<fr_.,,. ,_.....,
~~find~-~ 
...,._........,_.. · -~C.-yo.;mt1 
.-ti!t<t..ctw>-~et<l ·~
~-. - and moro al pep.up. Eef>' O)!Mrn.,..,""°' •30-daymotltl)' l»c;it~,_ • NIVatKN,_ 

PRICES REDUCED CALL 

KOA.LA-T SOFTWARE 


~ "'1"41 9L a....m. Bltli [)tQQ. ~ wno•lNJ't.UU: Orf1iO 
$0M42-1144 ,,.... we;. 000 

Inquiry 718. 

SOFTWARE/SCANNERS 

Inquiry 719. 

SOFTWARE/SCIENTIFIC 

DATA ACQUISITION • ANALYSIS ON PC'S 
I fM ~~ 'lll' UI mu_ )DI' O(llll! pa:.- mw:( .\() 

f'J/ C...~O,,:~~--- .. ~)Qi' ... . __., 
datlilmil:JAll'llllldlttld~ 

• NO• &!-~ Rll~~SoYnNAMICO 

• -,.,.,_ .._.~P-.: RICIORI FtJ'T 11.boM'f ~ 
~ ll"EASPIE.CTM I ~._.., ..-...w,.. 

. ................... M:Jl!lllU..,.~~~ 
Wd<lillOM.5'M11111*Gfiw\1Q2AlD~ 

""' ......... ,,._. ~ - llJ'fT"I" Ml. ...
LOW _.,... , t ._, OUUUNTl!ftl 


ALLIGATOR TECHNOLOGIES
PQb _ _ ___ C492lllll 

lOI. !'" l ~ AU.~-- ""'· AWQAJOll 

Inquiry 720. 

Inquiry 721 . 

IBM PC DATA ACQUISITION 
No PtogrammlnQ Aaqull'lldl 


flexillle. lnft80t8ll!d systems ror 

dala acqui$illon, anal)sis. ccritrol. 


cfoglla) fitteririQ, slraallllng, and doclslon making. 

O&mo dislm upon teq.-. Con!acl: 


HEM Data Corporation 
17336 12 Mlle Ad. 1201 , Sou1Meld, I 48016 

(313) 559-5607 

Inquiry 722. 

Do You Need to do This 
an Your PC? 

"powerful and easy to use ... " 
hit lor our '19tl 18 page broetalre v.i1h compielB J:lfO
dUCI ~ and ~ IBdlnleal appllea!iOn 
nOl89 (and lor n bt1el description of !WO ol oor pn> 
dUCIS SM "WllSl's NPN", B~ page 84. J~)

M/croMslh Scientific Software 
2034 East 7000 Sot.t1h 

Sah Lal<e City, Utah 84121-3144 
(801) 943.()290 

Inquiry 724. 

ORDINARY/PARTIAL 

DIFFERENTIAL EON 


SO&.VER 

F'OR THE IBM PC & COMPATIBLES 

MICROCOMPATIBLES INC. 
301 Prelude Ot, Sllwr Spring. MD 20901 

(301) 593-0683 

Inquiry 725. 
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SOFTWARE/SCIENTIFIC 

Scierrtlflc:/EnginHrlng/Graphlcs Ubnlrlea 
Tu:rbo P11c:al , Tu rtlo C. Mlc!osoft C 

~m:~==~.:::--= 
~~lei llbrMel C~ EGA HP plolt.f 
ond ~ ,"'l'P0'1), oclt<lllftcchonlng ~.. Ml pli:ll• 

'"'11 Wnry,.,... oeqWl!lon i--.--- 
"""""' - -·--"".>WloCy al_..I~ 

Quinn-Curll• 
11tt ChHINlt St., Unit 2·~ N--. MA 0216"1 

1117) N5-mlCI 

Inquiry 726. 

klentlflc; Software 
lldentlllo CAl.CU!,,A,TOA par-1lel proceulng & 
~Sci.NOTEPAD r.-m cl*&~. 
OW.SEARCH llMJ....re ..l!ld>n. Sct.GRAPHPAD 
on6 SCl.STATPAD Qqp/lic.akied ""11 onot,.b 
~ ploa, •nor bn. CUo'4 Iii, ll'Ote). FtOm $86
0n S "'1d J W MS-DOS dlol<L JO clay$ bilcl<. 
VISAIMCIP.O. A1tO ... et1t ad Ulldet l.MIGUAGES. 

Scl1ntlftc LOGICS Inc. 
ll'ltllO -· ...... 0-""" CA ll60T4

(408) 446-3575 Compuserv 74017,663 

Inquiry 727. 

SOFTWARE/SECURITY 

KEEP YOUR PC PRIVATE! 
MlclGlocl<PCSOGutlty8cllw9te-MS-00SfilM....0 
prugrwn• frgm ~ Kc..A. MJc;rolock ...\DI 

--0.-~. l.Od<I~ 
- - .. LOCl\ll E)(E...., .()OM - ._.,...""""" '°'" UOI nwiu ~ hllp! 

~-~(•13 ""'1 ~8'CKG\.WIM!TfE 

MlcroNlche, Inc. 
n.. SUmmll. - !IQ. 43eli-"4. 

~l<V-
Qdn, (502) tl1J.4S2ll FAX· (502) IW-4503 

Inquiry 728. 

HANDS OFF THE PROGRA 
• t..ooq Jin !Mk. · ~- F'°WI' UM . ,.,_,. s.-..- . 
· - UoeolDOSCommandlond~-._ 
• 18M PC. XT. l(T 11\d lluo C<>nli*l
• DOS V2JI 111<1 H!gtltr. HW Dill< s~. 

· KM!> 0,,,_ ~·o HANDS OFF"""' s:i- 
• AUi 	 1115'/lo<C 

SYSTEM CONSULTING, INC. 
314 Ctn! roury D<.. Pln.tbllr;n. PA 1~ 

(412} 963·1624 

Inquiry 729. 

SOFTWARE/SORT 

OPT·TECH SORT/MERGE 
' 	 Extromely IBsl Sort/M111~ tdty. RLn m an 
I 	 MS-OOS command or CALL 8S D SUbroUllne. Sc.lp

porl$ moGI languages and fiMJlype:s ll'>dudlng s
end dBASE. Unhmllld fileazes. mulopie 1'll)S and 
much moro! MS-DOS $1411. XEN1X ~49. 

(702) 588·3737 

Opt-Tech Data Processing 


l'.O Bax 11711 • Zephyr C:0... NV 119448 

Inquiry 730. 

SOFTWARE/TAX PREP 

W.2 & 1099 ON FLOPPY 
Tho MAG OOU.ECrlON o1.,..,._..... "" 1RSISs.>. FOA
MR"-""'" ad.._,,_°'""-ASGll
lndudea .......... - OjJplic:ollon ........ 

• U- nillotl ..ioo • M......_ - ltllndly
• ~-nry • Pl'lnlaWo'ZllOlilll 

" "-P"""".._, • PC~ 


llllnol• Bu•lnen Machines Inc;. 
~MACI 

!403 llc:oc 310""" Ad.,-· 11. 
PH. • (t1a) st2.eoeo 

Inquiry 731. 

436 B YT E • NOVEMBER 1988 

SOFTWARE/TOOLS 

NATURAL LANGUAGE SOFTWARE 
V.JAKE Ill~ & ftant end IO)OUI-._ g.me, 
a<~ program! JAKE '"'"Iii"'.. EnulJlll queries 
-~-Cfl.o'lalol!CMsll>Cl-tuuaures. 
JAKE olliQ cant••l·Mmilliw Hm&nlic proceuing; In· 

IO- euffy; <8"4K """"· 
14115. INTERACTIVE OE:MO S10 

ENGL.ISH KNOWLEDGE SYSTE.M INC. 
5625 Scoltl ~ Ot 122. ~- .....i.i-. CA 

(40&) 436·6922 

Inquiry 732. 

STATISTICS 

STATA 
Slllllstlcl and graplllcs join 10 mal<e STAT,t. the 
mOll ~ ii-cqgo IOr the PC. No comparable 
p<Ogl&m It .. IUI, lnendly, and accur&UI. $20 
Demo. OU8l1llfy discount e>dable. can JOI.tree tor 
lllOl9 lnlotmulorl. AXJVISAIMC. 

1-800-STATAPC 
Computing Resource Center 

*01 N.... ~Los AnQe105. CA 
(213) 470-4341 

Inquiry 733. 

THE SURVEY SYSTEM 
An ~CXJS@ peckage designed speafieally '°' 
quetllonnalre dlltl. Pro00ce5 bamer bmaL cross 
tabs & relaled 1ables. sta!$CS (ind. regt6:551(¥1) & bar 
ctuJrts. Codes and reports answers to open-end 
Q1HISK>rlll. M r~ we came<a·rl!iady lo< piQfo$. 
S10ll4I pr~ CRT inteMewtng opoon. 
CREATIVE RESEARCH SYSTEMS 

15 Uine OM Cir.. o.i-. 11. -..... CA 94952 

707-765-1001 

STATPlan Ill 
e..... Ill .... 11atlstlco p<Og<am ....,r..blo, Complolt 
mioe o1 Mli.tJa: cv""' littlno. croultbl. CIO<TelatJOn, 
nwRipl• reorMalon. t-. 11.....-lel analysis. lie. 
Gr.phk.11 with ptl'1119fllll0Clet output. C8pable ol htndl· 
Ing up to 50,000 ca. poinll. lntltf11ca with I.OM flies. 
0tmo Gill\ IMlillble. SH'9. 

The Futures Grouo 
~~ -.. -Duty. ct OCI033 

203.'NN501 

Inquiry 734. 

STATISTICS CATALOG! 
II )'OU need ltallstlcs for IBM PC or ~ II, call 
ua and 1411 our mcllnlcal aclvlsots hAlp you find thll 
111&1l91iea ptOgl'll tn9 you nHd. 
Write 01 call now IO get a FREE ClllaloQ ol 
all(f QIJ"'fty con\lol 90ftware. 

HUMAN SYSTEMS DYNAMICS 

9010 R~a BIYd., Ste. 222 


NOl\h~, CA 9 1324 


(600) 451-3030 (618) 993-8536 {CA} 

Inquiry 735. 

RESULTS NOT SIGNIFICANT?*Ill_...,.,.,__..__~.---EJ<.SlllPlE.~""9"'"'-~ .... 
~~~USllEl..-----.oii,--•mumiv--...~tuvt. 
C..~!Ot-lnt ....~l~IM•wll.i
--.i.~~.~--Col-""
FAEE..

Th8 Idea Works, Inc. 
•OO---·Columt4 MO
~ )w.4A$-CS$4 

Inquiry 736. 

STATISTICS 

Inquiry 737. 

STATISTIX"' II 
compret1enwe. ponertuJ and l11C1tt<11btf easy-co. 
u:&e. Fu I ween e<tl10f, uan:i!ormlllion:i, nelSl 
model$ (AN°"', regr-lon, iogit, PC,t., ~). 
AAIMA, rnos1 standard - procedures. Clear, wel 
~(Id doc;>;mentatkn s-guatalllMd. 
$189 PC DOS, $99 Apple II . 

NH ANALYTICAL SOFTWARE 
PO Bax 13204, AosllVllle. MN 55113 

(612) 831-2852 

Inquiry 738. 

EcStatlc 
$49.95 ,.,,_ __'**--~-"" ............. 


io.1A.-poc1<ogo moipo)CIO.l tho ...___~-"'--~-- .. 
"'"dol1ly )'DU -- ....... p<loa - Qn - · ldMj""
- ,""1ltlllonllo.,,., .,_ ~umedlocounm 
l'Yai&abl& lo Ofdlf' ~1111 rx .mr. ro.-

SomeWere In Vennont, Inc. 
fa llcl; 21~ ~. VT t)5eo2 

1-..s1-4- (•fl6.3rn 1n "'"tmO<M) 

Inquiry 739. 

Spreadsheet Statistics 
NEWl 2'3 oomprehonsMI stall:sllcs and lorecasling 
modulo~ lor an~ng LOTUS wor1c:slleols. I.cm 
~ S2~.95 each. Easy to uso. Includes tu10<1al . 
Buie aoo lldVanaid statistics with 9rapl1ics •nd 
many LJ&er-de!Inable options. Compare. Fr&e 
brochute. 

Walonlck Anociates, Inc. 
6SOO Nlcollot /IOIO. S.. Minneapolis., MN 5$423 

(612) 866·902.2 

Inquiry 740. 

UTILITIES 

BASIC FORMAT UTILITY + 
FQl1J•IRS SOURCE COOE WITH QQl.O IAAIASUS. OA 
KEYW0R0S. UN0E ED LOOPS. O'HIER oPTIOHs. 
CROSS REFERENCE VARIABLES.. CALLS, ANO 
REDIAEC'IS. Fl>ST ON SCl'IEEH w.AWILE TIW:E 
NUM&ERIUN· UMBER UTILITY AJDS PAOQRAM 
DEVELOPMENT. l'ClA LolTEST BASICS. S2!00 (DOS 2• I 
MOHE'I' ~ OUAAANTEE 

AVID COMPUTING 
1012 M011S1: ,II.IE, 111, SUNlfY'oll.U:. CA 

(408) 7'7-0244 

Inquiry 741. 

Enhanced DOS Commands 
G4I c11111c:1o'Y u111 "II" m a11 m... I.hat c1on1 ll\ldch • 
temPla1e. ~ dlr-'91 _,, fdft ~ I 
llmPlal& ,.... conwands llllCI ,_*"°""al~ 

~--- olvariablt cpionl. PIUt .. COii!
- llocepl apeci8I c:ode9 ID - nopotiMt .,._ 
trio$. Got tr.. "'°" ,,_ OOS wit~ ui-~ 
routi,,.._ FO< MS-OOSIPCOOS 2.D ond hleht<· S2U5 

Drlscoll Graphics 
13llE °"""h. F':o.bta~Ml4n3e 

Inquiry 742. 

http:Gr.phk.11
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UTILITIES 

MATCH PRINTERS TO PC 
For loss than S30 M•lehFont end M•teh-e-f'rint•r 
<>re weal to< foreign end oclenbfic Wnl!t>g$ Get ell 
LIW! chatact9fS )'OU need tram most P"'ljl81nS and 
pnrletS (Apple & tpso<1 pnnters. cfalsywhe<!I<. etc.) 
Gree French, 1181ian, SpaNsh. Ge<man. S~. 
~ gra.ph>CS . 'lbu Mme .~ To receiw a 
FREE demo disk use the mqury I belcw Of wnte lo; 

MATCH SOFTWARE 
OOi!ll ~ c.iyon, North ltolyoood, CA 9lllOll-1'll 

lnqu fry 743. 

ATTENTION FORMAT VlCTIMSm 
RURGUARD pu$WO{d ptCI- you lronl _, 
foonaltl"'ll at )001 html d~ Nol memory retldenl nor 
mo<lllln DOS. Comp1111 ly 1utom1100 ln~lle\ion. 
Maooal and dial<llll• pn>Yicl6d 
ONLY S29DO + $(1J() SIH VISAIMGCOO UPS BIR 

MICROBAIDGE COMPUTERS 
m $Jiy Wirf ,,~ San Catrot. CA~ 

ClrOlr loll lroo .-~ 
'1"'58'WT17 (CA) 11iM:J...11S1 @I\') 
TUO EiCUHll N'7l098 FAX 4t~~P-~ 

lnqulry 744. 

T h e NOVA UTILITIES 
lWaMI adwna!d DOS progl'&lm lhat are on llWry 
user's wish 1151. 01$1c oolror. me rllCCMlfY. poln.1-11nd
shool wlndo# diraaOfy manager. enaypi and com
p<e~ nle$. DOS c:ommand lioo qualifiers. lin<I.vi-.delele, mOYe, copy, morel ~- 111&11 Sfi p.r 
program at only $69.95 eomplete with 100 + page 
manuaJ. 

NOVA SOFTWARE, Inc. 
P:0. 8"" 37464, Al!Nq- NM 8717' (50$) 

Inquiry 745. 

UTILITIES 

LOGGER 
l.QIPl; lor IBM-PG ond ~"""""end l9POfll; 
UM!, Time on, Time olf, DlrKIOllff uHd, Pn>gn11Tll 
Uffd, P"'$r&m 1tar1Mn<1 ~me. and ca1curai.. l<Jlala. 
'liad<s dW~H: Opened. Creo!ed. ~ed. 
Oeloled. ~.,.,_nt. Aecala forS7US will> 
qulllllily dltorlunlt •••ih11>1 .. 

System Automation Software, Inc. 
M56 U•h St., S.w Sprinl!. MO 20$10 

1-800-321-3267 Of 1·301· 565-8080 

Inquiry 746. 

Fas»leve® 
FllSTfl-. IOr IBM-PC and compatibles, ;nc:i.xes 
your 'Ml«lprocesslng clocumenl5 to lnslllllt ly ( < I 
sec.) retrlew lllXI using )'Ill.I r search e~pte»\ons 
(booleatl -IS. pll-$, eptll rig vari..10N). 
RelJlevecl 1exl ~n t>e edited, printed. and -d 
10 disk. Retall1 !or SH. OilC>OUnts IMlllable. 

System Automat ion Software, Inc. 
MM 1•h St .. - 5""'11!- MO 20910 
~2WZfl OI 1401--~ 

Inquiry 747. 

$79.9511 
Older the RED LJtiities Jl(7Nf Programs illclude; 
Disk cache speeds hard and floppy dislts. Pllnter 
spooler. Batch Ria compiler speeds batch files. 
Palh command tor da1a files. Wild caJ'd excep. 
lions. Sort direcwrieS. OY9f 10 more progrems. 
IBM PC V!S8/MC S&nd for free catalog. 
The Wenham Software Company 

5 BLt1ev S.. Wl!l'h!r'n. MA 01984 (508) n .s.7036 

Inquiry 748. 

WORD PROCESSING 

FARSI I GREEK I ARABIC I RUSSIAN 
..-. a1E.._.~.f>l\4..,.._FV>
..... Blngoll, Gujln!l nmu. Thal,-· V*- °' IPf.. NJ. ........,~-..,,._-on-...... 
~ on.._..., all(! LO prlnllng wttn no IWl:!Wlra 

modilblloru.. - F<n ~~ dOI ms . 1114 
odlt1 IDf IMr.119-SM in U.S. lnc:l'd R9Q. PC.~
llf'lllloCL 30 ut °""'"'"""- MCNl!WAMEX 

GAMMA PRODUCTIONS, INC. 
710 Wollhka BM!., Sllilo 609, Sllnla Monica. CA !ICM01 
ZI~ Tb:: 15108008273 Oamma Pro SiNM 

Inquiry 749. 

CARLOS? .... ~-~--~lylolMILdiOd ln"*'bO~... --.t.IS 
Wonl, )fywr11a, Houi s.n. llC. !laing on IHI - ~ 
can t>e UMd "'ct>ock U )<I<> rype (O<Hlno> ond IOI -"'II 
-..rn-..-N<>lin.""lv-,.qu"*' •fib 
In lll po&llbM (__, r.yp-. Oetmot1 ~on 
/llgll -1 ~y. ~ b' °""""'...a US.Erlglialt 

--- --- ._ poulble. lnlomalJD<oal d-te•xt -"'"--8t satz Datentechnlk 
~82. D-•000 - 19 

Inquiry 750. 

PC-Write 3.0 - Shareware 
Fasi. lull "9alun><I word proc:eSS<ll' lor I BM PC. Now 
e<lns lal(>& files & multiple COlum M . Also spell 
check, mdTIINge, r>lll'MJl1<ing, ASC II, and macros. 
~ to uso-oplion.al menu:i.. Supportll 500 
prin l>fi Incl. '-r& SQllware, gul<kl and Mollal on 
<115 · St6. Registration with manual . 1el0liupport. 
r>ew$1etter and 2 upd~in: $89. 

90 d"f mon-r baek gue.rantH. VISAJMC. 
Qulc.bott 1-aoo-eae-8088 
219 A rat A.... N .. 1224-SYTC, SHttle. ~ Q8109 

Inquiry 396. 

Recover deleted flies fastl 
Oisi< Explora: now lfdrdes auta'IWllJC •eocM!r'/ 'lbu 
lype tn the delEted file's name. Dosi< &pber linck and 
U!!lOl'es [Jgk Explore< also '1'loNs whal~ rMly on !isl<, 
.__ dlenge or creale lormais. dlange a rte's status. 
c1W1ge <1a1a 11 8ll'f seaa MS-OOS m us Ctie:M:redl 
card """'°""' 

QUAID SOFTWARE LIMITED 
40 ChJtln St. E. 3fd Fl. 

Toronto, Onlarlo. Canada M4Y ,S2 
(416) 9&1·8243 

,I 

Advertise your computer 
products in 

T.HE BUYER'S MART. 

It's easy to get your sales message into print. 

Just send us typewritten copy or phone in your ad. 

And as a unique feature, every BUYER'S MART ad 


is assigned a reader service number which will 

provide your company with valuable inquiries. 


Call Mark Stone for more information at 603-924-3754 
BYTE/McGraw-Hiii 


One Phoenix Mill Lane 

Peterborough, NH 03458 
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PwcNo.~~~~.:::~~~ Prb 

UP070108-5 1...H2J V20 C- . . • . •• $ 7.49 

UP070108-8 18MHzPl20CNp. .••.. . $10.75 

UPO70108-10 p °"""') V20 Chip. • . . •• S12.95 

UP070116-8 tlMtti) V30 Chlo>. •••• •. S 9.95 

UP07011S-10 r-..J ll:IO Cl>C>- . .. • • $16.95 


7400 
IWtrto. 1-i 10 • ,.., No , _, 10·• 

~~~~~~~~ 

7400 29 I!) 74115 &ii !J9 

7 ,;;02_ .2'9 19 7456_ ..~ .3~ 


7<()-0 29 19 7400 • 95 1.85 

7406 35 2!> 7490 4\1 .39 

7406 39 ..29 7A00 ·1i5 .35' 

7 .407 .3'9 29 74121 .39 .29 

7406 .35 2!; 741 :13 • 9 .39 

7410 
 .2'9 1a 74 1t5 55 ·"'' 
741.& .ag 39 74 126. 55 il 'S 
?41& -3.S ~ ?.4 143 ...~ 4S.5 
74 17 35 ~ 74 1:\() 1.3!\ •2~ 
7• 20 29 t9 7•1 5-4 1.35 t.25 
7430 29 f'lil 1 41 5& • 1119 1.3Q 
7432 .39 » ,. 113 ?ll eo 
74'>6 39 .29' 7 41 7 4 .59 • 9 
7•~ 4 31) 7 4 175 59 49 
744 S. 7g 60 74 176 79 60 
7•46. 69 .7'11 741 0 1 1ao 1.115 
74-47 69 7-g 7 41 69 
7•.ta 1.115 I .&$ 1' 11>3 
74-72 _.:Jg 29 74 11ii6.,.,,. .3'B .2Q 7422 , 
7 .f. 74. ..39 ..29 1•211 

747~ d9 ..)g 74365. 

7"1tl. .. !I ..3.5 14.367 


74LS 

PARTIAL LISTING • OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS 
*RAM'S SUBJECT TO FREOIJEHT PRICE <:MANGES 

ELECTRONICS 

EC V20 &. V30 CHIPS 

1.95 1.8.'5 
?0 00 

1.55 1.75 
,eg 

1-1)6 , as 
~ • g 
.$9 .,_g 

MICROPROCESSOR COMPONENTS 
ISClUAlfEOUS CHIPS-- -. 

llliOll/-/ -COftl. 
..... No. Pric. 

076S.OC 3 O!> f!9.46. 2.75 
W09211l .19!! fi&><1 1 95 

llO. ZIOA. ZIOB SIJllU 66$2 ?ti 
~ 11 9 

Z80 1 l9 l.IC6$000U 995
ZB0-CTC I211 MC63QOOl.10 1 1 9:5
ZBO-PIO. 129 MC680 10l..10 49$$ 
ZllOA. 1.29 ~1211 999!i 
lOOA-<:TC I 65 

8001 
IOOO SHIU 

1115ZOOA-OART • 95 
ZllOA.PIO 1.89 eoc:JI 995 
l'BOA-SIW 3.95 ~ l 4 0 
Z8QB_ 2.75 OOr.J . 6.95 
2llCS-CTC l.115 8080A 225 
zaoe-AO 395 800SA 2.• Q 

lllillll / S../ lllOOCISIR. 8000- ' 3.95 
aooe..2 6.956002. 2.60 8067 ('IMHz) . . 00 95&5C02(CNIOS) 1 75 0087 I(, ctv1Hz) .229 95 

6'12(). ·~ 8087· 2(81v1Hz) 1S9.96
6622 2.95 8008. . 4-95 
~2' 5'4ll 8088-2. 6!16 
Mr.5 \ 2.~ 8 116.. .&95 
66C002 IO«lSI. I MIS 6 155. 249 
6800. 1915 8 15&-2. 3.• Q 
6602. 2.115 8 156 Zll:i 
66 10 125 aroJ 6.95 
002 1 1 7~ 82 12. 2.29 
ffl40 . 3.4 9 822• 225 

· • 1 1&- 1l5 16,.:)8.oil>< l (1~~ 
..a 128~20 13 1.(:J72;ii:; I (2Clelns.~:J. 

"4164- 100 6!1,Sl8. 1 (IOOnlll. 
"4 164-'20 ~" 1 (120nftt 
•4 I &4- l 50 65.536 .1t 1 ( I 50nt.~ 
"4 184-200 ~·I r200ns) 
"TM$44 16- 12 Hl,36• • • (I 20not , 
"iii 125fl..80 2fi2, I~,.; \ (8Cna) 

· •• 256-100 262. '"" . ' 1100....)
•41 266-120 2'e2, 144 )( , t120rwl 
·~1 256-l!SO 2¢2, 144 JI( 1 tl!!50rw) 
• iti14'64-15 M,636x .fo {I~ C•4&4~ 

~ ll OOOf'. 1 0 •.G48.576 x I (100notl Meg. 
• 5 1 4~ 1 0 262, 144 x 4 (loan.) l Mog. 

'"201&- 12 
:1011)...45 
2 102 
21 14N 
211 4N-2\. 
21C 14 
!iolOI 
-61 1 ~ 
'6 11 c;LP.:l 
"ll2&4LJ'. 12 
'6264P- 15 
~
66 14 

"43256- 151..... 
'622561..P-, 2 

TM$25•6 
TMS25-32 
TMS2S:.2A 
TMS2564 
TMS271 6 
17"2A 
2708 
21 1e 
27 16-1 
27C 1ts 
2732 
27:l2A-20 
27J2A-25 
27C32 
:1764·20 
2764-25 
276.cA-25 
2764 
27C6C~ 

'2"712&-20 
271 28-25 
27128A~2'5 

27Ct28-25 
27256-20 
272*25 
2702'56-25 
275. 12·20 
275 12·25 

2816.A-25 
28 17A 
2865A.30 
52613 (2 11/) 

8000 SERIES Cont. 
Po,, No. Prloo 
8228 I \15 
6237·5. • 25 
8243.. J 75 
82'50A . ~1 95 
82508 (Fo< 18M) S.9'!1 
B25 1A ~ 6Q 
8:253-S 195 
~ :Jj)5 
8<'5:>+5 2~ 
8259-5.. 2.25 
8:272 395 
8279-5. 2.115 
874 1 9 .95 
8742. 19 .95 
87"8(25111 ?06 
!J748'-tllf,(l)i;ll211'1. , \I~ 
87 49 996 
8751 a~.. .3996 
s151H rn·•21ot<n •• 95 
8755.. l3.'Q6 

Dill ACOUIS:ITION 
ADC080<LC>l 2 79 
,oDCoeo9CCN 5 95 
AlJC0809CJCN 3 &9 
AOC 1205CCJ.. I 19 9!i 
o.r.a>eoalCN I 7~ 
OAC IOO&l.CN ~ ~ 
>.Y-3- 10 150 • 95 
.0.Y·5- 10 13A. I il5 

l.AOS7<l 
W'01770. 

9~ 

MISC. COMPONENTS 

$~ 
650-!A 
6007 

1.25 

6510. I 2.115 
6622. 
6525. 

2..96-6S32. 5.• 9 
t;S4!>-I 
Mii() 

195 -

6"5 

, 19 

2.115 

•.<>s 
14 Q6 

109!! 

.t'j 

Ill 

741.SOO 16 
74 L502 >8 
74 l-504 B 
741..SOO. 1a 
74l..SOS • O 
74 l.$07 • 9 
7~ .16 
74LS10 16 
74L.$14 .39 
74'..S27 25 
N-l.S3Cl . •e 
7~ 16,......,...2 .39 
7"'-547 79 
74l.S73 .29 
7 ...l.S7.C. .25 
74'-57~ .2ll 
74lS76 20 
74l.SM .... 
74LS8<1 19 
74 l.SQ() .39 
HlS~ a9 
74'-5123 39 
14l.S125 .39 
74 l..Sl38 .J9 
74l.S1,Jg .39 
74 l..$1$-4 1.09 
74t..S t 57 35 
74\,.ti1$6 ~ 
7"4lS 1$3. 39 
7..l.S16·• 49 

? ..l.S 16S. 
741..5 166 
7"4l..Sl73. 
7• LS17• 
7"'51715, 
7 • t.S189. 
7 ol l.SHi1 1 
74LS 101 
74l.S22 1 
74l..5::240. 
7 41.$243 
74 l..5244 
741-$24.5 
74~ 

7•LS:l7:t 
1•uu~ 

"''-= 
?•L.SJ66. 
1"Ui3611. 
7"1-1..S367 
?4t.S368. 
7•1...5373. 
7"4l.s:374 
7 ..t..S393. 
7• LSM)O. 
7..L..S(t14 
7 "4l.St\29 
7• LS6AO. 
74~ 
7..tLS67Q. 
7 41..5688 

STllTICl!AllS ~~~~~~-

TANTALUM CAPACITORS,... ,~ 1~·~ II) t... 7~ 47,J.~V 
Rtt~ •iJ•WI 1'1 rWl)~o5Ve 

1,'.1$ 11.. e:w; 1!> !l.11001, 11),J e 1111 

POTENTIOMETERS 
v:.lun;~~obQ.mDga::t~ !4'Jel~ 
~ I 10(. si;_ l<DC. io>:. llH 

43PXX ~ - IS Ian 99 i SJPXX ~ ' I... 89 

TRANSISTORS AND DIODES ,,13 "'2'lOI IJ 1N4(J04
ii ,,..,., 

65 tN:>7Q 1!> 1Ji</3$ ll 
I{ Uf~1 IS. C10Yll Ill 

l'l llU<OI 07 

SWITCHES 
JMT123 SPlll()>Oi l.19 1 206-8 Sl'Otl-OF 125 
MPC121 9'U1~ 119. MS102 Sl'fl..,,_, .J9 

D-SUB CONNECTORS 
0025Pl.lki»o 69 D82SS -_ i:s..,. 75 

LEDS 
1) IxrM6Y T111.i, .,_,. 
11 ™ 11'.Cmir:ftla. II " 

IC SOCKElSLow __ ,Q.oodJ..-02 

8lP 11 aww S9 
14l.P 1:2 · ~YIW 65 
16lP 13 ' i'i 69 
2..ClP 2'5 "l4WN I 19 
2eLP .27 n w.. 1li 
'6()U' 2j) <(}W{; 1 ..-·--•n.1a_.,,.__.__ 
f74HC Hl-sPEEDCMOS 

Prtoo""~"'HC00'"""""------'-=,9 HC 59 "'°" - ~~S 
74HCOZ 19 I 4HC22 ' ~ 
7' tte0il 19 74HC140 69 
74HC06 19 7.Utc2.... 79 
l<HCIO 25 T<HC2• 5 79 
7•O·tC 14 29 74HC2'5J •i 
14HCJO 25 71-»C2'59 •9 
7'HCJ2 29 7'HC113 5~ 
1'HC1' 29 7<HCJ73 c; 
7..HC7S 3!i T..CHC314 69 
7"1C76 35 7'HCSQ5 129 
74HCa5 55 l• HC6M 
74HC36 3S '"7..cHC9"43 895 
74HCt23 IS9 7.cHC404(1 
7 4 tiCl2~ 49 14H0&.IJ.('9 311 "" 
7'HC132 49 1...HC4000 311 
74HCIJ.8 cs. 74HC40$0 99 
7'™Cl311 •5 l'HC.<511 19 
7•HC;t5-4 I <9 HHC45 14 t 79 
74HC l63 4~ 74HC4Sla I 19 
7•HC t 74 59 7<HC4.5-43 I 19 

74HCT-CMOSTTL 
74HCTOO 11 HHC;ft!)9 
74.HCT02 17 i4H(;fl$7 
14HCTO< 19 , ..Hc;Tl7.C 
/ 4HCTOC> 17 W1CTl75 
7'-HCHO 1 '1 14HCf24'J6561 ' 2'95 74HCT'J2 HJ 74HC'f24.4•Sll5 701CT7• 29 7'HCT14S

6572 10 .QS 74-HCT86. 25 l •HCTJ:TJ 
66$1 t.12Vli ,,..1)5 7• J-tCT 138 .3'9 74HCU14 
~(9V) 14_95 
65Q2 7115 UNEAR 

74S/PAOMS• 
74$00 .25 74S18e"' 
74S04 .25 7£51(~ 
7.tSOli 20 7'.SHl6 
74S10 25 1~"() 
7.<532. .20 74$244 
74$?4 ~ 7"'52S3 
74S65. .89 7ASZ67" 
74S86 29 7"5286". . 
745 12.t I 4Q 74$3?3 
745174 4'd 74$:174 
7•S175- 4 11 74$472" 

74F 
74Rl0 25 ?4F t 39 
74Rl-4 2'5 74F 1 ~7 
?•FOO 25 74.Fl .-; 
74F10 .25 7 • 2.J.Q.. 
74F32. .2'~ 7•F244 
7'•F74 .29 7• F2:53. 

.3'Q 74F373 
741'138 741'370"""" Sl9 

CD-CMOS 
<XW076 
C0408• 
C040ll2 
co..on 
c;o..og..,, 
a><o •oo 
0040107 
CQ.6510. 
CO.Sn 
C04520 
C04~2 
C04Slt). 
C045" 1 
C04S43 
C04553C04,....,,. 
C04569 
C04~ 
C04~. 

004564 
C04'58!. 
MCJ 441 1P 

MC'"'"'OCIP 

2048 )( 8 (120n&) 
2().i.ll • a <•S<ie>102••• ~)
102.... 4 {~) 
1¢:24 • .. f2(Xln:a.) Low~ 
1024 • • !'20:ho) CCMOl!il 
250 • 4 f4 50na) CCMOsl ===: :~~~ 81112 x B fl 2CN) LP CMOl5 

1 5 : : ~:: ::~:~
'02• x • f.JSOrlll) (CMO$)
32.768 x 8 (150nli) Low~ 
l2.?M • 6 CI '20nol U' CMOS 

~~~~~~~- ll'tOllls ~~~~~~~-

:1046 . 8 (45()1"') 25\1 
4096 • B ("-:iQnel 25V 
40Qe;ic8 (~> 2tV 

8 1112 • 8 (4.51Jn612SV . 

2048 x 6 C4SOrllll J """' 
2$61( 8 ( 1µaii} 

, 074 . 8 (4 !!(1no) 

20lila .( a C450"lllJ ~v 
2048 x a ('"°"9) 25V 
2048 x 6 (4li0nol 2SV CCMOS) 
0000 x 8 (450nol 2~V 
4096 . 8 (200nlll 2 1V 
4096 )( 8 (2!.0nt.) 2 , v 
4000 x 8 C• !SOn&I 2~V ICMOISJ 
81112 x 8 [200n&) 2 I V, 
6 19:2 x 8 f250n&J21 V 
8 1112 x 9 (250ns) t 2.5V 
6 192x8 14SOnsJ 21 V 

l 5 8 192x8 (1~) 1 ~Vl0Vk'.JSJ 
16.3&* 1t 6 (2CK>til!I) 2lV 
la,JS.I x B (250nll) 2 1V . 
16,364 • 8 (.l:50no) I2 5V 
16,384 K 8 ~~ 2 1V (Cf\.405,) 
32,?61h B (2(l(Jn$1 I 2..!IV 
32.761! x II (2!0nol 12.5V.. 
32,768,1{8 {25()1"lia) l~(CMOSJ 
65.5.36 • 9 (200no1 I 2 5.V 
M.536 x B fl5()-ls) Ii.~\ 

U:l'llOllS 
2048. ill 8 (2"..i0n111) 5V ~ . 
2()4.B. I( e '350ndi) sv ~ 
61112 x B (.IO(ln9) 5V _....,.e 
2048 x 8 (350nol) 5V Reoo Orty 

9564 4.95 
9566 11115 
870 1 9."5 
8721 14 95 
8722. . 1195 
"251 04-04 12.96 
31065-4--05. ~ 
3 I 801&-<'I). 12.9'> 
3 10019-03 t2.Q6 

3 1~ 12\l5 
=2-01. 14.96 
32ssn-01 17115 
"fl2S •OOl'LA •• IMIS 

1225-01 l fi~ 

901226-01 1:....$5 

1227-03. 1596 
901229-00. 15 !)$ 

"Ho 1P1C1 a\dab6ie 
- No.. ~25 1 Q(lf'l.A 

Ut1 lC--6') 

74C/CMOS 
l<t/J _2'Q t4C;T7.fi 

ICll1 ,. l<C1'5 
l&(I)t l9 1.&en, 179 
74CXll .19 1«:;>'1) 119 
l4C10 ,~ 7044. 1 i'1 
l.&C~.C .4'j 1Ql} t ~ 

J.tCJ:l 7' 1•CJ.1 .C 191S 
}-tCJ4 ..., 140)11 l'l& 

flf.m l "1 74(51~ 1.]') 

l<a6 ,. 1"'910 • 16 

l<C!l'.l 1~ 7.0:01 ·~ 
llCllJ 9'l ICJZl J~ 

1;c1:,. 29:i r.o;;m .l.~ 

74';173 ~ 7025 ~19 

19ll 
99 
89 

es~ 
39 


I ?S 

39 
SS 
99 

129 
34t 

35 
449 

39 
I 49 

69 
? 9:i 

39 
• 9 
79 
79 
89 
•9 

, 95 
1'Q 

99 
89,.,. 
J9 

3 • 9 
79 

..9 
99 
211 
59 
•S 
79 

75 
29 
" 
•9 
69 

22'1 
• 95 

99 

" I 19 

I ••,. 
69 as 
I~ 
195... 


75 
395 
29' 
195 
1105 

99 
99 

I 49 
25 

129 
179 
J i5 

99 
•9 

I I~ 

a•
99 

',g
99 

I ~ 
80 

, 19 
1 •9 

69 
M 

' 39 
•39 
, 59 

•5 
· ~..•s. 
•9 
0 

, 29 
'115 
ZllS 
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• &DM<18bl@ 10 6MB 
RAM 1Zero-K lncludedi 
• 8112 Gr 8116MHl 
sw;1ct\llble • Supj)O(IO 
oJI NEAT f\Jncllono lil<:ludlr>g 
i!MdowRAM. EMS 4.0. RAM 
re-mapping and ~l@CU!ble 
wait otateo · 80287- t O 
CoprGC<>...or copob<tlty 
• Norton SI rallJlil ol 1 5 6 
· AMI BIOS ROMo fncludt!d 
• One-year W11.rranty 

JE3010 811211 SMH: NEAT (AT) . . $499.95 

- Additional Motherboards 
JE1001 4.nl8Mltz {PC.IXT) •••• $ 89.95 
JE1002 4.77110MH:z (PCIX'T) ••• $109.95 
JE3005 8/12MH:z (AT) ••••••• $329.95 

Jameco IBM PCIXT/ AT 
Compatible Keyboards 

• CUD-CDD

IJPSfi£1t: 
JE 1C1 8~rtel 

JE1015 Standa.rdATl"'l"u t (XT/AT) •• $59.95 
JE1016 Enha11coclla'/(l<J t (XTIAT] . • . $69.95 

TEST EQUIPMENT 

• Handheld. hkJh accuracy 

• •-.DoolLCO 
•  '11""'"'1-~ 
~ 

• Audibit ~"'"Y..,..., 
--;.oTJC~ 

Retllunoe. eooon..r, 
C--.00. f<..,...ncy 

. an.~..........ranf')i 

- Sin 71.. • J sv.r ., 1 15-...i 

M4650... . $99.95 

JAMECO SOLDERLESS 
BREADBOARD_ SOCKETS 

Jtt1 JE:24 .1£27- Olm. eon..., - -.Ho. L" JL W" -... _.. 
JE20 611 x .. 200 0 $ 2_95 
JE21 3 • 2 400 0 s 4.95 
JE22 611x1 .. 630 0 s 5.95 
JE23 6 x 21o 630 0 s 7.95 
JE24 611. 3,. 1,360 2 $14.95 
JE25 6n • 41., 1,660 3 $22.95 
JE26 61\. s .. 2,390 4 $27.95 
JE27 7\o. 7"' 3,220 4 $37.95 

DATA BOOKS 
4-00041 N!iC U.- 0... - I (Mt. .... $14.95 
400042 NK U.- 0... - I IA)...• S 9.95 
4&0043 NSC I."'- o.tl - II {II&)•••• S 9.95 
210830 ..... __,_(1141..... . . $17.95 
23084J ...., .._ - S. !H). ... $24 .95 

US. Funds Only 

Jameco l8M PC/JCTBllHz 1lafJo 
Compaflble Kit With 2581C RAM 

Freel QAPLUS Diagnostic 
Software Included! 

· Freel PC ~ite Word Proces
sin9 Software Included! 

· 256K RAM Included, 
Expandable to 640K 

. 4. 77 or BMHz Switchable 
· AMI BIOS ROM Included 
· Save $128.06 
Pw1 No. 0-.:::riplion PWtce 

JE1001 4.7718MHz TurbO Moth9rbOi.Ud •.•...• •• . •••. . ••...•• $U.95 
(Zero-K RAM - lnclu<le1l AMI BK)S ROMI 

JE1010 Flii>-Top Case.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34.95 
JE1015 XTIAT Compatible K.eyboatd. . . . . - ... .. ..  .... 59.95 
JE1020 5.25" OSOO DI Dr1ve (Bloc~ Berni!.... . . • . . . • . . . . • • . 99.95 
Jf1030 150 Wan ~r Supply. . . . . . . . .. . . . . . . . . • . . .. .. . . . 59.95 
JE1040 360K Floppy Controller. . . • . . • . . . • . . . . . • . • • • • • • • . . . 29.95 
JE1050 Morio/Grap/uca Card 'Miil Prinl<>r Port.. ... . . . . . . . . . . . . 59.95 
AM8ER 1:r Monochrome Ambe< Monllor. _ ..... _ . . . . . . . . . . . H .95 
41258-150 256K RAM (9ch1pal.......... .. ..... ... .. .... ..... 103.41 

Save $128.0fl Regular List $628.01 
JEJQQ2 IBM Comoatlble F'CIXT &MIU Turtx> Kl1•••• $499.95 

IBM COllPAnBLI! DISPLAY MONITORS 
12" Amber Monochrome 
ffi Input. High Resolution (F'CIXTIAn 

AMBER...... .. ..... ... . . $99.95 

14" AGB Color· CGACompet AmOOt1Groon1 
C<llor S""lchablc. 640 ~ 200 REtsolutlon (PCIXTIAn 

CTX2410.. .............. $279.95 

14" EGA ColOf' · EGAICGA.Comoatibie. 720 x3SOMax.ResoMlon (PCJXTIATI 
TM5154.. .. ... ... .......... . ... ..... ..... $399.95 

14" EGA Monitor and EGA Card - EGA compo~ble. 720 • 350 Miu. 
Resolution - dlways ~p lo 16 colo<'5 (PCIXTIAT) 

JE1059 SAVE $40.00! .................. . .. $519.95 

Graphic 
Display 
Cards 

JE 1050 

JE1050 Mono Graphics Care! w/Prlntor Pott (PCIXT1An • .•. • $59.95 
JE1052 Color Gmphlc:t Card w!Pr1nter Pon (PCIXTIAn •• •• •. $49.95 
JE1055 EGA Card with 256K \'\doo RAM (PC/X'T1An •• .. •. $159.95 

JE1071 ~r::l' 1~1f.,,%~~: ......... .... .. $119.95 

Multifunction, 110 and Expansion Cards 
JE1060 :f~ttr:.1~f."~c~i>c~~-"'.'~1~' • ••• ••.• $59.95 
JE1061 RS232S<lrialH1111Crud (PCIXT1 ••.••• •••••••• $29.95 
JE1062 RS:z32 S<lrtal Hall Card (Al)• • ••••••••••••••• $34.95 
JE1065 1/0 Cer<l w/Serlal. Geme & Paroltet Pnntor Pol'\ (AT)••• $59.95 

JE1081 ~~~=~,)~~"."'.''."~'."~... . ... .. $119.95 

JE1082 
3MB ol ~ or e.JLtend&Cl mem~. poralilol prlntor 

!:7o-~'on-~rd';'/A~'.".0 . ~~ •••• •••••• ••• • $169.95 

Floppy and Hard Disk Controller Cards 
JE1041 20141>""8 H11r<10iokC<>n1IollOf Card (PCIXl) •• • • • • • $79.95 
JE1043 360K/72()1(/1.2MBl1.44M0 Flow; Olok Cont (PCIXTIAn $49.95 
JE1044 360!< Fl()f>PYIHar<l Disk Controll<!r Card (PCIXT] . ••• $129.95 

JE1045 

$20 Minimum Order 
Shipping: Add 5% plus $1.50 Insurance 
(May ..ry accord r>g 10 ~hi) 

califomia Residents: 
Add 6%, 6V:z% or 7% 

Sales Tax 
c 1986 Jamee<> EleclIOnle<> 11/88 

1355 Shoreway Road, Belmont, California 94002 

COMPUTER PERIPHERALS 

AMl80386 ~ 
Motherboards ~ 

• faPQJ'l<UlblO IG 2MB (Zero-K Incl I ol 32-bd RAM 
wl1h aoanslo<1 boord lmciudedl • Expand an add1
t1Gnal 8MB usir>g the JE3030 (below. Ze•o· K oncl) 
· XT lootptin!-AT compahbl" · 80087 -16120 ca
pabUlty • Bu•h-ln Ael-tJP and dia(lr.Gilbe$ • l11dude$ 
AMI BIOS ROMs · One-'f(tar warranty 

JE3020 
JE3025 
JE3030 

16MH:.60380 (AT) •.• $1399.95 
20Ml1z S00U (AT] •• • $1699.95 

Oougn,__.d . . . $299.95 

Seagate 20,301.-- .... 
40 and 60MB 

Half Height 
Hard Disk 

Drives 

ST225 211 Y8 Drl¥o only tPCl)(TIAT)....• $224.95 
ST22SXT 20 YB -~ (PCIXTJ•••.. $ 2'89.95 
ST225AT 201t! we- (AT).  ..••. . $339.95 
ST238 3()1,(6 C....  CPC/XTIAT)• • , . • $249.95 
ST238XT 30MBw~ (PCIXT)•••.. $299.95 
ST23&AT 30YB w~ (AT).....•.. $389.95 
ST251 ..MB C>rM only tf'CIXT/AT). , . , • $429.95 
ST251 XT ....8 w/C.onl CMd (l'CIXT)..... $469.95 
ST251AT ....a.1~C.d(.6TJ. •.. S5l9.9S 
ST251·1 40MB,,_U..._only)_ . .. S4!nl .llS 
r:IT2T1 M!M8 °""""- (llCJ1('TIAT)•.... 5499.95 
ST2T7XT MI Y8 w~ IPC/XTJ- • ... $549.95 
ST277AT IMIYB "~ c.nl (AT)•••. $639.95 

40MB Tape Back-Up 1or 1eM PC1XT1AT 

DJ10 ·lDMB B.aci<-Upaoo Tape • • . $349.95 
TI140 '°"° "'"" Ca<trldOe••••••••.••••• $24.95 

Jameco 5.25" PC/XT 

& AT Compatible ~~~~~~~ Disk Drives .;;: 

.1< 1022 1""""'""! ------

JE1020 :J60K81oddl>LIPC/)(TtAT) ... $ 89.95 
JE1021 :J60K8-ll>L(llCJ1('TIAT) ... $ 89.95 
JE1022 1.2Yll-ll.tL (f'CIXTtATJ •• $109.95 

3.5" PC/XTI AT Compatible Disk Drives 

MF3S38 ~~-~~;n·M\09.95 
MF3SS!! ~'i:\' 1"'°':""""'~2:11.95 

Datatronlcs 
2400/1200/300 Modems 

NE\1("°"""11~1 
• Kl't"f'ICOl'flt'MinclCOtnoit! • 

1t.ie • 6eO 103f21Yt com
pan!JJ111· Au•o-01•• 1au,o 
ll"'llWOt - fCC 1ooro-v•cJ .......... ~-~ 
M•_11M1le Comrnun..c•:1on 
Sotf'warti Cit.l.ceQt 1200P) 

. ... . • 1· 
Iii '-==· .,_ IE . . . 

1200? 1200/300  - - -.... s 99.95 
1200H 1200t'.l00u....dln•nol-- ... $ 69.95 
24005 2-MIOll200/3G0 .......... __ . ' . $1:r9.95 
, 200C 1200/300  ........... ...,.,.,,_ ... s 99.95 
2400E 240CWt:l00!300 ""'""'°'- ... $169.95 

Data Sheets - 50¢ each 
Prices Subject to Change 
Send $2. 00 Postage for a 

FREE 1989 CATALOG 
FAX Numbers: 415·592·2503 

or 415·595·2664 
Telex: 176043 

24 HOUR ORDER HOT\.INE (415} 592-8097 • The Following Phone Lines Are Available From 7AM-SPM P.S.T. : 
• Customer Sel'\l ice (415) 592-8121 · Technical Assistance (415) 592-9990 • Cr1>dit Department (415) 592-9983 • All Other Inqu iries (415) 592-7108 

Cirtlt 171 on IUalkrStrvict Canl NOVEMBER l988 • BYTE 439 



MULTI-CHANNEL 
PS/2 


COMMUNICATION BOARD 
• Four Indepe ndent RS-232 Ports 
• Flexible Interrupt/Address 

Options 
• Discounts Avollable 
• For Models SO, 60, 80 

1-800-553-1170 

478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434·3154 FAX: (216) 434-1409 

TUC: 5101012726 

Cirtle 266 on Reader Service Card 

• FOR IBM & Compatibles 
• Flexible and Inexpensive 
• Money Back Guarantee 
• Free Technical Support 

Fast Delivery 
1-800-553-1170 

~BUATECH 
~ INCORPORATED 

leaders In Communkatlon Teehnolofly 
478 E. Exchonge SI .. Akron. OH 44304 
(216) 434-J154 TLX: 510101 2726 

Circle 268 on Reader Se"ice Card 

5V4" OS/DD 59c 

3V211 OS/DD 1.09 
Price baoed on quantity of 300 

includes sleeves. febels end tabs . 

800-222-0490 
In NJ 201-462-7628 

FAX 201-462-5658 


• 24 Hour Shipmen! e 

MEGASoft 

P.O. Box 710, Freehold. NJ 07728 

MULTI-CHANNEL 
RS-232 -· . -. --

. ~, . . .. 

COMMUNICATION BOARD 
• Eight Independent RS-232 Porls 
• Flexible Interrupt/Address 

Options 
• Comdrlver Plus Software 

Inc luded 
• Discounts Avai lable 

1-800-553-1170 

-

ii 

478 E. Exchange st., Akron, OH 44304 
TEL: (2161434·3154 FAX: (216) 434·-1409 

TlX: 5101012726 

Circle 267 on Reader Service Canl 

PARALLEL POAT 
FORPS/2 

• 111' ..· ~ . -, :_ .. ~:~ . . • ;. 

-._ . .. . . . . 
- --. - ·-  - . -: 

MODELS 50, 60, 80 
• LPT1 , LPT2, LPT3 
• Optional Serial Port 
•OEM Pricing Ava i lable 

1-800-553-1170 
~GUATECH 
~ >NCQQP(JQi\TEO 

478 E. Exchange St., Akron , OH 44304 
TEL: 1216) 434·3154 FAX : {2161 434-1409 

TLX : 5101012726 

Circk 269 on Reader Sef'l'ice Card 

51/4" DS/DD 39C 
100% CERTIFIED 

LIFETIME WARRANTY 
Prlco based on quontny ol 250 In bu lk 
Includes Tyvok sleeves and lobel klls . 

800-222-0490 
In NJ 201-462-7628 
FA}( 201-462-5658 

e 24 HOUR SHIPMENT e 

MEGASoft 
P.O. Box 710, Freehold, NJ 07728 

Fu.II service dup~eallon lac:lllty 

PllOHl 416-<&97"'93 

FRAME GRABBERS 


•95 
195 
995 

MOOU ll!SOlJJTIOH 
HRTl~ ls.&> 256•4 
HRT 25"&·8 2~ 1 256' 8 
HRTS118 S1ld1218 
Hl!T ~12 - 24 5111 517 < 24 1995 149S 

· CALL FOR OIFHaENT MOORS 
· IB PCJXTAT COW...TilllE 
· OIGllAUZE IN REAL TIME 

COMPOSITE '00£0 I 
· 24 BIT RGS OUT t¢ep1 - ~RT 2~ 

6 -...1 ilra't' SC4!111! o.11 
SOFTWARE Ul!RARY Of IMAGE MIAlvs.tS ROIJ TlllES 
fREE SOFTWARE UP(;llAOES TO REGISTERED OWNERS 

. flJll CREDIT ON Ul'GRAOE !'URC~E IN FIRST YEAll 
RETVRN Ol.D BOARD ANO .l\JST f'AY OfHf!IENCt 

Circle 155 on /leader Service Card 

Fix common problems fast! 

You don't need to be an expert 
to diagnose and correct 
problems involving PC setup. 
All you need is HELPME"' 
software! More than 300 tests. 
On-screen help for under
standing and correcting iden
tified problems. Qu ick 
identification of system con
figuration and compatibility. 
$99 plus shipping and han
dling. MC and VISA accepted. 
Cal ifornia Software Products, 
Inc., 525 N. Cabrillo Park Drive, 
Santa Ana, CA 92701 
(714) 973-0440. 

Cin:k 60 on Rl.fllhrService Card 
(DEALERS: 61) 

Cl-iiitCLO<~ 

tG-ye1r cloct/calendar IN ACHIP! 

Easy plug-in • 10.year battery 

Never se1 dataltime again 


No slo4 needed • 100% compatible 


NOW WORKS WITH PS/2 

CtlPCLOIC wlsoftware NOW $49.00 

3fH1lff moflliffbBck guarantee 

COMPUQUEST lNC. 
801 Morn Ave. • SChaumburg, IL 60193 

1-800-722-2353 

1-312·529-2552 In IL 

Cirrle 211 on Reader Service Canl Circle 212 on &ader Service Card Circle 73 on Ruukr Senke Card 
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EDITCR'S 
CHOICE 

We are proud to feature Top Performing Products at 

LOW PRICES! 

Computer Systems 
Jade Turbo Xt 10 MHz ...... 1398 
Jade Turbo 286 lO MHz ...... . 1998 
AST model 8011 40 /170 _.... _. Call 
Everex 386 16 MHz ..... _.. '1848 
Everex 386 20 MHz ........ .. . Cal l 
Comp!IQ DeskPro . . . . .... . ... Cal l 
Compaq Po rtables . _ . . . .. Ca l l 
IBM PS12 models 30/ 50/ 60180 . Call 

Disk Drives 
360K natl high .. .... ........ . . '68 
360K ull high .. .. ... 186 
TEAC SS BV . _. _. . . . . . . . . . . _ 178 
1 2 MB to r AT .. _ _. 188 
3 ' :· 720K . . ... 188 
3 '?00 1 44 MB ......... ... .. .... 1 118 
5 •,-- ext 360K ror PS/2 _.... . _. 1218 
5 '·•" exl 1 2 MB for PS12 ... , .. '258 

Hard Disk Drives 
10 MB w/controller ........... 1198 
20 MB w /conlrol ler. _ . . '268 
30 MB w .control ler ... . ... ' 288 
40 MB wl COntrOl lOr .. . .. ' - - - .'398 
40 MB for AT _IJ38 
ST 125 20 MB . . . 1248 
ST t 38 30 MB . , . , ..... . ' . '296 
ST 251 · 1 40 MB .. . ' ••••• 1368 
ST 251-140MB .... ......... 1448 
ST 4096 80 MB . . . ......... 1548 

Tape Back-up 
Mountain 40 MB XT . . 1376 
Moun tain 40 MB AT .... .. . . .. . '3i8 
Mountain ex ternal 40 MB ... . . 1498 
CMS 60 MB 1ape .... .. ...... . 1498 

Monitors 
Amde 310A amber _.. .. 198 
Amde 410A .. ... ... .. .. •1Sa 
14" amoer r1ac screen . ....... . • 12e 
RGB 640 x 240 color . . . . . ' 258 
EGA 640 x 350 co lo r . . . . ... ' 378 
VGA 800 x 560.... . _1 499 
NEC Mult1 Sync G S .. . ... 1 188 
NEC Mul11Sync II . . . 1588 
NEC Mull1Sync Plus . . __ . 1888 
NEC Mult1Sync XL '2068 
Mutsub1sh1 Diamond Scan ..... 1498 
Zenith 1490 flat .1608 

Terminals 
WYSE model 30. . ....1288 
WYSE model SO. . .... _.1368 
WYSE model 85 . . ' . . ....•.• - .. 1438 

Keyboards 
84 Key AT-Style - . - - - .. '68 
101 Key Enl'lance<l .. , ... . .. , . ' 78 

Printers 
EPSON LX-800 9 PIN .... . .. , .' 166 
EPSON FX· SSO ... .. ... . ... ... Gall 
EPSON FX- 1050 _... . . . Call 
EPSON EX-800 . . ............ Call 

EPSON FX-286e ..... Call 
EPSON L0-500 24 PIN . . , .. .. , 1339 
EPSON L0 -650 . . ... Call 
EPSON L0-950 . .. ... ......... Call 

EPSON L0-1050 .... Call 
EPSON L0-2550 .. .. . ..... . ... Call 
EPSON S0-2500 ......... . 1398 


Ok1da'°1 320 . . . ... .. .. . ... . . . . '338 
Ok1da1a 321 .. __ . . . . ... '468 
Ok1da1a 390 .. ... ... .. .. . ..... ' 468 
Ok1da1a 391. . ... '038 
Ok1da1a 393 .. ___ .......... ... _1920 

Citizen 1200 _... .... .. _..... . . 1158 
C1t1zen 1800 . ... .... .... . .. ... 1168 

NEC P2200 ......... .......... 1348 

NEG P5200 .. . . .... . .. . ... ... . 1518 

NEC P5300 .. .......... .... ... 1688 


Tash 1ba 321 SL . . _....... _.. _ . '488 
Tosh 1ba 341 SL ..... .... .... .. 1598 
Toshiba 351 SX ............ . . . 1948 

D1con1x 1so Portable .. . . ...... '308 

Daisywheel Printer 
40 CPS Para I lei and Serial . .... 1298 

Hewlett Packard DeskJet 
DeskJm . . . . . ... 1698 
128K PDP Desk RAM -- - -- - - . .. . 198 
EPSON emula ti on cart ridge .... '68 
TMS RM 1HELV Soft Font - . - - .. . '98 
Ink cart ri dge. . . . . . . . . . . . ..... . •19 

Hewlell Packard LaserJet 
LaserJet II . . . . . . . . . . . . . . . . . . 1t698 
25 1n One Font Cartridge . _ _'398 
4 MB card w / o memory . ... . . . •188 
1 MB memory card ......... _.. ' 348 
2 MB memory card ... . ........ 1648 
4 MB memory card. . . . , .. 11148 
Toner cartfldge .. ... .... • . _ .. .. '96 

Buffers 
EPSON/ Comrex 128K . '98 
Ouadram M1crolazer BK . ...... ' 128 
Ouadram M1crolaler S4K ..... , ' 128 
Ouadram M 1crolazer 128K __ ... '228 
Ouadram M 1croraier 512K ..... 1S9B 
Logical Connecllon 256K _... _ .1448 
Logical Connection 512K ..... . ' 528 

Joystick 
Krall 3 bullon Joystick . . . . . '18 
Krall 3 bullon Joystick ........ , 128 

Plotters 
Roland OXY-885 ....... . . . . , .. 1898 
Houscon lns1rumenis .. .. ...... Carl 
Hewlett Packard all models .... Call 
Ca l Comp all models . . . . . Cal l 

Scanner 
Log11ech Scan Man . . . . . . . . .. 1248 
Diamond Flower 3000 .. ...... Call 
Princeton LS-300 . . . . .. . .. .1760 
Hswlelt Packard ScanJec . . . Call 
M1crotek all models .......... Call 
Dest 102012020 

_ 
. . . . . . . . . . Call 

Digitizers 
Sum ma Sketch 12 x 12 . 
Summa Sketch 12x 18. 

.. __ '378 

. ... 1638 
Kurta all models . . . . . . ....... Call 

Cal Comp all models . . . . ...... Call 


Mouse $29 
with Software . ... . 

logiTech 
LoglMouse Bus . . . . .. __ . __ .. '78 
Log1Mouse Serial _. . __ .. '78 
LogiMouse H1- rez . .. .. . _... .... 188 

Mouse Systems 
PC Mouse with Paint . . . . _•ea 

Microsoft 
Mouse w/ Pa•ntbrush .... ... . ... '98 
Mouse w /CAD ... ........ ... .. ' 108 
Mouse wN-lindow ... . ... . •128 

Complete PC 
Complete Hand Scanner .. . . .. '178 
CClmplet& FAX Board ..... _. .. 1348 
Complete Answering Machme . '248 

Switch Boxes 
Pa,a11e1 o r Serial 

2 way AB . . . . . . . . . . . . . . . . . . . ' 28 
3 way ABC __ . . . . . . . . . . . . 139 
4 way ABCD .....•.•. . , • ... .. .. 159 
5 way ABC DE . 168 
Crossover X . • • . . . . '68 
Aul0Sw11ch 3 way . . . , .. . . .... . '198 
AuloSwllch 6 way . . . . . ..... 1248 

Cables 
6' printer , . . .... , .. .. .. ...... , , •12 
io· pnnter . . ____ . ____ ... __ _.. .. 118 
25" pnnter _.... . . .... . ......... 28 
g· senal.. . . 118 
25· serial ..... .. •. ....... . .... . '28 
50' serial .. .. ............ ____ . 139 
100' serial . . . . . . . . . . . . . . '58 
Keyboard extender . . . . , ' t 2 
Monitor extender . .... , ....... . . '16 
Printer extender ............. .. 116 

Modems 
1200 internal w /sortware . . '58 
2400 internal w /software . ..... '98 
1200 external ................ . . '88 
2400 ex terna l . . . . . . . . . . . . . .. ' 158 
2400 PS12 internal .. _ . 1178 
Intel 24009 lor PS/ 2 . ......... . '278 

lnlel 
Above boa rd PC 64K ..... . . . .. '268 
Above board 286 5 12K . _. ___. . '368 
In board 386 .... ... , . .. ..... ' 1098 
8087 5 MHz .... . .. . •...••.. .. . '98 
8087-28MHz . ... 
8087-1 10 MHz_ __ .. 1198 
80287-6 aMHz .... . ' 176 
80287-8 10 MHZ_. . . 1236 
80287-10 12 MHZ .. .. ...... .. .. 1278 
80387-16 16 MHz ........ ... .. 1448 
80387-20 20 MHz ........ . ..... 1670 
80387-2S 2S MHz ... . . . ..... . . 1878 

Boards 
Monograph1cs w/Para llel .... ... 148 
Color Graphics w/ Parallel _ . _... 148 
EGA card .. _ . .. .... . ....... . '138 
VGA card. , . , . , , .... . ..... . ... 1248 
AST EGA Par/ Ser/Clock ...... 1166 
Dual game port _... . . . . _ 118 
XT 1/0 Par/Ser/Clk /Game . ... . .. 158 
AT 1/ 0 Par1Ser/Clk /Game .. _____ 159 
360n20K 1.2/1.44 MB .. ... .. . .. 148 
AT FOO/HD control ler .. ...... '128 
XT Hard Disk con troller ..... ... '58 
AST SixPak Plus... - _•11a 
AST XFormer , ........... .. ... 1578 
ln lel Above board 286 . . . 1378 
Paradise auto EGA . . . 

1158 
Paradise VGA _. . 1258 

Surge Proleclion 
Isobar 4 outlet . . . . . . . . . . . . '48 
Isobar 8 outlec . . . . . . . 68 
Isobar modem protector ....... . '24 
S.L. Waber 6 outlet . . . . __ . • 1 B 

Trlppllle Battery Back-up 
450 Walt UPS ....... . ..... .. .. 1398 
750 Walt UPS ........ .. ....... 1498 
1200 Wall UPS. __ ......... . ... 1698 

Tripplite Line Stabilizer 
600 Watt LC ..... . .. .......... '98 
1200 Watt LC .............. -- .' 158 
1800 Watt LG ...... .. .. ...... '188 

Accessories 
Kens1ng1on Ma ster Piece .. .. ... '88 
Kensington Master Piece Plus .. '98 
Vertrcal CPU scand . . . . . . . . . . . 118 
Keyboard drawer . . . ........... . '58 
Moni tor Tll1-n-Sw1vel .. . .. . . .. .. '18 
Printer muffler BO . . . . . . . . . . . . '48 
Printer mul\ler 132 . . '68 
Printer stand BO , •• , .... ... . .. __ 19 
Printer stand 132. __ __ . __ _ 114 

4901 W Rosecrans Ave Box 5046

H•: o'"ii"':;;S0'6JADECOMPUTER 

Calllornla 

Torrance. Santa Ana . Woodland Hills Place orders and use our technical support toll free! 
Kearny M esa. Sunnyva le 

Texas Continenta I U.S.A. 1-800-421-5500/1 nside California 1-800-262-1 71 O 
Addison . Hous ton 

Georgie Arizona 
Smyrna Phoenix 

Not all items in stock al 
our nine rela11 locations 

Fax mach ine 1· 213-675-2522/All othefs 1-213-973-n07 

We accept checks, credit card or purchase avai labi lity subiect lo change w11hout notice 
orders lrom quali fied firms and insl1tulions. Shipping and handling charges ¥ 1a UPS 
No surcharge on credi t card orders CA.. TX . ground SOC/lb. UPS air 1 1.00/l b Minimum 
GA. & AZ. residents add sa les tax. Prices and charge '3.00 
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U IVERSAL E(E)PROM 

PROGRAMMER $ 495 


• 'o ptnoo11ily mooul.-; De\icc &ekc1ion by menu_ 

• Built -in E.-...cr/Timcr op<ioo (150); Foam pad_ 
• 0Ltea 1echniul •uppori. Full l ,ur ..,.monly 

• S1a11d alone dupli uion & •=ify (24128 piru). 

• Quick putM mlgorl lhm (2T'~'<• under 60 sc<) . 

• All 2 pin p..r! lo l Mbit; CMOS; EUROMS. 
• 81•1 .· l. ·• , • H ,.9, -9 11 .-Sl,-CSl,·~.-55, 976 1 & more_ 
• 18.\l·PC, Appk, CPM or Uni~ dri«r, Aulobooud RSl..lZ 

• OfC.ct/•plit llcx. Binary, Intel & Motorolo 8,16.Ji l>i! . 
• Kll.s from S9S_ Manual with compl•l• Kh<mal.la_ 

Cail foday for dorash~tU !! 

PC485D $95 
f RS 485/422 INTERFACE] 

• Mee!< the 	 El RS-48.! <l•ndanl for mul1i[>Oin1 bm 

lr>nsmi"ion •nd the EIA IL'i-122A surn<Lird 


• (.-.n Ix <00ftgurcd"' OMI or co~u. 
• n~ lrrmlnatoN are/·un,pc:r .s.c:lc""fablc. 
•I llgh s~cJ dtffcrc 111 i~ dri\•c t'\ a llO"-' f;ast c.lala l ransfcr O\'Cf 

lung cables (o»rr 4,000 n ). M »<. !laud ru le 561\11.'l l ~Kll 
• Tri ·3ola tC' HnC' drlv~n ~rm11 impkmcni.1Eion uf LAN~. 
• Two "'ire (holl duplu) op<ro11on_ llll<I or phonrjack. 
• Sample conimuni alion ""flw:irc .,.,a blc . (S50) 

PC488A $145 
flEEE- 488 INTERFACE] 

•	 Include_, INSTALLARLE DOS DEVICE DRfVERS 

ond >0f1""'rc 'urpon for BAS IC. 


• 	Optional langu•gc •uppori for C. PASCAL. 

FORTIVJI/ ond ASSEMBL\' · $~ 


• Sdc:ct•blc base 110 oddtcu, IRO • nd DM1\ . 
• CONTROLLER / TM.KER / LISTE ER capobili1y. 
• Cw.lomc r supporl Yi dedicated 24 houn [)&<.: Micros • 

!.!c:nn BULLETI BOARD. 
• Compa1iblc "'i lh mos! IEEE-488 Software Pacbges for the 

IBM-PC (c_g. A!iY_STA~"T GPIH, Lotu• Mru u.... clc.). 
• Ho1.r.-..rc compat 1hlc "''lh NI'• GPIB • PCllA. 

PC488B 	 $345 
[ IEEE - 488 CARD WITH] 
[BUILT- IN BUS ANALYZER] 
• 	C:PBA.~I pocbg< eomplcmcnt> lBM/Micr<»<lfl BASIC 

in rerp<ecer anJ compiler to crc~tc ii prognmmlna 
<11vlronmrnl ,J mllar lo llP dnklop compultt$. 

• 	AddiriORJI lihrnric:s of oYCr 20 high lc,'CI ~ dedicated 
fu~ioas for C, l'&scal or t'ortran ovailablc (S50)

• 	rgv.-c:rful mtou-<lrlvtn bu analyzer, "'bich con run in 
the foreground or in the bodg:round while 4AA p<ognmi or 
c:om~ arc cxcrorc-.rt, (~a1urc:io progr-am h·p plng.. bn•k 
point.J !lnd r~a.I lime bus: data capturr (4k circula.r buffer) . 

• ln>tanl l~Un1 between ron.gr<>u nd aod An• lrur scm:o . 
• Complete Tal~r1Llsltntr/C<>nlrolltr capability. 
• Dip.witch >Cl<eublc lla<e AddrCM, IRQ. DMA _ 

M ISAJAMEX Call today fOI da11ulru1.1/ 

B&C MICROSYSTEMS INC. 
::,5~ We 1 Olive i\ve, Sunnyvale. Ci\ 94086 

Pll: (408)i1!~551 l FM\ · (40.'l)7311-55il TELEX: ~185 
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PALMERASE
1

~ 
World's Smallest UV Eraser 

PAl..MER.~~E N <"30 <1"1°"' 211, le 111 , and 
·IOp in EPRO~t in k.s th>n _\ minule> 1 Abo. 
b.r~cr cl'ber> nc J\'<l1lablc to hlndk EPUh. 
~lltROs •ml othrr n· crnab lr dc:\'iccs. 
Plc,;sc cil l codav for more inio rm> l ion on •n 
cr>.>cr lh>t '> ngf11 for 1·ou 

LOGICALn•v•c••. INC. -- 

1201 s IX' M1h Pbe<, Fl uud<r~alt. FL ~ .no9 
l-800 ·331°7766 • In f lorid,- (10~)9"·1 ·096 " 

Circle J89 on Reader Strvice Card 
(DEALERS: 190) 

"C" 

for ZSO and HD64180 

Microprocessor 
Programming. 

l n,·cstig<1le our powerful l"'C·~l~"<t 
c comr1l~r fo r ~mi:,.,.,,id<'d 7J~n •nd 
Hf16...i I l mlcropro<:i._""'-'\.O~ .i com
pik·r \..rrrnen for miaoprocK.<.0r 
engin""rs Only $195 <JO 

• Remoie "'urcc debugger Sl'IS.00 
• t\ddninnal product• ><'<C'fllblN~. 

linken.. single board rumputer' 

Z-World 
I 7Tl.A P\a.a A \'\"flUC" 

o...-ts..CA 95blti 

916 753-3722 
F.1"91675.1·5141 

In Germany: 	 .1i5)'Slem Tef: 0Hl31 /11'"7 "ZS<l Sped• L<L<" 

Circle 366 on Reader Service Card 

F1oJ 1~1 n.i,v.. , >Ur ...,n.,J(' 1.1m•h •• 

E.._,tL'·Tl:~ 1o:r ..ph10 rrm\10.11 cmulannn 


.... ,u~-;ue- rnnk<' .,.,.1111.! '<'0'< ' ' '' rhc Y11o11fl v11u Jt, . 

('_..I\ h ...L.., h....- 11ui1..:: mft•nn1H 1uf'l 


FTC DATA 
SYSTEMS 

(7 H) 9<>;.)900 

(800) 96l· 1900 t80019n.1900 !Calif.) 


lCNI ("),(, t., S..otc M-2 

Snmwn, .A 91.)68(' 


Circle 135 on Reader Service Card 

the HUSKY™ 

EPROM 

PLO 

MICRO 

,ANG 

SET 

PC based PROGRAMMER 
$599.00' 

"mo.i.in"'' ' '~l..,J.nl 

From A Name You Ctm Trust 

LOGICAL DEVICES, INC. 
t ZO l :"-.: \l'. (, ~th Pl.ace, Ft l..lll udr rdot.h:. Fl '\) \ Ol) 

1-800-331-7766 nos) 974-0967 
Telex 38}142 F.ix (~O~) 974-8'31 

Circle 191 on Rtadtr Sel'l'ict Card 
(DEALERS: 192) 

Z80 or HD64180 

iC-lfO 

iC-80 In-Circuit Emulator 
• Can be configured for ZSO or HD64 I 80. 
• C source code level debugging with our C 

compi ler. 
• Works with IBM-srylc PC. 
• 64K overlay memory. 
· Base price $995.00. SI 340.00 including oru: 

probe 3nd symbolic debug software_ 

Z-World, 1772 P1cuso ""•·Davis. C-A 9~616 

(916) 753-3722 
F,_.: (916) 7H-514L 


In Germany· 1Sy.1em 131/l6ll7 


Circle 367 on &oder Service Card 

VT220 EM220 $169 

· vr220. VTI02 ernula11on 
· f~'c iransler 
· 132column modes 
• Color support 

· Horkey 


• • • Diversified Compurer Systems. Inc. 
J7r If~ 4,•• nl.lf! U. 'l f8 
&;,<1e' C08i;J0.' 1JOJ, << '9Z51 
FA-.. J:-OJ .un.fOti 
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Circle I14 on Reader Service Card 

http:rrm\10.11
http:Sl'IS.00
http:miaoprocK.<.0r
http:cxcrorc-.rt
http:Kh<mal.la


Special I 

COMPLETE-PC 
ANSWERWGW!CH L .. $229 

FAX -PC --- s:igg 
HANO SCAN ER ••• 11611 

2881388 

Call 
SWEET-P 600 

oP•n Plolt•r 

$589 
PRINTERS & LASERS 

CanonBJ-130 ....... ... .... .. ~ 
Cilllen 180-0 ................ 157 

MSP· 16'E .................. 295 
MSP-40 ........ .. ......... 299 
MSP-45 ................... 3811 
MSP-60 ................... :lot.S 
MSP-65 .. . ... ........... . . 440 
P.....-...35 .. . ...... .. ..... 439 
Trbule 124 . .. . ...... ... . . .. 439 
TrbJ1e 224 ................. 579 

OlocnGi 150 .................. m 
HP U..rJet II ............... 1600 
JOL 11.!iO Se<I• ............... Call 
NEC LC8fl0 .................. Cal 
Paiwaonic 1080i-m2 ••..•.••... 165 

109H·<l'll! ...... ... ...... .. . 189 
1690'1 &95 ............. •3821• 18 
1fio2.4 .............. . .... . .. 515 

To.111)9.3:21-SL .............. 445 
3ot1-SL .................... 609 
351 ·SX .... . ....... .. .. . ... 883 
a.i-. .... .. ........ . . .... Cal 

MONITORS 

Am:lek 1200 & Card ........... 639 
210A ...... .. ............... 87 
1"22EGA . . .... ... .......... 43 1 

eo.n.r.ion. ................. Cal 
Hit.et.I .. .... .. ....... ....... Cal 
Mb~hlOll./Tllnd S..... ..••... 47g 
Monhml Vi<i1g .............. Cal 
NEC Mulltyna II .............. 585 

MullilynoGS .... ........... 185 
Olhel'I .. ................... Cal 

Rutl<Opo I6481 .... . .. ..... 1w.i 
· ..... ...... .... .. .. . 29411 

s..-.ung .................... Cal 
SigmaO..ign• 1.u..v-- ... . .. Cal 
Sony Mullican 1303 .......... 495 
Zenith 1480 Fni.a-n •....•... 5711 

SOFTWARE 

Al.doS~ .................. 59 
lloeingGnpL ... ............. 105 
Sr-line ... .... . .. ........... 169 
Caibon Cq,y Plu• ........... .. Iro 
Ol(lj)6r ........... ... ........ 356 

Fl•tSclNll 

$579 
DESIGN CAD 

Sland•rd or :ID 

$149 
FutSad< ... . .............. . .. 75 
F.u!Baok Ptus ... . . .... . .. .. . .. 85 
FonnTool ..................... 62 
Freelanoo Plus ... .. . ......... 293 
Fox Bue Plus ..... ....... .... JN 
GEMOnJwPl1111 .......... ..... I ~ 
Gene<ic Cadet 1.0 .....•.•....•. 4a 
Gonoric Cade! O.t>e<w ... ..... .. Cal 
Hat\lard Glopl'Oot .... .... .. ... 265 
In Ho<ne Aod ................ I 07 
Lllp&nk Pluo ........... ..... ... 74 
L' hti HJud OlokS ...... SQ 

LIGHTING Disk 
SoeedUD 

lnc,.1l• yow H1r8Disk 
SpMd •• much H 40% Ill 

$69 
Lalin 1Zl2.0 1 ................ 260 
Loluo Aqonc!a ................ Cd 
Managing Your Mon"f ......... 113 
MathCad 2.0 ................. 1l)g 
Mion>Soh Windowo 2.0 . • . ...•.•• !iB 
MS.Coe 3.3 .... ............... 115 
NOrton Ulil 4.0 .................4S 
Noli<lll NetwBt& 286 . . .. .. . . .... CaJ 
Pogor.tal<M 3.0 ...............480 
Pilllldol<2.0 ..... ........ . .. .. 391 
PCTool1 Oolu•& .. .. . .. .. .. .. CaJ 
PathMind«4.0 ................ 65 
Pe;oc1"rff Account~ II ...•.... 14~ 
PFS:FntChoOoo •••........••• n 
PFS: Flret PvbhehOI ....... . .... !54 
PFS: Prolesaionai File . •. .•.. . . 12G 
PFS:Prof-lona\Plan .• • .. •.•. . 51 
PFS: Proleuional Wrle . • .... •• 102 
Plan Perlect .................. 185 
OlA .... .................... 177 
O&AWtl e .................. 116 
Oulltro ........ . . .. ........ .. 132 
Rll)id FD. ....... ... ......... 1n 
R:Bue for DOS .............. 419 
Sh"1-tlle "'(upoManlMI) •.• . .. 11111 
SileKiok PIUll ................Cal 
Snw1 Sy.men , . . ............. 41 B 
Spm:t ....................... 115 
T- ...... . ......... .. ...... 101 
Tutbo llulo, C, or PUOll .•...... 57 

It PAYS to 
BUY-MRI! 

DRAFIX 
1 Plu• or 30 Modul• 

Call 
SMART MODEM 

12008 ln r. 24008 /nt. 

$59 $115 

ertura 11>112.0 ••..•.••.4611 
V~ & Libt&MI ..•.....•.Cal 
Windowl ....................Cal 
WordPerfect 5.0 ..... ........ ..Cd 
X·Tr"" Pro .................... 58 

DIGITIZERS & PLOTTERS 

~1023-0T .............Cal 
1043-0T ......... .... .....6Q9Cl 
Dlgli%8n .. . . ... ...... . .... .CAI 

Eni.. s....et-p BOO .. ... .. . .. . . .598 
0.hen . . .. ..... ...... .. ... .CAI 

Hou''"" lnslr\1"*111 .• , .• , •..•.C«I 
DMP 41142 . ........ . ..... . .Cal 
DMP 51MP . . ...... .. . . ....3560 
Dt.IP 61152MP ... .. ... 3200l2'700 
OMP 52.. . .............2300 
DMP 5eA ............ .....3800 
Ot.IP6 l ....................Col 
DMP62 ...................Cal 
t.IP Optiooo .................Cal 

Hi!achlPuma Pad(lO Year W11r111tyl • 
H00-12><120"" ..............399 
H00.12xl2D·l2 ••..•.• . ••.• .486 
H!)G., 5>c, 50-4 ............ . .598 
HOO-I 5xl60·12 .......... . ..669 

lolne ...... ..... . ...... .. . ..can 
JDL aso s.,i.. ...............c&1 
KurtalS 121112 . .• . ••.••.•• . •. .265 

IS 12'<17 ...................4115 
Surnni>g!llphk::o 12x12 Pl...... .335 

IS.12 Prow4 Butt & Styluo .•..66'il 
M"" Bit Pad 12x12, 49ut,Siy ..•21111 

Novell NetWare 
Cu•tom/11/on .•. CALL 

CAD...etc. 
MITSUBISHI 

40/10 Mb Dl• k

D/$417" s.f~9 
PANASONIC 

10911-mZ 

$195 
DRIVES, MODEMS &FAX 

Mbubilhl.al70 MbHllfd On... 
112hlAT.~ ............ . 4:1i 

Po.nuonlo FAX Boaid •.••.•.•• 6811 
~.teST225wfe&Rl ••..•.•• 26(1 

ST23S 30Mb wloard . ........ 285 
Srrnrt Modem 12009 Int wiow • .•• SB 

2"°"8 int W/llW •• • , , •••••• , • 115 
Toohho3.5XTIAT720kOm.... .... 8'ol 

6.26 XTIAT360k DrM> ....... . 75 
us Robobcs Couri6r 2400 . ....• 299 

BOARDS & NETWORKS 

Adage AD I Q/4 .............. 1371l 
ADI Ql8l ...... ......... .. 2040 

t\rcN.C •• " .. .... " ..•• " . .. CaJ 
M9t8 .. .. ... . ..... . ...... 1178 

IQ/16 .................... lll20 
12 ••....••. .. .•.•• " .•••.• 2320 

AST ...... . ....... . ........ Cd 
ATI EGA Wondtor ............. 168 

VIP VGA ...... .... ...... .. 24& 

SCANNERS 
Sc•nM•n OI' Comp/¥• PC 

H• 

COMPUTERS 

AST Pr..OOm 286 & :l86 ..••.•. G.a 
Mbubiahi !.!1'2118l. ............ Cal 
NEC Multi~ .. .. .... .. . .. 1079 

Mu ilpood El II ............ 1423 
Multlepeed HO ...... ....... 22011 

Toohbo.Upl- . ............. CAI 
ZOl>~h Uopl ............... CaJ 

Intel 
coprocessors 
genuine & new 

6087·2 .... ... . .... .. . ....132 
90287-<l (<IOt.IHz) ••........205 
90287· 10 (•>IOMHz) . .. ....23G 
903a7-18 ........... .. ... Cd 
90087·20 ................ Cd 
l!OJ37-25 .................6451 
80337·SX ...... •.. . .. .. .. .3118 

Eth•NetPlua ................ Cd MOUSE 
Gonoe VGA GOO>r800 .. ........ 259 ------------

VOA 760xl024 ............. JN 
He!ouleo G""l>hlol Pita ........ 1611 
111,ol AbovoBo...o 2881512k • • • • . 35g 

Abovelloan! PS 286/5121c .. .. 388 
P.,..fuEClA480 ............ Cal 

VGAPll.9 .. .......... .. . .. . Cd 
VOA Pm .... ...... .. ...... Cd 

Rm!OIOpe Colo< 0nnN24 ...... 3111 

LogllClll C7 S&liaJ or B._. ........ 86 
HJRel Buo .................. 83 
BLJt & Pmt .... .. ........... 83 
Slrial & Publiohe< .. .. • .. .. .. 104 

MicroSoll Soria! ............... 96 
PC Mou......... . ........... Cal 

Colof8o&rd 104 ... ......... 24a.t HELPERS
ColorSO&rd 108 .... .... .... 1162 ....................______ 

Slgmo 0..19"• VGA .. ........ 209 
TOPo Fla>hcard • • • • • . • • • • . . . . 143 
Vertioom .................... Cal 
Video 7 Veg~ Deluxe .. • • . • .. .. 177 

V-Ram •• .• ..•• ••.. ••.•.. . . Cal 

NEWI Optical Disk Interface/ 40ms 
Fil&lize up to 21 Gig4B)'l.M and l rmed by DilkOnlj. Speed rMen'il!M a 
~HI.rd Dri<e. Oplf0riv&11uppotto mMt Optio.r driw>s inekJding ATG 
Gigllldilk. ISt 52liWC, LMSI l.().1200, Mutor TXT 800S.M ~aubithi t.IW-51.JI, 
Opel"""" 1000. Oplotoch 6984. PllllUOIUo LF-5CXKJ, lllioh RO-!i040Wl. 
Sony WO 0·3000. Holl Adtll:>I- aupporled lndude Adaptec, Future DomUt. 
Rancho Tochnology, Saien!TIO MicroS)'ll..,,.., and w...1em Olgll.al. ~
Ortv. ii ""'~ IJUrl""' 10< an.iling apt.icaJ dill< dnw. wan EM 
PCIXTIAT 01 ~bl• oon-pJIOI •rt'OITI. Low m.mory v~, IR>fO'CO'N.I.. 
ly 50kb, ii .-.quired l0t tho ,,...,., prog<am. NASA io nuN a ?rood uoer of lha 
rwo&rtionary inlowt-. Kit ln<*>deo OptiOriYer, Hool Adlljller. IU'ld Monual. ln-CopyllPC . .. ................. 18 

C«elat ........ ........ ..... 87 
0..:, Eay a.o ................. 68 
de.. 111+ ................... J!>li 

CAD CORNER 
SPECIAL 

ASTP,.mlum 2881140 
Dl•mondSc•n Monitor 

Summagnphlc• 121'12 Plu• 
ln l llJ Sfl281 Chip 

HITACHI Digitizer o.1a1• u dn... ·o-wflh b.lton ••1e. $ 
525 56115111410 Vear Warranty

1 
..._____________ 

C>etlenCad .... .. .... . . .. ... . 149 
OMklnk ............... .. .... 92 
Oeoq\llew .................... sg 
Ofllfiz I Pluo ................. Cal 
Orallr 30 Mod & OpliorH ....... Cal 
Dobro & s.noos Back-Up Plu• .• 33 
U.:... PC ................... 281 $3360 

HDG-12120-4 
Jnclud11: 

4-Butt cu,..or, 1-Burt PM 
& Mou•• Emul• tor. 

$398 
P~ed P.O:o aro ...1oorre. Pr\°" reflod ca.oh dlsoount ..nd o.re oubjo« to~ wllnout notio.. Pooduot oom
pootl:liily. war111lt11in. 6 ctaln-. ..,. r""'°nd>ify ol mAn•1a.:tut"' onlj. All return• ate oubjed kl a ,..tocklng 1-. Per· 
~Y ohed<a cJ.lay ohl>Ping. AZ O<detl only acid e.7%tm:. Ord«'a are prcx.ooed oarr. Day. ln1orr>mlot.J O«loro 
Gal 1181-1000. 

Volume Bids 
Wecome! 

MHI Warehouse, Inc. 
8129 N. 35th Ave. #2-306 

Phoenix, AZ 85051 
N-Ord61•: 

1-800-621-3999 
Order Info: 602-997-00n 



This could be the most productive 

phone number you call today. Toll free. 

1<800)531-5369 

(Or, if you prefer to FAX yourorder-1 (512) 344-2985.) 

--11-r-ip_p_L_i-te_®_B_a_tt_e_ry_B_a_c_k___U_p_s___1299·o~T-hi-sc-o-mp-le-te-Tr-ip-pL-ite_®_ 

Series offers reliable 
Protect your equipment and data by providing safe shut down time battery back-up at 
for your computer systems and other sensitive equip
 an extremely

ment during black or brown-outs. Data loss from one , 5 99 -00 
 s799 oo low price. 
black-out can cost you hundreds, if not • 

thousands of dollars. s 
 99 00 s399.oo•1 

These units feature AC line • . . ... -'-"""' 
.: .. ....:._~"":'-=-spike and noise suppres-sl· 

• • • ~..t , • ~ sors , status 1nd1cator 39• 00 


lights and heavy gel-

cell batteries-a reg u- • 
 . ~ -.. 
lated battery charger I 
automatically restores ec-zoo BC-325 BC-750 BC-1200
battery to full charge 200.w =-- 325-W 750-W 1200-W BC-450 

450-Wwhen AC power returns. .,.TJ_rl_p_p_L_lt•e•®•v.··,·,·a·g•e•R•e•g•u•l•a•to•r·-------
0

Llne Conditioners 

-~.:..~-=-
. .. I • - I  ~-

• -
'· -. -.. . . -~ ~ 

LS-600 LC-1800 
TrlppLite• line Slabi lizer/Condl lloners automal lcally 

adjust varying input volt.age to provide full voltage support 
during a low voltage condition whHe suppressing spikes and 
line nol&e. 

I 
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Circle 74 on Readtr Serviu Card 

Compu$ave 1-800-877 -8855 
BOARDS 

Adv Oig. Slave -  545 Orclld Designer _ 32 9 
Alloy Slave -  5 9 9 Pan3SOl'I: FaJ 642 
A.STS25l ·ll E _ 545 Paradlse480Auto _ 169 
ASTHolSOOl28S _ 369 Ptr1dlseVGA• _ 249 
All VGA Wondtr _SAYE Partdlse VGA Pro _ 352 
ATI EGA Wooelef --· 192 sre VGA EM 512K . 299 
BOCA RAM AT 42 Sigm1 VGA H.- 242 
Genoa VGA Hi~ _ 375 VI~ 1VRAM _ 455 
lnllll Abow Board _ Call Video 7Vf93 VGA _249 
Adaplec!Arti$t~o.l«.i~lllllber 9--CALL 
Qa:tarn!Tallree.W8Sl Cligim'VEftl:XlmlVl.ll _ CALl 

DISK DRIVES 
CDC 150 Mb __ 1,44.5 Pluscard 40Mb _ 555 
Mln1S1Ctibe 40Mb - 295 Seagate 20Mb Kit _ 262 
Mnsate 0053 - )45 Semgate JOM bKit - 279 
J.fnisaile 7H4b _ 535 Seagate ST251·1 _ 435 
M001al1ffi4440 _ 379 Sea~ ale 4096 - 599 
PluiSC,,d 20Mb _ 518 Toshba 720K. 3.5" ~ 89 
ASTIArdlrv&1Alloy1G@noa. lomega,Maopok; _ CALL 
Maynarn-Maml'T~eanar ___CALL 

SOFTWARE 
carbon Copy• s.o _101 Multlmall! Advan. u. 257 
DBue • Plus _ _ 393 Par1do12.o __ 412 
FISbdl Pm __9 4 Peadllree Complele 145 
Firtl PubllW! 2.0 - 75 Qiattro --- t 3 9 
Harvard Graph 2. 1 • 254 R:B.ase for 052 _ 545 
LOTUS 123 _CALL~ __ CALL 
Miaosoll Exa-1-PC .289 Top IOl 00$ __ IOS 
t.lcnmlt Wo1l3 ._96 Ventura Pubisher _ 495 
lolcmlcft WOid 4.0 - 209 WoldPIWlecl 5.0 - 229 

COMPUTERS 
ks 20 Mhl __ CALL Sharp 4502 --1135 
AST Model 80 ---··· 575 Toshiba 1000 --169 
AST Model 300 _ 2m Toshiba nm= - 1'69 
ASTModel 340 _ 3999 Tosti/bl T1200tl _ 2249 
hal 251,Vu __ CALL Toshiba 3100/20 - 2995 
NEC EL II _ ......... 1450 Toslllba 3200 --· 3750 
PilldoadBel! 12Mtlz . 279 ToishlbaSIOO __ 4399 
5amstJng 20 Mhz 2899 Zen1h ~ - 1625 
Samsung Lap.'Op5 _SAVE Zen'111 ~ 286 3395 
b90386: 161Rlz 10111al / f.t> Ram i 40Mb - 3299 
Mitsubishi 286: 12 Mtlz I 40 Mb Hard Drive - 19 2 5 
Mitsubishi MP286 t..ap~ :20 ,,_, 2337 
NEC POftmlale Pllrtables •CALL 
51mY PC IT 5121<ll 144Mb HD ,r e)W>fd 2795 
Samsi.ng S500AT: lOMriz / 40Mll Onve __ 1505 
Telewloo JBS: 16Milz 1 2~ ' I2Mb (J.,...e __ 2595 
Wyse 2108: 8lolh.z / 512Kb 11.2Mb Drive --·- · 1195 
Wyse 2112; 12..5 Mhz 11Mb 11.2Mll Drive _ 1659 
Wyse 2214: 12..5 llhz IO Wa~ l 1.2Mb Clri\le _ 1895 
Wyse 3216: 16 Miiz / II.lb I 1.2Mb OrM I 0 Walt .2795 
lhsys 396: 16"41z 11f.tl 112"l IAM! I 0Waa _ 2695 
All:ls &Olher Models ---·- .._ •. CALL 

TERMINALS 
AbV ~5 Tel~deo 965--412 
,ldls 1010 ---299 Wyw. 'JJ 289 
IBM 3151·--389 Wyse50 355 
K"fntrm KT·70 PC _ 359 Wyse60 395 
TeleYideo 905 - - 289 Wyse i15G ___ 379 
Televideo 955 ___ 37 5 Wyw 900T ___ 46.9 
VISualCIE~al:Xl CALL 

PLOTTERS 
Calcomp 1023GT _ 3785 HP 7475 A__ t 395 
Cal~mp 5902.-3395 HP7SSQ A__2895 
Calcomp 1044GT 10,245 HP 75SS __7795 
Houslon DMP 52 _ 2399 Ion 3700 __ JOO 
Hous!on 4"42 __2110 loine 4000 --3995 
Houston 56A - 3850 JOL850 - -- 2869 
Hooston 61 --3025 Rollnd 930 ·-- 1195 
Houslon 62 -- 4495 Roland 800 __g29 
Numo1.::s:TaxanilJersa:ecJJOLQlhet Models _ CALL 

DIGITIZERS 
Cal:omp12 x12 - 365 l.Ogl1Bdl rifles Mrusll. 92 
GaJcomp 44 ~ 60 _ 3745 Kurta IS 3--CALL 
Calcoinp36 x48 _ 3195 K.urta IS 8.5 111 _ 249 
GTCO 24 X'36 __ 194 5 Kurta IS 12 x 12 __ J09 
GTCO ~x 48 - 2395KurttlS12 x17 _ 535 
Hnacn 11x11 __ 439 &nvna 12 x12 - _ J48 
Logll!<:h C7 Mouse _ 79 Summa 12 x 8 599 

MODEMS 
ATI ETC. --- I55 Pr.acal 2\Xll __ 55 
Anchor 2400E __ 145 Promei!IOOs 2400M _129 
Avalax 1200 Ext. __9 5 Prometlleus 2400G I 4 9 
Hayes 1200 __279 Raca-Vadic 2400VP _ J88 
Hayn 2400 --415 USfl 2400E __345 
minvn T2@ __ 235 USR Coorier2400 _ 299 
"9E01Podi:et __ 109 USR HST9600- 649 
Muttllech 224 EH _ 38a USA ~ei 1200 BS 
Multilech 224 EC _ 305 Ven-Tel 18000 __ 93 9 
~ Parro1__g5 Zoom 2400 HC -- 139 
A.atexi'CasetUDS'O!her Models -----CALL 

PRINTERS 
A"5Alegto 24 __ 354 NEC SJOO __579 

i\4ls 324 E--745 NEC PSXL --~5 
C.oon BJ lJo _ 669 NEC P9XL __ 1ooa 
Citrzen1200 __ 142 Panarooc osaJ2 _155 
C.:.Zen 18QO 162 Panasoruc 11>31M2 1S9 
Cltlle11 MSP 15E ·-· 319 Panasonic 1524 _ 549 
Cmzen r.15? 55 505 Stll MX·I OQ0 _ 171 
F"15t1 CJCl400 __ 525 5111 MX-2400 - 318 
ctldala 320 __345 Toshiba P351SX _979 
Olddata 393 ,____ 959 canon 811Lazer _ 1565 
NEC P22-0Q ___J28 NEC LC 890 - 3165 
NEC 5200 ___s1s H?L.aza- Jel R _ SAVE 

ElroltleriC.hlM>ala Prodl.Cls>O!oorlll --CAL 
Epsm~'()TCNantypetlTI __ CALL 

MONITORS 
An'lilJi( 3 OA ___ fi9 PGS LM 300 -- 5J~ 

Ande'; 1280 ---645 samstflg TTl -- 7g 
areola l9"VGA _ 1595 Sigma Laser 9' I765 

litsubls/111381A - 509 Sony l*itllscan - C.11 
~ 20' AJJIO _CALL Seiko 1430: __ 535 
~CMultisy11' 1--.~5 T~~ - 475 
NEC Multtsync , __ g1 S T<11 i111 T70 +_ CALL 
NEC Multtsync :U - 2089 ~ 4160 RG8 209 
NEC Multlsync GS _ 179 'NfSS fSJ VGA _ 459 
PGS Ullra Syoc __ 52:2 WPJ 700 ___678 
PGS LR11aSyoc 16' _ 995 Zeroi1h 149Q __S98 
Otne1 Model<; CALL 

SCAN. ERS 

Oa:acopy T.lO __ 1095 PGS LS-JOO+OCR 965 

AST I HP I T~ I PC ~ Scannel --CALL 


111 II Rs : \H 1\ -1· RI 7 \\I -<• l'\1. S \I ; 11 \\I- .! l'\I. 1'1 iu·' rdln·1 l.l'h di-.u11nh ;11111 .1n· '"hjt·t I 111 d1all l!<' \\ i1l10u1 n111 iu '. \\" 1lu 11111 \!U.1 r.111I<'<' 

rn111pa1 ihiiil~ . Ill I\ ·, \n· n ·p:1in·1 I ur rq1l:ind :11 uur d1"..-""i1111. In I \ l'l'1111in·d rur .11l rl.'tllrm. \ laj111 ffl•di1 ra re!- .111d "·In ll'd 1·0·, an· .1«'<"lll "1I. 

l:\'l"ER, .\TIO'.\ .\L ORJ>El~S .\RE \\'El .( '0\IE. <TSTO\IER SER\ ICE !602l·B7--!856 - F .\\ t'111.21-!J7-lJMl5. 

DATA SWITCHES 

519~~

• 
DS-:>S2 AB 2'5 oio ' 19" 
OS.~ A!lCD 2'5 ~in 129" 
Os-.;62 AB CenuoniCS ' 24 .. 
OS-316' ~ BCD. Cewomcs'34" 
OS.002 •a 9 pin ' 22" 
CS.252 C.-osso..- l5 ''" ' 29" 
CS..362 V0$1C•~. 

Cenr•onlc~ ' 34" 

PRINTER CABLES 

s4ss
UP 

PA 1806 6 loci 14" 
PR•SIO 10 lw1 ' 7" 
PR 1815 15 iool ' 11" 
PR 1R25 25 '001 119" 
PR 1850 :.J lool ' 34" 
PR-RTOO ti 1001 n~hh&nq ' 9" 

FLOPPY DISK CABINET 

• 3 ilia•~~ 
• l:.IPa!ily JOO 5' ' . C:.Sl<tr1C$ 
' Sl..lfy w~•O\lu<I <OJ> 

SlrLJCtlOn • fl pld511C dl"WtS. 
• 6' . · l t9'-J" 11l·1· 1r1.1 ~hD1 
1 W1llli.0~C~! d1KS 
• Pat1 ldM@l \VQ.J()I 

SURGE PROTECTOR 
POWER STRIP 

sggs 
A,..... 
~~.... 

• :,u Orwt1e1s 
I L-vnr~ Aoc ·er s ..11cr 
• 1 S.:....~ >' Cir~ J1 1 8re....._e, 
• UL A/>IJ•oY!d
• P1rr '< umoe< SP JOO 

~!Tb.JSte 
GM6 +PACK AG£ 
WITH DR. HALO Ill 

fd•L •. ·s499s 
• G•n•ul .).OO"!CYl Dfr-t ~~'Soi! 
~ Q! H1Ja Ill Sc11 ,. .are 
~ Y IJ'flu Mak.-1 So'lw.a1-e 
• You1.a P.1!1 
• '-'OUM Poc • @ol• ~oo ,;xi 001!. pe-- inc,, 
• 2'!i pin '•rr.a•.e cc.r:"'141(. !0'I 
• ~111 Nu1"".t..er S M-60CJ 

GENDE.R CHANGERS 
AND ADAPTERS 

0 s49s
UP 

GC 2SV"'4 0625 !JI M t 4 t $ 
c;~~F" j;(S F~ l 4•ti 
GC-191.!M Co9 P.tll '4 " 
C,C..)lF Dffi 'F •4t1 
fM--022:; :>0) F ;: 06~ ~ '6" 
VF~ :>89U1JC~F 16·u 
F...,_~ i;r-'~ F ~t 36 pin M l 7 1$ 

RS·232 MALE TO 
MALE CABLES 

s59s 
UP 

... ... ~ 3 ' OC I 'l5" 
"'"' ?SO(, 61001 "61:1i 
"'"' 2510 iO 1001 "8' .. 
~· M ~15 1S •001 ' 11" 
MPI ~ 25 •00 1 •19•1
......1550 50 '°"" '34" 

RS-232 MALE TO 
FEMALE CABLES 

,.,,,...•..,= s5~~ 

p;F .2!i(J6 6 1001 15u 
MF·2510 10 IOO I ·a·~ 
V F-~15 151001 ' 11 " 
M F-~~·001 1- 19n 
Wf 3!;l 50 001 134" 

DISK DRIVE HE.AD 
CLEANING KIT 

.$49,! 

• E.a.s,10~ 
• Con.1a1 is e1e.anino C11 \..le 11 !-s 

l...fld l 'ltid 
• 1 ~ c!ea.,uig~ 
QC..S U F~ S· • • Of"-...s 1 4 t1
0C·312 FOi J•1 • Dr1V"H •5•t 

SURGE PROTECTOR 
POWER CENTER 

• So: lt.;ht«! •oc.'~ !'A- ICl"M!'1i 

• 15 il. lA PClfCud 8r~ o: "'° 
• Totieoti l atedu~ moru!Ot 
•121· . z.1· .1 1ae·r.11sH•01 
• ULA;ipro...C 
• PJrl "-l umoe~ SP~ 

HAND GRIP JOYSTICK 

• Truee :>vllQt'l.s 
• SocrionC\J01i!iel 
• "'' !001i;o1C1 

s249s 

• ~~ t:iln fNI it conont<:ll)I 
• ~orust w. 1 1 1'1 BY ' l"'ld 
~Of'T'OJ 1 1 b !~ 

..s ~ Jo-,~tlC'l ..24•t 
C0.2i5 T~ Pon Game 
c;..,d ' 1S" 

36 PIN CENTRONICS 
MALE TO MALE CABLES 

s79s
UP 

MM·l606 61001 17" 
Ll!.1-jjj ' O 10foc1 ' 9" 
Ml.l·li'5 5 'ool ' 12" 
M~ 3625 ~ 1001 •19•> 
...... 365() ~ 1001 ' 34" 

PS.o5C6 ~T K"'ooa•d :o 
?S. 2 Ad.JO~@'' •gn 
P$-Oll5 089 'IOMOI 10 PS.~ 
i!. da;il!"" s9 t:t 
PS.SSIS 6 ~89 lo 15 pin ' 11" 
PS-OOJil e· PS.'2 <ert><)>fo 
E:i:tti~:i 18 '11 
PS 1515 ti ?S.1 n.to• 
E.rf~1'C-i 'gH 

MONITOR &KEYBOARD 
EXTENSION CABLES 

s49s 
UP 

COMPUTER FLOOR 
STAND

s149s 
,. ., I' 

• Ad1 J31&Dale Suppo<rs j4 •. • o 
1• . ·1 

• A,ccommoda~!'S t:ioll"I A· and i 
COl!'ol)lliblf> 

• MO!deo:I Pl~Slo>:: COt\Slf1JC11()n 
• Pa~ NiJl11tef" CS-iilO 

COMPUTER STANO 
KEYBOARD DRAWER 

c-~3495 

' i:lie '"'~ed..:19&JQll S 0M1 p~t~ 

• 8•11 t>ti•··.-..i ••!Jn 
• .k 1ll~ l.1tf~·"'ut-I¢"°' ,' 1 101 , ' •J',' 1'H 1(hl'f1 

· 0..·1·~•.IOl"'t 
2"l" .t ~'-. ' o.l ·.,· f\'. ,0 .....1 

• Poll't Nurt'IOlll i-.()10:: 

120 CAPACITY 5V. ' 
DISKETTE CASE

s99s 

• IS.. t.< C. UPS COO. PREP AY MENT 
• SH?PINC E•OCI UPS"'"' l l 90 PO! or!lo< ••-.;II !IQ 
• COO s. U.56 add1h<:it11i l per ~t""•PP • ,..'V c.arion. USh C11 us~ s c.....O. 
• 15•l 'Htoc.. i~ IN <:£1 'Clturn mc.rWA(J M' 
• p,.,ets t"ld a..-a1· at1i •• !)i •~ »et 10 eh~• 

(916) 441-1568 
HOURS: M·F 8 am · 5 pm PST 

National Computer Accessories 
1609 Dreher Slreet, Unit E • Sacramento, CA 95814 
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Lu-rte J l uon HuuJtr Senrict Card 

Discover the 
Difference ... 
2 FCYtr'i UFCTIME WARRANTY 

- ~--it--~ 

~1 
-~- ~~ 

./ P'"lj'd 1n S<f.fle renl oolOrs. bull< or bo•od COLOR 

./ 100% 1es1ed and ·Cen1f•&d 

.I Guaran1e&d cl1pp1ng level ol 65% Of abeve 
,/ Include• 1yve1< en.•etopes (not paper). wnte protect 

.84 

.63 
PLASHC STORAGE BOX 

COLOR • 

3· 112'" • 135 TPI 
OS-00 COLOR 

1.75 

BULK 
COLOR 

PLASTIC 
S TORAGE BO X 

1.1 s 
3·1 r.1'" • 135 TPI 
BLACK OS-HD 

4.SO 
.BASF 

5-1/4" 
48 TPI OS-DD ~ ~c..f 

OS-HD 116 TPl 
IBM-A T Compalil>la 

.94 
3-1 /Z' OS-OD 

1.34 
64 ..., oe. 

-~ >?)~1 J7'0S-HD i.{~J ~ 
4.50 r~ 

Call for best prices on Data 
Cartridges elikan Ribbons 

S-114". "8 TPI 
OS-DO 

.72 ... 
OS-HO 96 TPI 

IBM-AT Compallbla 

1.48 

T£RMS: P 0 . orders aCCGj)lad. govornm onl and schools on 
net 30. SHIPPING: U. S. orderuddSJ OOpor IOOd1sl<.ones 
Of fraction ttlerno l. a"'1 S3.00 lor COO om..,. 
PRICE PAOMISE : We wi ll t>eller any loworde~vo<ed pnce 
oo lhe same p1odu~s and quan11 es adv0f1•sed nationally 

~ =::_lJ:.?:-- I. VIS4·. ~ . 
Tom Free Ocde• Un'9 . rn1ormat1on Line 

1·801·561 ·0092 

DYNAMIC RAMS 
1 MBIT 10on• $38.00 
5142561cnis $49.00 
41464 150ns $12.50 
41256 100nti $13.25 
41256 1200$ $12.50 

~ 41256 i50ns CiJ•&lOi 
51258 100"5 $12.25 

~ 4164 150fl5 •J;.-&10-t 
· F'(JT ~Z.Pa:"llP'l"I ""'  ' 

Circk 159 on Reader S.ervice Card 

9·TRACK MAG. TAPE SUBSYSTEM' 
FOR THE IBM PC/XT /AT AND ... 

f(ll" noornar.icri-.,.(~ t.oM:i1.1,e> ..-..J ...,;.r.-~ ...,,,. 

~~=':!~:-11~-~ 
• IBM IOl'll\M t600 3200 ll'tO 100 qM 

•So"...,. tor PC·OOS. OOS. U .Ml l. 
• Al..Ol0t AT&.T QE-C, VA X, 

1'ME. S-100, R8·232. 
IE:.EE..._ 

·-M.·1io1-...-- AKSyatoms 
~J'• • v., ,. 
~-CA.-1•1 

~~-tr.I 
"'... ~,xif1 

ta~ and user labels 
,/ Oua:i~y at arronlable pnces 

I' ENTECM · 

S-1 14'" - 48 TPI OS-HD 96 TPI 
DS-00 IBM-AT Competlt>le 

.49 BULK 
COLOR 

OR GRAY .90 
.59 BOXED 

CO LO R .99 
,r:c r. America's 

.Premium. Quality
Color Daskettes 

./ TIMELESS WARRANTY 

./ 75%• Clopping le"el quaran1e<>d 

./ E~cli do$11100% lesled and cen,f1ed 

./ 18 COLORS lcr data organ12aoon 

./ Pl<gs mcl<Jde sieevos . wlp ia~s. & ID lat>tls 
5-114" • 48 TPI 	 OS-HO ii6 TPI 
OS.DO 	 IBM-AT Compallllta

1 3 9 

GANG/SET "'°°"' 3u "J9sw 
(E)EPROM o.n.ni- ms· 
MULTI PROGRAMMERS 'w 
• Model 135 " o SET Progrommer. GANG Dwlot•lor. 


& u. VERSAl O"'"" Prog<am<n« 

• "'°'froms wtuolly 2• . 28, & 32?'1 ff 1PllOMs. 
• RAM upllfld•bl• to 2Me,;iollyte. 
• O!>too...i S<J000•1 for 40-p.n EPAOl.t._ B•OOI• PFIOMs. 

40-P"' MJCros, & 1£)Pl0.~Al.lf PlA's. 
• DATA I.I() • protoc.al compatilt11itv. 
• 	18-Month WAAAANTV & 12-Month ~REE O~ 


Ul>Cll:... 


1-800-523-1565 
In flondo, 1. 407 -994-3520 

Circle 57 on Reader Service Card 

Adda~ 
~erStation~ 

to your Computer. 
loo l:oow hov. niudi ioo deper>.J oo )'OUr 

"""f'ldcr With PC l1blhcr Pro. !'J'lf Ill.'>\ PC. 

n M Of oeh..'f rompilible <"' ~ l"" !ht 


~~ >l"dl ;\nd .,..., """" ~ pcr)X."Qlal 

rtrord. llldudes ~=. sofu>"lll' 11-.J 

11.'ell!ler in:slnJments. Hett~ ,.-Im ioo'U 

-~. • ll'ind ~1d=1Joo • in.<ld& 

oum lrelllpenwre • f:larornetnc ~ 
• RmbU • ()d.., 9i(r......, opQofl> .....wile 
A.<k "h<n )oo ~I 

(Nt$575 .~:.:~ 
Thl l ioc. 
.IOOJ ln1I< '&>) !'i:t<• 
1-1.:0. !M Os>qo. t111 ~;o;s 
•-3))..!-ii· 'PIZ 
lo llftp (I0,1) b~I-~ 

Circle 338 on R.eader Service Card 

~"Q~~~!:':,~~~1~1 

1Jh.I t.fl\.i• oul JJUl h:1'1t hrou~ht ft 'P!\ '~ t/..>tNmtl, ' f l•~nb. 

T1IJgO-Schematic , ,,., i.w. '.'..> ,,., 5495 
Tango-PCB I " I"' "1....,, ,,...., I 5495 
Tango-Route """" ,.. ··!'\ • tn1 5495 
Tango-Tools < "'"' '""'~ :0111.... $295 
1,1 , IN.:1J'' l'r.'.1" tb~11 'tt1' Tt.U-t-n-.: ur1~J.rull 
1i... ,~· "' r,.11 A.411' , i·-..~. '\.:'ii ~1u ·.1 \ \ \!~ 

800 433- 7801 "''' ,, ·"" 
\lt1"'l.M:f111n .(J_.f'll 1rrti 

.1' 1 H lt(hrt• ! ·~~· r,_ ~~,"\ Tr:ur~ SI ~n ] ~ 1·~11 L\ '.l ~ l ll 

ln lilt-. qu11.. kl\ a11J 
.il r oonl.ili~ 

Circle 8 on Reader Service Card 

RS·232C INTERFACE AND 

MONITORING E.OUIPMEJIT CATAL06 


FROM 8&: B ELECTRONICS 

WRITE or CALL f()( YOUR FREE 


COMPREHENSIVE 6 & 6 ELECm>NICS 

CATALOO TOOAY! 

~--•11111'!::1 Pages am ~ al pl'DID
oraons and li;JSlrzJ!a. ~ 
trve te>.1 ior B&B"s cooipietll 

111'11 01 RS-232 conven
ers. RS·422 con•e~ers . 
currenl loop cooverte<s , 

- adapter;, blNlr.-out 00-. 
• dala~-d:lt>~ 

~ proll!CbS, e•~: stv;w1~modetn$.Sl.IQI!nl nu:n.==· . . rru:tl m:n MlS'lr:ro:lm 
TQQOV ITB!! R]; P;i't15J. 
....i SAl'I' Yoll" RS-232 ntlell5 lor ~- ~· 

vce RI COITllMlllM pnces wl be more 
man mec tti BU EUCTROf'UCS 
-ullolu"r Ill )'Oii. no mld41ertll011 
~-!>ado QUM3'Jll!<ll Samo-day shipme<>11 Qno..ye" w>r· 
~l'I cwi products' Tochnttal SUJ>llO'I ava~ 

Write Rlr Your FREE Cllllog T..s.yl 

B&B ~!~!~!.!!'~ 
1502\. Sola lol!nW IJn"I'! • PO. Bos l()ol() • ilrlM. l 61'.fil 

Phone: 815-434.()846 

Circle 14 on Reader Service Card Circle 393 on Reader Service Card 
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MThe Source ~ of the 

el'1CfTO-m6Chanical compon11nts 
What's New at 
AMERICAN DESIGN COMPONENTS? for the hobbyist. 

W e warehouse 60,000 items st 
American Design Components

expenllve. ofte n herd-to-find com· 
ponents for sale et a fraction of their 
origlna.I costl 

You'll fin d every part you nHd 
either b<a nd new or removed from 
equipment (RFEJIn excellent condition. 

..Biii quantities are limited. Orde!' from 
thbl ad, or visit our nitail showroom 
i nd find euctly wltet you need from 
the thoug nds of items on display. 

OPEN MON.-SAT.• 9-5 

THERE'S NO RISK! 
With our 90-day warrnnty. 

any purchase can be returned for 
any reason lor lull credit or refund . 

126 EGA COLOR MONITOR 
25 KHz - High Resolution 

51/•# FULL-HEIGHT 
HARD 
DISK 
DRIVES 

40Mb 
(AT/XT 

51/.•" HALF-HT. 
HARD 
DISK 
DRIVES 

Compat) 10Mb 
High &peed. 40 ms. acceu time. (IBM• Compatibhl/ 
Ouentum I0540 Mfr - NEC 105124 
nem 117765 N~w - $379.00 Item 119704 N11w  $99.00 
10Mb {ST-412 Compat./ 20Mb IST225Compatlblel 
Malor menu f~urel'l  Mfr - OlivettJ IEM552Q.12 
Gitt rh11m wtii/11 !""y lull T11stlJ6.Llk11 New/ 

ltom 117199 599.00 ea. Item 120060 New- 5159.00 
PC/XTIAT Compatible 115 CFM MUFFIN& 
ENHANCED LAYOUT FANS 
101 -KEY KEYBOARD 

51/•# FULL-HEIGHT 
DISK DRIVE 
{IBM• 
Compat.) 

.u! TPl,40 Tr11ck, 
Double Side/DoubSe D•nsity 
Tandon ITM1 ()()..2 o r eQuiv. 

Item 1792B $79.00 New 

2 ror $150.00 New 

27CFM 
MINI 
FANS 

31/2"' MICROFLOPPY 
DISK 
DRIVE 

1 Mb (unlonnltl8dl, 136 T?t, 3 rm. 
access ti me. Power r6Quire
mems: +12, +5 Yolt•. RemCMKI 
from opore1ional eompu1er1 
~-UICENEWI 

Mir  NEC. mode l FO!OJ.5 
~em 117171 $79.00 u. 

2 for $150.00 

115VAC. Wi"' 
60HJ.. f1NJ 
21w.. powar
28A.. 115VA~2., 12W., low noi..,. wpply 

Porlect lor toxt. 3t00 RPM, &-blade model, alu· level Ian&. Can be mtd.10< blow· Jlan coolo<ll. 
CAO. & other * Membrane minum housing. Can be mounted Ing or uhau~. Fits 111n<t.rd 3 ' /z" Can ooeommod.eie; 
graphic.. 8-color * 12 Function Keys for bl°"""9 or e><hau11. r11fay raclt. Impedance !>'ot~ed. 2 full·IC. drlvM .,...nmna:za 
display. Scanning * Separate Numerical Cursor o;,,,..n; 4 ,.,,.. sq. x 1'/( (leep 7 metal blades. 2 ftowy dtfvM ____ n giu 
frequency to 25KHz. *LED indlcetors for Scroll, f\IEW  Mfr: IMC Dim.: 3'/o"sq. x 11i,·deep 11\Jrddttve& 1 ~O!>PV-- 11l2SO 
Res.: 752 x • 10. Input: 110/220V. 50!60Hl... Cep$ & Numbo r loel<s $9 95 1np11t: 115/230V. 50/60 Hz. 
75W. Mounted in metalchnsis. Workli * 1• inclination Foot Stand ltom l l ll84 • Mfr - Rotron or equiv. Orig. forBurTOUOMcompute<. 
ide•lly w/lhe EGA ·wonder Card" /sold Mir. 129079 USED  Mir: Centaur/Howard fllEW - ltam • 1l210 $7 .95 o;m.: 11-w • S"H x 12· oeep 
below!. Diogram incl. Hltlleh l ICD1215-0TI. Item " 19680 New - $49..95 ltom ~5 $5.95 llfi-llem 11873 55.95 ttem 114541 $59.50 

item 11110l5s S129.001-A,,;..;;N,...,n,,,,,..;;~G~LA.,,...R~E=--'---+rr=L-M"""""o'""'N-,IT~O"'"R""'s"""..""".-t-s=:w~1r="c=--:H""1.,,...N""G:-----1'"A':"'.DJ::-:-:u:":'s=r=A':"'.B~LE=-=----. 
it!1:~~~~!~~%~1 fCDm~on SCREENS... HI-RES... POWER POWER SUPPLY 

Item 118599 $149.00 G!sre&rafltH;tion filters thstim (Open SUPPLY 0 -16VDC ......,.----------------------1 ptove <(JtJad. accuracy & Framttl 
EGA WONDER CARD :1:~.. D
/EGA/CGA/HGC & MDA Comp1tiblttl 

I 6 

Oii.,. wiiSI nu;bility: clilPl•vo .a moio< -· 
stand.In» on •ny of 1he m.efor mon~tor rypes. 
Ind..: connoct0<> 10< EGA & AGB color moniton. 
m & composito monochrome moniton.. RF 
modulator. PC poruble, video In/out liqh1 pen 
& ISM IHlll"' <QOfl«tor. Uwr·lrlenoly ,,,.n11.1I: 
132 column lUPl)Olt lo< Lot~ 1·2·J.. 

Item 11~ f'lqw - $229.00 
DYNAMIC MEMORY BOARD 

* ().2S61(b 
memory in 
64Kb ineritmonES

* Software lnci uded* Fully sod:eted lor eay uPQrad• 
UHM parity ch~nol*Memd">st: liimui.t"' high..~ diu 
In RAM momory 

• Allows you to print while mil U&.if'>\I 
1ho computer 

Techmor rMU2030 10 (w/o RAMJ 
l1em • 199n ,._  $29.95* 64Kb RAM In "'ti of 9 

Item 119983 9 chi()$ for $17.50 

!llM PC 
Monochrome ·-······....... ll:e-m 1192.15 
IBM PC Coior ................lutm 118216 
AT&TMonochromo ..... ltom 11sm 
Appl• Madn'losh .......- Item 11i725 
Comp"fl PooUble ....... ..11.,,, 119225 

Naw - $8.95 .... v S15.00 
Call or write with any 
other requirements ... 

12 ~-Monhor Kit 
Gtffnphosphor. Input: 115VA.C. 
Maele up of sub assemblias: 
CRT. boorel. Sc trensformor. 
(Hook·up dlagrom incl.I 

Item 6811 New - $19.95 
15" Date Dlsplay/ Nlonitor Kit 
Alphanumeric & gniphi"" dl•play. 
G,...,., p hMPl>or. Input J)OWar '-Q. 
2•voc. Bandwidth: 22-12Kru. Con· 
.im of 2 subaullmblies: CRT & 
boord). !Hoo ·UP diegram ind.J 
Wells Gardner 116V7026 

lt~m #18171 New- $24.95 
STEPPING MOTORS 
for ROBOTICS... 
Preci$Jon st•p,Hn wft1I1.,,,,.,,.,.,,.t$from r to 1.5oo 

' Sp.Mis up to 5,000 ~ 

"""" S1ep DC Torque 
No. An11le lloit.ilo ol/ln. 

5V5 1.Suio 1.8 72 

PLUS 4 - 7630 l .S.. 3.0 200 
ICust. R•tums-Tntttd Good/! 
Built-in software Incl.: a word 16410 1.&oo 12.0 700' 
P<~r. spn1<1d sheet. gr1ph Jes. 
Si 1 filing system. Comas com· 16'00 3.6 12.D 700' 
pl.,10 wlpONor supply & insuuc· 
atrucdon man uol. 7014 7.5.. 12.0 900' 

Item 119202 $49.95 •a,..ms iM' Cm. 

DC Output: +5V@ 18A 
·5V@2.5A 

+12V@2.5A 
lnP\Jt 115.12:10VAC. 5Q/60Hz. 
Dim: 13"L j( ,.,,·w" 1'/(H 
Mir  Sole 139-139 

Input' 12DVAC/60HZ.. .6A. Output: 
vai1•1lla, 0.16V, lfiVDC mu. @ 
4.0A. UL epprov«I; thermelly pro
tacte<l. HH ·on/oft ln<llcotor llgh1 
& fron t pa nol mid. pol.ariz.ed jact. 
Perfect for vu wtv•rl1ble spo.od 
motors. fins.. toys. etc. 
Dime &•1,·w x 311/IH • 31/, ' deep 
Mfr  Bl1ci< & Oe<ler 19821 

Item 117210 Nsw - $29.95 Item 11Kll5 Nt!W - $19.95 
.. We carry a complete line of Computer 
& Game Accessories and Equipment! 

Flu., 

\ 

Typo Mfr. & Part No. Dimeo.Jona Fig. 

PMW ~u6'lf.r14201B 
2" L x 211( Ola. x 211( H S19.95 eo. 

2'"' &37.SOPM ~'l5';:JT.-02 2" L • 211." dl•. • 21/."H $34.§0 ... 
2for..:>S.6Q 

PM ~r;~Motion l'IJ'oq. • 1'1<D SS.95 N. 
2 lot 114.9& 

PM ~f.J~Motfon ,,,,.sq.•1'1( 0 2 $9.95 ... 
2lot 11Uli 

PM Mltoublthl 21fo"sq.• 1·0 3 110.95 ... 
SSS~25DAVA 2 lot .,... 

THERMAL PRINTER 
Dot Mntrix-120 CPS 

AMERICAN DESIGN COMPONENTS, 815 FAIRVIEW AVE .• P.O. BOX 220. FAIFMEW, N.J. 07022 MINIMUM 
ORDER 

Prinl •peed: 12Q CPS; poper widlh: 8 1/2. 
llfli'lJ.2 eolumn&lllne. With RS-232 IBM sarial 
interface. Operates on 116(23()V, !iC,lflOH<. 
Hewt..n Pad<ard IHF'2671A 

Item • 19705 $79.00 
(RsmoYed from worb'ng systetMI/ 

YESI Please send me the fo llowing items-
l'lom 
No. llO<I Prl.. Total 

0 My ch&ck or money order is enclosed. 115.
0 Charge my cr&dit card Byt<>-1 1118 

0 Vin 0 M111er c.,d 0Amox 

Card No. 

~xp. 0110 

Signatun1 

Telephone: Area Cooo Numbor 

Name 

Address 

Cl 

S1llte Zlp 
All lnquin'.u and fratt aralog raquttsrS1--C111/ (20119"·5000. 
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Circle 113 on k adu Stn>iu Card 

WE OFF ER: 
1. Same Day Service - All orders 

shipped, insured, within 24 hrs 
2. Guaranteed Satisfaction - Lifetime 

warranty, 30-<:lay return guarantee 
3. In-stock Inventory - No delays, 

no disappointments 
4. No Minimum Order - Quantity 

discounts also available 
5. Pre-Approved Purchase 

Orders and Visa & Master
Card Accepted 

AND GREAT PRICES! 
5.25 Black Disks . OS/DD .. 
5.25 Color Disks . 8 Colors 
Available, OS/DD ...... . 
5.25 Black Disks . DSIHD . 
5.25 Color Disks , 8 Colors 
Available, OS/HD .... .. . 
3 .5 Blue or Gray Disks, 

.36 ea. 

.46 ea. 

.82 ea. 

.94 ea. 

DSIDD .. ......... .. . 1.1 2 ea. 
3 .5 Color Disks, 5 Colors 
Availa.ble, OS/DD ..... . 1.28 ea, 

3.5 High Density, Black 
only ............ . 3.80 ea. 

100% certified and tested. 
Error free lifetime warran ry. All disks 
include generic white box, Tyvek 
sleeves, labels, write protect tabs, 
shrink wrapped. 

CONTINUOUS FORM LABELS 
Size Acr06I 601 0 1y. Pric&'l ,000 
2l/u7/ 16 !across 10.000 $1.95 
23/• x7116 4 aaoss 20,000 $1 .95 
211~ x 15/\6 \ across 5,000 $2..18 
2'1~ x 15116 3 aaoss 15,000 $1.98 
2'1• x 23/•" \ aaoss 2,500 $12.00 
2'1• x 1-711 6 1 across 5,000 $3.00 
3 x 15116 4 across 20,000 $2.00 
3.3 x 15116 4 across 20,000 $2.05 
31 1i x \ 5116 1 across 5.000 $1 .90 
31 12 x .15116 2 across 10,000 $1.90 
3'12 x 15116 3 across 15.000 $1 .90 
3 112 x 15116 4 across 20.000 $1.90 
4 x 15116 1 across 5,000 $3.21 
4 x 15116 3 across 15,000 $3.21 
4 x 1·711 6 1 aaoss 5,000 $3.25 
4 x 1·711 6 3 across 15.000 $3.2S 

Prices auo•ed for fuUbo~es ooly. 
• Designed for the 3 112· disk. 

"The Quality Disk & Label Specialist 
Since 1982" 

1040 Broadway 
Westvil le, NJ 08093 

609-456-6996 
FAX# 609-456-7172 

Al l products assembled in the U.S.A. 
All orders F.O.B. Westville. NJ 

C.O.D. orders add $2.20 
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Communications 
Analyzer 

R<. ill 
·7 l kt\o1Cl' 

- Moni tors and stores lo di'k RS232 
async data in real lime 

- Du,ll line DCE over DTE iorm~I 
. P rform aclmn on any data p illWrn 

- lnterac1 1ve mode 
- Fully configurable. inc huJe, Lables 
- For IBNVP · , T/AT or compat1hlP' 

Palladian $ 195 .00 
T cch nologit·s demu $ I() 
Incorporn ted 

1-800-537-5046 (301 )5 76-0575 

Circh 395 on Rtadtr Serviu Card 

Wmerican 
Semiconductor· 

Complete 

Imo. 

units 

as low as 
sas. 

XT, AT, & 386 Compatibles 
Not a Lease- You own it

* 2,500 Service Centers! 
* Instant Credit ! 
* Technical Support! 

Call for Details 
1-800-825-SAVE 

Circle 25 on Reader Service Card 

9 TRACK 
TAPE SYSTEM 

FOR IBM pc .- xT1AT 

• Ma inlrame 10 PC Data Tr~nsler 
• H1Qn SDeed Bac<up 
· All Soll ·~are . Compltle Syste m 
· Ser tee and Support. usy 

lnstalla11-0n 

call [118) 143-6505 or wro te to 
co11t1C11 co po11or corp. 
P 0 Box 153 TMnna . Calil 91356 

CONTECH 

Circle 81 on Reader Service Card 

SUPERIOR PERFORMANCE OT EA· 
ROAS AND OISE WE CA PROVE IT NO 
COM PA ISE 2400, 1200 300 BAUD MODE M 
FULL FEATURED, HAYES CO 4PATl6l.E IBM 
I TERNAl. • SQFTVJARE INCLUDED • DEAL 
ERS INOUIRE • 30DAYMO ~Y6ACK TAIAf. 

CALL FOR DETAILS 

CompuCom Corporat ion 
(800) ACT ON IT (408) 732-4500 

Circle 72 on Reader Service Card 

VOICE IN A BOX 
$80.00 each" ·~ .. :.:.~.t'Or 

r-•·--,... 
., • • ,..... '-··~ <t , 

CALL. J<l"I I~ T() OROEA 
flllW T"f US •-I00-1'l-l41'J 

COMPUTER AGE LTD. Nn .:. 

...-:t ,,, •• 1.~ 
~. •~v .. _..,. ..... PO, BOX 130 

N0BL~T0N, ONT LOO NO 
_, ..... L• • .o • .•• 
llfiil~ ....  Fii-X H.tl6115Hm 

Circle 16 on Reader Service Card 

TurboFlow $69 
~10,.-chort <.lru,.ing fo< ll:IM l'C/ XT/AT/ 1'S2 

r 

• 1•op up icon mcnw 
• V,u1Jhk •111c ymhoh 
"' P.ttpcr '1u ro :\4p' ""1'4" 

·· ··· t~--·_:_:: 

• Hc1rul<> muno, CGA. EGA 
" t IJ>.(; I. DM/l'I. Sl'o~ctl' l 'l<>l!cr' 
• A tuorrw.11( f'ANnmg lo 'c.1.n dr.iwmtt qu1c ly 
• lll~l / rl'SO \, :"F:C. 01\. IDAlA Ill' La>erJc1 

l>o)tron Eltttronlu In<. 
6 tO S. ;;hl."rmnn # t{).I. Rich:il rd kln, Tt 7508 L 

AJJ \,J, h / S-l l \.A,~ fo•cirl . T !!.l.ll rnak.nll AtU !." ulnt.&.l 

Order Today! 1-214-669-2137 

Circle 93 on Reader Service Card 

http:T!!.l.ll
http:tuorrw.11


s39900 
OPTION A 

12"' f.4Dno Ambtor Mi:rK1D4' 
~c..o ..__ 

OPTION 8 
840 II ;i(M) Coler MOf"'lltOt 
G. ~ Card ..wpm pot1 

OPTION C 
12'"' Mono AmDef MionalOf 
Grmphica CArd wlpar port 

20 """ Hant o....,. 
'819" 

-~~~a._c.... __ 

'107619 
-

OPTION CAT 
12 .. Mono AonDlir Monil:wG-Cc<l-20 Mog Hant 0.... 

' 13991' 

CALL (800) 654-7762 FIRST FOR GUARANTEED LOWEST PRICE 

•S249 •'"a-.----------
SUllDARD FEllruRES 

• 40 CPS • Ac:cepls Paper to 15 mches • form 
Lfngtti and Pitch Set learn ConrOI Panel 

• lndUS1ty compalll>le nbboo. pnnrwllee!s and 
control co mman!ls • FLS232 Serial lnrerl<IC.1! 

1 YR. WARRAMTY 

~dt)~ 
r. 

41256 100 s 
41256 8-0 NS 

&Imm Sipp Zipp 
256 x 9 100 NS lZS

4464 150 s 
1Meg 1 1 120 NS 
1M•g I 1 tOO NS 

256 a 9 120 NS 119" 
1Meu 1 8 120NS 449" 
1M1u • g 12()NS 49!!1"" 

~ttl PRINTERS BY
!i' ~~ ,... 
LX800 
LX86E 
l.X2&6E 
EX800 
Lil2500 

Panasonic 
IOtP10801 t44CPS 
KXP10911 t92CPS 
KXP10921 240CPS 

EPSON 
199 LQ 500 339 
329 LQ650 S29 
429 lQ1050 749 
439 FX&50 349 
8l'.I FX1050 499 

CITIZE~ 
199 1800 aOC?s 9 Pm 10· 179 
229 MSP15E 160CPS 9 Prn 1s· 369 
379 MSP40 250Cl'S 9 Pin IO" 369 

Tracmrs - Streer Feeders - CJ.Ii/es - Rtb/JOns Ava1/a/Jle 

MODEMS BY 
EV-920 EverC-Om 12 300/1200 t>ps B1tcom Sottware 
EV-i40 EverCom 24 2400 Baud Int &t'°m Scltvme 
EV·~ Eirtema1 2400 Bau<! 

Fo1 error correcting add SlO 00 
!iS!mC<imp•tlble M•lor Manula~urers 

1200 BauC'Tiiii(nal wtSonware 
1200 Baud Ex1emal Cully Hayes Compa11ble 
2400 Baud lnlemal 1h card wl sohware 
2400 Baud External Fully Kayes Compahble 

MO(~~~~ BY 
1252 12" Amber w1T111 & Sw1vet Sa;e 
1257 12" Am/Jer Flat Screen 720 x 3.50 
1464 14 • Color 640 x 200. 16 COiors 
1453 14 • E<lA 540 x 350. 64 colors/ 3 
Cll4S51 MultJsync EGA 720x480 

IBM CGA!VGAJPGAIEGA CompdCible 

Why l1'Y Sll4S tor a c.11on 

STARWRITER'M F-10 
lh'llen our 40 cps letter quality ~aisywn~1 

i2990J(:~·~:

OFriONS 

• 6 tr Senal C•ble s 19"" 
• AT or XT RS2321'Sen~I lnten~ce ;)9"" 
• llJCllred10<1aJ Trac!or 14900 
• Cvt Stieet Fe~er 19900 

10 MEG HARD DISK KIT 
lncludn CGntroller I ~bles 

• ''> Height • 8() Msec 

Brand NewlMa,or Manu actu•er 


..... 15'1" 


800-654·7762 
SALES 1 Lm -1 J.m m 

702-294-0204 
CUSlOMlR SEINICl I OROIA STATUS 

9 a m.-4 fl...m PST 

FAX 702-294-1168 

74'" 
13911 

199" 

69'" 
99'" 

129M 
12!1" 

-~ 
=:I.: 	 79" 

B9"' 
239" 
359" 
439"' 

veoa -J.A...... VIDEO CARDS 
Everu EGA 640 x 350 
Veg1 VGA l'S2 Compallbte 
Everex VGA 640 x 400. l7 VGA Modes 
herex PGA &40 x 48-0. 25614096 Colors 
MEAD M<lnographocs w/par port Hercules romp 
MEAD Coior graphics wlpar port Hercules oomp. 

ODO'S & END'S FROM MEAD 
150 Wan Power Supply Direct PC Replocement
200 Wan Powet Supply Direct AT Rep1.;cemen1 
Dos 3 2 w/GW Bask: 
Everex A.Im up<insion lor AT or Xl starling al 

40MB 
40MB 
40MB 
60MB 
60M B 
125MB 

TAPE BACKUPS BY 
VERE.I(-" 

m1 Cartridge . 1.8MB/mln. XT 
m Car1nOge. 3.tiMB/min. AT 

S1rearr.ng Cassene. 5MB/mln w/cont 
Streamlflg Cassene, 5M8/rron w/conr 
S1reamtnQ Canridge. SMBlmin wll'ull con1 
Streaming Cartridge, 5"19/mm w/Fu~ cont 

Exlernal Ad<I 1~ 

FLOPPY DRIVES FROM 
FROM YOUR LOW PRICE LEADER 

3601< 1h Ht PC Compa!ible . . . . 
1 . 2 Meg Mitsub4h1 Black F~ 
7201< 3~ • Epson DIM wl5V• • mounung 
1.44 MeQ 3th• Dnve wl5V. • moun1m9 
360K Tandon TM 100.2 Full Ht 
160I< Tandon Tl.!100.1 Full Ht 

40 MEG HARD DISK 
AT COMPATIBLE 

• Full Heogh1 • 40 Msec 
• 3(J O:ay Warranty 


..... 279'" 10 tor 2411'" Di 


54"' 
79" 
69"' 
59" 

:-s:..:c:i
359"" 
359""' 
539" 
61900 
n9" 
ggg• 

~ 
~ 

&9" 
79" 
89" 

119" 
811'" 
39" 

·~··· :1' 
41114 150 s 2" 
4164 120 s 3" 
4164 100 s 3" 
'1256 1SO S 11" 
41256 12() NS 11" 

60 MEG TAPE BACKUP 
• Wang Te<: 00 Meo Drive 


• Controlle1 & Software 

u.. 1195 ..... 499 


AT CASE 
• 2 Ela1 S1i!lldam AT S~e Case 

• Keylock Power an~ Ha.rO Orrve LED's 

u.i 99 -39"1 

._...,. ~..,.,_ i-0 ,._" ~r• ,, 1000 Newda Hwy. • Unit 101 • B~ulder City, NV 69005 
'i!Ji.M llUl If!~! A.I ~I!~ g(j , N ..mni~!o 

cS§l seagate HARD DRIVES ""'',_'rf:vi 
COMPLETE ms 

ST125 20Ml'g 40 Mil Vi H1 . 
ST225 20Meg wlcont. & cables 
ST238 30Ml'g w/cont. & cab~ 
ST251 40Meg '" HT 40 Md wlsotrware 
ST2~M 40Meg. 28 Md Sec 
ST'277ll 60M8 40 Mil 11! H1 
ST4026 20Meg Full HI 40 Mil 
ST oW38 30Ml'g 40 Mii full Ht 
ST.f1>53 ~OMB 2'8 Mil Fun Ht 
ST4896 SOMIQ Fun HT WltOllwaf1 

CONTROLLERS BY 

WESTERN DIGITAL 

wx·1 8 Bil 'II SIZNl 1or XT 
WA·Z 15 Bit Ful Slzed Hard/fJoopy
WD·27J( 8 Bil RLL 1h Slltl 
WAH 16 Bit Hard Dnve Controller 
RA2 16 Sil RLL Hard/FIOl)j)~ f()( AT 
MEAD flo!lily Dosk Controllet lctt XT 
MEAD 1.2 M"il & 300< Controlltr !or XT 
Hard/Floppy Cable Se1 

COPROC~ORS BY 
Intel 8087 SMhz 
Intel 8087 SMhz 
tnrel 80287 6Mhl .. ."'''~ 
Intel 80287 8Mh.z --~,,i;.~ 
Intel 80287 10tlhz IF'"r11w 
In tel 80387 16Mhz 
Intel 80387 20tlhz 

ALL ITEMS BELOW ARE REDUCED BELOW DEALERS COST* 

LETTER QUALITY PRINTER 

DA ISYWHEEL PRINTER Mo\NUFACTUREO BY C.111lH 

"<Srt;,~ "''""Wfl' 
""""'""'<s 

. 2'99"" 
269" 
Z9!I" 
3711" 
479" 
489H 
l79" 
299" 
519" 
649M 

611" 
119" 
7'I" 

ONl Y 129" 
1MI"' 
29"' 
59" 
5*' 

~ 
!i9"' 

139"' 
, .,... 
239" 
2799' 
3991" 
699" 

AT BARE SYSTEM 
• 10 MHz . 0 Wail State Mather BoaiO 
• AJ Case and 200 Watt Powe• Supj>ly 

• 101 Enhanced Ke)Ward
uu m ....,,429 

TAPE CASSETTE/CARTRIDGE 
DC1000. 3M 

DCJOOXCP 45Meog 1~oo 


cssoo 1900 


~O SURCHAACE F-OA MCNISA 


TE.RMS: 

MC • VISA • COO • CASH 

-t-·.U•'4'""----lll-IV'l'o- otFMonHon·D- .. ~ 
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Circlt 111 on Realltr Sm1ict Card 

3NI *FREE! DataSaver ... 
a $13.95 d iskette flier!! 

I ?·l••lol!J 
OS-DD 

.69 ... 
1.49 .. . 
1.99 .. . 
.as·... . 
.47 ' 
.52 ... . 

Ouanh ty 0 lS(OVntS OS-HD 
Available 

5.25" 3M Diskettes . ..• 1.45 
3 so· JM D1sket1es . . . 3.99 
a.oo· JM Diskettes ... 2.25 
3MMarl< 0 PC "Formalled" Disks 

3M Highland Bex Disl<et1es 

JM NoLogo Bui . wl tyvek, labels wlp 
DC -1000 . . .... 12.65 DG-JOOXLP ... .19.45 
DC-2000 ...... 17.05 DC-600A .. . . . . 21 .45 
3M Mag. Tapes 2400' w+ s ..... .. . ... . .12.so 
3M M~. Tapes 1200' W·T-S . . . , ... •..• .. . 9.25 

14 95 Dara Oertndef 050 Da~ Clelendl!f 070 14 95 
o FodO · 31\ ct JG· 5' - wl~ey< 1 

~ BASF " FREE Plastic 
~ Library Box 

DS·DD .ss·... 
1.34 ... 
1.79 

Ouanu ty DISCOOJIHS 
A<a1labl1! 

5.25" BASF Diskettes 
OS -HD 
*,89 

3 SO" BASF D1s:ke1tes . J.79 
8 00" BASF D1ske1tes 1.99 

COLOR-CODED 
MO DULA R FILING 
CASE FREE WITH 

<0. EACH PURCH ASE OF 25 
BASF 3.50" Diskettes! 

BASFMag Tapes2400' W·T·S .. . .... 11 .95 
BASF Mag Tapes 1200' W-T-S .. . ..... 7.99 
BASF No-Logo 5.25" DSIDD .. .. .. . . . . ..42 

M02·0MP MO'l·HOMP MF2·00M 

maxell 5 l5"0S/OO 5 25" 0SIHO 350'05100 

" """""'' - .69* 1.49* 1.69 
V'erbati m 5 25· OS/~O 5 25· OSIH~ J W OS IO O 

- Dar;UJ/e - .69 1.29 1.49 
"F'UE ~Of!-< '"""" 

COLOR 01~; 25· OSIOO J so· OSI OO J !()- OS/HD

KAu .69* 1.s9· 3.49 
=--~ ~ 'W .4JUC:ICI ~ 

5 25· OS/ 00 5 25 · OS/ HO l SO" OS tDO 

.69 1.49 1.69 

Bo>; o1 TEN 5 2) " 05100 

th - . lalle!s <Yld 335 
• lf>1.ib5 • 

BllCk D~kl Clllmr 0l&kl 

.29 .. 5.25" OSI H0 / 48 TPI . . . .39 

.69 ... . 5 25·· OS/HO "AT' .. .. •79 
1.11 ... 3.50" OSIHD /135 TPI .. . 1.25 

F~EE SLEEVES. LAB ELS ANO WIP l ABS 

RIBBONS STORAGE 
- Please call lor inlormarion -

TEAMS: VISA . ll>S!e<catd 0t A!IEX CODonlv add SJ 00 Prepi>d 
OllleB (!edu[I 2' C3Sll di<cO<rll PO'S a.ccep1ed lrcm ~ 
1~111uroons ilnd (OrpOlatlOnS oo Net 30 8¥11< in11. TfT or UC 
Mn!>lllllf Sh pplng: $411 00 ct leww dU1<$ Rea.all $luWt"O 
~ oo large< ciuan111oes Price QUii ted ror case (100 d1$1U) 
"""'""" i.... ,..., • caoe idO 5\ 

WE BEAT ANY PRICE! 

Toll Free Order L.me: 

1-800-523-9681 
TLX-9102404712 

lnlormation Lme: 

1-801-255-0080 
FAX-801 ·572-3327 

n DISKCOTECH 

DISKCO TECHNOLOGIES, INC. 


213 Cottage Avenue 

P.O. Box 1339 Sandy, Utah 84091 

N1. n .. C)fl'-.. hdJ 
P-.-: PA.!..a. £Pl.D (UV 

~~--ll.A~ 
· ~r.di.lri-r-1.'"'IUI. 

""111. pnMin. ..... in- 
~1'1 bed v.d .....-. "'prG&r•·IWtC-• ITl ..11=11::.! En.OW.a. 

PAL/EPROM PROGRAMMER tor PC 

VIRSION 2 or Soltware and HardWore 1475 
. ,.._lll_,1' ... MM.l 

• 'lA~_..t. ~ · iO.-l~ wie-.16~ 

·~lil..... n.200.MH.10A.:n:;JJ)otl M:~ ig~•tr 

• b--.1 C'kidi ktm w 50 .M H.r • 1'6 t...-1 Tnu--c ~ 
- ~v..,i.......11m..ECL....Oll (\'to .. i.av.-...,... . u.;. 
~ u Taui.1 DYir- ot SYll t..L • l.....il..oid Olla ..t S*P 1nN 

(201) 994 - 6669 
~ Link O:rrp.M< G<aphlcs. lnC. 


4 Sparrow 0.. LMngslon. NJ O?mO 


Orcl1 l88 on Jaader Service Card 

-

~ \'\'~ 

Curnmcncwutmi C~ntcr D• 
Sutic l... iectronics 
L..i~un.i ll ilh 
(A ~!I>" 

~ 

Stocld11g Distributor 
of s,·mfrmulucton; 

8087 • 5. 8. 10 

80287 • 6 • 8 • IO .\U:ti 

80J87 • 16 • 20 \IE<i 
.!i'f1K • f14K • 1.?KK • \ !II • \ .lll 

Fnst• ll1•liabl<' • Et·erytim•• 

Plzone: 714-855-04// 

F ax: 714-855-8504 


rjo r~tur.:1- '...li"i.lOQP [)r )' f · ct'~tlQe ~::ioo 11)' 30 da,-s 
ur ·~~ 11Wllb.:luttf ~ 1r.r" ~ ~C"oinG w ""''Jt! 

Cirtk llS 011 Rlolkr&ma Card 
(DEALERS: 116) 

DATA ACQUISITION mGO 
INTERFAr.E FOR ANY COMPUTER 

FREE IBM SOFTWARE 

Connects 11ia RS-232. Fully IBM com· 
patible. Built-in BASIC. Stand alone 
capab i lity . Expandable. Battery 
Option . Basic system: 16 ch . 12 bil 
NO. 2 ch. DIA, 32 bit Digital 110. 
Expansion boards a11ailable. Direct 
Bus uni1s for many computers. 

(201) 299-1615 

P.O. Box 246, Morris Plains. NJ 07950 

ELEXOR 

Cittle 120 on Reader Service Card 

Precision Data Produclsn.r 
P.O. l!o• ~7. GrOJ>d F\op<lo , Ml •9$1 a 

ljjl~d,111 ~;~~~4~AX : 616..f52..COU 

l.5"Diskettes 

HD 2.0 Megabyte $2.95 ea. 
DD 1.0 Megabyte 95~ ea. 
Fully Cenrl led . LI"" ""' Warranty 
'-! lnimum 50 Dis""'1n 

5.25" Diskettes 

DSDD 29c eo . 
FREE El'N~& WP Tab6 
Minimum 100 Di>.ken... a 

FOREIGN ORDERS INVITED 
FREE CATALOG 


Compleie line of quality supplies 

for your compuler . 


S4H : [USA, $4.00 flrtl 100 OI r-r dis.ks, S:l.00 

each tllCOH<hng 100 Ol IGW&t. PrlroS S ubject le 


C~ange . Ill! ~ co.o 

Toll Free: 800-258-0028 

Circh 257 on Reathr Service Card 

HARD DISK ACCELERATOR 
• Caching el1m1nates repeti tive 

disk accesses 
• Use up 10 15 Mb or extended/ 

ex~anded or 500 Ko of standard memOP/ 

DISKETTE ACCELERATOR 

SCREEN ACCELERATOR 


FAST - FRIENDLY - SAFE 


VCACHE 

GOLDEN BOW SYSTEMS 

9 95$S . $·,. 2870f1lll!A"""'''

AOO SJ 101 · S..te ?01 
sl11D(llf19Jl1Anelbno " S.1n D•l!<JO CA 92!0:)
t.ih1orn.a 1~e111~ / \ 
.aa6~"'""'"' ·.; 800/284-3269 

Circle 143 on Reader Strvke Card 

• UO, ...,., HAYI "1 1 )a()l'l QO Wfi.11'1 OH .-. YUT'Dl 
UNIT OONVPl:Tf .A I U.J UJI U. 1.. TO CIJf1ft0tllCI 1 AR.\Llll. 
0111 .. M;:ll Yljcl lll . llJU llT MOY1lfll JU Wl't"fU a AUO 11t 111 1'1 "' .tllP 
PROTOC'Ol "-' LLY P'lllOQJh WAILJ r FM N ~ 9 1. UV. 
11'10\.VOa trlllt 111n JI r1otr. P' AIUT'Y • '°f 

DCU I 80 1""1 • 
1'"1f"a v•• .. P11' t ,1..tc:.W u HOT1....~M [. ] 

~ selial<>pamll~I 

~ bi- di1ectiona.I con\•e 1l~ 1 


INTECTR A l ru [),g ,,1 m 
ta" r uu.n•A'l.P.LY"tl 

MOU 'fTAltl v r1..., C irt ·'t• • 

415) 967-8818 TX 34»45 

I not only 11 
print.er bufJer I 

D THiii H nt• Wl'X"T tOPHlJTK'.11 r 

PU TF. R surrr.R MULTI PLEXOR - SWITCH 


WflH T'WO IVARA!I l)llPtrTJ IJDl lA L Al'I D l' A1' .lW t.1 A.foltl 
t WO ll' lll " lill (M.l'H''Uts '1'tflll .U A.MCI t" AJllAL..LIL.I C'. jlo pij H 

l D Ull:I n • ... O• .ltO "",.'"'' ..... TM u n r.M... TO "' '"" 
OUTI'VT !VT TQU 'CAJI ~l'Mp;;"l J W W: nFTDU TO I"I.Kl 
t"lll> l'l 'llA 0111 • CO~l'U?IM TO 1 l'illl'Hl"J QA 1 C'O ... l" UTPU 
Af\10 J l'IUMT tJU A1'10 l.IOR S • I CO:Wl"U'lHl TO I l"lllPftlDIJ 
o,. 1 OOMJ"\JT"uu ro , r1tunn 
Ht<HI CAPACITY ... 1'>8 to "'6 Kl AJ-ID tw ,;a TO I .... 
IW'(Jll&U " AJtO l!IJ P A\n l, 'COl"V Al'ID 111an l"VtolC'Tl(lfllJ 
H~l.A l l"Oftft WITH r Oft • IH11 WOJW l.IJIQ TH ' 0 .. t nor 
&n l'Alll1T llOli!l'Olf 01111 .f\T1 

http:l'A1'.lW
http:tOPHlJTK'.11
http:print.er
http:l.....il
http:iO.-l~wie-.16


TIMELINE INC. 

r-~~~~~~~ ORDER DESK ONLY~~~~~~~~~ r~~~~~~~~~~~---. .--~~~~~~--, 

Continental U.S.A. 	 ln1lde C1llfoml1 L.A. &Technical Info OEM INQUIRIES
(800) 872-8878 (800) 223 ..9977 (213) 217-8912 WELCOME 

DAPTEC 4000A SCSI Controller $60 008 MH AT MOTHERBOARDZ 	 - 1/0 for the ST412·506 Interface using MFM encoding • 
512K MEMORY ON BOARD $ 3 2 9 QQ 

.ea:e~yL~ic.!~l!r~~k~~toi~!:~~ern1b~~ of RAM and 802~7 -~0'l'l ~	 QR0~fl!J1! i,~:;MQNIWT 
-1 Wai t state-Hardware Selection of 6 or 8 MHz-Keylock wp- HIGH RESOLUTION~AMBER 

_...;..po_rt_ed....;,_R_11$8_t_sw_i_tc._h...._F_ro_n_t_p__n_e_l_L_e.. ·B 1_,o.,,.s,..i.,,.n.,,.cl.,.u..,d""ed_.--t • •Vertical ~is 47a 0_1.,,.n_,d,..ica.,..,,to_r..,.. Fial 1acep1a1e 	 .::'~ 
2/3 HEIGHT FLOPPY DISK DRIVE 

-360K . OS/DD . REMEX RF0480 ~24 001 
(Faceplatctomakoru11Hel9hto$4.00) \IJ • • 
1.2 Mb FLOPPY DRIVE FOR AT 

Reads/Writes 
1/2 Height - 360K disks $49.00 
FL0 PP V DISK DRIVE $ 19.Q Q 

SEIKO 8640 FULL HE'IGHT-640 K-
These drives are NEW and sol d AS IS. 400 In stock.May require 
$pecia l software or other technical ~ssisiance to r;iake them work. 

4 0 Mb H A RO OR IVE $ 2 2 5.Q Q 
Full Height OUANTUM 540 - 51 ms access time 

-----=---__;;....;;..__;;...;...;;..;.;.;...:....;...:....;___:___;.:...;:..:..:..:;.;.:_..;.;.;.;....:....;~ 

COi 12" GREEN MONITOR 
NON-ENCLOSED - HIGH RESOLUTION - TTL 

-Hor i zontal sync: 15 to 32 KHz 

-Vertical sync: 47 t o 63 Hz !80 Hz Opt ional} 

·Vertical Performance : 1200 line center resolution 


-~~bM~~;~i~~~ $39.00 
CONRAC 19" COLOR MONITOR 
7211 C19 (Ori11 i11a lly $4600)$ 1 2 00 Q Q Bandwidth : 
·Resolution ; 1080x809 - ' • 100 Hz to 40 MHz 
-Scan Rate: 15,750 to 36,750 lines/sec inter laced or non-i nterlaced 

·High and Low input lmoedence 

&m~n~~~2r~~-l~~~~~lr teer!,~~! con~o~r-
-KooAK has 160 tracks, 17 sectors per track. AML YN has 154 tracks 
15 or 16 sectors per track. It is 2.35 or 2.6 Mb formatted . Can read ' 
360K disks. Requires 50 pin, 8 .. cable.) -Standard 34 pin floppy drive 
interface - Controllers avai lable for XT or AT add on to 4 flooov drvs. 
-Pro~ram file c (505)579-44962~ible, roouires driver software. 

KIT 1 00 ORIVE,CONTROLLER, 11!:1~~!~~~
PRICE SOFTWARE,1 MEDIA DISK 

ROBOTIC LENS with 1n1rared sensors (auto fOC1Js) 
Greet 1oiJrce ol opUcal md -.Ctro· '"'9Ch.anlc.J per11 end IYl1itm.11 

Inducting I.~-· lot .. Intra... _,,mun!Ulk>r10 oyalom. 

Contllno ll .4 - 12 lo 7'2 mm (h)"""" ...,. wllll 1a1to loeuolng copobl llty. 

DC motor drl"'n or ,,,...ual •oom - loouo oyalomo with .,_ioAon 9M' 

..,i...,11on unlla, ,,_,,.,,•.,., du1-. - Ngll qu.iity DC rnolon. DC 

"'lary 11Cni.lor conlrollocl 1"'9 clllipl>""" utll1. $ g OQ

Option Availlable: In-di•- -ring oyatom 1 
!locualng unll) with c:ontro1-1ron1e11 •10.oo. • 

• 9001flasa~ ti~Hz 	 ._.___,, 
6501inesatcomeB •HorizDUI 22MHZ 

, •=~~ ~)15 ':6"~¢;; $29.95 
RJrsplVdeo fTTlr,pvtS)~ Nd~video 4 lors99 

POWER SUPPLY YOUR CHOICE! MinimumBLOWOUT! $12.00 ZperOroer 

I Please check dimensions. These are open frame supply s. I 

We have no manual or technical ass istance fo r this product. /or 8BSY pow8r cord plug-In. Open------------------------........1 lram8, L·tm1cker type. Two 4-pln 


188 W•ttSwltch/~ Power Supply. 

On/off switcll In tha front . Builr ;n fl/111< 

power plugs !or floppy and/or hard 
aisk arlvas. 
Ou1pu1: +5.05V @ 22A, + r2.02V 

® 4A. -r2v@SA.• 12-59 R119.@ 1.SA D.C. 

(;ompower 130 W•ttlupply. Unir ts 
open framoo. 
°"'P<J'' •S V@ 5A. , r2v@sA. _12v@ SADl,,,.,,.,.,,, l 'l.l 4 11,w, ,,H 2 .

0 1 1 

Power Sy•llm.. - 180 W•tf aupply. 
Unit is OP<Jn lramad wuh 2 lou1 pin 
power connectors built onto tha unit 

Output: •5V' 20A, • 12V @ 4A, 
-12V 5A 

Olm•n1Jon1: 11.L x 4¥. W x 2 '/JH 

~- THE RETURN OF THE SPY IN THE SKY 
~.ii NEC UP0791 D - (CHARGE COUPLED DEVICE) 

· ' 4096 ELEMENT - LINEAR IMAGE SENSOR 

The charge coupled cleVlCO is sold!tred to apr&-amplifter board. (We sokl 
out ol lhe AlD bolllrd Illa! ~ lhe uM ... They went last!) Since 
lhis is an analog device. tne cucuitty to provide lrmmg s19nals an<l c:on
l'!lr1 analog outputs to CllgitaJ MUST BE SUPPUED BY THE PURCHASER 
10 interface 10 a microprOC8SSOf based sr.;1em. 
Timing requirements could be delermin&cl lrom a NEC manual on the 

- C) fl 7910 oi lrom !he sctiemalic on lho AJO boald. PLEASE NOTE: We have 
l'l. g trie AJO board sctiemalic . bu! unl«1unately. we clo NOT have the NEC 

~ .;, manual .Deslgnea ror page scanning applicat ions lncludlnq 
facstmllo. (Opt lca l character recogn ition and other lmagln.9 

applications which reQu lre hlgn resolution and high sensitivity) 

10 Milllwatt-Hellum Neon 
NEC5261 LASER TUBE $99.00 

(same as 5260) 10 Mil l iwatt !Max Output)-5 Mw (minimum) 
Tuoe Is in cy!lndr lcal housing 15" long. Em its Rea oeam. 
-C lass II lb Laser -Ra ndom Polarization-Non-polarized Laser· 
Mode:TEMoo· Beam diam. at 1/e2.83mm·Beam d ivergence: 
.96mrad·0J)t!rat ing Voltage : 2350V±.100-Starting Vo l tage : 

<lOKV-0 ern t in Currem:6.5 mA 

VGA Color Graphics Package 
Possible O igplay Modes VGA Graphics; 
800x560x16 colors 320x200x256 colors 

640 x 480 x 16 colors 640 x 350 x 16 colors 
640 x 200 x 16 colo1s 640 x 200 black and wllrte 
320 x 200 x 4 colors 40 and 60 column character mode 
n..........-....... _ ............-'*"'•Co-

---- SET rHE STANo.ARD ~00 COl.OA • 'kl< resob.Aioo (BC0xS601
GIW'HICS Tho....., '"'"ATI • Bandwdlh 17 Mt\l6 4 9 0 0 • =..,.~'"":.....,.~ •So'!ware ~ 10 VGA.~GA. 

lJPOATE YOUR XT/ ....,.ey."'°" .,.,,~ Q,. ,..., CGA. MDA. HGA 
ATTO VGAGRAPHICS•dn11n1yonr.o """'""' '"" ,... • "'11h·ret\e<;hYe. c~ non-111t.'<1dc~ 
Col '- Qty. Diec-• ...,,,,,.,. ' """"' illde< bee .aoon , 31 ooc lllldl1 

1490 W. ARTESIA BLVD, GARDENA, CA 90247 	 Mimlnum Order: $20.00. Sh1pPr.g & handling chlltges Vil! UPS 
Ground: $.50Jlb. UPS Air $1 .00/ lb. Minimum Ch8r91: $4.00. WeOrder DP.sk Only OEM Inquir ies Welcome ~ 
accapt casnlets Cheek$. MC Of VISA. No petS.Onal Cl'leci< COO's. 
Cal1bme residents add 6'h% sales tax. We are no1 responsible b(soo)2~9n (&~)'7,"~~a~~sl (;/3;~;";8~~~ • . lypOgraphical errors. All meroNu>dise subjecl ID pnor sale. Phone 
Otders welcome. F°"9llgn ~ niquh tp9Ciel Nndllng.15,. Restocking fee for returned order1. 
P~ IUbjKt to cNn9e without notio.. 
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DEVICE PROGRAMMER 
$550 $750 

1 Mlt9<10•1 01 OAAM. User u~radable to 32 
M"9ablt 4x20 LCD Oloplsy, 3. 6 Zd socket, 
RS232. PAAALLEL In and OU1 20 Key tac11le keypad 
(not membrane). 321< Internal EEPROM (ellS)' ftnn
ware upgradu) QU ICK PULSE ALGORITHM 
(21256 In 5 """· I Megabit 1n 1? <ec.) Completely 
stand 1Jone. 10 day money 1)8¢k guarantee 2 ye1r 
warr8nly. made in U.S.A. Technlc•J 1upport by 
phone. CompJete man u•I an<! 1chemat1c_ 

NEEDHAM'S ELECTRONICS 

4535 0.-ar>ge Grove Ave . Sacramento. CA 95841 


Ca.If f<X mom ,rr/ormt!Jrio<J 

Pt>on<> (91!1) 924·8037 FAX (9t6) 972-9960 


VISA/MC 

Circle 236 on hader SeT'Vice Card 

CHIP SHOP 

CALL FOR THE 

LOWEST PRICES 


SAME DAY SHIPMENT 

4164 8087 
4128 80287 
41256 80387 

1 meg chips 

V20. V30 and more 


SAB£NA INTERNATIONAL, INC. 
l!El Brea CanyQn Road. Su~• • . watnu1, CA tn789 

Phone 1-800-2 SABINA 

Phone 1-714-594-63.36 


FAX 714-59&-4008 


Circle 289 on Reader Service Card 

The Bible Library ·u 

29 titles 9 bobles • 20 ro c,...,,.-,ce wori<s C6l ooe 

CO ROM 18Ser disc The most ~reriensrve 

8Cie ~ tool avSliable ftr the rnRSter and 

l8'yman $495 


CD-AOMJWOAM OUTLET 

S.W. While Suppl!,,. la•t 


AMDEK DRIVE $639 

HITACHI DRIVES 2 for 1 Sole 

MS DOS & MAC S/W DISCOUNTED Groioera. 

McGrew-Hin Soence. Supermap, u S Adas 

Geco.'501. Comstock - 449 ~ PC-SIG 

[25.000 programs]. Pt.tic Domain - Aide 
(5 .000 erced progrems] 

CAU. 1-800-$43-1734 ANYTIME 
(716) 852-6711 One Osy SefVI08 

CO D.IAMEXIMCNISA 
JASON ENTERPRISE 

Oepc. 0, 5459 Main Street 

W Aemsville. NY 14221 


Circle 172 on &ader Service Card 

THE ONLY SOURCE YOU'LL EVER NEED! 
FAST 286 
•16 BITCPU-80286·12 AMO ·AWARD BIOS WISETUP IN BIOS BASE 
IN80L286-12) ·12 MEG FLOPPY DRIVE 
·~IVE 16 SIT SLOTS, ·HAROJfl DPPY CONTROLLER SYSTEM 
THREE 8 BIT SLOTS •101 ENHANCED KEYBOARD 

•512K RAM. EXPANDABLE TO 
4MEG ON BOARD ·MONOCHROME SYSTEM s959•EMS COMPATIBLE W/SOFTWARE '1 ,089 

•LANOMARKSPEf;O TEST 16.1, •COLOR SYSTEM
NORTON ADVANCED SI 13.7 11,269•AT SLIDE CASE W!POWER 
ANO TURBO INDICATORS ·EGA SYSTEM 

•KfYBOAAO LOCK 11,509 
•200 WAIT POWER SUPPLY 

•MONOCHROMEVERTICAL 386 SYSTEM 
•32 BIT CPU-80386-16 12,419 
•CPU SPEED 16MHz 0 WAIT STATE ·COLOR SYSTEM 
•TWO 32 BIT SLOTS, FOUR 16BIT, TWO 8BIT '2 590 
•1 MEG RAM, EXPANDABLE TO 4 MEG EG,A SYSTEu 
•LANDMARK SPEED TEST 1Q_I • "' 
•VERTICAL CASE WiSPEEO INDICATOR. '2,839 
POWER ANO TURBO LEOS 

•KEYBOARD LOCK BASE 
•200 WATI POWER SUPPLY SWITCHABLE 
·PHOENIX BIOS W/SETUP IN BIOS SYSTEM r1 
•1.2 MEG FLOPPY DR IVE 
•HARD/FLOPPY CONTROLLER *2,280
·101 ENHANCEOKEYBOARO 
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8051 SIMULATOR 
fo r the IBM PCIXT/AT $99 
Th& BOS !SIM sottware package assists in 
1he debug ol 605 1 lamily programs. A screen 

onented, menu command driven program, 
eos1s1M simu1a1es the Inter eos1 family ot 
single cnlp microoompvters. This learning 1001 
also speoos up lhe develOpmem process 

8031 DryICE $199 
The 8051 Dry ICE Is a hardwarei sottware 
package I hat allows you 10 dump and moc!ity 
memory ; execu te and irace 8051 lamity code 
in your target sys1em. Harctware ronneas 
between targe1 Sy51em and any serial port_ 

HiTech E.qwpment Corpo<a!Jon 
9560 Blaclc Mo<Jntain Ro3d 
Son [);eg.>. C A 92126HTE 

(619) 566-1892 

Circle 154 on IUader Service Card 

680516305 SINGLE CHIP 

MICROCOMPUTER 


DEVELOPMENT SYSTEMS 

Each a( 111- P<Q<lucts a~ the ISM PS2/PCl'J(fJAT 

to be use<! as a compleCa -pmerit ~m 10r me 

Mo<orola 6805 senes sJngle cnip mlcrocomjJullH'S 

MCPM-1 5UP!)Clm tl'MI MC68705 tamlly. MCPM-2 SUI>' 

ports !he MC148lllll5 family and MCPM-3 support5 the 

MC68HCo5 tamlly. Each S)'Slem ,. $495 and Includes 

B progra.mmi 'rctJtl board With C105S
== drtv&f, 
"""""1bl6t and son-a A S)Slem 
I! also awllable for lhll MIT I &JJ'05 ZTAT mlCIO 
THE ENGINEERS COLLABORATIVE 

Route 3, Box SC. Barton, VT 05822 
(802) 525-3458 FAX (802) 525-3451 

Circle 122 on IUader Serviu Card 

" EXACT TERMINAL EMULATION 

• IBM PC , XT. AT. PS/ 2 
FOR INFORMATION 
800/548-9m 

AND COMMUNICATIONS SOFTWARE" 

• PRECISE EM ULATION OF THE 
DEC VT52 . VT100. VT102. VT220 

• 	EX PANSION MODULES FOR 

OVER 40 EXACT EMULATIONS 


• 9 FILE TRAN SFER PROTOCOLS. 
• EASY TO USE. QUICK TO 


INSTALL. AND MUCH MORE 


Cirol1 307 on Reader Servi.ce Card 

Bullet Modem 
4lll1m 

• Turbo 2400 bps + MNY"' Class 5 
Up 	to 7200 bps .... . . . . internal $295 

. .... ... externsl SJ95 
• p ltl 19,200 bps . .... _ . _ ..... Sl,195 

• 100% Error Fn:e Dala 
• PSTN & Leased Lines. AT Command 

• ~;~~,::~~I~ 
~ Siuito Clora. CA 95054 

. r [ 11 (•Mlll) 'lltl --0270, f"AX (oMlll) '18l--O!l72 
l.Hd<< In Hlll)l Ptrlo~ .\lodrou 

Circle 128 on Reader Servic.e Card 

Statistical Software 
for OS/2? 

Of course 

General Statist.lcal Analysis 


Forecasting and Mcdeliog 


Quality Improvement 


To fmd ouJ more contact: 

Scleot.lfk Compuliai Associates 

UoooiJI Cenccr, Suite 106 
4513 liDcxJm Awnuc 
Ude, llliftOil 60532 

Telephone: 31.P960-1698 

Circle 295 on ~adBr Service Card 

•a)ttjl<_._.... -_...,....,._ 
. ..... .. J . ..

_________, ·--
-- ......... . r..,.,~ r.12 - t-r.~1 ' """ 
.. w 
l~Wo .,_ '- • 1-«,&o;IOlll' • ,. l-t~L~..._t 114'-" 
~(l,il-....~)lllo · ( - • IGI .. . . t ......_t:all l ...... IMI' • ~ L-;E 
'- .a -. ;w o - ~'::.o- a ., o.t ~..,.. •• 
~"'l:l°'"'••-1 .... ll,IUO........ 1'll.I!;
""9""WIO ..... •~-t ... tll._~ ,._ 
............ .y"''_ .......... .... 
I~~~....._~,;;":'!!. A·•,.,._'"< l.!J"rt·.t'I 
~t ..
tc-1"111-""'•·• 

l lriOl-IUllT'!Jf,l;IJtlllllA 
,. , .,..uc..r 

_ 
,;:,,, 
s;.;a. 

'"'--~""' •400 C"'ll•"-''IKI~ 

Scti-r:eb Compulet c.nlff 
.,,.,~..,_ -~1- 0...

»m: C-. "'-. ..... OlllL (.A ..1 

111».af:\tt'IO ,_ • •• ·~ 
~'fO..l'IN ,........ 

""*-~----~ 

Cirdt Z93 on Reader Service Card 

Circle 112 on Reader Service Card 

With TyYek Sleeves &: Write on Labels 
"" D<tl owore 1 · 800·~l;J~ 

D-· 1lilett o:'. :'~= 1700-654 4058Sk e-1-: ~o-. • ·"" ., , IWO,ca ~ 
l,,01\llOOliOlf N~~.,l:..8~ ~PJ.l~~.l 

MR'W'r'k.lm Order ~°J'~ -v1s.a.M.as1e rCa ro arc.cp e<J. 
COO aoo 1 UPS oer1vi>• y us Ml!.11 lor APQ_FP() 
A K.HI.or f'Ra()(l ~'I, acl<l•tl0'151 IOr PAl 

LASER 
TONE 

KITS 
TO NER KIT 80 -11' 5397·09 

62~ 
•OPC KITS MCALL" 

-~- Del~w~~;~J~ 

D·l~etf 0t.1 enoma 1·800·654  40.58 
~ P' O to1 •r• M1to&MrJ ta rXliOI 

Oflntcft0t1 •• "°' .,,,. ... J?,., ... "'"• - Neva.cla 1·800· 21 ·6221 

51'4 
Double 

Side 

o~h~nv 

2 Boxes 5 Boxes OBoxes 

• 525 510 

g25 895 au 
2 Boxes 5 Boxes 10 Boxes 

rMF21350 12~ 12@ 
32 ~!.359li35~3395 
_.,. _ Oe l t,wgt,J;~J~ 

D·~ ft Ot.taho<Tia 1·800·654-4058I 111:8 "'  ""· . ........... ....,.
01\.,6-+l·",. /llevude 1·800· 621·6221 .~ecl i\..Jll ltO IOI( ltnt. L.M\PIGA6. lf'f' 11t11J 

TELEX#4933362--FA #-105 495 4598 

M 1n1 mum o rder $200...9 "No Surcharoe on Visa 
MasterCa rd· COD orders add $3Q9' Sur face 
Sh•PP. 1ng UPS add S3@ per 100 for 3h "or 51.( 

ad<! .$ 4@ per tOO for s· U S. Ma i l oolivery add 
9\' "Pnces sub1 ec1 to change w 11hour Not ice" 
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AVPllM'w 
$295 
For IBM·PC"s&com· 
pa11bles. menu-dnven 
AVPROM programs 
EPAOMs up o 8x 
1as1e1 han serially· 
connec1ed uni ts {20 
sec lor 2764) 

• 4· aM tG soc el 
gano '1!rsions 100 
ca.ii 10< proc:es 

For complele 
specs, rree 32 PIJ . 
di!Yeh)DrTIEnl tool 
CJlalog. call 

or 207·236  9055 

Tiit fllXt vers.ill 1n<1 oe<s1 swndlng sllOIC'h proclua ~ 
llndtl ~0001 ThD unazing '""" ™"' p<ovtcla lorMO
so-11 H as PC M "'4·AOl'CM speKlt and mu>lc repr11
dllCllOfl . eom.s wtlh .. Th ng " 01A c:on..n1< Ula! lllaCl!ou to llie 
parallel print• poo •·~ llie computt<- IOeal '°'Laptops. Wll 
no4 lnter1et • wf1ll rlOfrnal p<lnltr op«1tlon . Also COl'1'\tS w11111ualo 
amptl1ilf / spea.kt< IM pow911daplet . Softwlre lndude• two ad
vanced t1xMo-speech piogr>111S. diglllltd SjJOOCh And musk: 
hies. tull sc:non w1velorm odltOI , ""'ping lllllllc: krytloirO. 
special tlleru mhdng board , ond d"-5 SO ,.,.. WI add Sl)Meh 
.,,., ,,.,.,., 1tloc:ts IOl>f"ll'""s wrlt1tn In BASIC , c. P~L. anCl 
olllors. ll'dudeo 34p.1ge1111nllll. Sl'UCH THINll-571.H . 

DIGITIZER-only $89.91 

Tut V.. littll• PC Dlglllul ls 11ull 8-blt PCM ..npltr boifd . 
Fits 111 any IVilliblt slot. Up to 15.000 umples pet l«Ond . 
Input pre-Mnp ha •ul~k II"• r.ootrol llld 4 .5 Kh.l low pass 
lllttt lneludlt • qlllllty lll;adset rnlcloplllllle . So1lwlre lnclllCllO 
lor r1CO<dlng ano oamr.o sooroo mes IOI playback LhrOlllOI 
lpeecb TIIJAo. AISO lncl!IOH I rtaMlml spec1rum display and 
osdloscopl dispi,y .U wtl1 .U tuembly lq VI IOOf OIJ lisl· 
Ing• ror wrltlng '°"'own d11vtn. BONUS: YolCI recovnllloo pro
QfJl!l lllclu<*l wNdl li ClbOl4 .ta VI lntttnJPI ~. Otmon· 
stration p<ogfJl!l wrlnlln ~n GWllASIC. \IOI~ llAff£11 l'C 
0181'1~-JIU~ . 

VOICE RECOGNITION-
only $tt9.95 

A pllot/ptlloml&llc:t !)lllk·U\fO\JQ'M EQ!l;ll in~ 10 
o111« sysit1111 costlno hUildrtcU more $$$. lllt 1111Ulng \llicil 
1&111M' Key p!OQJllTl a<ldt -olCt rtcognl!Jon 10 just 1b0Ut u.y pro
Ql'llm or 1ppllcltlon YO\J can YOlee comnwid up tc 25ei Qyl>Oard 
fT\ICl'OS . Ful ly TSA an<! oa:uplts kw Ulan fl.UC 1nst111t response 
llfTMI and rllgh r11COQ nltlOO ~urxy . ~ and ivn IO uu-~ 
cornpoi.s or tdllors 111qulr9d. Vl\llks wl1h CAD. desklop puDllSll · 
Ing , -d protn!IOf. wrea11 sbll!. IY9n olhlf TSA progrws . A 
11111• pnduct!'Yftl Hlllftctr . Vlicl l&Htef K.., WI SO be 
u lled lrorn wllhln a progr11n kl< l<lding voe. r11100gn1Uon to 
cullom appllU!ions. \lllce IllHiit Key rtQutres th• \lllce lll•sttt 
l'C lllll!Z• tor CJl*&lkln. (PINse 11011: "*' ••sttt Kty Inoc 
replace lM keybOard or moose excepc under cenain Ckcurn
51anOH . Noc to be conruseo wltll !tit otlh unavililaDle " VO!c:4 
iyp.wnter. '") 'IOICf MAST£~ KEY-$41 .115. 

IONUS OfHlll Buy Y*e l!lui. Krr wllh l't llitllZ.tl IOI only 
SIZ'll.H - yo.uvt SIO ' 
IITTD IONUS OFFERI Buy 111 th<M ' Spoocl Tllift11 , l'C 11191
llrw, ano Y- •uttt Key l0< only 11&11.H -you smo s201 
All OF TtlESE PRODUCTS ARE Of PffOHSSIOHAl QUALITY 


011.0ER HOTUNE: (503) :WMm 

Monday- Friday, 8 AM lo 5 PM Pacific Time 


Add s~ '°' sMwlno i.nd ri.nd~no on au 0<c1ets Add an a<ld11lonal

SJ'°' 2nd dayclellw<y. .lit goods shlwed UPS. M4ste< ~<d and 

VISA. tnOlley Olele<. Ulllitts ctltc Ot pe<SOftll Chttl<J accepl9d 

(llllow 13 -k s~lpplllg dlily when~ ng by perswi Cllttk). 

~tlgn lnqu~lts ~UICI eovc.. IOI C&f ptlCI QllOIH. Specity 

«wll!JUtlf type wl\4n O<de<lllQ. JO DAY MO EY BACIC l;U.lRAH· 

TEE IF NOT COMPLET ELY SATISFIED. ~E YW WARRANTY 


ON@AAJIO'WARE. ~ • ..... 1tr :llEI ....Kt Cllollt . 

CO\'OX INC. 11~0 co11m n. 
EUllE! f , OllHON 17llt U.l .A. 

TEL: ~Mm F"1 : llCIW4t-\ZU 
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AVt>CET 
SYSTEMS . I 'C

120 Union St . Rockport . ME 04856 


DG21 • H-1!0< ~Ill 1"0. 10 .\!Ill Kl\\ S9~ 
.YllOO • g dl>Md ll ·blt (pl.....) llll'l!Jlllrqt AD
~k~of I. 10. & 100 111-7. Ulpll ml. 
<llgluJ Imes U59 
ADIOO • :iinglt ch.onnd 1mloo n( ~ •1111 10 ~!>I 
m Sh9 
ADlW • 'I <Nnnd. 1ll .S, I!-l>il ,\ V lmrd Ul9 
>\D,'JQO • ~ dlanorl. I I ..s. ·WI~ D. >Ind< D ' · I~ m 
l•O W.O no Mltl 811$) UJ9 
IM600 • f1<l ~ dlW 1!-b11 0.IL $ 169 

POlOO • "'°""lJ>e'd<-""""""' ""'3,j ••di iddtr<S d«O<lot. 
~. 100.- -~Pl*".,...,.. $99 
XMQ • E>.1'rnll COM«11ooiprokll)pr bmnl •'llh C2bl< S19 
"'1 "°"1dJ I~ li• \N; /'=al. <:; aNI Fo'1b am..,, 
JO da] "''""' I ""7 """""'1 CtJil for .Rt:d 'l'orld 

'""""''"'""ffi'""""" ""'"' Real Time Devices, Inc. 
P .O. Box s.O& State Cotle9e, PA 1ea<M 

(814) 234-8087 

Circle 281 on /Uader Service Card 

PANASONIC LSSOOO 
$2495 · 200 MB 

OPTICAL MEDIA 
For IBM & Panasonic Optical 

Drlvas · 52 
We carry a full line of 

51/4" & 12" Op1ical Drives 

SKAN TEKNOLOGIES, INC. 
<Jptical .ftorugt' systems 

(212) XfJQ-5.570 (51t'>)l95-22.i7 

9-Track Tape Subsystem 
for the IBM PC/ XTI AT 

Now vou can exchange data files between 
your IBM PC and an y mainframe or mini
co mputer u ing IBM compatible 1600 or 
6250 BPI 'Y· Tra ck tape. System can a.lso be 
used fo r d is k backup. Transfer rate is up 
to 4 magabvtes per minu te on resand 
compatibles. Subsys1ems include T' or !OW' 
streamin_g tape drive. tape coupler card 
and DOS compalible software. Fo r mo re 
lnformation. cal l us todoy! 

0URLSTRR; 
9621 Irondale Aw.. Chat won h. CA 9Ul1 

Telephone : (818) 682-5822 

Circle 271 on Rtader SenoU:e Carri 

... 

• . . u l your commo~d 
\1 ou tirr S"'ilch b sophl s: tl roa EC'd >"''""Ible". ~'"era I 
rnmpu4(rl.can ao;~ cu~e: ::.nolhtt<lr it'uuc prrntet:!i 
::mt! mr.Ml~m.1i.. lJ~ s.en::il or p~ri.ltt l in1crfJ~ up 
w nmc porn•. ~ buffer L~ clip;md:sblc up w uRC 
nt cgah-~1c . Ac<'es...' a JOb control menu fro rn e.Jch 
..:-nmpu1er lo \ l C""" Eh c: 4ucut: ot c.1nul, ht)lt.l. ;)flJ 

tclc.;.i..,<.· ;oh'I;. ~fan)' ot hc:r (e.a !ure' 

\LH El'r'd YJfl.,.,.ttc .tllo .... , rompu1t:r nc L'AlHl.ing 
;;md erearomc m;11f Glpiltlllil•C:"' fo r re\, 

0 1h" r "So lut ltm' rrum RO.~f: 

• Printer $h...1r111~ • Mul11p•e:..ct.., 
• l'r-01CKol Comc r"1on • ~ 1 {}(jeffi1. 
• Buffeun,ti. • .\1 a.nuJI S""' 1rchC' "" 
• Mlcru w m:111nft.~mc • CJibk~ 

!~J~ifr~~;'!a:;:1;~r.;;!';l;,v<~;;r;:::~"'~t 
Dnkf n .d Ut..\.1 W.q111lrior1 lltt •-c:ioolllot. 

~}ROSE ·• .....,.,, ....... ""'" 
~~~ HfCTRONIC S 0 11 100 ""'°" 713 t JJ 7673 

Cirde 287 on &Olkr Stnice Cam 
(DEALERS: 288) 

Power Software 
Batcom - Be.tch file comp iler eom
pilea your ". ba.t" file" to ".exe'' fllee to 
ma.kc them rMtcr, m o re profeasional , 
and more capable. S49.9l> . 
REDCacbe - speeds ha.rd disk4 by 
up to 7 times Md floppy disk• by up 
t o 55 times. L IM EMS supported . 
$39.95. 
Spool - a.!lowa you to w.e your com. 
puter while your printer prints long 
document•. L IM EMS suppo rted . 
$39.95. 
RED Utilities - Conte.ins the thrc" 
progr,.ma above pl u6 protoct ion from 
ncc idcn tlll h11.rd diak formatting , Mirtcd 
directories, t e xt searching, DOS wild 
c ar<! exceptions , and much more. For 
IBM PC. S79.95. 

Check , COO, Viaa, MIUiterCard . 


/- "\. Wenham Sot\wore Co. 
l • l 5 Burley St. 
'\,_/Wenham, Me. 01984 
(!108)-774-7036 FREE cat,.log. 
D ealer inquirie1 in~ited . 

Circle 359 on !Uader Service CardCircU 304 on Reader SeT11ice Card 
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With the A-BUS you can plug your PC (IBM. Apple. 
TRS-80) into a future of exciting new app lications in the fie lds 
of control , monitoring. automation. sensing, robotics. etc. 

The Amazing A·BUS 
Plug into the future 

Alpha 's modular A-BUS offers a proven method to buiId your 
"custom" system today. Tomorrow. when you are ready to take 
another step, you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal, 
and no knowledge of electronics is required! 

An A-BUS system consists of the A-BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A-BUS Motherboard for 
expansion up to 25 ca rds in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 

board drivers 1350mAl 1orsmall s1eppers (MO· t03i Send ror SC·l 49 llyer 
Remote Control Keypad Option RC ·1 21 : S49Relay Card RE-140: s1 29 
To control the 4 molors d11ectly and "teach.. sequences of motionsincludes e19ht 1Must11a1 relays. !3 arnp con tacts SPST) 1nd1v1dua11y 
Power Driver Board Option PD-123: S89comrolled and latched B lE D's show status Easy lo use (OUT or PO Kt 1n 
Boost conlroller drrve 10 5 amos per ohase ~C>I 1•10 motors (el<) H drivers)BASIC) Card address rs 1umper selectable 
Breakout Board Opt ion 66·1 22: S1 9 

Reed Relay Card RE ·156: $99 For easy cont\eetroo or 2 motors 3 It C,1ble ends w11h screw 1ermrnal ooord 
Same features as above.oot uses 8 Aetd Relays to swi tch low level signals Stepper Motor Driver sT"143: s19120m A max) Use as a channel serwor solid state relay dnver. ere 

Steo1w motors are the uU1ma1e n rro11on control The SP€(1a1 pac aqe
Analog Input Card AD-142 : s129 lbelowl includes every1h11111 you need lo qe t larr1lrar with them Each card 

E19n t analog 1noots 0 to +5V ra~e canbe expanded 10 100V by adding a drives l~ steooe• motors (l 2V b1direct1ona1 4 phase JSOmA per ohasel 
resistor 8 bit resolu tion (20mV} Conversion trme 120us Perlett to Special Package: 2motors iM0·103) +ST·143 PA·161 : S99 
measure voltage temperature l1ghr levels.oressure. etc Very easy to use Stepper Motors M0-103: s1sor4forS39 

12 Bit AID Converter AN-146: s139 Pancake type, 2'" · d1a •1, .. shaft 7 5 lsleo 4 phase btd1rec1rooal 300 
This aJ1alog to digital C(Jnverter 1saccura te 10 025% Input range 1s -4V to steolsec t 2V. 36 ohm b1001ar 501·1n tCl'Que same as Airoa~ K82701 ·P2 
+4V ResolutJoff t m1H1volt The on t>oard ampllher boosts s1qnals up to 50 
11mes to read microvol ts Convers1on 1ime Is t 30ms Ideal for Ihermocouple Current Developments 
strain gauge etc t ch,;mnel (Exl)afld to 8 channels using the RE· I 56 card) tntelhgent Voice Synthesizer. I aBit Allalog to D1~11a1 corwerter 4 Channel 

Dlgital 10 Analog convener eounrer Timer Voice Recoqn1tion 

RE·\40 

AD· t4 2 

An A- BUS system w ith two Motherboards 
A·BUS ldlPIU !IBM) I n ror9i1 rOund 

About the A-BUS: 
• All the A·BUS c.ards are verv e.asy to use With any language Ihat can 
read C>I write 10 a P0<t or Memory In BASIC. use INP and OUT lor PEEK and 
POKE Wllh Apples and Tandy Color Compu1ersl 
• Tnevarea11 compa11t>le wrthea<:ho1ner Youcanmixalldmatchupto25 
cards to 111 your apphcatmn Card addresses are easily set with 1umpers 
• A· BUS c-ards are sh1ppe<! with power supplies (except P0-123) and 
tkltailed manuals (including schemafl cs and programming eumoles) 

Digital Input Card 1N-141 : ssg 
The eight mputs are op1ically isolated wi t's safe and easy 10 C(Jnnec l any A-BUS Adapters for: 

IBM PC XT. AT aod comoa11bhlS Uses 1~ s"<!rt slol 

COrTlllUler To read lhe eight 1npUtS. simply use BASIC I ? (O< PEEKI 
"on/olf" devices. such as swi tches. therrt1<)51ats. alarm IOO!JS, etc to your 

Tandy1000. 1000 EX&SX. 1200.3000 U<...,1nes1io<1sio1 
A[tple II II+. lie Uses 3M <lot 

24 Line TTL 1/0 0G-14s: ss5 TRS·SO Model l 02 200 PluQ' "''° 40 om ·snt""1 bus" 
D.lnnetl 24 uwt or oulDUt signals (swi tches OI' any TIL dev1cel 10 your Model I 00 Use< 40 01nsodo.et 15-0<ktllsd\ro •c• iecton adao1t" 
compuler The card can be set lor mput. latched output. st robed output 
Sllobed 1npu1. and/or bid1rec1iooal s1r00ed 1/0 Uses the B255A chip 

Clock with Alarm cL-144: ss9 
Powerful clock/calefldar with battery backup le< Time. Date and Alarm 
selling (trme aoo date); t>uilt in alarm relay. loo and buzzer: um1119 to t /100 
second Easy to use ikc1mal lormat. Uth1um baUery included 

Touch Tone® Decoder PH -145: s19 
Each tone is convened into a numt>er which is stOl'e<! ()11 lhe board Simply 
read tne number with l f'IP or POKE Use for remote control profl!Cls. etc 

A-BUS Prototyping Card PR -1s2:s1s 
3'h by 4'h in with power and grouoo bus Fils up 10 10 I C.s 

year. 50000 customers in over 60 countries). 
The complete set of A-BUS User's Manuals is available for $10. 

Smart Stepper Controller sc-149: s299 
World's l1nesl steooer controller On board m1croorocessor controls 4 
<rotors s1mu llaneously Incredibly r1 acceols ola1n En91ish commands li ke 
"Move arm 10 2 inches lell" Many comp le• seauences can be delrne<l as 
"macros" and Sl0te<l 1n the M llOard rnemo•v For each a<is voocan con rQl 
c001dinate (relative or aos04utel ramoinq soeed s eo 1ype lllall lull wavel 
scale factor units hold1n~ oower. etc any 1npu s S 1im11 & · wa11 until" 

ST· l4 3 switches oanic buttoo etc Dn 1he fly reoortmq ol oos1t1on sp.ee~ etc On 

IN ·I ~ t TRS·80MCXl3.4.40 F1slQornMffi1th •dd•s< useV·r..1t.«1 
TRS·SO MOC!el4P lnc:tu:l'3i'Xlratatile ISOomtm.,rec~Sl'dl 
TRS-80 Model I Plujjs 1110 40 D<n 1:0 rm ori KS or E!I 

ColOI' Compu ters fTandyl Flis RO M s1o1 lh[l;!< 01 V-ratl• 

A·BUS Cable (3 ft , so cond.) CA·163 : s24 
Connec ts lhe A·BUS adavter to ooe A·BUS card or to :11st Motherboard 
Spec lat cable for two A·BUS cards: CA·162 : $34 

A-BUS Motherboard MB-1 20: s99 
Eacn M<ltlt.erboard tlolds live A·BUS ca•ds A s1x tn connec tC>1 allows a 
secooo MotherllQard to be added to ttie 111s lw1 th conn<!<:t1nq c~ble CA· 
16 1 S12) Up to five Mothe<bo~rds can be 101noo lh1s way 10 a srngle A· 
BUS adapter Sturdy alum•num ham~ and caid gu•c!es ••eluded 

AR· t33 Sfi9 
Ml·t 33 S69 
AA·134 $.49 
AR·136 S69 
AR· 135 $69 
AR·132 S49 
AR·137 S62 
AR·l31 S39 
AR· 138 $49 

Add ~3.00 pu order for •hipping. 
VIH, MC, cheek1, M.O. -lcome. TetM1c.'ll info (203) 656-1806 
CT & NY '611d•nta •dd H1•• t.u. ~ ALPHA fPLr@?@(lD©(]~ ~s.,~v 800 221-0916C.O.O. ldd '3.00 1inr1, 

Canada: 1hlppln9 11 $5 Cont\eCtlCUl order.;: (203) 348·9436 

Overae•• •dd 10% , ,,..,,.. r....,,.... , eom"""' 242- B West Avenue, Danen, CT 06820 Al l lines open weeMays 9 to 5 Eastern lime 
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PROMPT DELIVERY!!! 
SM'E 01\Y SHJPPI G ~ USUAllY f 
D-A~nr.,. ~ PRIC.ES Y-ONN "°' .,,., 1>., 1.... 

DYNAMIC RAM 
1 r9 85 ns S495.00 
1Mx1 100 ns 36.50 

2S11Kx1 60 ns 14.50 

SI MM 
1Mbll 
41256 
41256 
41256 
51256 
41256 
41256 
41264 

• 256 1 80 ns 13.75 
256Kx 1 100 ns 13.75 

• 2!>61<x1 100 ns 12.95 
256K.• 1 120 ns 12.75 
256K• I 150 ns 11.75 

+ 64K•• 120 ns 18.95 

27C1000 
27C512 
27256 
27128 

EPROM 
t28K>8 150 ns 
64K•8 200 ns 
32Kx8 250 ns 
r6Kx8 250 ns 

STATIC RAM 
" 43256L-I O 32Kx8 100 ns 

6264P-12 8Kx8 120 ns 

LQ onttutY MM-1...cam vtSA. CJI u...S. C>.S>1 

-..om"" Faclory Ne w, Prima Parta .11Poo 
~"'"':" MICl'IQPAOCESSORS U UMITCD, INC 
. ....... ~~'<~'';:.~ (918)267-4961
,,.,..., Pl..D• a No1t1lnltnu"'c.t0tt ....__..,. ____ ...,._.. 
~~·,,.,-::·-· .. ...... l{,.:-...._~- o....o · ......... .,.
•-ea-r ..... _..., .. ...,.__,..,.1_....,.."'9•........,~· --

,.. • ---.------~-.""'-fly0.. 9 U l..KI' 

Circle 219 on Readu Service Card 

Get the whole 
stmy on Uclllhics 

terminal elnUlation. 

Th fin d out more about software 
t.ha t let your PC emulate 
TEKTRO IX 4105/6/7/9 :ind 
DEC VTlOO'" tcnn i.nals, 
call or w rite: 

G~POlnT 

Circle 144 on Reader Service Card 

EPROM PROGRAMMER 

CROSS ASSEMBLERS 


MODEL 
SX151 

llS232C OR ST~O ALONE (;all models). C-Om
murn1;4t1on 111otocol Xl.IOOEM. HEX a~ 
81 . Pfllllram$ EEPROMS 2716 • 21~1 2 ana 
CMOS Proc.iw1is [w ~pte•! 25XX. 27101 
(&110 •llO\t!. 68701 68105. 6811).4 6. 87'1 '2 
97•• 81"89. 8i512 8155 87252 •ncl 
CMOS MQ<0 .v•il•bl• .aQn Model SXl~I 
S2U j~mDled ~·1 h me) Otlltr models 
aro aote from s..g lkll). 

Cniu uum~len by PuudoCode fQr 19"1 
P(;.s S3ii ll!O 1802, 0502 6800 I 2'3 5 8'9 
11 , 68000 10 8048'9. 8051'2 , llGllOS, 
8096. aJT(j 1Tiore soon 

KORE, Inc. 
6910 Patterson S.E. 
Caledonia. Ml 493 16 
(6 16) 791 -9333 

Circu I84 on Reader Service Card 

IMAGING CARD 

DV·Ol 
GRAYSCALE 
FRAME GRABBER 

Composi te video in/ou t 
256 x 240 reso lution 
Digitize/display at f ra-me s--~--peed

256 gray levels in 
16 Meg. color palette out 
PCIXT/AT compatib le 

849.00 Complete wilh sollware 

V ISA/MC [lj)mo 01 l< ava~lable ~- • • .


ControlVision v.·,. 
P.O. Box 596. Pit tsburg. KS 68 762 
(316)231-6647 

Circle 82 on Reader Senice Card 

PDK51 


Th• 16911 SofuUon ro 8051 

Producr Developmenr 


The PDK51 19 • IX""'lrlul and eoonomlcal 
ci>Olu for the cl8Wlopnw1n1 oC 8051-ou.d 
ayotema_ The POK51 19 used wtlh .,, IBM-PC °' 
1QUlvalent and looludel· 

• $1 BEC-11 ll062 E!.uJc MICrocomttlllar 
• SXAS I Cross Assembler 
• ROM-aued Monllot/Oebugger 
• PROM Programmer 
• Poootr Supplies 
• Oocumantalloo, Tutorial and More 

Call Now/ (603) 469-3232 
rlli!Binary Technology , Inc. 
~Mlln St.. P O. Box 67. """'°""- NH 03770 

g.,,,.n....alld~ 

0..- I 000 Harl>-»-" 
l~lll"etnaSottwt:st 

....... Cl'~ 

lnW..ZIDTeclVlllCal 

PC-. 

• R!i :ll2_.:.EE ..._,..,._,_...,_. 
• t..~IS.--,;o 

'"-C-... 
- ~~. 

~!lla2W&l!IOlll 

' '-........... 
• 'MH/A.t'.I 
.. °'oU~llllY..(l\»4l 

· ·""1~a.....~.... 
.,.,.~s,~ 

• 0&.l-DgllglS'I 

• PC8'AE•~O
• .Wl.ldt..._ 

AHow'Dt~trw 

~ .. 'fOl.IM>«lt\l~!N 

6ES r ptOdUCtl "°'" ino- llfOftl • 
~PC ta-o.rar1t 11N1 
~~.nsolr 

IUm i...:f')' ._..r.em d,illOnll ~1 

,,... l fOti~ 

Tot Froo !-4otllne "°" .appkAliO'l 
llWl.M\Of •nd ~....,.,..-ir ON! 
cop ShOpptnljl ~t Cl~fttv'lt 
Pf'C l~ Sati.51adl0'! 
c...-...d 

Circle 87 on Reader Service Card 

Motion Control & 
Data Acquisition 

Smart 2 AJ< la Mollon Controller: Fot many 1ypes of 
mot~ & encoders New I C (lrom HP) allOWS 
~~A~~n~~~~n°t we fty_ Opbcally isolated 

Four Axis Stepper Driwr: Wrth SOFTWARE & ~ 

for instan1 auloma1100 $95 

Faat AID Boord: W11h programmed gain. 650 l<':!.b 

~!$, S220 Corn~lelO Seo~ hardware so~ I· 


1c1ocf ~~~:;.,:fo~1r:1;o~e°:~:;aJ Tim<i 

How do you do ii? Uso our Local Appl1eation• 
Bus. LAB 40. One host od4ple< ($1 SOI su"ggr11 
~~n~ds. like lhOSe aboYe. on a 

PINaecall t415) 755-1978 lorlrM llterature. 

( omputer,~tinuum 
,~" f41Sl7SS.1!118 

75' Soulh911e Ave . S.ul11 6 TC'IH J727-'lft 
0.>ly City. CA 940\5 N~ghl Modrl'm (4\S.. TSS..152'' 

Circle 391 on Reader &nril;e Card 

HARD DISK CONTROLLERS 
AOAPTEC 
PC/XT Comr!;;llllO!f Sl~" '' 
2070 PCJ)(T IC 506>.t. 12 Rl l 
2071 PCXT lo STSOG RLL 11 drlYO) 
2012 PCiJCT Rll 
23'Q PCIXT to ST506 All 
~SCSI lo T.ape 0 ;1 C 36 
4000 SCSI 10 s 5()6.L4l2 
4COOA SCSI"' S1506Ml2 
<010 SCS' 10 ST50(>•12 ALL 
.ts.20 SCSt 10 ESOI 
S.S.00 SCSI 10 ST506J.412 
SSOO SC SI lo SM D 
XEBEC 
S1 .. 10 SASt C~o04101 
$1-42'0 ~1 to!>'• i:ioopy ,, H.arCI Oa~ Con"r t 

Ac»oe U I • II[ hMl "-Oaol.

0THERS 
OTC 5'0A SA.Sr conlro/"" 
OTC 511J7 AT IQ 51506/412. No FIOWy 
Kon<Jn OJ 210 J•.,. $.A.SI !o S1S0614,2 
1~1.a ·OciOfteJ 

\."10 100? s 0 XoOec Camo,ll ib'o SA.SI Conlroner 
5" 

S109 
$119"t'nit.ot n 0t91ta 1003WAH 

),•a.nua1. 
Ca~A.aiUlb~ 

H1td On"°• ~0-380 MB 

$8 Meh 
ib-. to« l>rc1~ 

Call 

Circle 79 on Reader Service Card 

Circt~ 179 on Reader Service Card 



O. lllS PS/810 2 M•g., 35 lonls , Pos:llttlpl8 ~ GS . .. ... .......... ...... 3879 

Appia ~nr Wrltt91 II ........... . .... ... .......... . ..... .... .... .. ........ 1899 
 P~'s. Wotmalion CMrtitr a tho porf..::I IQol lgr any e.o:ecutNe who IS 

Tens lnillU:menlS 2115Poststrlpl15 Pill - ..... .. ... . .. .. .. ... . .. ... . &426 ~ sboul ef'f1Qan1 la!I Oii tm&. lncot1)0'~t«l l'\a :srnglo :sloe9; ondQsulo is 

a two """ 151p9alc8'1)hone ·""11"1 a;in!monui f;.al~ llftd 100 ~ au1CdalOuad ra mOuadluer with 5 mtmallylea ... ... ....... .... ..... ..... ...... zgg5 

~~~BAJ 001 MSIOOS hletl 'M Iha Mii ttlfYl.wwt 1200 bk.cl 

---...-,, COnno<b lo""'' host""""""" Jo<,ja WI And"""''' yourHllaelll 5eeur1ty p4$$'NOrd ~I With ono key stroke' PrBSS ~~I find lbCI lrdo-
ConlGI' i:sr-oaQytoautoreoer\'1' (~NJ&stoa 360Kfl7,1•d!P.ClrNe 
ln.Mtf1 tt'I@ ~anaho yot.- PC en:l V-OUf rOSWh WQril on lnlonnabO'l J"' t9C91Yed 
from ~'QlJr b<'8nch ~ 

CD-ROM 
Compaci T•ll ..,,,.... Connoo IQ Wo~ Un.on .,-.a yo,fr40 r66r.'.Jy ao 
lransm:t. feo&fw'>e and adJ Wcddwido Tolm ...nd TW)( ~ 

~ aJI lbs th& imoCeruer doub6foJ a a VT·lOO l"Wle inch iWT't>ef screen 1491 =~~~~~~~~ton:Compaci d1Sk IS a rela1r.1ely new med.um fOl storage or mad-only pnnto< pert, you're~ r.o OUlPUI Itorn SGt0$1"1. <Mk. modem 0t Ttile:ii 
d>gMI dala . Ooo 11>1'r10>1able clJSk "' capable or $toong o, er 500 Tmc me,,__,, pl'IOOO "'9. CIOC*-QI..- - """"'* """"'""" 
me<;1ebyte 01data on a d<sl< 1no same s.ze as an audio co. ~&:a'S1~!6:! low al tt'M> to.iti.rn yw Cifl e...:pect rrom ine PanasoNc 
The COA-3500 will rnslall 1n a PC In JM spaG<! ol 0<1e 5y, ' dnve. 
~ A'fllloDlt: Sony SIG on<oroaJ $539, One""'10loopaoo"""'""""-'"....i1-1or s10 ""''"".tj>plio<l~sm

Am:lel< UISOJtlrMt/1 >ys:om $Bill, IMllCN COR-1503$V'i e>'t<)r...,. "'"'ISM purchasopt'JOI!
hQsl tad..,1cr llllOMSo.tt OOSS899_ P~WOAMdr'l'Ya $ 189§

$11mma1rat/ll11 
DIGITIZER 

11191n&xpenslve way 10 save and res1ore r1re.. 1n the evem that your 

Ca!i-t=orniaDigital 
17700Figueroa Street • Carso alifornia90248 

Ideal Jew CAO IC>M """Oeok Too ~ """""""" The Floi.,., 
C0/ 240 CClol' mcn!Of has 11110!d.Jbon ol 720 puob by -400 hnos on t:i l 1mm 
00! pa<l'I t z· """ijl;n ,.,-000 VGA ""'°11cabonl n 10>1 modo EGA 1n 

~=~ and c8l'd padCag.N t8'al .al (NIM" 5'00L5 CaMom4a 
°'91al has made 8 speoN ~and d Ltt:le 1c dim lf'la C0/2~ and , l:? 
COiumn VGA/l:GA qr-opn.; C8ld la only S38i 

20''Analog Co/01 
1!1MS 

1619 

-
40M11_. T1p1
Baik-up 

EYer try g~.a~ or 5~ 
denC5. around a 12 ~ rnotlit0t' Thd 20 
lndl analog Rae - " lhe ldlMl 
50\Jtlon. tfligh SO'oon l'8SOftmon ol 1200 
pblels by 950 linn iJJloiw o:.ua tin& oet.\11 
~I IP'lc dot$ lc:ddrq like ooff' l)ftfk. 
Z56 C-. ..-.! VGA corvaot>o
Su'" nil• oriQn.:ilfy ~ 'af' over 
52000. Only 350 .....,,_ 

1219._ 
Hnd Crull, Power Spl k<11 or IU1-t poor dl&k ma1n1ono11tt .•. 
Oon't IOOSe dala because you d1dn'I back L4l- The All/40 IS an 

PC Magazine has Clloscn tile NEC-690 besl laser printe• 01Iha 
year . (Jail, 12. 1986) And its obvious why... the pnnt&!IS Post· 
s.onpl. HewleNPoc!<ard, aM Apple compabble, and comes stan
dard Wllh lhre<! ffiQSl!tfy'16S ol memory. The S.90 a<:ceplS dala from 
parallel. senaJ and Apple-Talk oo\lfcos. 
NEC has aloo 1nc0<p0re1ed 40 bo1lJ·l n roru along w11h two ~aper 
!rays mlo tills lndus!tlal Qualify laser pr.nter. 

Hewlett Padal rd Loser II , 8 pages p!t mlnub! . . ..................... S16511 

01lwl r CDlllOM 

da1a ~as been ciotroyoo . The S~mmagraphic3 Bil Pad is a l 2 by 12 lnct> high resolu1JOO 

This 40 mega.by1e hall he.ght tape back•• manu1ac1ured t>f North d~llJ.ter tha1 eas1Jy connects tc the senaJ port ~ your compu1er. 

Americas larges! producer ol da1a r1>tfleva1 equopment lncludad four llunoo ""''"" wilh crossl1alr s.ghlS ;s KlOal IO! tracing. 


o need 10 purchase a separale lapa coolioller .. ll'lc ALU40 digit121ng and menu 8'll<lct1r>g 

altacl1es directly to your CXlsting lloppy d•Sl< COl'ltroll"'. Sl41Plted Whole supjl!Jes la.st. Ca/ofa<noa 0!91taJ is ottering 1h;s $595 Sum· 

software allows your computer to bad< '-" BllY Orne Da1 or magr8;Jl1ocs Elli Pad dig1t1Zer 10< only S219. 


=~:·d~o:~n.:i.:::-~~.;:~h~=Sd~l;."~~~;l-0 
Back_ up _eol1re- hard_"'""_·mod-1l1ed-!iles -only, _onw-r.1en-ame.-Loss nHl#,1/t""I","' ...''#$..1 >~9.J 40 ..a.,1.8/Jyle Ua-~ "r.TaL u:.71of dataisinevi tablebut whenyouarebaci<eduponan ALL/401ts .,~ "'~' ., no1ll Vi •If ftll 
no! a calasllOIJlle 

-

~~~d~vi.~~t~~~~~~~:'~tts''91 
TEC501 V. height sgl.slde 
TANDON 10114 full ht. 96 TPI. 
FU.JITSU 5'1•" half height 
MITSUBISHI new 501 half ht. 
MITSUBISHI 504A AT comp. 
TEAC FD55BV half height 
TEAC FD55FV 96 TPI, hall ht.. 
TEAC FD55GF tor IBM AT 
PANASONIC 45.5 Ha lf Height 
PANASONIC 475 1.2 Meg./96 
Switching power s.,ppty 
Dual enclo s ure for 5'1•" drives 

OneTwo Ten 

49 39 35 
99 89 79 
GS G3 57 

119 109 105 
149 139 135 

89 ~ 79 
1 19 109 105 
109 105 99 
109 99 89 
119 115 109 

49 
59 

3 'h" DISK DRIVES 
SONYMP-53W720KJ8yte 129 125 119 
SONY MP·73W, 2 Meg. 159 149 c a ll 
TEAC 35FN 720 K/Byte 129 119 11 S 
TEAC 35HN/30, 2 Me g. 1 59 149 145 
5 '1•" form f a ctor k i t 20 

8 " DISK DRIVES 
QUME842.double s i ded 189 179 175 
QUME841 s lngle s lded 119 109 99 
SHUGAAT851Adbl. s lded 319 309 299 
REMEXRFD400<ldbl. sided 189 179 165 
OLIVETTl851 189 179 165 

Hn#llH/89
Compllllt 

'119 

all tor only S397. 
The kit Includes the a 40 mil· 
llsecond Miniscrioo 3650 drive 
and a half slot Wttstern Digital 
controller. 

Flve l.ncll Wl nchsler Disk Oriwn 
Pike doa ..ot ' "'rN 1wnn.ltf. udl rwo+ 

SEAGATE 225 20Mev . y, HI. 239 2U 
• SEAGAT£ Z38 30 Meg . RLL 1$9 2'9 

SEA GATE 2511151 M. 28mS. 459 us 
SEAGATE 4096 96 M. 3SmS. 659 639 
MIHISC Rl8E842S 25 M 6Srns239 227 
MJHISC RISE3656 SCM 61ms. 419 399 
MINISCR IBE 6085 90 meg. 795 779 
MINISCRIBE305325 ms. Y? bl.459 439 
FUJITSU 2242 5.$ M.35mS. 1299 1129 
FUJITSU 2243 86 M.35mS. 1595 1619 
RODIME R0·204E 53 Me~ . 895 ll59 
MAXTO R XT11 40 140 Me g. 1595 1~0 
MAXTOR lITT190 192 Meo. 191 9 1875 
TOS HI SA Mll5670 M. 30mS.1289 1129 
CO NIBOLDAT AWRE N"Y" ea ll 

• Wlne~aster Conttolle" 161 IBM/PC • 
XE 9£C 1220 with lloppy cootroller 1 ~9 
OTC 515DCX 119 
OMTI S527 ALL contsoller 9~ 
ADAflTEC 1070 RLL contrnll•r ~ 
ADAPT£C Z372A 111 lntertear 159 
WESTE RN DIGITAL W0/1002WX2 S9 
WESTI:RHOIG ITAL 1003WAHorWA2139 
WESTERN DIGITAL 10071W"2 ESDI Z39 
e SCSl/SASI WI n"1t~ter Controllers e 

XfBEC 1410A 5 ~· ·· lool prlnl 139 
WESTER NDIG ITAL 1002-05 E5Y<'" 2Z9 
OMTI 20L i9 

• Wlnc~ester ActNsorlH • 
Dual llOPP'I' enc . ••d powol'lopply 59 
Wlm:hoster ~nclosure and SllPPIY 139 
Switching power $upply 49 

Every year sJnce 1973,customers lrorn virtually every nation fn tile free 
World havechosen California Digital for lheir dataprocessing requirements. 
II lb computer, C.lllomlaDlgllal hH tl .. com~ele minisys1em or jusl one 
microchip. Calilomia Digital offers over 10.000 unique oompuler products. 
Regardless of how specialized your date processing requirements... I!~!!!~~~~~~~ 
California Digilal Is your one stop shopping solution. 

http:llllOMSo.tt
http:to.iti.rn
http:r66r.'.Jy


CD/I/PAIT
386/20 compa tible 

SIMM 1 Mb x 9/JBM, 1 OOns s 550.00 call. 
SIMM1Mbx8/APPL, 120ns 450.004146464k x 4,1 20ns call. 

Memory
Expansion 
Modules 

SIMM256kx9/I BM, 120ns 130.004146464kx4,1 50ns call. 
SIMM256kx8/APPL,1 20ns 110.00 416464kx 1, 100ns 3.75 
1MBIT1Mbx1 , 1 OOns 38.00 416464k x 1, 120ns 3.35 
1MBIT 1Mb x1 , 120ns . 35.00 4164 64k x1, 150ns 2.95 
·s12ss 256k x1. 80ns . 13.95 441 616k x 4, 12ons 6.95 
*51258256k x1, 100ns 11.95 h ,....__,,,.._..........a---......._~ .95 

MEMORY LOSS? 

41256 25 k x 
412 
41 "'""' 
41 
4 1 2~ 
4125 
41256 

· -
, Mb x1ZIP, lOOns 
1 Mb x1 SOJ, 1 OOns 
1 Mb x 1 PLCC , 1OOns 
256k x 1 ZIP, 120ns 
256k x1 PLCC , 120ns 
256k x1 SOJ, 120ns 

+Dual Pait RAM, Video RAM 

Don 1feel like 1he Lone Ran~<. .. '"'1! are also 
sul1enng lrom loss ol memory ACP sells moro 
Memory UJl1lrade 1c ·s than other other mall e>rder 
supplier... Bu11. the present shor1age 1s dnvmo us 
up a waJll We can·t get th~m at the nghl pnce. but 
we are gettinQ them PLEASE BEAR WITH US...as 
Ille market pnce comes down. so will our price! 
Selling Chips? Call us, we're buying. 

41256 256k x1, 80ns 
41256 256k x 1, 1OOns 
41256 256k x 1, 120ns 
41256 256k x 1, 150ns 
+41264 64k x 4, 120ns 
+41264 64k x 4, 150ns 

~ 
12.95 
12.50 
10.95 
10.50 
19.95 
16.95 

•5t258's-sra/JC column RAM for Compaq 386 or cvmpt/Jle 
For Hlah Speed. ZIP. PLCC. More....Calf!! 

PROCESSORS 
80387·20 . 
80387·15 
80287·10 
80287-8 
80287·6 
8087-1(8 MH'zl . 
8087·2 (10 MHz) 
8087 (5 MHZ) . 
803!16·, 6/20 
60386-16 
80386-20 ... 
V-30 8 MHZ . , , 
V-20 10 MHz 
V·20 8 MHz . 

6800'0 SERIES 

$ 729. 
469. 
285. 
235. 
159. 
189. 
145. 
99. 

call . 
499. 
799. 

12.95 
12.95 
10.95 

608B-1 6.50 
STATIC RAMS 

62256-321o:8,120ns S14.95 
6264-8lcx8 ,150fls 9.95 
62C64 , 1 SOns ... 10.!15 
6116.2kx8.150ns . 7.95 
EPROMS 

27C101 128kx8 ,200ns 23.95 
27C101 1281o:8,250ns22.95 
27C512 641cx8.150ris 15.95 
27C512 64kx8. 200ns 14.95 
27512 200ns . , , 13.95 
27512 250ns . . 12.!!:i 
27C256 32kx8. 150ns 8.95 

27C256 32io:8, 200ns 5.95 
27256 150ns 8.95 
27256 200ns 5.!15 
27256 250ns . 5.50 
27C128 250ns 5.95 
27128A 16kx8, I SOns 8.95 
27126A 16kx8. 200ns 5.75 
27128A 16kx8, 250ns 4.95 
27C64 81oi8 . 150ns 5.95 
27C64 8Joi8 . 200ns 4.95 
2764 1SOns S, 95 
2764 200lls 4.95 
2764 250ns 3.95 
2732A 250ns 4.95 
2732.A 21V 200ns . 5.95 

-7220 s 8.95 
80C3l 5.95 
80C35 3.95 
8035 2.39 
8039 2.49 
8049 1.95 
80C85A 3.95 
8085A 2.95 
8086·2 5.95 
8086 4.95 
8083-1 6.50 

I 7400 SERIES LINEAR 

8008 5.95 8255A-2 
81C55 4.95 6255A·S 
8155·2 3.95 8259A 
8155 2.95 8259C-5 
8203 14.!15 8279-5 
821 4 3.95 8283 
8226 2.95 8284A 
8237A-5 4.50 8286 
82C51A 3.95 8287 
S251A 2.95 8288 
82C53·5 3.95 8748 
8253-5 295 8749 
82C55A·5 3.95 8755 

660001llMHz 
6ll010/&MHz 
6801D/ IOMHl 
6&02GI 12MHz 

m95 S8020116Ml'k S2•9~ 7400 . S IS i.74 s35 74 51 S65 ( "3(1!6 SI l'l LM506 SI <G l M 
1911$ IJ&l5() 49% 
39915 68881112MHz 179 95 

14995 688811 1$MH1 21995 

74F SERIES 
74FOO s 35 14f1~ s59 14F24J Sl.29 
l4f02 JS i4F 157 59 741'244 129 
Nf04 35 i4F158 , , 59 74f245 129 
14f08 35 74F160 59 74F251 79 
74F10 35 74F161 . 59 l4F258 79 
l4f11 35 l4fl63 59 14Fllll 2.89 
/4F20 JS l•F1 74 69 74F37J , 49 
74Fl2 . 3S 1<F1 7S 6ll 74F374 , 4~ 
7•1'64 49 74F181 199 74F3i'9 , 99 
74F74 49 74F189 299 74F39l 299 
74f86 49 7•F219 • gg 74F52 1 . 299 
74FIOO 49 l4Fl40 129 74F~ Z9'l 
74F 139 49 74PZ•1 129 74F~ 19'3 
74F151 59 

74HC SERIES 
l 4JICOO HS 74HCl2S S5() 74H{;114 s 65 
74HC02 2S 74HCl:l2 .50 741lC175 65 
74flC04 15 7tHCIJ3 5() 74HQ40 , 29 
74HC06 25 74HCIJ8 55 74HC244 129 
74H C09 .25 7•HC IJ9 ~ 7411(;245 1 29 
74.Ht lO 15 74HC148 75 74HCJ68 65 
74HC11 2S 74HCl51 65 74HC373 t.29 
74HC14 2S 74HCl!>J 6S 74HC374 129 
74HC20 15 74HCI~ 315 74HC<l020 gg 
l4HC32 2S 74H C157 65 74HC4t;W !19 
74HC7t .35 WIC161 65 74HC4066 11!1 
14HC&5 65 74HCl 66 I 15 14HC4075 89 
74HCl12 65 74HC17.l 65 74HC'078 I 49 

7"02 18 7475 l5 74158 
7~ IB 1476 35 74173 
7405 18 748S l5 74 174 
7406 3) 7~ l5 14175 
7407 35 7490 3S 14176 
74-06 25 7493 J5 14181 
1410 2S 74915 . l5 m89 
74U 35 14121 l5 7t19J 
7420 15 14123 45 14195 
l42t . 25 7412:) 45 74 198 
74'!1 " 

25 m.,.; 45 mz1 
7QI 25 14148 65 74173 
74)2 ~ 74150 120 14J6S 
74313 25 74 51 65 74366 
7~2 30 7415.J 65 7067 
7446 85 74154 1 20 7.i.168 
7,,.., 7 95 

ZBD SERIES 
ZIJOCPU 
Z!KICTC 
ZlKtlART 
ZllOPIO 
ZOOACPU 
Z80ACfC 
Zl!OAl'IO 

SI 49 Z80A5'010 
I .c9 Z80A5'011 
4 49 ZlllASI012 
I 49 ZBOAOAHT 
199 l.SOBCPU 
I 99 ZllO!lCfC 
111!1 ZSl8Pl(J 

65 
65 
.65 
65 
65 

... 175 
. 295 

65 
65 

165 
75 

I 75 
50 
50 
50 
50 

S4 95 
05 
495 
499 
299 
399 
399 

GAlC8'l I 19 LM i 15 t r.i 
CAJ.1113 119 m JO LM)911 
LF3'1N 1'9 L..,733 JO l "'l91' 
Lf~ I '9 L..,1'1 JO lt.Ql15 
LFJ!.6H I 99 L Ml</ 60 l ~! 16 
lf'"11 169 LMl'8 65 l ';! 41JI• 
LMJQo JO l"" • 1-'9 l """' 
l"'309< '00 L"l386 l29 l ""IJ!i 
L"'317K 195 LMIJJO 195 lM4" 
LM.ltn I r.i Ll.l lJ5() r<'S LMl5S5 
LMJla 115 L M I~ 195 LM/W; 
L'A.!1~ 95 LM1J/l 1<'5 tWOOJ 
Ll.IJ20f.u 611 LM1"°8L! 2 ~ LM7 74LS00 S 19 74lS125 545 
LM320K·U 11:. l M1.:.S 41J LM73><15 14LSll2 19 14LS!16 '9 
LM323K A IS LM!~ 60 LMll!HT1 l4lS03 19 14lS 38 45 
LM~ ~ l M1"3 60 l P.lllOJI! J iS l~L 19 74L~l39 •5 
LMllSD1 119 l M1M9 150 M ll 11'! 74LSOS 19 74LSl5J 'ti 
LMJJW2 11g l MlOOJ 15 MC3'!6 l\l!I 74LSQ8 19 74LSl!>I 129 
LM337H 21'1 l MZ106 315 "1 C3'1\J 1 99 74LS 19 7•lSIS7 40 
L •95 LMlltl I 1~ MCJ4SJ ~ /4LS10 19 7JLSl58 40 
LM &95 LM2111 215 "1 C3'!6 1ill l4l514 l5 74LS161 49 
~l· :O: 60 U.12200 1i5 M I 1 ill 74LS?I 28 74LS163 49 
l~ JOT I~ L"'1900 119 lt.'l!i<< ! 99 7Jl 25 74LS164 49 
LM.158 •I L,,.1!lll1 1 1g 1D•11ro ; I'! l• LSll 28 l4LS l65 49 

1l 169 LM2911 129 fDAll 5'13 l•LS-47 99 14LSlli6 99 
LM.380 95 Lt.l:m!i 119 llOl < '(6 74LSIJ 35 74LSl73 -:9 
UIJ86 9.1 Lt.l:m.t 199 111)!1 75 l 4L S/4 3!i l•LS 174 49i :llil11t·1;IJ;[i]&bfJJ.n;w Ll!QSJ 65 l.l.'"<lll'J 14'9 1Lllll1 f6 14LS 75 l5 l•lSl /5 411 

- ·· ·--·--·· ·---- ·- LM<197 1~ lt.l.J1JO i; IL084 • ZI 74LS1'6 15 l<LSUl9 3!15 
ll2S 123 $ 1 29 74$1a9 Sl69 lM~ JO LMJUO 95 ULN<rol 119 74lS85 .i$ 74LS190 49 
82ST26 129 74$2117 199 L'616 4S LMJ100 I g; UL N:i£64 1 ~ l4LS86 28 74LS191 49 
82$1:19 199 74$288 1!19 LMSSS 8S LMJ161 19.I ULN107< I 74l$\ll 45 74LS192 49 
82$137 Z99 74S471 4!19 LM!>Ci4 US LMJ1&' 19.I ULN10!1 149 74LS9J 45 14LSl9J 49 
ll2Sl81 7'1il 745472 69'9 LM565 1:.0 LM~ 1'9 ULN29111 199 l'LSIOI 45 l4LSl95 49 

m:~ 1 :~ ::U~t: rn Call ACP Toll-Free!!! ;~~~:~ ~ ;:t~~ ~ 

3.95 
2.95 
2.95 
2.95 
3.95 
3.!15 
2.95 
3.95 
3.95 
4.95 
7.95 
9.95 

14.95 

741 52<11 S99 
1<LS2'l? 99 
7JLS243 99 
74LS244 99 
74l S245 99 
74lS257 99 
14 S258 69 
74LS2S'l 99 
msm 99 
i.LSJ22 1i"J 
7<LSJZ3 I 19 
7<LSJ6.< 59 
74LSJ66 S9 
74LS:J;7 .)9 
l4LS:U 99 
/ 4LSJ7J 99 
74LSJ74 99 
l4lSJ93 99 
/4t S8N 89 
m5629 18'9 
14LS540 1~ 
74lS641 1119 
14LS670 99 
74LSS88 I 8'9 

,...--- --------. • $2500"....-unW<Jl~.R • 

NEW PHONE FOR ALL USA ; .~ 111 ~~~~ • 

800-FONE ACP : :crt.~~'::rc:"::~~~.:.~.;i.,·""""''..,.. 
*Advanced Computer Products, Inc. 

Mill Order: P.O. 801 17329 Irvine. CA 9Z71 3 
Retail: 1310·8 E.. Edl nQer. SJnta An.a, C ~ 92705 

for Fast SerYice 
Order by Phone! 1 • lm·!C w-J1rrte•C:.~eCORW01Sw~~ 

800-36&-3227 • 71 4-558-88 ·3 Call tor Corporate VPA 's... 

°'°"'-1 w"""" ~ 

458 BY TE • NOVEMBER 1988 Circle 9 on &adrr Strvice Card 



H . 
$5' ,... 

JM. 
1)9.... 
2"'.

•••n . 
>t. 
lt.... 
"·1• .1. 

....... 
11t. 

"·... 
'"......
in... 
"·......... 

/.611 Your Choice... gg
Advantage AT 

-lllC. or Ram age AT • 

~ Sliver Quad 89 
{S"Pil< com_...,, • 

• U~rty XT, EMS................. 189. 
• Ouadsprinl Accellarator.... '89. 

• EXPANSION CARDS • 
AST «rll"6ftloll<I) lH. 
--.s1 IDll!lr ,... ..,, !C/1!1-trUltr ~--lllee- 90 "" =· .!QH1d4 llOll"ttl --2mll.PSl2 ,.._ anll1·! 1i l!sa.tn Ml·. 
AMnl>Ot-298.1121( :JU. IQ:lll-20 (lOMHti ,... 
""-ZIZlll!'W 511< .... ORCHID ro</tltOIOgy
""- !M. 512" .... fhiTwtl0298 ~ .... 
.ASl~OK 111. -VGA-. 311. 
Anr~ ~ \l;A' PSn 8on .... 
tGA-!Cll '"· ~T !GtPSl1 1MO '"·\l'GA.'V ll ..... PARA~ 
1'1'.X)i&ft.M::Jdlm .. '"· - IM. 
OEHOA '/QA .... m .-( ,.._ OUADRAIW 
Siolt VCN1au..168 ,.._ ~ 'l'H. - ..,, "'-MD><IO~<t l1J(GA 21t.. 
WTEL """VCA -· ~-JICtoW 17'. -- ....--'Al-. tt7J. -..xr......., ... 
Aoo¥I ~ P'S"216. !t\ 2K 47~. u.t, f. MS XT twd. ... 
~a..,,291!i,A.T51lK '71. so..~-- ... 
AbcMllclnll M1PSl2 41!;. ~01- ~I 107. V!:GA°"'-'•• itt,..,_, 

(l""""IPS/:1 ..... ~'l!l.&'iCAIAI .... 
I0!1-1 llMHll 158. ,.,_ 

• MICE • JOYSTICK • KEYBOARDS • 
AdWl>codPCK
STI0 6'... XTIAI,__ 
~,,, lil11i;fyXT!AT~ 

CHl'roduc,......,_..;911

"""'"'--#E't'TlfOMCS 
.<11 101101..,.,Al 
~1519'..,_ 
l(1IAFr 

..,PC/X"llAr Jo>r$inilt.o!oo 
l~CH 

.. 
71. 

:1111....... 
11. 

"" 2•. 

b ~ PC/Xl,1AT ts. 
-UouwPCIXllAI '· S...-PS'> 71. 
IMC/t0$0l'TIM-- UIS.s.-w--- .... 
S-.P$.?-"t- IOI. 

~~I.AT ...PS/I- ... 
K ""'°"" llui ?C/.XT IAT ... 
W ""-A 01lAPHJC9-- .... 

• FLOPPY DISC DRIVES • 
SON Y li0040*'1f-4'01<T ... 
lllZ*n>~I ...... UI, 

:t-03?~~:~.~ ... 
rEAC 110. 
~ ll!D. ~11C/X11.AT ... ADVANCED 
fOSHeA ..t..lil("RICA llCJ(..... ri. 
F004AQl JllT"""' in. ,~ n . 
llll" Mir;IQ. J 44M> *'-" "' )5"' I ""*'1111'\1 118. 

A111'1s row row pr-ce, 288
voo c.oin'I ~ttoro ncn 10 

tiuyone • 

• HARD DISK DRIVES • 
MAX$TOR ST?ll 3StMJ ..~Fill ,.,, 
~F.Olll»'>! M9. Sl'251llMI..... "'°rm'bliai~~~ .... srn1-111"".z.n. 4ti. 
1~.lrlf-M .., $1403& JIMO ~....."A.QOI' ...,.._ 

rT ll~tll&.Ml"M ...., ST..,._~2tmiJ-~or 7111. 
" .___.,!SO nn WE$Tf.1lH OIOITAl 

Pl.VS.......,.._,. -~1'>'>0 .... 
~~1\'.Ml.4lliJlnt .... ,_ .... 
"""'°-~ .... 10CtJtAHc.cn- 1:....,... '"·iOOJRAH CO'W'Ollll AlLtAl 117. 
Sl!AGATI! •rx:tMA1~.l1 ,..,_ 
S1121llole~.:Mlan 2911. •ooNn ea...... RLl.il!T .. 
5Tl.JIJllMD~ :1 112"' ..... '002~1Corwolilf r"C " 

Tallgrass Technologies 
NEW! TAPE BACKU P!! 

• TAPE BACKUP VIDEO • 
ALPHA.MICRO 
vtAV'adlQgpe~Q'U J.4t. 
IOM£0A 
llraolDl>S - 94!1. 
....... 21'.Mt1$1 Pf ,,.._ 

~~~ '"· 
-~-r rn.P'C311d11Pf#CMI Jl'CIXl' tAT IH. 

PS<-.,.snmod50.15C.IO :rtt. 
/l<WIH 
llOOX'f1Af l~CIOlotonc) l'tt, 
1200AT'2CM~nf) Jet 

r •5CAT4()1rii1Q~l'1) 4ft. 
TAUMA$$T~ 
10'20)(1~-..., :131. 
t(Wl) Al<Olei~lf) (Hlkl} 
1040 .o.e~di (.... M1 J 

Toshiba Laptops 
The Completo TOSl"llba larn1ly 
ol Uil)IOPS from ACP' L A.'S 
It Source! 

Tosh iba 779 _
T-1000 -
Laplop...... • 

Look at these Deals... ACP -- 11In Toshiba 
T·1200F ........ reg . $2099. .. .... ACP 1399. 
T·1200H ... ..... reg . $3499. ......ACP 2395. 
T-3100/20 ..... reg . $4699....... ACP 2995. 
T-3200......... reg. $5799.... ...ACP 3995. 
T-5100 .. ......... reg . $7499....... ACP 4995. 

I1/tf Advanced Computer Products. Inc. NEW PHONE FOR ALL USA 

800-FONE ACP 
800-366-3227 • 714-558-8813 

MAX/Advanced 
286/10 MHz BareBones 

~~~r~!,1~~a~::~~s 1~~";.~loppy, lloppy~O 
Call tor Custom Configurations... 

• PRINTERS • 
OICOHICSIKOOAX NEC 

==:::=~ 
J39. P!rol.~) JOI. 
531 Lte90S.0.-...c.. 3316. 

EPSON OIUDATAl.>:900-1 m Mlml~O -ll800tU86tf1.861 LOB!JO Uwiftl' L""l lBM rtl ''"·t.D,050l~ di: < I 
.ACf) ~ /'04Jft rcil ._&»on~ PJ.HASCfflC 
HEWLETT PACJ<ARO ICH111lH1 . ti:?Coli:t"'-'* ,.. 
i--io ctll , IO: · P 1 C$ll.. 1~ntl'l2 ,,.,-·- ... IO:-P15.2'42lP"'l~ 541 . 

~-- <411 10SH#IA 
- P111HTl.1'S Pl21SL1""171b --_,,_ ""· F'Jot1SLC4oin.21~ -_"2<,_2.... ... 1')$1~""'"'" ·-lll<l'«la&2<ool 135. "-l~ltgll- <*l 

T~7HIBA499.~~a1 
321 SL_ 
Super 
Value/ 

ACP's 14912Qd 
~ 181 .CITIZEN 

• MODEMS· 
A.<tv~MOOEMS 111G£wr 
,~..,..,,.....,.J 71. ~~"'~ .....
12<nadE....,.. .. 
i-...~ 

_ ..I 
lot Pll0¥ETHEWJ,_..,,.... J49. i.60:G U:.r.i .... 

HAYES <'6'X8'2~1(r() ,..._ 

~2.QJB~...,, ..,_ 7*1f'S PS.7 W.wrtwNjlrf I !191. 
~2'00~ 4<7. i200el2-~tfJ '*' "· 

• MONITORS • 
A.WDEJ< NEC 
'llm-Ol!IJ.l IT .wnti. nL ff ......,'flt: II l:t".Tt...·'ln*JQ !15. 
o1 1Qi\1r.,-warnowr-. 1$J_ ..._1"<f'l41S \"'_...{GA ti$ 
' 2S)l"'/'~ 12Da))) TH ~XLNJl(l24.• 7'611 2271. 
l..awrDtM co Al)A,t.11. 10ft ttt 14Y0)'~~ 1• 1]2.U'lri14 ) 15". 

rlJM WONlrORS 
l1!031T--<ll>• '2l 
llS111Hai>'"'°"l $27 
8S.ll1,- f~qcy1 5H 
lri1-' rt ......._,mt.J'U1 t3tS.. 

SAMSUHa.L nutr£C .... ~ ..... 
~1'/'FOe"ffi .... 
C(jJ, 1.C l'Cill C06al 28&. 
EW\1f'ffaA.'CG.A~ m . 
SOHY 

MAGNAVOX IJCA. r.t· COot •11 . 
l.Utdatl 1f' (GA JOO WYSE 
~13"ccD 2'N. V.¥'))1¥~ ,... 

rTllCn:.1'/'Qtn~.-C. " """~ 1.f' W'l'WW 411~ 
'A"ff!rJt r~~ ,,, 

Lotus 1·2·3 ........ m. 
Ventura .. . .. ........ 4$9• 
PagoM•~•• ....,... 4'9. 
Wore Perfect ..... m. 
Excel ... ............. 299. 

__..,.,....., ......_ .~·.i:·- · S..., ·-·-· T-· ,,.., ·-

Mill Order: P.O. Box 17329 Irvine. CA92713 for Fa$t Service 

Reu ll : 1310·8 E. Edlnver. S1n11 Ana. CA 92705 Order by Phone! 
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§TA TICRAM!i DYNAMIC RAM!!i EPROM!!i CO·PROCE!!i!!iOR!!i 
PART S•ZE SPEED PRICE PART SIZf SPEED PAIC E PART SIU SPHO Vpo PRICE IOll7 s "'"' 9US 
2112 2Sl!ii:4 ·-· U'l 4116-200 16.J&h l lOOnt 1111 270ll 10l•dl •50n• 1SV '" 

IOll7-1 .""' 1$9" 

21H 10:Z4w:4 •l(ln1 .99 4116-1$0 ·~~f) 15()no i'9 17Hi 2'Q4f:1.I ·-· 2$V 3 •• &oe:7· 1 IO Ml"ll 22US 
2114L· 2 10'24i:a4 200na . ... !ill MK<332 mse. 1 -.. us 2Tl$-1 2046•• 3$0na lSV us 80217 

6 ""'' 
'1'9-~ 

TCSS16 20oled 254<>• us "'"·1SO 15.5:53151• •llOR• U9 2'132 •OM•t •501>• :ISV 3.U IO:ZU-t IMH1 249" 
T'MM20111-200 2048,.1 200n• 3-lS 416'1-120 M ."811 120nt l 19 27l2A '*'' 250ns 21V JilS 801'7·10 IOWHl 30US 
TMM201~UO 2'0o68ll-8 ·-· 319 41~·100 6-'~·· 1oon1 us 2106'4 l•llbl 250n• IU\' •.n 8CUl7 1& ,....., -·· TMM201 IS- I 00 l'049'8 ·-· 41'1 TMS<•r.< 65.536• 1 '"°"' 211• :1764 lllt:bl ·-· 12 sv Hi I0317·:t0 lO 1'1t-" .. 1111-4 :!049•8 200n• 05 Ti.t$4416 16)84.14 •>Ona '-" 1~2'0 ein.111 2-a 12_sv 3118 I0311-:IS :ISMHl MUS 
HM61111-3 2048•8 150<>1 HS •1123-154 3107:!.I l!Cru 5.t5 276-1-:!00 tltbl 200n. n .SY • 2S infel' Hio161 Ul-2 1048>8 1211<" &. 4~ T~lS 65536•• 1$Gnl 10 !15 MC-764 1192'1 lSOn• 21V 1U5 
HM61t6LP--4 _,,.,, 200n• 

._.., TMS4il64-- 12 MS36:a4 120rd 11 .~ 17121!1 163.M.:.I 2SOn• USY • .i5 
HJi,"5,11 6.l.P-l 1048:.:9 ·-· 6.45 .c12:,&..150 2'84144Jll ''°"' 12..t.5 7H'l8.&-200 le.Ja.1.:1 200n• U..JY us 
HMIUUILP-2 2G48i8 120n. us 412Y..t20 2e:2,44a1 1:ia... 12..9'! 27C~ 3:nu.1 Wlna t2.!.Y 7.95 5Hlllll264LP· I S 11112.a ISOl>I '" 412&6- 100 2'6.llM11 100n• 1U5 21'2S6 l27Mxl ~. IBY $U 
HM6104LP·12 81112"9 '211<>1 10 !15 •1~ 2'121+4•1 '°"' 13.ts 2~200 lzrN•9 lOOn• u.sv 7.t5 YEARHM432S6LP·tS J7761'8 ''°"" "" H.._,l~tOO 2fi2tMl11t 100... tl•-5 :U51J 6'5,,,)6.111 ,_. 12-SV 11 .H 
H»ll256LP· 12 327'e.4id ·-· u _iu , .... ,zo 1048.~i7'•1 120ns 34" 77C512 ~.S.ll•• l$0na US'i 11.Sli WARAANIT 
MM012S6LP-10 l27&h9 ·-· "~ 1 MB. ,00 'OU57t.11f IOClfll J7~ ,1Cl01·:ZO IJ1072XI Xlfln• tBV 305 

HIGH•T'ECH 
5PafLIGHT 

liClil HDliT ADAPTOR ~!l.!IS 

MICROPRDCE!i!iOR!i A LOW POWl!R, SHOAT SLOT CARD IOA PC COMPA'fl9L"$ 74L.!i00 TTL W61C 
TH.AT CAN COHT1UX. UP TO SEVEN SC5' DEVICES.THIS 

liSDO 8000 Bi!OO 
POPULAR STANO ARO OffE_RS SPEED. EXP.AHOABllfTY ANO 7'lSOO 10 74'-.St 12 2t 7RS:241 .69 
T>IE ADYAHTAGESOI' USIHO .l DEVICE DE PENDENT HUS. 7'1..501 II 74LSl22 -" 74t.S2'2 .68 

&SO? 22" eel• l !15 O>U-$ '" 
IHCLUOES CA8L.ES 74LS02 . 17 74LSl23 -•9 7•l5'!&J 69 
MCT-$CSl 1'l.S<>J ,, 1..LS1?<1 2.75 74lS24' 6"

&502.l 2.09 .!Ol5 ,.g llSA 2-'/'IJ 1'l.S(M 10 7US'25 Ji '<l.Sl•S '/'IJ6»211 • .25 8039 1 115 125S 1.49 7•L~ " 1.filS•ll 311 7.tLS251 .•D65COr 7.95 I052AH 125~5 L.59 7•LS(MI " 7USll2 _J'i 7US2" .•96520 1 •• BASIC ,.. ., l2>6 ,. ., 
11-i!O !iERIE!i 741LSOi 11 74l.Slll •• 7.U.S2SJ' _,.

8522 a• 8080 2.•!il 8.2'9 Ul!i 74L$ 1Cl •• 74LSIM .39 74lS::Z5ol -·~6S2V. 5., eoes 1.95 mt-5 2.29 SPEED U P YOUR PC BY 10 TO 40%! NLS11 ~ 14LSt:MI 39 74LSH9 • lt6$~ 1'l. M 8085A·2 3.75 S111 09 • Hl()H SPUO AOORESS C ALCUL,&TIOM HAllOWA~E 7•LS11 .22 7.USllil _J'i 7tlS260 .•96532 5.95 - ••• SV• • 95 
H•UA l ~5 8IMl8 S..91 11275 16.DS • PIH COMPATIBLE WITH !ION 741l51J 26 7.&lS1t5 w 7&LS2M .lt 

6551 Z.90 llOl&-1 12..:15 1m Hll • SUP'ERSET OF IOM INSl'RUCTION SET 741LS14 l9 7.&LSU7 .99 7'LS2n .'/'IJ 

5"1A ·~ 808&-2 7 95 1279-5 2..115 • LOW POWEJil CWOS 74LSU .20 74LSt48 gg 74LS2"ri Jll 

·CMOS ''" 2.4i 1292 3.95 
V20' ,_, l .95 v:io• •1o1>1> 10 95 7'LS20 17 7.CLS151 39 7'L.S:!*1 191 

8 1!.6 2.96 1!1$3 3..9>$ 
v:zo· IO MHI 12.95 VJO Ulltr ll tl HlS'21 .n 7R51.5J :l9 7•LS:lac3 59 

741LS22 22 ?C l.SI~ .., 74LS?i0 ..8961M-2 U5 9234 2.25 7US27 .23 74LS!~~ ,. 7'L5290 
_.. 

8741 us '2* us 
11!1742: 2U$ am 3t5 

11DIJA6E PAL§ 7US29 26 7'LS 1 ~ 49 7'LS299 '·"' 9708 as 8288 Os REliULATDR§ 16U us 74l.Sl0 17 7'1.SIS7 35 74LSl:21 J.tS 
fiBOO 17-49 9 95 78051' 4t 7"1121( 1.39 15RI 2115 7•LSn •• 74L.S1sa ,. ?<l.$323 2-•9 

S7r.li UI i:S 7-T •9 "'°'K Ui9 · 2.!15 :P4t.Sl3 "' 7.ClS,60 2'9 7•L~S .39 
~ J.9!1 - 799' 111:n .49 7'917K I •O l!llW 2..9>$ 74LSl1 "' 74LS1&1 )II 74LS3fi7 .39 
6802 us 80~ l<Uo Z-BD 781ST .•t 11L05 .4' 7&LSJI .2e 74LSIU 4g 7•LS361 l9 
°'°3 H5 1iO;'l"T 51 71l12 .0 U ART!!i 74l:l-OZ .39 7•LS103 JS 7U.5a7J ,,.. 
6809 H$ Z»CPU L2.!S. 790$1 59 7'1.05 .6t 7tLS.U 75 741L$16't •• 7.tlS374 1'I 
68809 "" Bi!OO Z80A..CPU 1211 "'"" .59 71:lt:l UL'i AY S-1013 3.95 741..SAI .. 14LSlfJ .eo HLSl7"5 .n 
680llE HS Z~B-CPU 2.75 71151 .5ll U'3.23K l •t AYl-IOIS '-95 74LS51 .17 l&LSIU .95 l•lSJn .79 
OllllOllE :>•• 1205 3 2t Z8CIA-CTC 16!1 791KI( 1 S9 U&llaK '-'9 TR1602 J..M 7'lS13 29 1'lS169 95 7'1.SlllO I 19 
68•0 10$ 82'2 ...., Z808.CTC •.2~ ""'' 4.95 7tLS7.4 2• 7"f0 LS 1n .0 7fllS3tl 1'I 
6820 2.9$ e21s 1'9 ZIKIADAJH 595 IM04Cl2 l" 741..$7$ 19 741..$ 17.4 l9 141.S5"1t ,.. 
6821 1 2S 822• 1.25 ~DAR'T e" Ml!liCEUANEDU!!i ~J • 9! 7RS76 -29 11LSU! l9 hLS624 I 9! 
NB21 I.BS 12211 2 2S ZIOA-OMA 5.V5 AOCCJ«)O 2-ff nl-1 171 IHS82SO U5 74LS8J .Ci 7'LST91 0 1'LS600 "6a.D l .95 U2l7 J.115 Zl!OA·l'IO 1.89 AOODilOll 3.45 9J68 2-15 HSt~SO 10.~ 74lSf5 .49 74LS192 .09 7&LSl)05 "-· 2" 1237·5 475 Z808-fl,O ·~ o"coeoo 1.21 -2 _69 74LS86 22 741..Stil 69 74L.S670 .. 
6804$ '" 8231 Vli Z80A~SN)1) ~Sil~ DAC090I 195 ULN2003 79 INTER!!ilL 7•LSto .311 7.CL$19'4 69 74LS&l2 3.20 
08&7 4.1.5 12•3 IH ZllOH-SIO,, 1B5 OAC1022 5-" MAUl1 7.95 }Clt107 10 9$ 

7'lS92 ..• 7USIDS .Ml 7'LS6a8 uo 
5950 1.9! 1250 6-95 Zl!OA•SIO I U! wc1.-a ''" WC3'1ll 1 ts ICU660 '-" 74LSn l'l 74LS1!16 59 7•LS11J 22.H 

"""'° J. 7.5 8251 , 29 ZIC A-50"2 So 95 eT2ll 1.29 MCJ417 2 95 7•LSl.5 -·· 741LS1i11 1 _5l1 25LSll21 2.IO 
58a3 22.H 11125lA 1 .. ZIOB-SM)t2 ,2 e 11'T117 59 ilYS-1600 

ICA803I lM 74L.S107 34 74t.S221 5ll Ml.SJ • 1115- us l:IS.J 15-9 za1mBASICUS DPeJOA 2 29 PAO 110$ 
ICM7l07A s.ts 74LSI09 :>$ 74LS240 6'l 26L932 I t51Ci11* ~~-9'$ 

LINEAR COMPONENTS Hl6H !iP EED CMO!f W61C 7400 !iERIE§ WlilC 
Tl071 M LM:lllO .. XRZ206 us 70ICOO .21 1•HC'2.. as 74HCT1ll J$ ,.,,,, J.&•:1'1 2!I 7•f~40 1 2t
'1.072 ,.. L""""3 1-95 llRl2211 us "~ -:IS 14HC24~ u 74HCT1)il .55 7•00 ,. 1&1n •t usoo _2lf 
Tl.07• '·" '-"** .M LM'.2917 10$ 7~ .25 74ti¢:273 69 74HCT1!!17 .$9 7402 ,. 74 l l!i " 7'SllO .29
TLlll1 .$9 Ll.l:lg3 -•l C"3044 .119 1tHCU .3$ 7'~7 H 7Uiel161 19 7 •t 7'tSO '" 7'S44 ,,,.
Tl.082 . §19 L"°"ll 5,., C.ll1'6 1211 7&1iC32 .JS 7lt!CJ7) ,69 7UICT240 " 7'06 2:SI 7'1!1 !$ 7&SOll )$
tL06< I 49 ~..._.. 5.115 ~ l l't 7.CHC7.C .35 74ttC3Pll .7'1 70tCT244 • 7407 211 7,,,~3 .5$ 7'510 ,,,. 
U&30• ,.. TL4:!i-4 •.20 MC:M1CI 1.115 74HIC 1l8 ... 7c.ttC374 .. 74HCT24S 9i 740! .:z• 7.C1S4 I 4t 7<532 .)$
Ul30iK , 2S Tl•D7 3-2$ ..c3480 11!1 .9-! 141HC1'° .4$ .._ ... 1.cHCTJn .. 7'10 •t 7.4157 5$ 7..,.,... ••UIJIO 1 7$ NUSS .29 WC3417 2.8'! 7•MC15" 1.09 74ttCTOO 2S 7'1tCT323 " 7411 25 74 159 10-5 7•580 -"LMJll 59 N 556 ,.. 

LM3900 .•i 74HC157 55 7'HCTO& .27 741iCT374 .n 741' ••• 71ltU 6'l 7'5112 .50
L.Ml11 H ... NUSS 79 L"'3909 .9" 74HC161 45 74HCl'OB ... 74HCT39:) .99 1416 25 74164 .10 745124 21$
LM3nt<. l49 NE56< '" UC911 2.25 74HC164 45 7• HCT:l2 27 74HC'T.a.40 99 UH 25 74166 1.00 74$ 131 .7'i
LM312H 1 75 LM$6S ~5 L.M39" 1 99 7UIC1?$ 5ll "HCT7• &$ 7&MCT4060 .... 74l0 ... 7'.C17$ ... 74.S,:U 1'I
llill17T 69 LMS66 •.•9 Ul:l9U 1.89 700 1ll 7'3117 65 7'51$! 1'I
LMl•S I &9 LMS$7 .'/'IJ ~ J.•t 

!!iTANDARD CMO!i LD&IC 7U2 29 74$1~ 9S
Ull19 , .25 HES10 2.H MC>I044 3-llS 7'31 -29 74~U•• t.cS16J '-11LM323K 1.4~ l<esg() 2.50 ACttlfi 1.2>5 "°°' It 4029 .55 - 19 7442 •• HFOO .35 745115 7'i
Uol3l• :I& NE~92 .M RC&ssa .Ill "°" 19 4640 .611 00711 2t 7...$ .so 74~02 .3S ?&SI" 1.49
UQlt u~ lMn'l _., lt.11360 1.48 4013 ~ &042 .09 4081 22 7..7 " 74'1>4 .l! 745:240 1.49un:w , , 19 Ul7'];J M n101 1.49 <OU .29 ..... .69 '"' .. 1.tn _,. 7•FOl!I ~ 7 4.$..241 1.49
LW33S 1.19 l.M741 .19 751DI 1..fi91 40•6 2t 4046 611 1441 1 ns 7474 -33 HF1Q l5 7<l52'4 1.481 
Llllll! 1 15 1..1170 .69 75110 '-" 6017 .•!I 'G'7 &t '"" 1• lfliS 747$ " """ 

., 745290 ·~L.MJllK "6.49 MC1J3C Ui9 ,,,,.50 1.95 0011 .Iii -II .ii 1"9'7 6,95 7'76 -l! 7•fe.4 S! 745.217 I &9 
lM339 -SS lolC1'.ISD 1. 1'1 751$4 1.115 0020 .S<I ~ -29 • 04» .•¥ 7*l ~ HF74 )9 7'-SlM l ,ff._,,,., 2.111 Uli14$.8 ~ 75111!18 '2~ 4021 -"" 4001 ... 4$11 ff 7&a5 -SS 74F111i S5 71Sat 2.9$ 
L~ 55 LM1'88 .'9 7$199 1:!5 ~ -:!5 40$2 " 4511 .., 7"811 l5 74f1ll . 7'i ?•SJn I .. 
Lfl56 .119 LM1"69 -'!I 7~51 J9 &02• . 4!1 OOSl llll 4$1' 79 7"9 2.IS 14F139 .711 7-5.174 t.69 
LFU7 .119 LM1.fi96 .as 7$4~2 J9 402'5 -2' '°'° .61 4"41 .115 7490 39 HF2$3 .19 74$-071 •-"LMl-58 ..• ULH2003 .111 75477 I 29 0027 .311 '°"" .29 4702 us ? 490 .35 7..flU ... 74$S71 us 
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32.JM KtU .as 1"75 , M 2:ll4W ~ UL APPFIOVEO 
1.0 2..95 145402 .25 2H804S 1.75 
1AU2 :US 

' - 10'1.00 W$-A1) .40 • olOJUSTolBLE HEAT SETTINO fA-' EPOX't Gt.ASS \.AMfNATE WITH GOLD Pt.A TE.D EOGE
2..0 UIS IN414' 2!11.00 TIP31 .4D • TIP TElll'fRATIJf!E AEAOOt!T CARO FINGERS .v-itO S SCA!'.ENEO LEGENDS:um ,.115 K8f'W _,, - .&II • AEPLACEJKEHT ~ 
M711$45 1.95 Pmm .10 <ff27 .119 AVAll.ABL£12.t.5 
4.0 1.95 :IN2222 .1 0 - .Ml 166-~ 
5.0 l.9S 2H2907 .2! 4H33 A9 •4ggs!l.ONll 1.85 2NlOS5 .711 4H:l1 1.19 
6.Q 1.H ?H3904 .10 MCf.2 .1!9..... 1.95 2H .10 MCT-8 1.29 
L O l.iS 2NM01 .25 TIL.-1n -" 10.0 l .DS 
10.738835 1.95 FOR PS/2 
12.0 1J~5 CAPADTUR§ J OA-PA32 32 BIT P1'0TOTYPE CAllO 69.95 
14..31818 l.a5 JOR-PR1 5 15 BIT W11>1 VO C>ECOOIHG LAYOUT 49.1)5 
IM UIS TANTALUM JOR-PR181>1< P4RT'S l<JT~ JDR.PA,6 ABOVE 15.95 
11.0 1.115 JDR·PR1 6V I 5 BIT FOR VIDEO olPP\..ICATION:; 39.95 
11.432 '" · -~! UV .12 RADIAL FOR•T 
20-0 U5 .... nv ,42 l• f 50V ... JOR-PRlO 16BIT Will< U0 OECOOINCl LAYOUT 34.95 
22.11.. 1.95 10 UV ,4$ 4-1 50V ." JOR·PA10PI< PAJ>TS l<fT FOR JDR-Pfll OA80V£ ,us 
IHCll.LATOR• 22 15V "" 10 SOY ',, FOAXT 
l.llMHr U5 '-~! 35V .45 47 35V .13 WITH +SY AllD QAOUltO PLANE 27.95 
l.t43l 5-" u :l5V ... 100 15V .15 AS ABOVE wmt ~'() ~ECOCNHO LAYOUT29.9S 
2.0 5.95 I • •7 :l5V .:Ill 100 50V 23 
2.45711 ~ 10 :15Y .se 220 35V .20 
:u U!: '70 25V .30 

&ENDER UIANliER§
4.0 4.115 DISC 2200 ,.v .lll 
5.0 4-115 47'IO 2.5V 1.45 

APPLE TY PE SU PP"LY 75WATI SUPPLY·- us ,Opf !!OV .O!I 

tJiiil' 
GENDER-FF FUUlE- FEMAlE 7.9522 !!OV .05 AXIAL • APPlf CONNECTO~ • Ul ._PPAOVEOe.o 4"" 33 50V M ·~1 !!OV .14 • ·SV @6A · •:!\'~ ~/\ . • .5v @ 7A . 12v II'." JA GENDER-MM "'"Lf.IU.LE 7.95 

8,141 4.115 GE NDER-MF llALE -N:MAU 7.95 
LO ~ 

47 50V M 10 18V ... -•v• • 12V If' 1A 5V@)l)O<.<A 12V @"250MA 
GENDER·NM NUll llOOEM 8.95 

10.0 •.tS 100 !!OV .M 10 50V .18 PS-A $49.95 PS-1558 $34.95 GENDER-.JB JUMl'El'I llOX220 !!OV '°' 22 1ev .14 6." 12.0 4"" . 001~[ !!OV M 47 50V ,Ii FLOPPY DRIVE SUPPL Vll.31111 LDS 
15.G 1-" 

.005 50V .05 100 :l5V .19 • · 5V(l>2~ .t2V @>, ._ 
18.0 4-115 .01 50V .01 470 50V .2'i 12V~ 1A 
11.432 us .05 MW .07 ,000 18V .29 • .~v@SA IF - t2NQ1 
20.0 4..115 .1 12V ,10 2200 18V .70 US.ED .1 50V .12 4700 t&V 1..2524.0 4-" PS.ASTEC $24.95 

•1T-.._rE &YPA•• CA.PADtotlltl Dl§K. CDNTROLJ.ER!i 
CERAMIC DISC 100/5.00U-'\IQIA.FottS .Ola> 

.010 lt60MOUTHIC 100/10.00 1171 4-~9$ ,.,., 29.11! 
llCl..H us .1n CERAWCOtSC 100'1.!0 11'11 1 l .M "272 4.39 
llflllj.tl 4.115 .10 MOHOUTHtC 100/12.50 1m 9_95 UP'll~ •.39 
4702 1-DS l"l'id 12.9S -· 1:U$ 
C0M5018 18..95 Cl..00< aJICIJfTI 1797 12.*5 ll8S877 1 ~ 
coue11 e 11-115 MC1-18 5.i5 MM5117• us mil lt_t-5 1681
_, 

4.9S 
MMSSl 87 ''" ~ 2.115 ml 11.t5 i,o 

I DC CDNNECTORfi/RIBBON CABLE 

!'OR Oll~RING IN$TRUCTl()f;S. Sff D-SUBMrNIA TUR1' CONNECTORS llELOW 

D-!iUBMINIATURE CDNNECTDR!i 

ORDER er COffTACTS 
DESCRJl'T10!j 

I I 15 ll 25 37-
SOI.DER CUP _ MALE DBUP .45 j ..5fj .6ll .6ll 1.30 

FDIAlE oeos .411 1 .&II .75 .7~ I 1.311 
RlOHT ANQlE MALE 08nPR .411 1 .68 - .1'11 2.I1 
PC~ >IOMALE 43 . 7~ - ~ ~· 
WlREWAAP ILlU'. - 1.li/I 2.58 - :J.11iT..80 

FEMALE ._DBDsww- 2.71 4.27 - 5~- ,!.-" 
JDC RIBBON CABLE ILlU'. lOl:u:P 1.lt 1M - 2.25 4.2! 

:i:::.F ll>llu:S us 2.0!1 - 2.:15 UQ 

HOOOS 
- lllltOOoxx 1.05 1.15 1-25 1.25 -

f'\.L'lTlC rw..a _jl);u; .311 .38 - .38 ... 
ORDERINO INSTRUCT"IONS: 
f/\l.SeRT TN/; NVMBER OF CONTACTS IN THE POSITION MARKED .,,. OF THE "ORDER !Jr 
PMIT NLJMBER LISTED EXIWPiE A 15 PIN RKN<r ANGLE .w.t.E PC SOl.D£R WOlll.D 9E 

D6i5PR llOU#T/110 HARDWA RE 511 

IC !iDCKET!!i/DIP CDNNECTDR!!i 

u~ 
U5 

50 
1.8$ 
1.211 -
.....::.... 

__::_ 

--
. 1~ 

MICRO SUPPLY 
• UL APPflOVED 144 WAns 
• ·ScV @ !BA . 12v ~.CA 

12V@500t.tA 
PS-15S4 $29.95 

" !iNAPABLE" 
H EADER!i 

CAM BE SHAP'PED APART 
TO liUJICE ANY SIZE HEADER, 

olll WITH .1" CEHTE.RS 

STllAIGHT ~EAD .119 
RKlHT AHGLE LE.AD ....9 
2 STRAIGHT LEADS 2.49 
2 RIGHT .lH<lU: lEADS 2.99 

Vnll 
Cool 
$19 
S13ii 
Slll!i 

• ERASES 1 E~OMS IN tO MINUTES 
• VEAV COMPACT, l'tO DRAWER 
• M.ETAL SHUrTER PREVE NTS 

UV llGHT fROM ESCA.f'•NG 

GENDEA·MT Mlt<tTESTEA 

R!i· i!3i!! 
B R EAK.OUT BOX 

- mouBLESHOOTI~ 
S£R!AL COlllMllHICATIOli$ 

14.95 

• OPEH.-'CLOSE INOIYIOUAL CIRCUfTS 
• :ZO JUMPERS CROSS-COHNECT All'r 

TWO CtAcurTS 
• 1DlEDS SHOW CtRCUT ACTIVTTY 
GENDER· BO $34.95 

• SH X·VAXIS FOO ..uro CENTER 
OR FREE MOVEMENT 

• FIRE wnON FOfl USE WITH GAM~ 
SOf"TWARE 

• COMPATIBLE W1TH IBM. APPLE II. 
llE, llC, AT"RI & VIC 2°'64 

GC--10 

!iHDRTINS 
BLDCM!i 
~1.,.aa 

• e 8V FOft  COMPIJTERS 
• ...aTHEROOARO CONNECTOR 
• .A.OHESNE VELCRO STRIP FOR 

EAS~ MOUNTING 
LITHIUM 6.8V S1L95 
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11 2400 BAUD MCIOEM 
PR0-12A APPL. E 111200 UAUO MOOEM 

POCKET MODEM 

KANO-HELO POCKET MOOEM 
llATTERY & ...C POWER 

AL IP<TEAFACE (082SJ • • STATUS 1Nll4CA TORS 

KEYBOARD!i 
MODULAR CIRCUIT TECHNDLDliV 
ENHANCED STYLE LAYOUT 

AUTOSE NSE ~()R Xl 00 AT COMPATll!lES 
AUTO REPEAT FEATURE 

SEPARATE CURSOR PAO 

ftlAXl-!IWITCH ICEYBDARD§ 
WI TI1 T,t,CTILE FEEOO.-.CI< 
MAX•!!.339 ENHANCED STYLE LAYOUT $114.i!I 
MAX~ 9" KEY LAYOUT $64.115 

AUDIBl.E "a.ICM." KEYBOARD 

CDNFERENCJNl>ANOMORE 

CITIZEN PRINTER 

\.o.::=:;:..--

CBL·HERIAl 9 Pt TO 25 P SERl'.L 
C8L--K80-EXT KEYBQARO fXTlfNSION 
CSL-ONT -MM l6 PIN CENT-ICS-MIM 
CBl-HD-20 20 PIN HA.RO OISI<. CABLE 
CBL--HD-34 3-1 PIN HAAD 01SK CA!ll.£ 
eaL -HD41D 34 PIN OUAl. HARD OISI< 
CBL-FDC-EXT 37 P'IN EXTERNJ.J.. R.OPPY 

$6.115 
$7.95 

$14.9!1 
$3.9!1 
S<l.95 
$6.9S 
SV.95 

FOA eoe8 !AOTHERllOAROS 
c ASE-SU DE FOR 6088 IJOTl<EROO.•Jms 

FOR m IJO"lt1ERBOAAOS 
-286 WIPCNIER 5UPl'L v 

l'S-150 1$0Y< llO'nOV 

200 WATT 110/220 
• UL APPROVED 
• 181.1 AT COMPATIBLE 
. .. sv 22.A.. +1'ZV IA.. 

SV .SA. ·12\1 SA 
PS-200 
PS-2SO 2SOW"1T 110/'220V $129..95 

•1&995 
fil lJ®L'U::'t'L-tl~ 

SAV1l Tll.IE lo.NO IElEP E CHARGES Wl!H A HIGH 

LDGITECH HIRE~ 
MOUSE 
•fj!ggs 

HIGH RESOlUTION evs •AOUS[ FOR eE ITEA RES 

$149.95 

CALL OUR i!4-HOUR BB§ 

(408} 374-i!!l71 
JOR'• ELECTRONIC BlJUITlNBaARD OFFER§ 

VGA 
COMPATIBLE 
PACKAliE 
•54goo

==='-===-----

• BOO)( 560 
MAX IMUM 
RESOlUTI0'-1 

• 6-IGX -180\N 
16COLORS 

• 320 X 200 IN 
256COlOAS 

• IOM STYLE 
ANA.LOO 
MONITOR 

• ~UllV VOA EGA 
CGA 1-lERCVlES 
& MQNOO<ROME 
COMPATIBU 

NECMVUl§YNC II 
• AU TO fREOUENCY AOJUSTl.IENT 
• AEWl.UT AS HIGH AS llOO X~ 

•599.95 

Circle 175 on &ad.tr Service Card 

SPHO 2•00 11>.UO IJOOEl.I FRCt.i JOR 
INTERNAL i!4DD BAUD 
• AUTO DIAi. ANSWl!R 
• 5£U' Tesr OH Po¥. ER-UP 
• TOUCHTCINE ()R PU\.SE DIALING 
• KAYES 6 SEU SYSTEMS COl.IPATlllLE 
• l'UU OR HALF 001'\..EJ: 
• MIRROR ll COMMUMCA TIONS SOl'TWAAE INCLUDED 
PR0-241 $129.95 
PR0-121 1200 BAUD 112 CAAO $69.95 
PR0-24M 2400 BAUD F()R PM $249.115 
EXTERNAL~ BA.UD 
• 2400/1200000 KAYES COMPATl!ILE 
• e i;,i.sv-TO-RfAO ST,O.TUS L.EtrS 
• CALL PROGRESS t.IQNITORJNO 6 AO.JUST ABLE VOt.UME 
• 2NO Ptt0N£ JACK FOR VOICE COMMUNICATIONS 
• REQUIRES SE RW.. PORT & CABLE [OPTIONAi.i 
Pff0-24E $16lUl5 
PR0-12E 1200 BAUD EXTERNAL $99.95 

APPLElMACINTOSH MODEMS 
"'AC TQSH 2• 00 UAUO EXTERNAi.. A$AllOVE W!Tlt 
CAal..E A1'410 PRCX:::OM· M SOFTWARE.. 
PR0-2•EM 
PR0-24A ~ 

•9!195 


YOl/'U.. NEVER 
BE FAA NlOIJ YOUR 
OAIA WITH Hi~ 6 OUNCE 

• 	 1200000 UAUO • 
• ~RI
PR0-12P 

• 
• LEO DICATORS • 
• 
BTC-!5-339 	 $711.9!1 

EM KEV LAYOUT 
• sonw...RE AUTOS£NSE FOR n QA AT COMP ATlBLES 
• LE.0 INOICATOllS • Mfl'OllE.PEAT 
BTC-6060 *59.115 

462 BYTE • NOVEMBER 1988 

A.NO LE~ HANO MOVE"'-t T, IOEAL FOR CAO WORK 
• 320 0/'1 • CLU0£S ()fllVE~ TEXT EOrTOA & POP UP 
..ENUS • NO PAD . POWE~ suPPc v OA-1 AEOUIAEO 

WlilTECH 3-BUTTON MDlJ!liE 
~ MAOAllNE EOITOAS CHOICE! All MOOElS HAVE 

SERIAL SUPPORT {COl,! HCOMZ) , 200 DP I AESOlUTION, 

LOTUS 1·2·3 SHELL. Sl:LF-INSTALUNO SOFTWARE AND 

'POINT E OITOO

LMOUSE m .95 
LMOUSE-P SE.RIAi.. MOUSE WllOGIPAINT S9!UIS 
LMOUSE-BP eus MOUSE W.\OOIPAI I m.~ 
LJIOUSE-8PL SUS r.tOUSE Wll'UllllSHER PKG $139.95 
LMOUSf-8PC 8US MOUS1: WllOOIPAIN'TICAO 

JRHVI~~ 

·~g9s 

A RELIASl.E. F"5T AHO 

~~~~~~ 
WITH FEA TURES 

• ~ PfN DOT t.IATRIX PRINT HE,1.0 
• 190 CPS ORMT t.100E . 29 CPS 0 MOOE 
• CENTRONK:S PARALLEL WTE.RFACE, SERIAi. OPTIONAL 
• OU..... PJTC><. OOU!ll.ESTAIKE. JT~ICS & SUPERSCRl"l 
• EPSON FlC & IBM GRAPHICS 
• COIJPRl:SSED. UPANDE D & EMP>\ASIZED PRINT 
• DQT ADOfl1;SSAOC.E GRAPHICS lN SIX DENSITIES 
cmz.EH-1800 
RC-1&0D REPl.ACEMENT RIBllON CAATAIOOE 6.115 

MOLDED CABLE§ 
CBL-PftlNTl:R P(: PR TEA CAlll.E $9.115 
CBL·PR!NTER-2!1 "5AllOVE . 25 FOOT $15.115 
CBL·PRINTfR.RA RIGHT ,t.N(lU; Pfl!Nlt:A $15.115 
CBL·DB25-MM D1125 w.t.£ TO 0825 MALE $9.95 
C8l·D8~F 0!12S Ml.LE TO 0!12S FEMAJ..E $9.95 

CA§PEREliA •399.95 
• 6-'Q X 200-'>~ REWl.UTION• JI"'-" OOT PrTCH 
• u- SLACK 'AATRIX SCREEN• 16 COl.OAS 

CA§PERRliB 
• COi.OR GRffN A.MB[A SWITCH.• ~I~.! 001 PITCH 
• 6-10 X 2•0 l>ESOluTION• 1 •·,.,ON GLARE SCREEN 

!iAM!ilJNli MDND .,i!!l.95 
• 12" N RE LOW O.STOATION ,t,>JBER S.CREE 
• 	 Ti'D X J50 RfSOlUTION • SWIVEL SASE 

MONITOR §TAND§ 
MODEL MS-100 	 $12.95 
• TflTS ANO swwe.L.S 
MODEL MS-200 $39.95 
• T•L TS IV<O SWIVELS • BUil. T SURGE SUPRESSOA 
• 	 INDH•E DEIHLV CONTROlS UP TO$ AC OUTLETS 

TDWERCA!iE 
•j!g99s 
SAVE DESKSPACE AHO ...OD 
STYlE TO VOUROFFICE Wt!M 
!:HIS SlEEK UPRIClliT Dt:SIGN 
• 	 A(;COMQOATES All. 

saltS OF MOTHERBOARDS 
• 	 250 WATT POW£R SOPP\.Y 

INClUDt:O 
• 	 MOl.JNTS FOR J FLOPPY 

6 <41 HARO Of<IVES 
• 	 TURBO& RESET SWI TCH 
• 	 SPl'EO DISPLAY, ?0W£R 

5 0151< LED'S 
• 	 M()VITTIN(l HAROW/\Rf. 

FACEPLATES & SPEAKER 
INCLUDED 

CASE-100 
CASE-FLIP 

CASE·70 
CASE.JR I.II 1

POWER !iUPPUE!i 
135 WAn 1TOl22QV $69,95 
• 	 UlAP~EO 
• 	 ISM XT COMPATIBlE 
• 	 .~V l~ · 1 ZV•lA 

·SV SA. I zv SA 
PS-135 

http:PRINTfR.RA


1.44 MB 3 1/&! 11 

DRlllE 

•14995 

• UL !RA Hl(.H DENSITY 
• ALSO WORKS WITH 120!< DISl<S 
FD0-1.44X BlACK ACEPtATE 
FDD-1.44A BEIGEFACEPlATf 

fl~ HEl&Hr R.DPPt' Dt•« DRlllE§ 
F0-558 5-tl•" TEloC Os.DO 380K 
FD-550 S- 11'" TEAC DS<ttO 1 .at.I 
U2$51A S-l/4" AJJITSU DSID03e(ll( 
lll2&53K S-11•" AJJITSU DMIO I.at.I 
Foo-360 S-t1•· DSI003e(ll( 
F00-12 S-114" 0$MO 1.2M 
FOD-3.5A :HT MITSUlllSHI os.oo(!IEKlE) 
FDD-3.5X :Hl2" MITS~ DSll>O(llU.CK) 

TAPE llACK-1.JP IJlllllE§ 

$911.95 
$129.95 
see.es 

$11U.i5 
$69.95 

$109.95 
$129.95 
$1211.95 

AR5240X AAC>iM T-.PE DAM ·XTS & Ar5 
AR5540A FASTOR TAPE~ ·ArsONl.Y 
AJ1:MO 40 Mii TAPE CARffilOG.ES 

Dl•KETTE§ 
N-11020 BOX DI' 101>1M' 380K OS/OD $6.95 
N-MD2H 00.1( OF 10 S-114'' 2 we OSIHO $13.95 
N.-3.5DS 90X Of 10 !1-1.'2" 72('1( OMlO S16.11!1 
N.-3.SHD BOX Of 10 )-112" 1 ..... MB OSIHO $19..95 
M-MD2D8U LK 3601< DS.00 fl,llN 50 DtSl<SI EA.4.ie 

DR/1/E ACCESSORIB 
f'D.AAAIL l!ITG. RAA.S FOR AT COMl'ATJSU: ~95 
FD-55FP BEIGE FAC:a>LJ. Tl' FOR Tl'AC ORMS 
FD-55MtfW tiALF-HUGHT ~ING >W\OWAAE .95 
FD-SY Y·POWEA ADAPTOR ~OR ORIVES 

gate HARD Dl§K§ 
Whal- your hara diall ~. - have 111JJ11bh!. 
Mgh quality Seegmte <lrlvn 11 the lownl prices 
available. Buy them alolMI, or wtltl an MCT C1t1k 
controller for • ..._n g,.lt r Mvingll 

Sea 

NEWll !il&MA V&A CARD 
•j!7g'51J 

$225 
$249 
$429 .. -$529 ... 
$49'9 
$559 

5 
---... ..-

v- pnlducta Md prloM ...... Upl 119 -*'II ...--two,..._.,..., up ..good--.· 
-P.S..~ ............ 


-w.11 CIClllllnlie IO do~w191,.,.. ....,_ 
--.· ...-.........._... &Qala,Mt 

"...I ..not....._IO Ol'dti'~ lnlm JDR 

---- • ~ J'OU' palcy la IO .... beMfld,.,... praclucl9 , ..,.,._. 

-ftoOeft Rind)'. Gr9'ld Forb. .. 

., fourlld JOA'• tifCll IUPPOlt to - l'MpO'lillft, 
t.lpfulMd,,_._" -H.0.,IMcMllf,HY,,, 

SIZE MODEL 

20MB ST·225 
30M8 ALL ST-238 
40M8 'ST-251 
40M8 ST-251-1 
60M8 ALL ST-2n 
30MB ST-4038 
BOMB ST-4096 

~5 ms 
~ms 
40 ms 
28 ms 
40 ms 
40ms 
28 ms 

Half 
Half 
Hatt 
Half 
Half 
Full 
Fu11 

1°""" REOIS'tER C-OMl' ATISl.E VGA DISPU.V c.AA0 
• VGA. EGA. CGA.. HGC & WDA COMPATIBLE 
• 320 X 200 IN 256 COLOllS 
• llol0 X illO. 800 X 000 IN 1 ~ COi.OAS 
• 80 X 25, 132 X .u. TEXT MCX>ES 
• SUPl'OATS ST ANOARO OIG11 Al. a NW.00 ..0..ITOAS 
• UTIUTV SOFTWAAE INCLUDED 
lolCT·VGA 

INTERFACE CARD§ 

BY MODULAR CIRCUIT TECHNOL06Y 

DRlt/E CDNTROtl.ER!i 
FUJPPl'Dl§KCDNTRIJLLER 
SINGLE SI.OT COl'n'ROL Of • FLOP1'1ES 
• INTERFACES UP TO 4 FOO'S TO AN l6M PC OR 
CQMPA Tllll.E • SUl'1'0ATS =AHO osoo W I oos 3 2 
MCT·FOC 

l.~MBR..DPPYCDNTROUER .S!1.!1S 
ADll VERSATILITY AHO CAPACITY TO VOUA XT 
• 5' lf'PORTS 2 DRIVES. CAN MJX 360K ANO 1.2 t.411 
• ALLOWS DATA TO FLOW FREEl.V FROM xrs TOArs 
MCT-FOC-1.2 

FIJJPPYIHARDCDNTRDLLEH n3!1. .95 
)CT SYSTEM SHOAT OF StOTS" TH.lS CARD FRC:ES ONE UPI 
• I TERFACES UP TO 2 FDO-S & 2 HOO-S CAlll FOR 2 
FOO I HOO • SUPPORTS 60Ttt DS.00 & OS.OD w ,005 3 2 
MCT·FH 

FLOPPY/ HARD DISK CONTAOl IN A TRIJE AT OESIG."4 
• SUPl>OFITSUP10236()1(/720Kf 1.2"'8FOOS 
• SUPPORTS 2 HODS USING STA1''VllRD TASlES 
MCT·AFH 

HARDDIS1' CONTROLLER 
HARO DIS~ CONTROL AT AN ECQNOMICAJ. PRICE 
• S.UPPORlS J6 DRIVE SIZES INCLUDING 10.20..JO & "O MB 
• OMOE I LARGE ORNE INTO 2 LOGICAi. ORMS 
MCT-HOC 

RU CDNTROL.LER nlY.!15 
TAIWSl'ER DA TA-.. fASTER 
• SUPPOATS UP TO 2 RLL HARO ORMS 
• DESIGN 0 F~ XT COMPATIBLES 
MCT-RLL 

i!!Bfil3111!iFlDPPYIHARO RU.. n!19.9!i 
IMPROVE Sl'EED AND STORAGE OF Y~ AT COMPAT Bl.E 
• SUPPOITTS UP TO 2 All HAAD DISCS AAD 2 FLOPPIES 
• SuPPOA:iS 36().72().• 1 2 Mil fLOPP•ES IN 5 25; & J 5
MCT·AfH·RLL 

MUU"IRJNCTION CARD§ 
MUUI llOR.Dl"PY CONTROLLER •79.95 
A PERFECT COMPANION FOR OU~ MOTHER90AROS 
• SIJPPOIHS UP TO ~ J6()0( fl.OPPIES. 72111< W> 00S 3 2 
• ~RlAI.. PAfV.U.EL. OAAIE PORT. CLOCl<ICALE A.A 
MCT·MIO 
MIO-SERLAL-2ND SERIAL PORT $15.96 

llllJUI 110CARD •S!l.!15 
USE W1TH MCT .fH FOR MINIM Of SLOTS USED 
• SCRIAL PORT. CLCX:KI CALENDAR l'lllH BATTERY 
• PAl\AUEL POl'IT AOORESSABl.E AS LPT1 OR l PTZ 
MCT·IO 

i!8&13116MUIJIA.JNCTIDN "39.95 
ADDS I.IP TO J MS Of RAW fO VOUR A I 
• lJSER EXPANDABLE TO I.~ Mil 00 l Mil WITtl Ol'TIOtW. 
PIGGYBACK 80AAO (OI< IMSTAU.f.0) • INCllJO€S SERIAi. 
A.NO PARALLEL PORT 
MCT· AMF 
MCT · AMF-MC PIGG l'llACK BOARD $29.95 
AMF-SERIA!. 2 SERIAL PORT $24.95 

i!Sli/3BliMUUI 110CARD 
USE WtTH MCT AFH t1.UN1MVM OF SLOTS USED 
• SEFIW.. PARALLEL ANO GM<E PORTS • USES 16"'50 
SCR\Al SUPPORT CHJPS FOA HIGH SPEED OPS 
MCT-AfO 
AIO-SERlAL 2NO S.ERJAL PORT S24.95 

MEMORY CARD§ 
S7&1'RAMCARD •59.95 
ACON1"3UQ\.IS MEMORY SOl.U'TION IN A SttQftT Sl.01 
• USER ~LECT.o.BLE COHFKlUR.ATION UP TO 576K 
• USES 6"lJ< & ~RAW CHIPS \OK lf'<STALLEOf 
MC'T..RAM 

EXPANDEDMEMDRY CARD 
2MS Of LOTUS INTEL MICAOSOfT Ml:MOAV FOR Ni XT 
• CONFORMS TO LOTUS IN"r~l EWS • USER EXPAAD 
ABLE JO 2 MB • CA.N BE USED AS EXPANCM'OOA 
CQN\IElfllONAL MEIJORY. RAIJDISI< AND SPOOi.ER 
MCT-t:MS 

MCT·AEMS 286'3115 "fR~ 


Dl!iPLAY ADAPTOR§ 
MONDOfROME liRAPHID 
TRUE HEACUL£S COMPATIBILITY SUPPORTS LOTUS 2 3 
• PARAU.El Flllll'fTER F'Of!T CONFIGURES AS LPTI Oii 
'-PT2 • USES VLSt CHlPS TO E SURE REUABIUTY 
MCT-MGP 

EISA ADAPTOR 
1°""" IBM COMPATl&.E PASSES IBM EGA DIAGHOSTICS 
• ~Of VIOEO AAM Al.LOWS S>10 X :lSCI •&Of s.< 
COlORS • COMPATIBLE Wl fH COLOO ANO MONO
CHROME AOAPTORS • HEFICULESCQMPAHBU 
MCT·EGA 

CDLDR ISRAPHIC§ AnAPTDR tM!l.95 
COMPA Tl!lLE \'Ill>! IBM GRAPHICS STANOAAOS 
a SUPPORTS RGB COi.OR & COMPOSITE ~ROME 
• 640.'320 X 2'00 AESOlUTION. UOHT PE I TERFM:E 
MCT.CG 

IKON06RAPHIC§ltfVIJI 110 "19.TS 
TOTAl svsreu CONTROl FROM A SI LE SlOft 
• CTAL 2 FL()jlPlfS SERIAi.. PAFIAf.L.EL. GAME POAT. 
ClOCJI CAI. • FIUN COi.OR GRAPHICS SOFTW~E ON A 
YOHOCKf'IOME MOH110R 
MCT·MGM10 

i!Sli/38& /tfONDliRAPHIO 110 •!19.!15 
v t0£0 Dl$Pu.V AND l.Q FIJNCT SIN ONG COAD 
• no x 3'8 RESOLUTION llO' I '.I:! COi.UM TEXT 
a PARAUEL . SER!Al & GAME PORTS 
MCT·MGAIO 

http:PAFIAf.L.EL
http:PARAU.El
http:SPOOi.ER
http:ACON1"3UQ\.IS
http:PAfV.U.EL
http:CARffilOG.ES
http:llACK-1.JP
http:DSll>O(llU.CK
http:FDD-3.5X
http:FOD-3.5A


OVER i!D,DDO JOR !iY!iTEM!i HAVE ALREADY BEEN BUIU. EA.!iY TD A!i!iEMBLE IN JU!iT i! HOUR§ WITH 
A !iCREWDRIVER. !iAVE MONEY AND LEARN MORE ABOUT YOUR COMPUTER AT THE !iAME TIMEI 

ID MHz TURBO BOBB 
lllDED IN!iTRIJCTIDN!i •55100 
•495 WlTH KIT Pl.JRClllYE • I LUOES SERIAi. POAT . 2 PMW..LEl F'OATS. CLOCK 

A JDR EXCUJ!llVEI ~0-MIN. llH!I OR 
BETA TAPE !IHDW. VOL/ flEP-Bt'•ffEP 
HOW TO BUILD AN XT COMPATIBLE 
SYSTEM. WIO IUT ...llS 

CAl.ENOAR ANO GAME AOAPTOR • AUNS COLOR 
GRAPHICS ON A ~RO<.iE MONITOR 
• MOTHERBOARD • ~RAM MEMORY • :l5 WATT 
POWER SUPPi. Y • FUP· TOP CASE • 84 KEY KEYOOAAO 
• 360t< FlOPPY 0'11\fE a MONOGRAPHl(;S L'O CAAD 
• ~Cf"60<;J·fRCWE ~rTDA 

Ii!! MHz MINl-i!!BEi IEi MHz I Mb 3Bfi 

·1~3~75 ·~34865 

• 12 MHZ MINl·.286 .UOTliER~O • 5 12'< RA.\I 
MEMOAY • M I CASE WITH POWER SUF'Pt Y 
• fl< KEV KEYBOARD • MONOCHROME MON ITOR 

• MY Lf; X )9g TH HBO ARO • 1 ~8 RAM ON BOARD 
• 200 WA O POWER SUPP\ Y • CASE • ENHANCED 
KEVEIOARO • I 2 MB FLOPPY DR E • FlOPPV<WAAO 
C()Nl ROllEA • MONOGFW'HICS CARO• I 2 MB FLOPPY Dl'llVE • FLOPPY HARO CONTROL 

• GRAPHPCS ADAPTOR 

TURBD4.77/B MHz 
• )(TC0MPA!l51.E • NOflTONSI 17 • < 770R8MXZOPERATIOH HllOti82ANDOPTION 
Al.. 6087 -2 CO- PROCESSOR • FRONT PANEl LEO SPEED I DICATOR AND RESET SWrTCH SET 
SUPPORTED • CHOOSE NORYAl./TUR90 MOOE OR SOFlWAAE SELECT PROCESS-OA SPEEO 
MCT-T\JRBO 
MCT· XMB STANDAAD MOTHEROOAAD ...... ........... ........... ....................................... $87.95 

10M Hz TURBO!ilN &LECHIPBOBB ..~!J.!!15 
• XT COMPATIBLE: • NORTON SI 2 l • USES LESS POWEA , MPAOVES FU:LtA.mUTY • KEY 
SElECTABLE SPEED. • 77 MHZ OR 10 M>ll • i 3 TI MES FASTER THAN A STANOAAD • RESET 
SWITCH KfYLOCK. ANO SPEED l l'OW1:R INOtC AfORS SUF>POFI TE D 
MCT·nJRB0-10 

BD~Bli li/10 MHz ;379_95 
• AT COMPATl!ll.E . MARK AT SPErn 10 MHl • NQfHON 10 3 . B SLOlS nwo 
8-61T, SIX 16-811') • HARDWARE SElfCTION QI' 6 Ofl lO MHl • f T PANEL LED IN(lOC AlOA 
• SOC IC E:TSFOA 1M80F RAMAN0 ~1 • ONE W"li STATE • SA ITER'r' SACKEOCLOCJ< 
• ~EVlOCK SUPPORTEO • RESET SWITCH 
MCT-28S 

Ii!MHz MINI- ~Bfi •399.!!IS 
• AT COMPA.nBL.£ . LAADMARJ< A T SPEE-0 13 2 MHZ • NORTON SI 11 e • e. MHZ. 10 MHz 
(()II WAIT SlATEI. 12 MHZ (I WAIT STATE] • ZVMOS ASICS FOR FE WER CHIPS. GREATER 
RELIABlLITY • SVf>f>OATS ~llK · I02•X MEMORY • RECHARGEA6lE HIGH CAPACITY NI CAO 
8ATTEA'I' . SJX 16 err SLOTS TWO 8-9.ll Sl.OTS . ~NTS IN STA.NOA.RO ;icr CASE 
MCT·M286-12 

• MQNOCH110MC MONITOR 

IiiMHz MYLEX3Bli •lfi!!l!il.OD 
• I Mil RA." ON 80AAD • 8 SLOTS l VO 8-srr SIX llHll • us s AMI F$l0$ 
• SVPPORTS flQ~7 WITH CO-PROCESSOll • SIJPPOATS 90Je7 WJTH ADAPTOR 
• 6AkB CACHE FOR NE.i.R 0 WAIT STATE • 2Q MHZ VERSKJiN AVA BLE 
MV-386.MB 
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COMING UP IN BYTE 

PRODUCTS IN PERSPECTIVE: 

As we go to press for November, here is the tentative lineup of articles on 
tap for December. While Last-minute changes or delays can always occur, the 
following are those pieces we plan to bring to you. 

In the front of the book, as usual, will be the Microbytes , Nanobytes, and 
What's New Sections, along with Short Takes-next month on new lan
guages, add-ins, printers, and more. Putting in their usual appearanc.e will 
be columnists Jerry Pournelle, with Computing at Chaos Manor; Ezra Sha
piro, with Applications Plus; Wayne Rash, with Down to Busines ; Don 
Crabb, with Macinations; Brock N. Meeks, with COMl :; and Mark Minasi, 
with OS/2 Notebook. 

First Impressions for December will include a look at a new relational 
database and a new 80286 laptop. 

The Product Focus for December will look at low-cost plotters. Over 20 
ploners were assembled at the BYTE Lab and put through a series of stan
dardized tests. Every ize and configuration, from desktop to free-standing 
to wall-mounted, were given a thorough going-over by our lab staff and tech
nical editors. 

System reviews will include the Sun 386i and the Dell System 220. Both are 
80386-based systems that, in their own ways, should be of interest. 

The Quickcapture board from Data Translation will be the focus of a hard
"''Bre review . It is a black-and-white image capture card for the Macintosh. 

In software reviews, we look at Merge 386, a DOS/Unix hybrid from Lo
cus, aod Slick, a text editor from MicroEdge. 

Applkatlon reviews include Lotus Agenda and MacDraw II. 

IN DEPTH: 

Our In-Depth section deal s with groupware in December and includes the 
following articles: an overview on collaborative work systems, groupware 
ver us local-area network applications, artificial intelligence techniques in 
groupware, and a roundup of groupware products. 

FEATURES: 

We'll have Ciarcla's Circu.lt Cellar and Rick Grehan's Some Assembly 
Requ.lred for hardware and software constructionists, respectively . 
Additonally, we'll have pieces on open look Unix, writing tidier Pa.seal 
code, and avoiding the fallacies or believing everything your calculations 
tell you. 
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To get further information on the products advertised In BYTE, fill out 
the reader service card by circling the numbers on the card thal corREADER respond to the inquiry number listed with the advertiser. This Index Is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. SERVICE 
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15 CTX INT"L. . 382 
ff CURTIS . . .. U 
87 CYBER RESEARCH - 458 
N C. ITOH . . . 300 
S1I C. ITOH . . . . . 300 
to DATACOOE . 100 

'°1 DATACOMP . 338 
402 DATATAONICS __ . . 332 

OATAWORLO . - - . . :>113 
OATRANCORP. - . - . . . . . 141 

92 DAYSTARCOMPUTING ..... 413 
ill OAYTRON ELECTRONICS ... . 44' 

374 OB F'AST . _.. _ ......... I32 
14 OEFlNICON _ . _ . . . . JOB 
H DEFlNICON ...... .. .. . . . .. . $OI 
aa DEFINICON . 407 
t7 DEFINICON - . .. . - - .. - ... 407 
H OEUCOMPVTEAS (INTI.) . 1711,177 
1l'i OE LL COMMERS fN.A/JERJ 171H 711 

101 DESTINY TECHNOLOGY 42,43 
102 OIC3180ARD . . . . . . :M!,!47 
103 DIGIBOARD .. 348,347 
105 DIGITAL RESEARCH . 3711 
109 DIGITAL RESSAFICH ..... 379 
HM OIGITAU< . . . . __ ... 238,:1'311 
105 OIGITAU< .. _ . . . 238,2311 
403 DIGITECH COMPUTER CO. . . 3.34 
110 DISC INTERNATIONAL . . . . 445 
111 DISKCOTECH .. 450 
112 OISKETTECONNECTION - ... 4M 
113 DISKS TOGO . . . 448 
114 DIVERSIFIED COMP._ ...... 442 
)84 OTX COMPVTER . . ........ 3e9 
385 DTI< COMPVTCA . •......... 3H 
117 DYNA COMPUTERS .. .. . •11 
115 DYNAMIC ELECTRONICS .... 450 
111 DYNAMIC ELECTRONICS . 450 
118 ECOSOFT . . .... __ . 320 

ELECTRONIC ARTS (N. AMER) 111 
118 ELECTRONICARTS (INr L) . 119 
120 ELEXOR . 4!10 
121 ELLIS . . . . . . 304 
:U.O EMERSON COMP. POWER . 352 
3U EMERSON COMP. PONER __ . 3112 
122 ENGINEERS COLLABORATTllE '" 
1n ENTREOOMPUTI:R . . ... 101 
12• EVEREX • 28 ,2'9 
125 EVEREX __ . . 211,.211 
128 EVEREX - . . T3 
127 EVEREX . . . T3 
128 E-TECH . . 4.13 
129 FIVESTAR COftP. _ . _ . _ . 82,83 
130 FLAGSTAFF ENGINEERING Hl3 
131 FV.GSTAFF ENGINEERING _. 1113 
132 FORESIGHTAESOUACES . 38,37 
133 FORESIG.HTAESOUACES 3.8 ,37 
134 FOX SOFTWARE . 211 
1311 FTGOATA .. _... _.. . 442 
137 GATEWAY 2000 .......... 121 
13.8 GENERALPARAMETRICS .... 245 
139 GENERIC SOFTWARE ... __ . 2113 
1-40 GENERIC SOFTWARE ....... U3 
141 GE.NOA . . .............. N 
4°" GODSPEED COMPVTER . _ . _ l38 
142 GOL.O HILL COMPUTER ..... 297 
143 GOLDEN BOW SYSTEM . 450 
40! GOOD WAY I OUSTI'llAL CO. 3.37 
144 GRAl'POINT . 4M 
145 GTEK 1 C. lit 
148 GTEK INC. . .. lit 
40t GUIS INC. • . . "34 
407 GVCCORP.... _. ... . US 
148 HAMMERLY COMPUTER SERI/. 113 
141 HARD DISK DRIVES INT'L _ _ 222 
150 HARO DISK DRIVES INrL. .. - m 
151 HAYES MICROCOMPUTER 29! 
153 HEWL.ETT..PACKAAO ...... . . 201 
154 HI TECHEOUIPCORP ...... 4M 
I 5S HIGH AES TECH . • . . . . . • 440 
156 HOLMESMIC'AOSYSTEMS . . . 192 
157 HOLMES MICROSYSTEMS .. 192 
408 HONOTRON CORP. . _ 338 
1 H IC EXPRESS . . . 440 
1&0 IEEE __ __ 117 
151 lNDUSTRIALAUTOMATION 424 
112 INSTAPLAN ... IH 

' INTECTRA . .. _ . . .. 450 
183 INTEGRANO . _. _ 40 
184 INTEL .. _..... ___ ... __ 156, 157 
105 INTELUGENCEWAAE . zn 
10 IOTECH - , . . - 208 
187 IOTECH . . . . 4H 
IM ITACSYSTEMS .. 11• 
189 ITTION . 217 
170 JADE . . . 441 

Inquiry No. "-ll'e No. 

171 JAMECO _ . _ . 438,439 
JIO JAMECO . . . . . 2U·270 
172 JASON ENTERPRISE . . ... 452 
173 JENSEN a PARTNERS INT'L Ill 

JESSE JONES . . . . . . . . . . . . 121 
39-8 JB COM PU-TRONIX . __ . __ 415 
174 J.D.R. . 4e0,45! 
175 J.O.R. _ . . .. 482-464 
177 KAW.I( . . 371 
171 KEA SYSTEMS . __ 304 
179 KEASYSTEMS 456 
180 KISS . . . iµ 
181 KNOWLEDGE GARDEN . . . . _. 425 
184 KORE INC. . . . . . . 458 
4ot LJJ!WAYCOMPUTEACO. LTD. 337 
185 LAHEY COMPUTERS 2" 
UM LASER CONNECTION _ . . . 39 
117 l.AW'SON l.ABS ... _.. _.. . ... 424 
1u U K COMPUTER 450 
119 LOGICAL DEVICES - . - 442 
190 LOGICAL DEVICES . 442 
191 LOGICAL DEVICES . . 442 
192 LOGICAL DEVICES . . . 442 
193 l.OClfTECH . 74,75 
HM LOOITECH 74, 75 
195 LOGITECH .. 117 
IH L001TECH ... S7 
197 LOOITECH .. 138 
198 LOOITECH 1:MI 
1911 l.OGITECH 137 
200 l.OOITECH . 137 

LOTVS DEVELOPMENT 41 ,49 
410 LYl-CHENG ENTERPRISES _ .. l3J 

MACMILLAN BOOK CWBS. tNC.17 
203 MANNESMANN TALLY . . .... 111 
204 MANNESMANN TALLY _. _.. __ 81 
205 MANX SOFTWARE SYSTEMS .. 1l'i 
206 MAP INFO SYSTEMS 18 
207 MATHSOFT . . . _ ... H 
209 MATRIX .. .. . . . . 112 
411 l.IAXAN INDUSTRIAL INC. _ . . _ 338 

t.ICGRAW-HU CORPORATE 298,2911 
209 MEAO COMPUTER - .... 449 
210 MEOIALOOIC 3111 
211 MEClASOFT 440 
212 MEGASOFT 440 
213 MEGATEL . . . _... . .... S4 
21' MERRITT COMPUTER PROO. 371 
215 MICRO EXPRESS . . J.86 
2 I & MICRO EXPRESS . )ff 
217 MICFIOCOM ... .. __ ........ 24 

MICA::>COMPVTER MKTG.CNCl.421 
210 MICROPROCESSOR UNLTD .. 4!$a 

MICROSOFT . __ . 14, 15 
MICROSOFT 92.113 
MICROSOfT . . ..•. 95 
MICROWAY 274 

220 MICAOWAY 3118 
221 MITSUBISHI 110,111 
22:2 MITSUBISHI _ 110, 111 
223 MITSUBJSHI 113 
224 MITSUBISHI . . . . . ...• 113 
227 MIX SOFTWARE __ __. 129 
228 MIX SOFTW.-.RE . 411 
229 MON'TGOMERY GRANT .. . ... 134 
230 M.H.J. . . . «3 
231 NANA() . . 204 
232 NANA() .. .. .. • . .... 204 
233 NANTUCKET _... ~ 

NATIONA.L COMP. ACCESS. . 4-45 
3'8 NATIONAL INSTRUMENTS .. 1U 
3419 NATIONAl INSTRUMENTS . 13' 
3711 NATURALMICAOSYSTEMS .. 130 

NEC INFO SYSTEMS . CHI 
NEC INFO SYSTEMS .. :!ff 

2311 NEEDHAMS ELECTRONICS . 4!12 
237 NITROMJCRO . .. 251 
2:18 NOHAU COAP. 424 
2!9 OKIDATA . . . . . . ...... _377 
240 OMEGA MICROSYSTEMS .. 230 
241 ON TARGET ASSOCIATES 424 

ORACLE ...... n 
242 ORION . . __ . . __ .. _ . . . . _ 54 
2'3 OSBOANEJMCGRAW-HILL . _ 228 
412 OST.a.l'AQ ELECTAOHICS CO . :J35 
244 PACIFIC AIM SYSTEMS . . _ . 58 
395 PALL.A.DIAN TECHNOLOGIES 440 
413 PAOKU P&CCO.. LTD. . 335 
24& PARA SYSTEMS . . 3511 
241 PARSONS TECHNOLOGY _ . __ . 47 
247 PATION & PATION . . 122 
241 PC DESIGN . . . . _ 203 
249 PC NElWOAK . . . . . 254,2H 
2&0 PEAISCOP'E . . . .. - 12& 
251 PEAMA PO.VER 41 
U2 PERSONAL SPACE COMM. . 392 
2&3 PERSONAL TEX . 124 
254 PETE.A NORTON 209 

lnqvlry No. P-veNo. 

25! PETER NORTON 209 
2U POl.VTRON . . . .. .. ~ 
257 PRECISION CATA PRODUCTS 450 
2U PRIMAVERASVSTEMS . 241 
259 PRINCETON DISKETTE . . .. 485 
290 PRINCE'TONGAAPHIC 41 

PRIORITY ONE . - .. - ... 473-4511 
282 PROGRAMMER'S PARADISE 82,193 
2193 PHOOAAMMER'SSHOP lot 
284 PROTECH MARKETING .. _ _ .. 98 
378 PUBLISHING TECHNOLOGIES 244 
205 OSET . - GO 
2M OUA TECH . . . . - 440 
207 QUA TECH . - 440 
281 OUA TECH • 440 
24111 QUA TECH 440 
270 OUAJD SOFTWARE 344 
271 OUALSTAR . . . 454 
272 QUANTl.IM 228 
273 OUAATEROCCK 381 
274 QUARTERDECK 3*1 
275 QUARTERDECK 383 
278 OIJARTfROEO< 383 
277 OUICKSOFT . . 32 
279 RADIO SHACK CIV 
399 RADIO SHACK . . 307 

RAIMA .. . 35 
280 RAJNBONTECH... 173 
291 REAi. TIME DEVICES - 454 
414 REAL TIMEINOUSTAIALCO. 338 
213 RI)( SOFTWARE 104 
284 RIX $OFTWARf 104 
215 RMS INC. __ _ . _ .. 37& 
2116 ROSE ELECTRONICS 231 
217 ROSE ELECTRONICS 454 
288 ROSE ELECTAONICS 454 
415 ROYAL INFO.EL.EC.CO. . 337 
418 A.C.S. . 337 
2119 SABINA INTL. . 452 
290 SAFEWAAE 465 
2112 SAIC _ . . . . . . . _ . . . . _ 378 
291 SANTA CRUZ OPERATION 233 
m SCHWAB CORP . .. - . . m 
214 SCIENCE & ENG. Sffl 357 
295 SCIENTIFIC COMP. ASSOC. 4SJ 

SCITOR CORP. 187 
298 SENOON .. . . . . . . 80 
2119 SHAMROCK COMPUTER . 87 
300 SHECOM COMPUTERS 395 
il01 SHECOM COMPUTERS . 395 
302 SIMPLE NET SYSTEMS 152 
303 SIM?l.ENETSYSTEMS .. 152 
304 SKAN TEK.NOlOGIES 4!!-4 
305 SN'W ELECTRONICS 210 
300 SOFIBLONE lll9 
3-07 SOFTAONICS . . . . . . . . 4S3 

SOFTWARE DEVMNT. SYS. 91 
308 SOFTWARE MASTERS 133 
309 SOFiWARE SECURITY 31 
310 SOWTION SYST£MS 109 
313 SOTA TECHNOLOGY . _ 218 
314 SPECTRUM 81 
315 SPSS,INC. 224 
311 STATSOFT _ 305 
317 STSC . . . _ 235 
311 STSC __ ... _.. _ . 191 
388 SUMITRONICS 315 
317 SUMITAONICS 315 
319 SUNTRONICS . . 118 
321 SUPERSOFT .. _ _!114 
322 SYSOEN . . 19 
417 TAIPEI COMPUTER ASSOC .. 3.23 
418 TAm.Alol 1 ST UNE COMP CA.BLU34 
324 TAf..LGRASS TECH _ 45 
3U TALlGRASS TECH - . . ..... 45 
3211 TANOON :MO,la1 
327 TANDON JG0,381 
321 TATUNG 187 
3l'i TATUNG 1811 
419 TATUNG . . . . .. .. __ _ 327 
420 TEAM TECH . _... . 331 
330 TELEBIT . 154, 155 
:J.34 TELEMART . . . 102,103 
33S TELE.MART . 102, 103 
421 THIRDWAVEJACER . 329 
33e TIGERTAONICS 142 
337 TIMELINE . • . .. 451 

TINN EV.ROBERT GRAPHICS 408 
3311 TMI. INC. 448 
339 TOSHIBA . 194, 195 
J.40 lOSHIBA . 194,195 
:141 TOUCHBASE . _ 10 
:142 TURBO POWER . . . . . 110 
343 UNITED INNOVATIONS . . 308 
34<1 USERSOFT . I,9 
345 U.S. ROBOTICS . 240 
348 U.S. ROBOTICS . 2'° 
:U7 VAULT CORP. 423 

468 BY T E • NOVEMBER 1988 

http:INFO.EL.EC.CO
http:QUANTl.IM
http:SOFTW.-.RE


Advert ising Supplement included with this issue: 
Computer Mall Order (U.S. and Canada Subscr1bers) 

READER 
SERVICE • Correspond directfy wtth company. 

Inquiry No. f'-ee NO. 

10 VE NTURAPERIPHERAL.S 150,111"1 
'41 VERBATIMCOAP. . . . . . ... 107 

VERldONTCREATIVE . . ... 10 
3'1 VESTRONICS .. . . . . . .. .. . 2H 
350 VICTORY ENTERPRISES ...... 48 
Jll VIDEX . . .................. 310 

3ll2 VNS AMERICA 27 
:tlll VNS AMERICA . . . . . ... 141 
3M VNS AMEAICA ..... 34! 
HI VNS A.MERICA . 41$ 
370 WAREHOUSE DATA . . . 131 
He WELLS AMERICAN ... .. •.• 13 
U7 WELTEC ..... 211 
HI WELTEC . . 211 
HI WENHAM SOFTWARE ....... 454 
:tt2 WIESEMANN & THEIS GMeH . 141 
3IO WINTEK CORP. .. . .. . .. . .. 5 
394 WINTEK CORP. .. , ......... 415 
>11 WOOOCHUCK INOUSTRIES .. 4t5 
>12 XETEK INC. . .... 312 
M3 XENOER . . • 4'S 
27'1 XE TEC, INC. . ........... ... 44!1 
:lil4 ZENITH DATA SYSTEMS . 51 
371 ZE0S INT'L. 541,117 
MS ZCFOCON . .. , . sot 
JM Z·WORLD M2 
>17 Z·VllORLO , . , . U2 

INT!RNATIOHAL SECTION lllS1 ·52 
No Non/1 AllWlc&n lnqui~piHU. 

422 ABC COMPUTER .......... 18-4!1 
423 ACER . . . • . . . . . . 18-43 
424 AL 0(7WNl.QO.OING 15-» 
4U Bl.X . .. . .. .. . .. . .. • . . IM1 
421 ewe CHIP TECHNOLOGY .. 1$-42 
'27 BYTE BITS . . . .. .1$-44 

Inquiry No. f'-ee No. 

BYTE BACK ISSUES .• . . .... IS..11 
BYTE INT'LPOS1'CAAOS .... IS-21 

' BYTE MARKETING .. . . . . .. IS..50 
BYTE sue. MESSAGE . . . . ' IS.24 
BYTE sue.SERVICE .. .. . .. 18-30 

421 CALEND ....•...•. ... .. .. IS-23 
421 CL.AAION . . . . . .. 1
430 COMPUTER ELEKffiONIK .. IS-27 

' COMl"Ji£RS FOR THE BUNOIS-32 
431 CUBIX .. . 1~9 
432 DATE.JC .. . . .. . ... IS-21 
433 CATRON IC GMBH .. llWO 
434 El.ONEX . . . . . . .. JS-13 
435 EOUIF'UAIRLTO. , . . IMO 
438 FLEMING SOF1WAAE . . ... tS-3t 
437 GAMMA PROOUCTIONS . . IS-22 
431 GREY MATTER . . .. ~ 
439 GSE . . .. 18-21 
4-4<! arco . . . . 1541 
U1 H.M. $YSTEMS . ... 15-15 
442 IES .. • .. • • .. . .. ..... tll-10 
""3 INES ................... lll-31 
"4 IRIS . . ..... 18-11 
us KA.DOA . ' ' ' ' IS-3t 
<l4f t.llCRO TECHNOlOGY . . . 1$-47 

• MICROCOMPUTER MKTG.CNCL 18--M 
447 MICAOCOSMRESEAACH . 18-44 
Ml MUTEK L TO. . . .. .. ....... IS-42 
«9 NIPPON COWMBIA .. ...... lll-41 
4!1 NOVELL DEVELOPMENT .. . . IS.I 
4.52 OLIVETTI ........... .. ... IS-11 
453 PHIUIPS . . . . . . . . . . IS-2 
•s.t PAQTECH SYSTEMS CO ...15-2' 
.t$5 RHV . . .... .. ...... . .....1$.-37 

• ROBERT TINNEV GRAPHICS !S-41 
<tie R!>T . .. .. . . • • . . . .. . IS-411 
457 SEMI TECH MICAO .. IS-17 

SOFTUNE COflP. . . .... IS.S3 
~ S-100 ... IS.SS 

Inquiry NO. f'-ee No. 

•st TVM . . . . . . . . IS-52 
490 UNI COMAL IS-25 
..1 U.S.A. SOFTWARE .. . IS-7 
482 WIPPERMAN IS-2& 

MMW1-& 

• BYTE TIPS . . . . . . . . UMW-4 
47& CAMBAIOGE ~RECT .. UMW· 1 
4n COMPARE COMPUTERS . UMW-5 
471 COMPARE COMPUTERS . UMW-5 
471 COM·TEK ™-TA ........ UMW·7 
4IO D-Oo\TA . . • . . . . • . . . . .. lllMW..J 
411 Y.E.S. MULTIW.TIOw.L UJllW-2 

MlcUJlantlc &IMF.I.THI 

• BYTE TIPS . UMIAT-4 
411 CAMBRIOGE DIRECT . .. UMIAT·1 
417 COMPARECOMPUTERS llMIAT-5 
411 COMPARE COMP\JTERS llMIAT·5 

• COWPVT?R.sFOO THE 8UN'OMMIAT· 2 
4" OWL COMPUTER . . . Mll/AT-3 

llNE1·12 

• BYTE TIPS HHE-4 
511 CAMBRIDGE DIRECT ... UNE· 1 
512 COMPARE COMF'UTERS .. UH.E-11 
513 COMPAAECOMPUTEAS 88Hf-3 
514 COMl'llTER RESOVIQ: CTll . MNE·i 
SIS COM-TEK OATA ....... llHE-12 
511 COTTAGE COMPUTERS . UNE-2 
511 ELECT'RJFlED OISCOONTmS .. UNE-5 

MICROCOW'UTER MXTG.CNCL UHE-11 

lnqulr)' No. ~No. 

518 PCLINKCORP. 88NE..J 
519 SF MICRO . . UNE-7 

""dflc Coecrt .. P<: 1-12 

528 3-F ASSOCIATES MPC-9 
527 ALTECTECHNOL.OOY . 84~ 
521 COMPUTOWN . . llPC-12 
529 COPY TECH OLOOIES . Mf'C.1 
ll30 COPY TEC HNOLOGIES ... 14PC- 1 
5"31 0.0.0.TA . . . . . . , . . S;aPC-e 
5"32 GAMMA PRODUCTIONS .. UPC..2 
538 KNAPCO . . . . . . UPC-7 
&37 MS ENGINEERING. INC . . MPC-10 
538 MS ENGINEERING, INC . . UPC-10 
539 NEURALWARE INC. Jlal>C. 11 
~ SF MICRO . . . . . . . .. UPC-5 
541 TRANSCO,.,.F'UTER . llPC-8 
!33 UNDEll-l'WlE ElECTRC»llCS . UPC-3 
~ UNllEJl.WA!lE ELECTRONICS . 88PC-3 

• BYTE TIPS . . 8'SE-4 
• COMPVTERSFOATHE SUND . MSE-2 

4111 KNAPCO . . . . , .. , , .. , MS.£·1 
' t.!ICOOCOMPVTER t.!KTG.CNCL llSE..J 

491 Sf MICRO l:ISE-7 

USWl-4 

6YTE TIPS . . NSW-2 
BYTEWEEK EWSLEITERllSW-3 
COMPIJTCRS FOA THE BtlND MSW-4 

501 GENERAi. BUSl/'ISSS t.!ACHl/IES ASW·I 
502 l.ND£R-WAAE ELECT'AON1CS USW-& 
503 UMD£R.WAAE ELECTRONICS MSW-& 
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To get further Information on the produc1s advertised In BYTE, fill out 
lhe reader service card by circllng the numbers on the card that rorREADER respond to the Inquiry number listed with the advert iser. Thls lnde)( is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. SERVICE 
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Inquiry No. ~No. 

HARDWARE 

M6 AODINS 

1e AlPHAF'ROOUCTSCO .. . US 

35 ATI TECHNOLOGIES . . .. 50 


BINARY TECH . 4M 

428 BLUE CHIP TECHNOLOGY MIS-42 


1$3 CAPITAL EQUIPMENT 2H 

82 CONTROL VISION . 45e 

U CURTIS . 52 


DURAN CORP. . . . . 141 

IM DEAN~N . . . • .. •.••.. . .. 3oe 
95 DEFlNICON ... ........ .. . 308 

H DEFlNICON .. , 407 

87 DEflNICON . 407 


102 OIGIBOAJ'tO J.4!1,347 
103 OIOISOAAD . :w!,347 
145 0TEK INC. . .... 941 

141 CJTEX INC. . . H 
U3 INES . . UIS-38 

14' INTEL . . . . . .... lM,157 
1U KlTECH . . . .. 20ll 
400 l.AFHIAY COMPUTER CO. LTD. 337 

187 LAWSON LABS . . . . . . 424 

220 MICROWAY . . . . . .. 3118 

231 NOHAU CORP. . 424 

2.50 PERISOOPE . . . 128 

262 PERSONAL SPACE COMM.... 392 

286 OUA TECH . . . . ... 4oW 

287 0UA rECH .. 4oW 

208 CUA TECH .. 4oW 

2811 QUA TECH . . . . . ... 4oW 

201 REAL TIME DEVICES . ....... 4s.4 

414 REAi. TIME OUSTAW. CO LTD. .. 333 

313 SOTA TECHNOLOGY ....... 21i 

3ee Z·WORLO . . . . 442 

387 Z·WORLO . . . 442 


ORIVl:S 

244 PACIFIC RIM SYSTEMS . 58 

316 SUMrTRONICS 315 

»7 SUM!TRONICS . .. . 315 

328 TANDON .. . !IM,381 

327 TANDON .. . . .... :le0,3111 

~ TIOERTRONICS . 142 

U7 WELTEC . . 211 

358 WELTEC ..... . 218 


AllOCET SYSTEMS .. 454 

B&CMICRO . 442 


114 BP MICROSYSTEMS .. 424 

114 0P MICROSYSTEMS . 424 

57 BYTE!< .. .. 4411 


145 GTEKINC. 
1411 GTEK INC . • ,, ···· " 
!IM KORE INC. .. . 4$11" 

111 LINK COMPUTER .....•..... 450 

191 LOGICAL DEVICES ...... , ..• 442 

182 LOGICAL DEVICES ..... . 442 

236 NEEDHAMS ELECTRONICS . 4112 

2n QUIGKSOfT . ... .. 32 

3112 XELTEK ..... .... 392 

363 XENOEA .... 485 


548 INSTRtJlolENTATION 

301 COMPUTER CONTINUUM . 458 


lnqulryNo. PllOf No. 

120 ELEXOR ...... 450 

161 INDUSTRIAL AUTOMATION ... 424 

107 IO TECH . . .. . . . . ..... 485 

3111 J8 COM PU· TAON lX . . . . 485 

242 ORKlN . . . . . . .... . 84 

338 TM! , INC. . . . . . . . . . . . . ... 441 


5-40 KEVBOAAOS/MJCE 

311 CAPS . . !17 

312 CAPS . . .... 317 

401 OATACOMP . . . . . . . . . . . . . . :J.34 

40a HONOTAON CORP. . W 

188 IT~SYST'EMS .... 114 

1113 LOOITECH ........ 74,7& 

1114 LOOITECH . 74 ,75 


5.50 MASS STORAGE 

14 AK SYSTEMS .. 446 

30 ARCHIVE .. . ..... •.•. ...... 2'91 

31 ARCHIVE . , . . ... 2'81 


129 EVEREX .. .. . • .. .. . .. 73 

127 EVEREX ................... T3 

141 GENOA ........ . .... . ...... 79 

448 NIPPON COLUMBIA .. 111$-41 

271 OUALSTAA . . . 454 

322 SYSOEN . . . . . 18 

324 TALL.GRASS TECH . . . . . . 4! 

325 TALLOAASS TECH .... . .. 4! 

341 llERSATIMCORP. . . 107 


MISC£L\.l.NEOUS 

' ANTJ-lAO . . . .. ... 21 

43 BAY TECH ASSOC . . ... . 55 

73 COMPUOUEST ............. 440 

7e COMPUT ER AGE ..... 448 

78 COMPUTER FRIENDS ...... 234 

113 covox . . . . . ' .... 4114 


122 ENGINEERS OOLLABORATillE 4&3 

INTECTRA . . . . .... 450 


t 113 INTEGRAND . . . 40 

JESSE JONES .. 128 


445 KAOOR .. . .. . . .. . .. . . . 8815-38 

1H LOGICAL DEVICES ....... 442 

1110 LOGICAL DEVICES .. , , . . . , 442 

210 MEOIALOGIC .. ... . ........ 391 

214 MERRITT COMPUTER PROO. . 378 

:l55 RMS INC ........ , ... , ... 371 

4HI A.C.S. . ...... ... .. .. .. 337 

347 VAULTCORP. . . . . . . . . .... 423 

350 VICTORY E~RPAISES . . . 41 


5S1 MOOEMS/MULTIPLDORS 

CLEO SOFTWARE . . . . . . IN 
72 COMPVCOM COAP.. . . . 448 


402 OATATRONICS . . . . . . 332 

403 D!IGl'Te~ COMPUTER CO., INC. 338 

128 E-TECH .................. 4f5.3 

"117 GllC CORP.. . 3~ 


151 HAYES MICROCOMPUTER ... 295 

1$11 HOLMES MICROSYSTEMS ... 192 

157 HOLMES MICROSYSTEMS ... 192 

190 KISS ....... . ..... . . . .. .. .. 54 

411 MAXAN INDUSTRIAL INC.. , . . 330 

4M RPT . . . . . . . . . . . . . . . . . . aeis-..9 

420 TEAM TECH ............... 331 

330 TELEBrT . . • . . , •.... UM, 155 

341 TOUCHBASE . , . 20 

345 U.S. ROBOTICS . . . 240 

3411 U.S. ROBOTICS ............ 2.W 


Inquiry No. PllOf No. 

MONITORS 

400 CHIEN-HOU E.LECTAONICS .. 333 

aA CTX INT'l .. .. . ... 382 

16 CTX !Ni'L ....... 362 


221 MITSUBISHI .........•. 110,111 

222 MITSUB~HI . . 110,111 
231 NANAO ............... . ... 204 

232 NANAO . . . ... . .. . 204 

463 PHIWPS . . .... a~2 
280 PRINCETON GRAPHIC ....... 41 

415 ROYAL INFO. ELECT. CO. .... 337 

321 TAT\J G .. . . .. . . .. .. . . 117 

459 TVM . .. .. . .. . .. . .. NJS-52 


5.53 NETWORK HAAOWARE 

2 10 NET COMMUNICATIONS . 2U 

AT & T . . 350,351 

43 BAY TECH ASSOC. . . . ...... . 55 

58 BUFFALO PRODUCTS . . . . . . 143 


431 CU01X . 8815-311 

432 QATE)( ...... .. ....... . 881S-21 

405 GOOOWi\Y I DVSmW.00, INC... 337 

400 GUIS INC. . . ... , .. 334 

1111 ITRON . .. .. .. . 217 

448 MlITEK LTO • . . . . 8818-42 

378 NATURALMICAOSYSTEMS .. 130 

252 PERSONAL SPACE COMM.... 392 

218 ROSE El.ECTAONICS .. 231 

217 ROSE ELECTAONICS ... • ... 4U 

288 ROSE ELECTRONICS ..•.... 464 

41 I TAN/»j I ST UIE COMP.CABLE 334 

392 WIESEMANN & THEIS GMBH . 148 


POWER SUPPLIES 

SIO EMERSON COMP. POWER . . . 3-52 

381 EMERSONOOMP. POWER ... U2 

24! PAP.A SYSTEMS ... . J.511 

251 PERMA POWER ............. 411 

298 SENDON ................... 110 


55.5 PRINTERS/PLOTTERS 

423 ~ER . . . . . . 11&1$-43 

11 AEGOl.VMPIA ............ 123 

43 BAY TECH ASSOC........ . .. $5 

N C. ITOH , ... , •• . , , ..... , . 300 

09 C. !TOH . . . . . . . . • . . . . . . 300 


1M HEWLSTT·PACK.&.AD .•... .. 201 

203 MANNESMANNTALLY........ 81 

204 MANNESMANNTALLY .. ... ... 91 

223 MITSUBISHI . . ......•. 113 

22• MITSUBISHI 113 


NEC INFO SYSTEMS .•...... :J&S 
239 OKIOATA . . . • . . . . . . • . . . . . 377 

343 UNITED INNOVATIONS ..... . 308 


10 VENTUFIAPERIPHERALS 150,151 
3&5 ZERICON . . . . . . . . . . . . . 30ll 

PAIHTVI RIB80NS 

BEST WESTEAN . . . 211 


&&7 SCANNfRS/OIOITIZERS 

311 CAPS .................... 317 

312 CAPS ..................... 317 

373 CORECO ......•...•....... 2A7 

130 A..AGST>.FF ENGINEERING .. 183 

131 A..AGSTAFF ENGINEERING . . 183 


Inquiry No. 1'9g9Ho. 

155 HtOH ASS TECH .. . ..... . ... 440 

444 IRIS . UIS.-11 

1115 l.OOITECH . . . 17 

1ee l.OOrTECH . 17 

Ul VIDEX . . . . . 310 


W SOFTWARE SECURITY 

430 COMPUTER Elfl<'TRONIK HJS-27 

2... PROTECH MARKETING .. . . . 88 

290 RAINeowTECH. 173 

309 SOFTW>.RESECURITY . . 31 


5U SYSTEMS 

422 ABC COMPUTER . ...... UIS-4 

527 AL TEC TECHNOLOGY . . UPc-4 


22 AMERICAN RESEARCH , . , , 146 

23 AMERICAN RESEARCH ...... 148 

25 AMERICAN SEMICONOUCTUR 448 


AM PRO COMPUTER INC. . . 2411 

32 AST RESEARCH . . . . ...... . . 7 

33 AST RESEARCH . . . . .. 7 

44 BEST COMPUTER ...... . ... 212 

45 BESTOOMPVTER ...... .. .. 212 


471 CAMBRIOOE DIRECT ... llMW·1 

488 CAMBAIOOE DIRECT llllollAT-1 

511 CAM8RIOOE DIRECT .... 88NW·I 


5-4 CLUB AMERICAN TECH. , . 22,23 
' COMP.-0 ...... . . 32"·0 


397 COMTRAD INrL .. , . . . . . . . 4!2 

479 COM-TEKOATA ..... SUIW-7 

515 COM-TEKOATA .. , . , , MNE·12 

378 CORTEX .. 115 

377 CORTE)( ... .. . . 115 


OATAWORLD . 3113 

V. OEFtNICON . . . . . 308 

H DEflNICON . . . . . . • . . • . . ... Joe 

lie OEFINICON •... ............ 407 

97 0£F1NICON .. . .. . • .. . .. . 407 

H OELLOOt.olPVTERS (IHT"l) ... 178,177 

li9 Da.lOOMPUTEAS(N...wefl.I 17..179 


$14 on< COMPVTER ...•..... 309 

3U OTKCOMPUTER . ........•. 389 

434 ELONEX . . . . ....... UIS-13 

124 EVERE.X . 21,29 

125 EVER.EX . . 28,211 

129 FIVESTAACORP . ......... 12,13 

137 GATEWAV2000 .......... 121 

ol04 GODSPEED COMPUTER .... 331 

441 H.M. SYSTEMS . . . . MIS-15 

USO IEEE . . . .. . . .. . 117 

•10 LYl-CHENG ENTERF>RISE.S .• 333 

213 MEGATEL .. .. . . . .. U 

215 MICRO EXPRESS . . 388 

218 MICRO EXPRESS . • . . ... 3111 


MICROWAY . . . . .. 274 

220 MICROWAY . . 3111 

537 MS ENGINEERING, INC.. 18PC-1 O 

5311 MS ENGINEERING, INC .. 18PC-10 

4&2 OLIVETTI , , .. , , .. , .... 1815-19 

240 OMEGA MICRO SYSTEMS .. . 230 

412 OST·EMPROELECT. CO. LTO . 3311 

4811 OWLCOMPVTER ..... NM/AT·3 

413 PAOKIJ P&C CO., LTD. . . . . . . 3311 

248 PC OESION •......•........ 203 

454 PROTECH SYSTEMS GO . M.IS-28 

211 RADIO SHACK . . ..•... CIV 

3119 RADIO SHACK .. .. .. ...... 307 

283 SCHWAS CORP. ........... U3 

4!7 SEMI TECH MICRO .... 8818-17 

&19 SF MICRO . .. 88HE·7 

11411 SF MICRO .............. 98f'C.,5 
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Advertising Supplement included with this issue: 
Computer Mell Order (U.S. and Canada Subscribers) 

READER 
SERVICE • Correspond directly with company. 

Inquiry No. p,,g. No. 

. 1!6SE-7 

319 SUNTAONICS . . 118 

417 TAJPEI COMPUTER ...SSOC . .. 323 

329 TATUNG .. 159 

419 TATUNG 327 

339 TOSHIBA . . . ... 19•, 195 

340 TOSHIBA . 194, 1 IJ5 

541 TAAHSCOMPIJTEA , . , •• HPc-e 

352 VNSAMERICA . ... . , . . . . 27 

3!13 VNS AMERICA 1fa 

35' VNS AMERICA 3'5 

355 VNSAMERICA . . . . 415 

3M weus AMERICAN ' . ' 13 

384 ZENITH DATA sYSTEMS St 

371 ZEOS INTl 5-8,57 


SOFTWARE 

5&0 APPL.£2JMAC APPLICATIONS 
Scienll11c/Technal 

315 SPSS. INC. . . .. 224 


5-81 APPLE2/MAC ·CAO 

139 GENERIC SOFTWARE . . . 253 

140 GENERIC SOFTWARE . . 253 


~2 APPLE2/MAC LANGUAGES 

104 DIGITALK .. . 23a"239 
105 DIGITALK .. 238,239 

A TARU AMIGA - CAO 

132 FORESIGHTRESOURCES 3e,37 
13.3 FORESIGHTAESOURCES 3e,37 

K4 IDM/MS-OOS APPLICATIONS 
Du.i.neAIOflk:e 

e ABRA CAOABAA SOFTWARE . • ff 
332 BAOWNBAG ., "' 293 

374 OB FAST .. 132 

134 FOX SOFTWARE 25 

135 FTOOATA ...2 

437 GAMMA PAOOUCTIONS alllS-22 
632 GAMMA PAODUCTIO S UPC-2 

162 INSTAPL.AN 189 


l.OTUS DEVELOPMENT _ . . . 4ll,4ll 
MICROSOFT . . 14, 15 

233 NANTUCKET . . 343 

4&1 NOVELLDEVElOPMENT e.&IS-9 

ORACLE T7 
246 PAASONS TECHNOLOOY 47 

247 PATTON & PATTON 122 

251 PRIMA VERA SYSTEMS , , 240 


RAJMA ....... 35 

SCITORCORP ' 187 


•21 TlHRO WAVEIACER 329 


565 IBNJMS.OOS APPLICATIONS 
sei.nllflc/T..,hnlcal 

34 ASYST SOFTWARE TECH . , 345 

93 DAYTAON ELECTRONICS . . . 441 


.1311 FLEMING SOFTWARE 


Inquiry No . p,,g. Ho. 

207 MATHSOl'T . S9 

368 NATIONAL INSTRUMENTS 138 

J.s9 NAllONA!. INSTAUMENTS 138 

15.39 NEURAi.WARE INC. . .. 18PC-11 

295 SCIENTlFlC COMP. ASSOC . . . 415.3 

314 SPECmUM . . . 81 

3111 STATSOFT .... . .... . .. 305 

311 STSC ... . , . • . . ......... 191 

2nl XETEC INC. , . . . . ..• , , . . 48ll 


SM IBMIMS-008 APPLICATIOHS 
Ml-tl•MOUI 

111 ECOSOfT . 320 

200 MAPINFOSVSTE.MS . . 18 


587 IBMIMS-.OOS ·CAD 

8 ACCEL TECH . . . . 441 

38 AU10DESK , . 243 

611 CAO SOF'TWARE . 375 


132 l"ORESIGHTAESOUACES 38,37 

133 FORESIGHT RESOURCES 38.37 

440 GTCO 1815-31 

465 RHV 18lS.37 

38G WlNTEK CORP. . 5 

394 WlNTEK COAP. . . , . 415 


SU IBM/MSDOS • LAH 

2 10 NET COMMUNICATIONS • . 288 

AT & T , • , , , . . , , . •• , , 350,3ll1 

52 BORLAND . . . . • . . 71 

53 BORLAND 71 


302 SIMPLE NET SYSTEMS . . . . . 152 

343 SIMPLE NET SVSTEMS . . . , .. 152 


588 lllM/MS·OOS-<lRAPHICS 

):)3 BROWN BAG 30~ 


1J.s GENERAL PARAMETRICS . . .• 246 

440 GTCO . UIS-31 

...2 IES ... HlS-10 

28.3 RIX SOFTWARE 104 

211.4 RIX SOFTWARE .. .. .... I~ 

570 IBM/MS.009 - LAHQUAGES 

• A + l MEIER VOGT ... 225 

12 AETECH . " llO 

13 AETECH . llO 

'8 BOAL.ANO . Cll 

49 BORLAND . Cll 

so BORLAND 1 

51 BORLAND . 1 


428 CAlEND 8818-23 

85 CNS, INC. . ... 30 

88 CNS, INC. • , , • . . , 30 


118 ECOSOFT •. . UO 

121 ELLIS 304 

142 GOLD Hill OOMPUTI:R .... . 297 

439 GSE . . .. .. . . HIS.-2'9 

105 LAHEVOOMPVTERS . . . 2" 

197 LOOITECH 130 

IM l.OGITECH 130 

11l9 LOOITECH . . 137 

200 LOOITECH . . . 137 

20~ MANX SOFTWARE SYSTEMS .. ll9 

227 MIX SOFTWARE , 1 29 

258 POLVTHON 408 

291 SANTACAUZoPERATION 233 

317 STSC .. .. ..... . .. .. . 23S 


Inquiry No. p,,g. No. 

3" USERSOFT . 8,9 

3411 VESTAONICS 2311 


!171 IBMIMS-OOS ·UTILITIES 

5 A + L MEIER VOGT ...... . .. 227 

7 ABRAXAS SOFTWARE INC.. 358 


15 ALDRIDGE COMPANY, THE . 108 

3G ATRON . 88 

39 AVOCET SYSTEMS . 53 

4G BLAISE ... .. .. .. ........ 33 

00 CAUF. SOflWARE PROO. . . 440 

11 CALJF, SOFTWARE PROO. . . . 440 


429 CL.ARION . ... &&1$-5 

529 COPY TECHNOLOGIES ... ael'C-1 

&30 COPY TECHNOLOGIES ... &el'C.1 


110 DATACODE . . , . 100 

t2 OAYSTARCOMPUTING . . , . 413 


143 GOLDEN BOW SYSTEM . 450 

1411 HAMMEALYCOMP. SER\llCES113 

115.4 HITECHEQUIPCORP . .. ,53 

173 JENSEN & PARTNERS INT'l .. H 

2all MATRIX .. . ... 112 

.... 7 MICROCOSM RESEARCH !aJS..... 

2211 MIX SOfl'WARE . 411 

2.M PETER NORTON . . 209 

2.55 PETEA NORTON . . . . . .... 209 

3711 PUBUSHING TECHNOLOGIES 2... 

2115 OSET .. .. . .. .. .. . . llO 

370 O\WD SOFTWAAE . . • . . . . . J44 

308 SOFTWARE MASTERS . . . . 1» 

321 SUPEASOFT..... . ... ..... 384 

342 TURBO POWER . . 115 


VERMONT CREATIVE •...... 10 

3&8 WEN HAM SOFTWARE . . . . . . 45.t 

3&1 WOODCHUCK INDUSTRIES 455 


572 IBlol/MS-OOSCOMMUNICATIONS 

57 COEFFICIENT SYSTEMS 21 

114 OlVEASIFlED COMP. ....2 

1 .... GAAFPOINT . 458 

179 KEASVSTEMS 304 

119 KEA SYSTEMS . . . . 458 

395 PALLADIANTECHNOLOGIES ....ll 

308 SOFTKlONE . . . . . 389 

307 SOFTRONJCS . . . 453 


DTMER · LANGUAGES 

435 EOOIPU AIR LTD . ... 

574 OTHER· CROSS DEVELOPMENT 

SOFTWARE DEV. SYS. . . 91 


575 MAIL ORDER/ 
RETAIL 

529 3-F ASSOCIATES . eePC-8 
8 ,t,Ol{AlfCEO ca.IP. PR:JOS. 151,4!8 


19 ALTEX ELECTRONICS 444 

21 AMER. DESIGN COMPONENTS ...7 


3113 B & B ELECTROtllCS ... 441 

47 	BOFFIN LTO . 314 


BUYERS MART . . . 427-437 

CAUFOANIA DIGITAL . . . . '5'7 


49 CALIFORNIA FAEEWARE .. 108 

70 COMPACT DISK PRODUCTS . . 52 


477 COMPARE COMPUTERS . 18MW·5 


Inquiry No. p,,g.No. 

478 COMPARE COMPUTE FIS . 88MW-S 
407 COMPARE COMPUTERS MMIAT-S 
468 CO PARE COMPUTERS MMIAT-5 

512 COMPARE COMPUTERS 88NE-8 
513 COMPARE COMPUTE.AS .. eaNE-8 
l82 COMPUCLASSICS .. 345 

3&3 COMPUCU.SSICS . . 365 


T7 COMPUTE AEXPO . . 417 

79 COMPUTER SURPLUS STORE 458 

SO COMPUTERLANE .... . , . .. . 211 


528 COMPIJTOWN . HPC-12 

51 	 CONTECH ....... . 44& 


518 COTTAGECOMPVTERS . 88NE·2 
433 DATRONIC GMBH . . , 5118-30 

110 DISC INTERNATIONAL . 446 

111 OISKCOTECH 450 

112 OISKElTECO NECTION . 4!3 
113 DISKS TO GO . . 446 

115 OYNAMICELECTAONICS . 450 

118 DVNAMICElECTRONICS . 4.50 
.cao 0-0ATA . 88MW-.3 
531 0-0ATA UP~ 

517 ELECT'RIFIEO DISCOUNTERS 88NE•5 
501 GEN. SUSINESS WCH ES MSW-1 

434 GREV MATTER 881~ 

1411 HAROOISKORIVES INTL 222 

150 HAROOISKORIVES INrL . 222 

159 IC EXPRESS .. . 446 

170 JADE .. ' . . ..... . . ' ' 441 

171 JAMECO ... .. .. .. .... 4311,'39 
390 JAMECO 255-270 

174 J .O.A. . . 460,481 
175 J .D.A. . . 4112-484 

538 KNAf'CO . ll&PC-7 
4118 KNAPCO 88SE·1 
209 MEAD COMPUTER 440 

21 1 M EOASOFT 440 

212 MEGASOFT , . . . . . . 440 

217 MICAOCOM . 24 


MICROCOMP,MKTO COUNCIL 11818-34 

MICAOCOMP.MKTO COUNCIL 421 

MICAOCOMP MKTO.COUNCIL 88NE-8 
MICAOCOMP MKTO COUf'ICIL 18SE-3 

2111 MICROPROCESSOR UNLTO .. 4511 

MICAOWAY .. . . 274 


220 MICAOWAY :1118 
m MONTGOMERY GAANT 13.t 
230 M.H.I., , . .. .. • ...... .•. . .• , 443 


' NATIONAL COMP. ACCESS. . 44!i 

237 NITRO MICRO.. 251 

240 OMEGA MICAO SYSTEMS 230 

518 PC U NKCOAP. S8NE-3 

2•0 PCNETWORK . 2U,29.5 

257 PRECISION DATA PRODUCTS 450 

250 PRINCETON DISKETTE . 485 


PRIORITY ONE . , . . . . . U:MU 

282 PAOOAAMMER"S PAAAOISE82,83 

283 PAOOAAMMEA'SSHOP 109 


ROBT. TlNNE'f GRAPHICS M1$-4• 

289 SABINA INT\. 4c52 

294 SCIENCE & ENG . SIW , 357 

2H SHAMROCK COMPUTER 97 

300 SHECOM COMPVT"ERS JH 

301 SHE.COM COMPUTERS 395 

304 SKAN TEKNOL.OOIES . . 45.t 

305 SN'W ELECTRONICS . , .• . , .• 210 


SOFTLINE CORP. '818-.33 

310 SOLUTION SYSTEMS . . 1 Oii 

4611 S-100 , Hls-35 
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Advertising Supplement included with this issue: 
Computer Mail Order (U.S. and Canada Subscribers) 

READER 
SERVICE • Correspond directly with company . 

Inquiry No. Pawe No. 

334 TI;LEMART . 102, 103 
335 TELEMART ....... . .. 102,103 
337 TIMELINE . . ............... 451 
15.33 UNDER-WARE ELECT .... . 88PC-3 
534 UNDER-WARE ELECT .... . 88PC-3 
~2 UNOER·WARE ELECT . ... 811-SW·S 
W3 UNDER-WARE ELECT . . .. 811-SW-5 
~1 U SA SOFiWARE . . . . 8alS..7 
370 WAREHOUSE DATA .. . ... 131 
452 WIPPERMAN . . . UIS..2S 
451 Y.E.S. MULTINATIONAL . . !llMW-2 

463 EDUCATIONAL/ 
INSTRUCTIONAL 

27 ANNA8001(5 . . . . . . . . . . . • . 3112 
425 BIX . . 88lS-51 

• BYTEBACKISSUES ..... 8818-18 
• BYTE BACK ISSUESISAlE . 426 
' BYTE BITS . . . . . . . . . . . 4115 

427 	 BYTE BITS . . . . . . . . . 8815-44 
BYTEBOOKCWB ...... 144,145 

• BYTE CIRCULATION ........ 339 


Inquiry No. P9ge No. 

BYTE MARKETING UIS-50 
BYTE SUB. MESSAGE 142 
BYTE SUB. MESSAGE .. ... .. 371 

BYTE SUB. MESSAGE ... 8815-24 
BYTE SUB. SERVICE . 120 
BYTE SUB. SERVICE . 8lUS·30 
BYTE TIPS . 8!MW-4 
BYTE TIPS !llMIAT-4 
BYTE TIPS . . . . 88N E·4 
BYTE TIPS .. USE-4 
BYTE TIPS . • . . . . HSW·2 
BYTE WEEK/NEWSLETTER 271 
BYTEWEEK NEWSLETTER8-11SW·3 
COMF'IJTERS FOR HE SUND 8818-32 
COMF'IJTERS FOR THE BLINOUMIAT-2 
COMPUTERS FOA TIE SUND .. 88Sf·2 
COMPUTERS FOR THE SUND USW-4 

97 CYBER RESEARCH . . 468 
123 ENTRECOMPUTER . . 101 
185 INTELLIGENCEWARE 277 
172 JASON ENTERPRISE . . 452 
181 KN0\11/LEDGE GARDEN . 425 

• MACMILLAN BOOK CWBS, INC.17 
' MCClAAW·HIU. CORPORATE .. 298, 2'9 

243 OSBORNEIMCGRAW-H ILL . . 22& 

Inquiry No. P9ge No . 

464 DESKTOP 
PUBLISHING 

18 ALDUS ... 220.221 
17 ALDUS . 220,221 

101 DESTINY TECH OLOOY 42.43 
117 DYNA COMPUTERS . 418 
18e LASER CONNECTION 39 

• MICROSOFT 92.03 
253 PERSONAL TEX 124 

* MISCELLANEOUS 
424 AL OOWNLOl\OING . . 881$..3& 
514 COMPUTER RESOURCi CTR 88NE-9 

ELECTRONIC ARTS (N .AMEA .) 1111 
119 ELECTRON IC ARTS (INT'L) 1111 

' MICROSOFT . 115 
• NEC INFO SYSTEMS Cll l 

241 ON TAAGET ASSOCIATES 424 
29'0 SAFEWARE . . . 485 

• TINNEY, ROBT. GRAPHICS 408 

Inquiry No. Pa<r No. 

465 OPERATING 
SYSTEMS 

1Cl8 DIGITAL RESEARCH 379 
109 DIGITAL RESEARCH 379 
177 KAOAK 371 
272 QUANTUM 228 
273 QUAATEROECK 381 
274 OUAATEROECK 381 
275 QUARTERDECK 383 
276 QUARTERDECK . lel 
292 SAIC 378 

466 ON-LINE 
SERVICES 

4~ BIX 3M,397 
74 C0Mf'IJ$AVE 445 
75 COMPUSERVE 367 

446 	 MICRO TECH OLO<lY 681$-47 

• Ccrresponct <11n1Cl/y with company. 

PS SUBSCRIBERS ONLY!* 
Use BYTE's Telephone Inquiry Processing System'1'1 
Using TIPS can bring product information as much as 10 days earlier. 

SEND FOR YOUR I) 
SUBSCRIBER I.D. CARD 

If you are a new subscriber or have lost your l.D. card, circle Ill on the Rearler Sen·ic;., 
CaTd; attach mailer label. We will immedialely send your µen;um1I TIP-.: ,;ubsi:riher c<inl. 

GET PREPARED 2) 

3) 

Write your ubscriber Number, as printed on your Subs~riber l.D. Cm·d, in boxes in Step .5 belo\1 . 
(Do not add O's to fi ll in blank boxes) 

Write numbers for information desired in boxe,: in teµ ih below. 
(Do nol add O's to till in blank boxes.) 

CALL TIPS 4) Now, on a Touch-Tune telephone dial: <·113> H2-2668 :ind wait for voice commands. 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

ENTER YOUR 
INQUIRIES 

END SESSION 

5) 

6) 

7a) 

bl 

9) 

When TIPS says: "Enter Subscriber >Jumber" 
(Enter by pushing the numb rs and. ymbols [# or* enclosed in the boxesl tm telephune pad 
ignoring blank boxes) 
Enter D D D 0 D D 0 D ]] 

When TIPS says "Enter magazine code & issue ~ode" 
Enter ITl 00 !BJ l1l 

When TIPS say:; "Enter (next) Inquiry :-.lum ber" 
Enter one inquiry s.election from below (ignor<> blank bows) 

Repeat 7a as needed (max imum 17 inquiry numbC'rs) 

1. D D 0 00 6. D D D 00 10. 0 0 D 14. 000 
2 . D 0 0 00 7. 0 D 0 00 11. 0 D D 15. 0 DD Ill 
3. D 0 0 8. 0 0 0 [I] 00 12. 0 0 0 16. D D 0 [i] !Il 
4. D 0 0 Ill Ill 9. 0 D 0 00 00 13. 0 0 0 00 17. 0 DD 00 
5. 0000000 

End s s:;ion by entering 0 ~ [ID IT: Ci! 

Hang up after hearing final message 
If you are a subscriber and need >Ls.~ist.ance. call (00:1) !l2·l ·9"~1. 

If yuu ~ not a :ub~riber fill out ~he subscription card found in this i,;sue or. call RYTE Circulation 800-123·8272. 
•Domedltic and Canadian Subscrib<!l"!l Onlyt 
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INFORMATION 

Want More Information About the Products and Advertisers Featured in this Issue? 

Print your name and addressCheck all the appropriate answers toCircle numbers on reply card which 
and mail.questions "ft:' through "C".correspond to numbers assigned to 
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.------~----------------------------------------------------

Fill oul th b cm1p<>n rnr.rul l~. PLEASE PRJ!'iT. 	 I 2 3 • & 1 IG I !2 ll 1' IS 19 11 19 •I 'Ill 21 Z2 23 14 2S 2t 'lJ 2t 2t l1I 
3 . ~~3'~~llllll11~U~~w••V4~5()"~!.J5'~~g~~IO 'I 

I 6 . IZ 83 M 15 • " A • 11) " n 73 µ ~ ~ 11 ~ ~ Ill ~ ~ "' M m ~ u •• m 
i\ 112 112 t' • fl A tl1 100 10\ 102 !Ill 10< Ill! I011 !117 101I 08 !10 I\ 112 Ill II• "' olf Ill ltl Iii 1l0Nam.: 

I 
121 122 123 12• i:a 1111 121 r2J t21 13ll 111 ' 112 133 13' 1~ 1111 Ill 138 1lll 1~ "' 1~ 1'3 1w r<l ua 1•1 14 '<I 15& 

I I 151 Ill !.J 15' l!.$ 151 lS7 151 l!i )Ill. 61 IQ 183 16' 116 Ul1! 16'7 11!t 11111 !10 111 112 173 11< I~ I~ 11 lit l1°1 1111 
Ti1lc Phone •ti llZ !13 1111 115 tA Ill 1 A tA llO 191 1112 1a ll< tts IA ' JIJ IA 198 200 lO 202 lOl llll 205 2011 2ll7 2011 201 210 

-.m ·ru m 21s lll m 11• m 220 221 122. m ~ m 121 221 221 221 211 23• m m 1ll m 211 m Zll m 2fl1 

t .a 1 ~"' 2~ ] "4 '1.c.! ~~ i' 4 ~ l"'9 ~"3 ~ r.. 1 2$.2 ~ ~ 1M & ~1 ~ 8 :« 2'61 ~ 2'&l 2E-I ~ }6E, J!Lli l' :!'Ml * ?:-0Compan) 

I 
r 

~11 m m n• m 1:6 m m m 1ilil 161 112 1e:l 254 iM ~ /$'' 191 ~ ~ 19• m 193 21o1 19$ ~ 291 l'l6 m JOO 
:))' YJ2 303 JC.I Xl5 »!i YJ1 308 ).)13 J.10 111 311 3,3 lH llS ~16 ll7 315 3f~ ~ ~· ~ 32'3 '.!:,'.I .a ~ ~ 3' t l:'1l ~ llO 
3:31 m m na m m D? m m J..tO J.o :w 3'.3 3'J. ).1.5. 'µ.& J.1 1 )Al '"'9 3!-0 ~, lS2 ~ ~ 1~ ~ ~' l!iill Wil 160 

l61 l!il ~ ~ ~ w ~1 w. B :l"tl 111 1n 1n 374 '~ j1\ Jn m m w 38 w 383 ~ l!J5. w Jfl l JM l8il m 
::51 YI/ Jin ~ ]91!: Jill!. B~ lll9 B9 IOO .Cl "'1 4a) Al).I ~ .IDl!i tl}7 a Q oa 4U .L1? • 11 1.14 4 15. .l1 6 .a !T .tl!I ~·~ .t,}'JCii) 	 St.JlcI ,QI m (2'J "24 ~ ~ Q'~ ol2I .&..-.. 0) tJI 43:1 -ll) ~ ~ ()l QJ '3e, .Qfil UIJ 44 ~ ~ KJ "°" 4J.!. oUe """ ' ."8 ~ lSlJ 

Compu1e-r Re-ta il S~urn '51 4.!il •s.l •SA. &.~ , )6 0, .a.~ •!iCI '6.') iWJL '81 463 ~ ~ ~ ..sr ~ ""' ·~ ,r, •n ..-rJ .~ , '~- .. ~ -111 .ne .f~ -.i

I m11n•gC"mt'n1 mpon~iblU t) "!' J. _ C0n31ulllinu. ~w~~--~•••€~~*~•~-~~~w~~~~~••N 
I C ~flRlf- l ~'<:t ~·b.n.a~cmcnl Scr. K(' Burr-ilu Pl,1;nmni m•m™mm~mM~~m~~~~w~~~~~w~~m-m~~ 

Odk:-f \bn.i:gcmc:nt Du.,nbutor . WholeYl-tr ~~~~-~ww~~~~~~ww~~~~~~~~~~w~~~I Non M~mC'm S)"i~tns H ou..c ~mm~mmmmmw~w~~~w~~-~~~m~~a~•Ma

I Jntqra.1or•VAR II) ~ 91IS IO' IOS Q ,fd!. eoe IOI 610 ... a12 tl3 9,. 111 6/ $ llJ 618 Iii t!O 121 !2t 121 °' a2S 111111 121 111111 Iii llCI8. \\'ha t u rour prlma~ job 

fuoctiunlprindpal ""'-• r..tl 


I 

()thC' t 83t ell $31 ~ S.'311 ll)r 11)1 11)1 &IO 6'1 f<.i 5Q 11"4 6'$ W W W 114; M4 ~' ll1!a W i160 Mo! Ml M1 1IY 11!11 MC 

r'Cl" j.)C)Jt..tJbmE)-: (Ch«k (! RC',) 11e1 6R,.ae:I ee' e • lf1 • a siv f71 m. "' "' 1'15 m JrJ m m "° "' ~ A3 "" • eee w 1111 • !Ill! A.Jm1n1str.s1mo ~l:mu fia.;:tunn~ 1111 1112 11112 111o1 6111! ll1M !Ill ll1M 1111 'IOO 101 lo:? ?Ill '°' ios 1111! m '°' '°' 7ID "' 112 111 11• 11~ 11• 111 m 111 1111 
: - A.l"C'QU n11 ng. Ftn;in..:(' F1n..occ, lruu r .. n.cc , n1 m m n .. ~ ne. n1 ne. m 7'Xl 111 rn m 1'l& ~ 116 r.lJ nA 1"lil 1.1(1 1~1 742 r~ ~'" r..~ r.i.t ~ , , '.i.l! ~.-jj ~ 

I MIS.·DP lnJurrn.at1L•l'I CcRlit:r Re.al b1..1rc ;'}1 ~ ~ ~~ ™ nil! ~ I "'"!if '"!ii ;"SJ n!I f"'!l1 ,"&:J 1&I IW!> 1'!16 1! 1 1Y •'Ii ri''O lo'l tn rn, 7~ .. f7"'.!, 1]t n7 ~n! ;"""",jl '8Q 

I " ~ ProJuct Dc.'\18n .tnJ 10 1!1 18:i! 183 is.ti ™ i!Eo nir 79!; rs j'iil) ;p!ft M ~ ,.... :"i6 i"'il6 ?'iT 1'ie l"W SXI "~ ~ !Ill 81)4 .a. ~ atl t n D ! ID 

l~'tlopmcl} I II EJu..:"at1on Ml &12 11u a1 .. .!115 1116 a,~ 1111 111i !20 !12\ w a2'J 82.c ~ iS28 w m 8:i.'il u al~ 1'32 m ~ e m &J r Q Pi! w 
~ ,....... Rcx..a.rch and cx-...~ldpm~m 1~ _ GO\-crnmcm &41 SQ 843 S..W ~ 8'o!. &H &L-5 ~ ~ !SI Ml 8SJ &>I ~S ~ !"J.7 N s<,g MJ 96• ~ IMJ ~ BM ti 86 1 e6l3 eie8 ~j'Q 

6- ....._ \ 1.anubcrunng 1' - .\l1 l1t..a') e.-1 en en 1n.. e~ el'!- .!In U'! en • !i!I m w Mo& aM ses !!I w • !Ul 5, r1:l 893 ~ ~ M 89' M ~ ~ I 
".' =S..1.k-1.1'.\br lcl.1 fli 14 Pt1.'lf6....ron" ( l ..Av., 901 ill2 ~ ~ b "fOi!. 'i(l1 ~ 9(lSl 910 tii t12' 9~) ~,'* tis gre -;11 ~1e H9 m a2'1 m m 9:2.a ~ i2l'!i -n1 929 m n:i 

Pun:h.uin~ Mc.J1<:"11l(' . Eng11)("'("nng . i"J1 'i32 !i.)'3 'i3A i:l5 ·Q IJ37 iJll Q 9'40 i'I "'l j4J P"' ~ M ~1 ;.w. i"il ~ ~, ~ ~ 'i6A: ~ ~ ~1 ~ ~ 1«l 
~ ~rwmnd 	 A rchikeh.1rr lI 

ltl =l~ .•.hH·.alton/ T r.111n mg I~ • Coruulnn~ .8111•183 .. M 11M 987 1111 tlli1000l001f(l)zJOO)U))U00$1001lt0071001llOOl10l010lll0121~ll0'101SI01$>tl7 Ot~10t110l0
I I I = 0.h<r lh Othe r Bu.,mc""" S<"n 11,;Q 


P - Tr.llls.P'.Hudoo. 00-~~I ~W~~~~~~-~~-~~~~---~-00~-~
C. Mttit indkate :.. o ur 11151 tOil? IOU 1D5i10551C1611QG71cr.t Giii 0111100 10CI lQll) 10&< "* - •a.7 oee 1111111010 1011 ion 1m 101.,ois im 011'°"1oeo, 
Commun11...·a.110n\. lJ 11 l1IJe\I' 	 OfV:.llh:al.kn'i•ll primliil') btniflr'li.' OI 10Ul0&1JO&l10M10ll 10l710M~tol01Clt 1092 tQliil3.1Qi.t t(llil$1'L'181 j01171M ~0811f(l)1•01 ttQZl1(tJ ''Oil lt(J5.ltOi,UOl ltOlltOl l , I~ 

a.tlh lt ~: lC''lk-clii; OM'.~ liJlt:t 13 H• uu.111e 1111 tt111\1t H2CI 1'11U22HZl11~ l11S ,,.. 'P1 l1'21'12119:1111ll 11l2 tl3J 113'1111' l\'5 &W ,,,. ·~· ~t4DO<hc•I 	 " 
H•1 \H21tc:I U"411"5-11"'1H'J~\'I u•.0 50 JlSl m1.21 t5311S& )1561151151115115i11801'61116? '18J U51111SllSl\11l1•11. U1'0I 
 Corripu•~r· R.f'lalnl Susi~: 

1111inn1111 HJ4 U75 l11' un Hnl 1m tl!ltl J1a1111111u 11M nm n• u• uee11• 190tl9t 11~ ll13 tti4 nts ,,. n.t7 ttil u• 12DCIM.1.t1.u b..1uttr (Hlltd...,-:.n:: , Su11v.o:::it'C') 488RSUI 

: . 	 0 Plrau srn<I mr 0 11r yrar of BITE Maga:.irrt for sn.95 and bill mt. Of!u 1a/rd rn U.S. and p<JJUs.timu 011/y. 

,-----------------------------------------------------------
! NO POSTAGE 


NECESSARY 

IF MAILED 


IN THE 

UNITED STATES 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO 176 PITTSFIELD, MA 

POSTAGE WILL BE PAID BY ADDRESSEE 

READER SERVICE 
PO Box 5110 
Pittsfield, MA 01203-9926 
USA 

I I I 111111ll11I1III11111ll. I. I., I.I •• ,, 1.1.11 .. 1. ,1.1 

http:M.1.t1.ub


i 

I 
I 
I 

INFORMATION 

Want More Information About the Products and Advertisers Featured in this Issue? 


Print your name and address 
correspond to numbers assigned to 

Check all the appropriate answers roCircle numbers on reply card which 
and mail. 


ilem.5 of inten:st to )'OU . 


questions ' '/'\' through "C". 

-----~-------------------------------------, 

~ NO POSTAGE 
I 
I 

NECESSARY 
IF MAILED 

IIN THE 
UNITED STATES } 

I 
I 

l 
I 

l 
IBUSINESS REPLY MAIL 

FIRST CLASS MAIL PERMIT NO 176 PITTSFIELD MA 

POSTAGE WILL BE PAID BY ADDRESSEE l 
! 
! 
I 

READER SERVICE I 
IPO Box 5110 
I

Pittsfield, MA 01203-9926 I 
USA 

~ II I111111 I I 11I1 III .....11.1.1 .. 1.1 .... 1. 1.11 •• I.. I, I 	 I 
___ _ _________ _ ______________________________ _ _ ______________ JI 

I 
~1JI ()U! lhi~ coupon carefully. Pl.EAS E PIUJl.T. 	 ~ • ro t: ,, ~. 1111 1 11 11 '' m 

Jilit»>0a31:r:z OO~IQQ .. <$tll<ftll .. «I 

I R m 01 • • P " • n ~ n u ~ n ~ 
91 R!1 t" fll .. P-" "lo;L'01 fllll 011~10l•l'1OI1111110

Nome 
w~~m~~~~~~m~~~~~v~•~~ 

~~~~~~~- <~~-l ~~~- l!il 1st 15.1 S4 •Yi l!!i& 151' IY 1• 1C 111 rm JG '" 19(S ,.. ~17 • ,. HO: I~ 11'2 H") 114 H'S 11'1 t17 fit '" ,., 

1iUc Phonc 
 m~~~~*~--~~~~.~~-~~m~~~~~~~-~~ I' 111 l1l m :ta i' 111 ill nt m w m m ~em 2211 w m m 1:11 '1:111 m 2:1& m Ill ZJ7 Z11 m Mi 

l
Compa")' 

211 m m zu m 115 m 1ni c~ zs:i 2211 2S2 220 2&6 ~ ~ 'ZJJ ~ mi ?ii: a1 m m l'1-l ~ 86 25· ne 291 m 

xii l'2 xn xw ~ :o:i 'Xii lll!l m 311) Jn Jll Jll Jr• J,) J1e 31 1 3ia Jiu m l21 m m l2" m .V& :rr l'.i"fJ m lX I 
~mm~~~m~~~~ww*~~w~~~~~~~~~ IDN~• I
~~~~*~~••R~m~m m~wmm•~ ~~~~~~--~ 

)511 »:: »l '.»' ~ • 381 ••. cc t01 40: <cl '°'4 <6 Q 4(1 1 G G 4. lO . ,, , ,, " '3 .,,, 4 ' ) n~ 41" 11e 1•Q llC I
Su te Zip 

A. Wluo t b>"" r ~lof 2 !J Cornl>'J l('t Rrr.,1 Stor~~ 


~lru~il~~ l 11 Ct~ulb.nc.. Cl1 <lit 41 ... ..,..-..., '1111 • 'llY..1 '92 Cl ... 'It 'le 4J <fll.,411 SCI) !Cl !GI 1113 IO& .Sill !OJ !OJ 1111 1111 SI~ 
 I
I ._. ScOIOt·IC'\-r:I Marugcmc.nt " J Xn""Ke 8urau..1 P'l..tn11 1 ~ 5,, SI} !IS 51' 11! Ill Ill l!I l•t 5ZI In = ,J2S Vt ~ !II W !.31 5:¥1» !Si Sli I» 151 ~ 6Jf W 1311 1311 
~ [] Od>er MAn>~ni '\ J D1 \t11bt.J10t 1W l-.o l t"1Ji l ~ t ~~J~~~~~~w~~ ~~~wws~~w~~~~** I 
l n Nnn M .1n.agtn'W:llH • LJ S)'l<tm< HO<l«l m i:o 1• ~ Sii !?7 Sit 119 !ill) !II YIZ !a ~ !M Ill >111 la ~ lltO !it !1112 WI Ill< !iQ!i Ml !111 la !Ill am 

lnieiroiorlVAR ~~a~aa~aa~mm~wmrurnmrumw~~~~ ~~R. W hao I> rour pnffiUJ' Joli I 
1 t Otl><r 	 ~m~oma~ao~~~~~-M~NM~~~~~~8~&a•l\mcd<"11priodpd om <If I 

raponslbUJ1 r~ CC'.b«k 00<.l S o o -C'om pultt· R.datrd Au.J1K3.W>: ~~-~•••••~m~mm m m~-~~••••m••• 

1 D Adminutnoon ir n Ma.nu(aol'tunng 
 M llRE•SDlllll57!1Mllltlal.~1111!MI 1Q5~1U71!111l'lll11011 111ll7HI l!Jl I I I 
? CJ MCOJnt.1ngl F 1nat-.."'(' Q .._. h naocie . lruurao..c, n 1 n,, m n .. m i'1! 111 ne m rn n1 n2 m n.a n.s 7l6 131 7'll ne r.-o :"u 1Q ~Cl 11-1 '~ 'tie , .. 1 r6,I, r~ ~ I 
) :::::! MIS-i DP 1111orm.Ation C("[l~c:-r R<al E..a1< ~, ~ ~ ,,_. r..s :"?ie ~1 ~ ~ 19> 191 ~ tS3 l'&ot 16!, :'ti6 r5' 7&e ?tl'1 r,iro "' m m n.. rn n!i m rn ,..,, l'9C I 
.a "J Product Do1gti tiBJ ID C Rrtl•lfWholo.k 18' ~ lt3 1$1 Its lee 181 "8 '91 I'll) 1'11 n;> "3 1'}o l9'i I'll! l'I' I'll! 19' !00 te • tu' .io 8:" (11)1 !O!I I IOI 0 .,.) 


lkw~nc 11 l Ecluc.;iibon w !ti l'l 11' m 111 611 !II ,,~ sic fl:1t 112 113 11• m 1111 fl! 1111 ~ SlO all n? Sl3 ~ 1135 Sll l)J DI 1131 a.6l 

) L R.t:tb.n:b Miid ~'t=: IOpDlid\1 11 GO\oenuncnl M l W 14] M..- 14! a48 s.. r ~ !.d- ~ l!ll!il *-2 ~ ~ ~ ~ S! J' ~ !61(1 _, •• MJ 88:3 .'61 ~ • . , !lf.t fll!ll; 9nl 
 I 
o M.211ubclu.nng 11 '"""' Md1ury If' J.r7 .fi'J 114 111o UI 111 171 Iii 81( 1!111! tJ/!11 !!ISJ .. ~ l!lll6 !!1 eM • M R' Ifill BJ !Sol ~ ~ !!i' • M 'i.x1 I 
J ~ Sa.IQ/ M11\ct1ng 14 - PrnlCUKJ<U (Liv>, ~~ iC2 eoo iCt 11ai. 90e i01 a iOi 910 911 it2 911 tr.- ii'~ i1 16 a11 tu 9t8 m 12' m m i2• m m 9'/i m. m m I , r PtJ"'hll1"ll 	 Med 1<1~. Ellg1toefrLOg, 11.1 1 93' m 'l.1A m ns 11.11 ~ m 9lil 11t1 IA2 kl w 'It! .alt 111 Iii.! w il'll ~1 r..z ~ ill ~ r.lll j)I l:f a ~ 


A rd1ir«rurc) 
 I.~ "'"""""' 10 · Educa.hoa.rrl'2ln1.ng 11 '""' C()IU.Utt1oi 

11 D O<!wor •• c °""" Bw.1,.,,. Ser..,., 

e. P1it:ut lndkalr your 1l 0 Tt1 ru.p;>rb.t1Qn, 


organimtioo"• primar} bui;iM:Sa 
 Commun1ai11o n "S_ Uu l 1t1(', 

KIJTtty: la..d OD<. ) I~ L a&.<r· ------- 

C ompulrr• Hllat C'd BusintSMS; 

1 L M.a:nt.10cu:art-r tH.ir1h111':l.tt' . S<>U,.'2I'tl 488RSU 


0 Pica.st send me OllJ!! ytar of BYTE Mag<JZJnc fo r $22.')j (JJld btll me. Offer 1'tl/rd in U.S. and p<MscwonJ r>rtly. I 

I 
I 

I 
I 
I 
I 
I 

I 
I 

http:tH.ir1h111':l.tt
http:Educa.hoa.rrl'2ln1.ng
http:Marugcmc.nt
http:Ct~ulb.nc




P R I 0 R I T Y 0 N E E L E C T R 0 N I C S.. 

4 Good Reasons 
To Buy From 
Priority Ona••• 

Same Day Shipping 

2 
Stote -of-the-ort order fulfillment 
allows us to process your order the 
some day we receive it. Nor only 
will it arrive promptly, it will arrive 
correct. 

3 
Products & Pricing 

We hove oil the popular products 
at competitive prices.. Unequaled 
buying power allows us to pms big 
sovi ~gs on to you. 

3 EASY WAYS TO ORDER 

I 

4 

Knowledgeable Stoff 
We begin by recruiting the best. 
They receive intensive on· going 
training on products and how to 
better sel'\lice your account. 

Guaranteed Satisfaction 
Your complete sotisloction is our 
first priority. We work hard lo earn 
your repeal business. Thars why 
we offer you a money· bock guor· 
on tee. 

ORDERING INFORMATION 
8 Retail Stores• Orders placed by 2 pm PT shipped same I~J__B_Y_ PH_O_N_E_day Throughout California 

• No minimum order ii prepaid 
• We welcome Purchase Orders from BURBANK SUNNYVALE800-423-5922 quolilied institutions. Please coll for addi 1033 Hollywood 470 E. El Camino 

tional information Monday · Friday: 6 om to 5 pm PT Woy Real 
• No surcharge on credit cord orders Saturda y: 10 om to S pm PT ca 'a1 u3-25oo (408J 73a.2222 

CHATSWORTH SAN JOSE 
r----=~...,• We don't bill until we ship your order 

• Sole prices ore valid through December 
BY FAX 21622 Plumm er St. 542 W. Trimble Rd.31, 1Y88. Prices subject lo change. 

ca"' 709-$464 (40aJ 435-7300• Shipping cnorges ore $3.50 for the first 2 
lbs. plus 65¢ for each additional pound 

FULLERTON WESTMINSTER818-709-4362(40¢ within CA). FOB is origin, UPS Blue 
1577 S. Harbor 14990 Goldenwest and Red charges ore higher 

C714} 441-1577 (114} a95-2187Group 2 & 3 Fox Machines• 	 CA residents odd appropriate soles lox 

IRVINE BAKERSFIELD 
CALIFORNIA CORPORATE 18241 McDurmott 2400 W ible Rd.101 BY MAIL
FIELD AND EDUCATIONAL (714} 660-141 I (105} 137•2461 
SALES: flOOJ 712-77U Priority One Electronics 

Produds and Pricing Moy 21 622 Plummer Street eDaySltlp...Vary in Retail Stores Chatsworth, CA 91311 
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Zipper+ * modems give you oil the feat · 
ures you' re looking for in a modem; relio· 
bility, flexibility, volue. 

And choice. Zipper+ modems ore ovaa· 
able in two flavor~ The standard Zipper+ 
offers extended features and super volue. 
Socked by o full one year warranty. 

New Zipper+ Gold hos all the features 
plus expondobility ond o Lifetime Warranty. 
Expondoblility c~mes by way of on optional 
communications buffer that lets you add a 
512 Kbuffer for doto storage even when your 
computer is turned off. And an optional 
olpha·numeric display lo visually monitor 
ocl ivily. 

FEATURES 

• 	 Supports All 20 Hayes commands and 
ALL 6 responses 

• 0-300 and 1200 bps. Bell l 03, 212 A 
• 	 Auto Dial I Auto Answer 
• 	 Auto Speed Selection 
• 	 Pulse and Touch· Tone Dialing 
• 	 AT Commands 
• 	 8 Srotus Indicators 
• 	 On·boord Speaker w/ Volume Control 
• 	 Two self· test diagnostics 

N T E R N A 

Zipper+ 1200 
Year Warranly $4ft..99 

111'11111 (Sh. wt 3 lb~J 7· 
Zipper+ 1200 Gold 

Lifetime Warranty $79.99 
llPllZ.lll2K {Sh. wt. J lln.J 

Modems 

ZIPPER+ 1200 

1200 bps external modem with FREE Mirror II 
and One Yeor Warranty 

$9999 

Wl!ZMl2N [Sh. w<. 7 ll>~J 

ZIPPER+ 1200 GOLD 
1200 bps expandable modem with 
FREE Mirror II & Lifetime Warranty 

$12~99 
lllPRIZM12P (Sh. wt 7 11».J 

L 
 M 0 D E M s 


• 	 Holf· slol· size card 
• 	 Compatible with Hayes 12008 Smart· 

Modem & vir1uolly all software 
• 	 Pulse or Touch· Tone Dialing 
• 	 Auto· DioVAulo· Amwer/ Auto·Redial 
• 	 Auto· Speed·Selection 
• 	 Duol Jocks for Voice and Data w/ on

board Speaker 

Zipper+ 2400 
1 Year Warranty 
llPtlJll I Sh. wt 3 rb• I 

Zipper+ 
Lifetime Warranty
llnlllll4H (Sh. wt J llH.) 

$ J J9.99 
Gold 
$ J49·" 

ZIPPER+ 2400 

2400 bps external modem with FREE Mirror II 


and One Year Warranty 


$ 12999 

WllZM24 N [Sh. w<. 7 

ZIPPER+ 2400 GOLD 
2400 bps expendable modem with 

FREE Mirror II end lifetime Warranty 

$159·99 

8KPllZM7~ P !Sh. '"'- 7 11». I 

TOSHIBA COMPATIBLE 
INTERNAL MODEMS 
for Tl 100 + & T3 l 00 

1200 bpi Modem $ J43·99 
llNIZMl2T 

2400 bps Modem $243·99 
BlNJZM74 T 

8lDSOBMIXI 3· PC modem coble $16.9.S 
8KDSCIBMD6 6' PC modem coble $11.9.S 
SlDSCIBA TI2 12' AT modem coble $16.9~ 

EXTtlllAL GOLD omollS 
HftlllOrlll Comm. Bulfer $129 

· llPUllllW1 Alpho Display $7' 
111111121Mirror II $69 

nrumn 512K ..pon1ion SCA.U 
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HD 

Now you con hove the pe rformonce of o 
loplop computer with 20 Mbytes of hord 
disk storage. The NEC MuhiSpeed HD 
loptop gives you oll the feolures you 
need at o price you con afford. Here' s 
whe t PC Mogozine said when lhey 
reviewed it: 

" Its vivid, eminently reodoble ~c ree n, 
clean no·nonsense styl ing. jet propelled 
performonce, ond neo r·perfect key
board edge ii to the top . . _" 

- PC Mog<m n&, Mo•ch 1988 

EL2 
MultiSpeed Laptop with 


NEW Enhanced Backl it Disploy 


$ 1494·99 

8KNECMSEl2 (Sk_ w L 16 lbs.} 

MultiSpeed Laptop with 

NEW Enhanced Backl it Display 


and 20MB Hord Disk
Carrying Case with 
any NEC Laptop - a $129 Value $2288·99FREEi Ends November 30th BKllECMSHO (Sk_ wt 25 lb~1 

WWll1'15 LAP-LINK+ seriol $99.99 
IDICMSIC LCD & EL ban&ry $99.99 WIOISlll Ext ltonsler kit $99.99 
IUllCP0 671 HD batte ry pock $99.99 WIH.11.W. 1200 bp, int modem $299.99 
IXIDIDISO Diconix Printer $366.99 PlllOISl6&3 2 ~ 00 bp< int modem $399.99 
IXIDUI Boneries for Diconix $23.99 UllEOISCI. MS & El co r adopter $19.99 
Ullll(( Diconi• Carrying cose $29.99 UlEOISCl.J1 HD cor adaptor $19.99 

HllECMSCQ Carryi ng case $99.99 
ll0Saml236'3 3' printer cobl&< $23.99 
lkltlalt Pri nl cortridg& $9.99 

llll[CMSCO Leather co<e - bloc~ $129.99 
HPAl\153 200 -#20 poper for dicomx $9.69 llllEOlSC(4 Leather cme · burgondy $191.99 

F L () P P Y D S K D R V E S 

PanasonicTOSHIBA 
31/:z" Floppy Drive Model 455 

Upgrade Kits 51/.i'' 360Kb IB M PC Compatible NEC 
720K Capacity for PCs 1-4 S-9 10 or More 


1·4 S·9 10 or Mort 
 Monitors 99 99$99· $94· $89·99 

E~h f~h E~h$139" $ 129" $ 119" Multisync II 
mum (Sh_ wt 3 lh ea.IEach Each Each HMECl (35 Iii•) $599 99

Retoil $9~9.00 ' 
Model 475 Multisync gs 

1.44 Mbyte Capacity fo r AT' s 51/.i' ' l.2Mb IBM AT Compatible 
WlfCGSl'W $19999

Reroil S299JJO •1-4 S-9 10 or More1·4 Multisync plus 
$ 129" $ 124·99 $ J 19"$169" 1111m r $899 99Each Each Each Re•oil S139S_OQ • 

WllM7S (Sh_ wt 1 lb~ ec_J Multisync xi5.9 10 or More 
W llMSSll Manual (not incl w/ drive) $9.99 IKJIEO IL $ 195499

Retoil $3199.00$ 159" $149" WAIM7Sll Manual (not inc. w!drive) $9.99 
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~CITIZEN W 

When selecting on AT computer you 
hove a dizzying number of systems lo 
choose from. 

Citizen hos just mode the selection 
process clot easier. 

The new MATE/12 AT compatible 
system from Citizen combines all the fee· 
tures you're looking for in on AT. And all 
at a price that screams value. 

Citizen knows you need speed. The 
MATE/12 runs at 12.S MHz (and 6.25 
MHz) to help you blitz through the most 
demanding jobs. 

Citizen knows you wont flexibility. The 
MATE/12 includes two serial ports, a 
parallel port and o mouse port. And lhe 
Phoenix BIOS for unmatched compati· 
bility. 

Citizen knows you require expondo· 
bility. The MATE/12 hos 4 expansion 
slots, accepts 3 holf. height drive devices, 
has a socket for on 802B7 coprocessor, 
and is expandable lo4 megabytes on the 
Motherboard. 

Priority One knows you wonl oll this for 
next to nothing. For a limited time, we' re 
offering the MATE/1 2 al o specially 

reduced price-more rhon $750 below 
the manufacturer's suggested price. 

Citizen MATE/12 
12.5 MHz AT Computer 

with l MB RAM & Hard Disk Controller 

$1399 

llC1llll2 Retail S1 149.00 (Sh. w1. 50 lb5. ) 

V I D E 0 

Power Back· Ups 

Getting To Know 

MS.DOS 
$3995 


llPIWIOS 

This VHS Video Tope introducH the novice 
PC user le lhe computer's hardware and lhe 
lunckimentcl use of PC's using the OOS 
operating syslem with step-by- step. nands· 
on instruction. 

MATE/12 

Technical Specifications 

• 	 80286 processor 12.5/6.25 MHz 
• 	 1 Mbyte RAM memory standard ex· 

pandoble lo 4 Mb on molherboord 
• 	 1.2 Mbyte SW' floppy drive 
• 4 expansion slots ( 1 · 8 bit, 3 · 16 bit) 
• 	 Two 9 pin serial interface ports 
• 	 One 25 pin parallel interface port 
• 	 One Mouse interface port 

S Y S T E M C 0 N 


40 Mbyte Monochrome System 
Includes; 


Citizen MATE/12 System 

1 Mbyte RAM memory 


Seo9ole ST251 hard drive (40ms) 

Hercules compatible video cord 


High resolution TIL monitor 


P:illSI $ 1954•99
(Sh. wt. 50 lbs.) 

With 28ms 40Mbyte Hard Disk 
(Seagate ST.ZS 1-1) 

$2054·99 

excml 

(Sh. wt. 60 lb!.. ) 
UI0217-I Moth coprocessor $279 

• 101 key enhanced keyboard w/LE Ds 
• Socket for80287 coprocessor (8MHz) 
• 	 Phoenix system BIOS 
• 	 Clock calendar wi lh battery 
• 	 3 half heigh! drive capacity 
• 	 Floppy and hard disk controllers 
• 	 MS· DOS 3.3 and GW· Basic 
• 	 One yeor wo rronly 

F G U R A T 0 N S 


40 Mbyte VGA Color System 
Includes; 


Citizen MATE/12 Syslem 

I Mbyte RAM memory 


Seogote ST251 hard drive (40 m~) 


VGA compatible video card 

Mognovox VGA monitor 


1KillS2 $239999
{Sh. wt. 70 lb5. ) 

With 28m1 40 Mbyte Hard Disk 
(Seagate S125 1 • 1 ) 

$249999 

BICTZ54 
(Sh. wt. 70 lb5. ) 

NOVEMBER 1988 • B Y TE 477 

http:12.5/6.25
http:S1149.00


P R I 0 R I T Y 0 N E E L E C T R 0 N I C s· 


Lotus 1-2-3 

$277·99 

ULOTI 731 

Word Perfect 5.0 

$219·99 

IOOOllS I 

Microsoft EXCEL 

$277·99Solt\vare 
IUlSf~IJ 

s E A s 0 N A L s A v N G s 


M~DOS Software 
0.aktop Publlahln9 
Alcl1n · PogeMaker 3.0 WlOPIOI $479.99 
Software Publish ing 

· First Publimer 2.0 nmro s 69.99 
Electronic Alts · Instant Pages W UIPI S 29.99 
Broderbund · Print Shot IQlll'SI $ 34.99 

Word Proceulng 
Micro&oft · Word 4.0 llMSAllOID41 $197.99 
Borland · Sprint llUOISI s1 16. 99 
Software Publishlng 

· Prafeuionol Write llmWI $ J 19.99 

lntegratecl Packages 
Micro&oft · Work$ w.sFWl'O $ 94.99 
Software Pulili1hing 

· Fir<t Choke 2.0 lll1f!f01 $ 69.99 

Utfllty Software 
Fut>k · Sideways 3.21 llFIKSOWYS S 3 7. 99 
81ac O.Velopm•nl 

· FonnTool 2.01 IOOCFTI $ 54..99 
Fifth Generation 

· FmtSock Plus llfTllfll'I $ 19.99 
Borfancl · SideKick Plus UllOISOU!I $ I J6.99 
MluotOft · WindowV286 IQISfW1 $ 59.99 
Mlcto.oft · Window!/386 IOISfWJM I $ I 09.99 
Executive S~tem1 

· X·TrH Professional llmIPI $ 67.99 
Central Point · Copy II PC IU.lTmll $ 22.99 
Microsoft · Quic Bo~c wtSfOll $ 69.99 

Finance and Spreadsh..ta 
Monogl"(lm 

· Dolio" and Sense IQIOMOASJ $ 79.99 
lotu1 · Symphony 111.0JSI $429.99 
Borfand · Ouottro IUOtQI $ J34.99 
Lotus · H.A.l For I ·2 ·3 111.0THI $ 99.99 

Game• and Entertainment 
Accolocle · Mean 18 PACCllllll $ 24.99 
Electronic Am 

· Hunt lor Red October aEUHIOI $ 21.99 
El.manic Alts 

· Cheumotter 2000 llH.AOll S 2•.99 
Microsoft 

· Fli9ht Simuloror 3.0 WISml l $ 29.99 
Electronic Am · Chuc k Yeoger 

Flight T roiner llillTAfll S 23.99 

Macintosh Software 
Desktop Publishing 
Aldut · Pogemoket 3.0 IWDPlrDll $369.99 
Adobe . llluslro1or '88 wo•11 $219.99 
Ouarlt · Xpre.s 2.0 llQUX211 $479.99 

Word ProceHlng 
Micro.oft · Woi:d 3.02 IWl!.fWOlllJI $219.99 
Word Perfect 

· Word Perfect Moc UW70JPM SJ 79.99 
Alhton-Tate 

· FuHwrite ProleS$ ioncl l'.ASllFWl'M $239.99 

I 
Integrated Packa9H 
MicrotOft · Works llltSfWOllSI $ J79.99 

Database Management 
Ashton· Tate 

· Dbose Moc 1.0 IWHDtM $269.99 
Borfand · Rellox Pius lllFW'lUSI $ 169.00 

Utilities/Mlacellaneoua 
Microsoft · Power1'oinl 2.0 ll!ISfmll $229.99 
Activision · City to City IUCTCTOI $ 26.99 
Acti'lision 

· Reports fo1 Hypercord llAC11Jl s 54..99 
Activision · Focol Point 11.lOOI $ 54.99 
Chang labs · C A T. HCHIKATll $229.99 

Grophlca I Paint Package• 

Broderbu ncl 


· VideowoAs II UDYWl l ll $109.99 
Microsoft · PowerPoint 2.0 lllSfttlll $239,99 
SuperMoc · Pi.xelPoint llSllTPflll $2.19.00 
Electronic Am · Studio 8 IKEU $ 19,99 

Games anJ Entertainment 

Brod•rbuncl 


· ShuHlepuck Cafe IOIOSPOI S 22.99 
Specttvm Holohyte · Falcon llSHlfM$ 24..99 
Electron ic Am · Yeoger Advc:inced 

Flight Troiner lllUTIDI $ 21.99 
Broderbund · Jam Session IOID.IW $ 29.99 
EPYX · Sub Bottle 111'1SIM $ 24.99 

CALIFORNIA CORPORATE 

FIELD AND EDUCATIONAL 

SALES: (1001 712-77U 


Products and P<King May 

Vary in Retail Slore$ 
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Prices Too Low 

To Advertise! 

Prices So Low That Epson 


Won't Allow Us to Print Them! 

The best·sell ing printers in business 

history. The hordes! working computer 

printers in America Thar s the legend 

created by Epson' s FX·series dot· matrix 
printers. And now they' re better than 

ever! 

And the LQ·series offer Letter Quality 

documents ond print of dot matrix speed! 

L Q 2 5 5 0 
• 2<1 pin print head 

• Print speed to 400 cps (draft mode) 

• 7 color printing 
• 	 Epson's one year limited worronty 

mnu:rmo llfv. Sutee111C1 un St449.00 SCAU El'-son
LQ - 500 
• 24 pin dot matrix printer LQ-850 LQ-1 050 FX-850 FX-1050 
• Friction & lroclor paper feed 80 Column 132 Column 80 Cohimn 132 Column 
• Centronics parallel interface Fast enough lo handle cny size job with • 24 ·pin impact dot-matrix printer 
• Autolood letterhead & sheets efficiency end ease. Plu~ SmorlPork lets you 
JQPlll.Qm Mfg. S~ggested Lis~ $499 .00 $299 

• Up to 330 chcrocters· per·second Drafl 
change between fanfold paper, single sheetsSpeed 
or envelopes with the louch of o button and 

Quality Speed 
• Up to 11 0 chorocters· per-second Letter· 

the flip of a lever.DFX - 5000 
• 	 9. p;n print heed • Parallel interface lllPllUl50 Mfg. Suggeit List SI 19.00 $CAU. 
• 	 264 cps d1alt speed • 54 cps NLQ speed• 533 cps in Super Draft mode tumQIOS-0 Mfg. Suggest List $849.00 $CALL 
• 	 Built ·in 8K buffer • Numerous font! 

• <180 cps in draft mode • 	 Auto single sheet • Adjustable tractor LQ-950• 80 cps in NLQ mode loading feed 
lntroducir\Q the L0 -950 2<1 pin printer from • 	 6 ovoiloble pitches; 5·20 cpi ·• Epson FX control code compatible 

EPSON. The EQ-950 combines the proventQPllDfX5000 Mfg. Sugges•ed List $2199.00 $C.AU eKll'lllllS-0 Mfg. Suggested List $549.00 $CALL 
24 ·pin technology, odvonced paper hondl

IKEPllFXlOS-0 Mfg. Suggested List $799.00 $CALL 
ing, and the capability to print graphics hori· (FX-1050 Wide Corri age) STARTER KIT zontolly in " landscape" format on 11" wide 

poper- without additional software drivers! FX-286eSAVI UP ro $38.0011 
The LQ-950 prints 264 cps in draft mode and The flagship model of Epson' s printer line· 

PC to Printer Cable • 3 RI~ 
on incredible 88 cps in Letter Quality Mode. up. With speed end power enougfi for all

Anli-Slatlc Cover • Printer Care Kit your business aplication s. 


So ltlGI it wil lent '""' long
• 110 column, 24 wire printer 

• 9 pin impact dot matrix printer 

er. Wf/ve included all the 


• 264 cps droft 88 cps LO mode$6 9 • 	 240 cps draft mode speed • Epson's one year limited warranty
suPfllies you need lo use and • 	 48 cps neor- letter·quolity speed lllPlll.Qt50 Mfg. Sugg1,.ted fol $849.00 $CALLcore for your new prinl8'. Ask for. 

• 132 column print widthllPIUl55Ul""lQ-2S50 IOIUllSl-.(LQ-500 LX-800 • Porcllel·interfoce with BK bufferllUllil.mwEX· l000 llrllmM&w'fX·800 
• 	 9 pin print heod • Aul~ single sheet loading11D111216Blw/FX·286• _Bl,..,FX·86e 
• 180 cps draft.JO cps NLQ $ J89....-sl ""LX·800 llll'llfnl6E Mfg. Sugge11ed List $799.00 $CALL 
BUPNLX800 Mlg. Suggested List $299.00 

E p s 0 N A ( ( E s s 0 R E s 
IDll~21 lX/E X-800 ribbon $7.99 IDl llPS l9 lQ 132 col ribbon $ 13.9.S IOI~ 6' PC parallel coble $2._99 
IDllll'45 F X · 86 e ribbon $7.99 Hlt11 PS13 EX-800 color ribbon $14.95 lkl!l'Cl2 12' PC por. coble $29.99 
IOJ llN41 fX·286e ribbon $9.99 11£~1A EX-800 color ki1 $79.9.S HDSOll6 6' XT serial coble $2._99 
1Dl 11 PSl7 LO 80 col ribbon $9.95 lllrtl7341A lO·SOO CX feeder $91.99 IKDSOIE'12 12' AT ser. coble $24.99 
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Panasonic 
PANASON IC PNS 1524 

The Panasonic 1524 Printer ~ombines 
the speed of o dot molrix printer with the 
professional type style a daisy wheel 
printer- all in one printer! Thonks to its24 
wire print head and optional font cords, 
you con print Letter Quality documents at 
o blazing 80 characters per secandl And 
if thar s not enough, all Panasonic print· 
ers come with a 2 year limited warranty 
-50% longer than the leading competi· 
torl 

• 240 cps draft I 80 cps in LQ mode! 

• Bottom and Rear paper feed 


• Parallel and serial RS232 

interfaces included 


B«l'NS1S24 Mfg. Svggeirod Lisi $949.00 

$CALL 
PRINTER STARTER KITS 

llPlllOIOISI Starter Kit for IOSOi $d9 
llPl11091 ISi Starter Kit for I 091 i $49 
BUlll092ISI Storrer Kil for 1092i $49 
BUllS92SX Starter Kit for 1592/1 595 S.9 

llPltP'Q 6' PC porollel coble $19.99 
811111'(12 12' PC porollel coble $24.99 

ACCESSORIES 
lll'llSIJD~ ;bbo~~ 1080i 1091 . 1002 $12.99 

llPISM Cul "1eet lot<ler 1092 i $11f,99 

IUllSllt So rd inteifoo for $a9.9' 


()oj Motnx 

llPllS14' Ribbon 101 KXPl 52~ $14.9' 

llPllSIS24" Cut .h..1 lo.der 1 52~ S199.99 


PANASONIC KX· P1092i 
• 240 cps draft, 48 cps NLQ mode 
• FX-80 & IBM ProPrinler emulalion 

• Parallel interface w/6K buffer 
lll'NS10921 Reta il S529.00 (24 lbs.. ) 

$CALL 

Panasonic 

Office Automation~ 

Prices Too low 

To Advertisel 


Our Prices Are So low That 

Panasonic Won't Allow Us To 


Put Our Prices In Printt 


PANASON IC 1091 i 

• 160 cps draft I 32 cps NLQ mode 
• 192 cps print speed at 12 cpi 
• Parallel interface w/ l Kb buff er 

llPll510911 Mlg. Sugge1ted Retail S299.00 

$189·99 

PANASONIC PNS 1592 
• W ide Carriage (1 36 Columns) 

• 180 cps draft I 38 NLQ 
• Proportiona l space printing 

llPllSI S'2 Reio ii S679.00 

$CALL 
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Panasonic 
Office Automation~ 

More ond more businesses ore dis· 
covering the benefits of loser printing. It 
gives you the flexibi lity to print o variety 
of documents with different fonts and 
exciting graphics. All with speed ond res· 
elution unmatched by other printers. 

• 	 11 pages per minute print speed 
• 	 2 poper cassettes - 250 each 
• 	 Serial and porollel interfoce 
• 	 Emulations: HP LaserJet+ , Epson FX286, 

IBM Pro Printer, Dioblo 630, KX· Pl 092 i 
• 	 Serial ond Porollel interfaces 

$1495 * 

IUMS4450 Mfg. Su99est Retoi S2495.0Q 

• Wirh p~rc ho ll of I Mbyte memory upo!Uion {111.'15"'40) 
$ UPJ.00 wr!holll Jl<JrCM•• of • mot'! expon1ion 

llPllSN50 Toner 10< 4450 $44.99 
llPllSOMO legol Couette f0< 4450 $54.99 
llPllSOll Drum for 44SO $ 119.99 
PP1151l!IQO Envelope Com1tte for 4450 $79.99 
lmlSllMO I Mbyte RAM Expo.n!.io n $399.00 

Panasonic Scanners 

Now Available in Stock 


amismos Scanner $CA.ll 
WMSm06 G rey Level Scann er $CAll 

51/.. " WORM 
Optical Disk Drive 

The Panasonic Optical Dis~ Drive is the 
a nswer when you hove massive data storage 
requi rements. Eoch removable 5 'A " cartridge 
hos o copocity of 200 Megabytes. [Sh. wt 16 lb~I 

ICPllSU5GOllM w/IBM ln1erfoce $CAU. 
$CALL 

Laser Printer 


Panasonic FAX Partner 
Facsimile Boord for 


IBM PCs & Compatibles 

• G rovp Il l Fox compatible 

• 	 Variable transmission speed: 9600fi200/ 
4800/2400 bps with automat ic fo llbock 

IKl'llSS1i191 UIS 
Retoil $995.00 $CALL 

THE COMPLETE 

ANSWERING MACHINE 


• 	laclianMMf Op11•loi• No need 1o decfl. 
CD1e o PC for vole• m 

e 	Valel M1•11• up to 999, ~~ 
lected molioxes 

• 	 M.....,. r.w••• CAM can cal you IO 
deliver your ,_ IMllClgft In 
yout cor. ~ home « anywfilrll 
,_. llM PC. >CT, A'f1 


anilc-paeliln 


$249'" 
muMI Relall U.9.00 
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Cables 
lmi04111E Soclcel to cord edge 30'' $ 13..50 

lmi045'0E Sockel lo cord @dge 60" $15.!0 

llPG04Mlll Drive lo bock of cobinet 18" $20.60 

llPG04!.10DOE Socket to co1d edge 30'' $22.10 


cord edge to cord edge 30" 

l lGl90DODODOE socket to 4 co1d edges $3...95 


30" belwtten <>ac h cord edge 

~! Socket lo cord "dge 60" $10..SO 


(Sh wl 1 lh O<l t h) 


Mounting Rall• 
SUIUTU Moonting Ro ils for AT $ 10 
llJMIU Movnling Brocket• & Roils $ 10 

Cabinets 
Single Drive Cabinet with 
IBM PC type Front Bezel 

and Power Supply 
lliMlllD<51 F ult Hei9h1 

llllllHOOI HH 'Ii Heignl 

$199 

ZipCard 21 
21 Megabytes 

Formatt ed Capacity 
65ms avg. access time 

One yeor warranty 

$27918 

BlPl.1101 (Sh. W( 6 lb•) 

ZipCord 40 BKPIJZC4-0 P $699.99 

ZipCard 32 
32 Megabytes 

Formatted Capacity 
65ms avg. access time 

O ne year wa rranty 

$33999 

BIPIU02 (Sn ...t 6 lb< ) 

ZipCord .48 e IKPl.IZC48E $499.99 

... J W I S TE .RN D / QJ TAt 

The problem is fun damental How do you 
increase hard disk storage capacity and 
sove time ond money? the solution is simple 
-ZipCord 

ZipCcrd is easy to install Just plug it in 
ond run. ZipCard combines fast disk access 
speed, advanced engineering and uncom· 
man value. 

And Zip(ord is built to lost Plated medic 
for a long trouble free life. Shock mounting 
and rugged construction make it the perfect 
choice for portables and anyone who 
requires reliability. 

And there's onolher feature that comes 
standard with every Zip( ord- Priority One 
service and support. Wi th eleven years of 
hond· holding experience, our technicians 
hove th e answer to oll your questions. 

B A ( K u p 

Mountain. 
rm: PEAK or PWORMANC£ 

• SIA " form factor · floppy size 
• Works off floppy disk conrroUer 
• Industry standard QIC·40 specification 
• Includes fi leSale series software 

llllllT4 II for PCs 
llllfl4AI 10< A1' s $369·99 

For external model replace 'T wilh " E" and 
odd S200.00 ( ~h. wt 6 lb..J 
lllllUIQ Tope Com~e $2..99 

alpha m1c:rc ...-...-...-...----...... . 
tr•U.:UI KR.A 
Back-Up 160 Megabytes 
• Works with IBM PC XT, AT, (PS/2 ) 

& compatibles 
• Easy to install, easier to use 
• More reliable than streoming lope 
• Medic cost less than streaming lope 
• Disk image or fi le· by· file backup 

PC/ AT controller card 
IUJJM (Sh. w1. 3 lb• ) 

Videotrax " HQ" VCR 
IWJWllOO ISh. wt 28 lb•I 

Subsystem • both pieces 
ll.WiITT (Sh. wt 31 lb•) 

$349 
$549 
$799 

CalJ lor ~S/2 compatlWe prwlvcfa 

Hard Disk ConfToller 
FOR PC's & COMPA TIBLES 


lllWOIT&DI 'h Corel MFM $64.99 

llWDt002fJGO Yi Cord. MFM $74.99 

llWDI D02271 y, Cord. RLL St...99 

FOR AT' s & COMPA TIBLES 

lllWOI 003WAll no R0ppy, MFM $ 12 ... 99 

llWDtG03WA2 w/floppy, MFM $144.99 

llWDI003Wfl w/ lloppy, RLL $16 ... 99 


ISh. wt 2 lb• each) 




When you' re ready to upgrode, go wilh 
the best. Our hard disk kits come wilh 
Seogole drives for re liability and value. 
Each ki t includes eosy ins tructions. One· 
year warranty. 

COMPLETE SUBSYSTE MS INC LUDE: 
S.Ogcrte Hard OiskOrive 

112 Slot ConlToller Card, Cabin 
and ln1tNdion1 

21 Mbytes 
Seagate ST2 25 

65ms avg. access lime 
One year warranty 

$26999 

8lllll'C21 l {Sh. wl 7 lb•J 

30 Mbytes 
Seagate ST238 

65 ms avg. access time 
O ne year warranty 

$29999 

llPlll'OO I(Sh. wt 7 1>.) 

HD Subsystem 

43 Mbytes 
Seagate ST2 51 

40ms avg. access time 
O ne year warranty 

$449"99 

llPIJH:431 ISh. wt 7 lb•) 

H D 

~... 
lis 

s E L E c T 0 N G u D E 

1116-ol!M A!'J kllH llfw. '"'...., 1S/US" C.'9d11 TI• r.c. llUMIU PIK( 

1333A 5.25" 53.3 MB 30ms MFM IOICP1333A $549.99 
ST125 3.5" 25.6 MB 40ms MFM IKSEA12S $CALL 

STI38R 3.5" 38.4 MB 40ms RLL BKSEAl311 $CAll 
STIS7N 3.5'' 57.7 MB 28ms SCS! llSEAIS711 $CALL 

ST225 5.25" 25.6 MB 65ms MFM IX5W2S $239.99 
ST238R 5.25" 38.4 MB 65ms Rl l BKSEA2311 $279.99 
ST251 5.25" 51.2 MB 40 ms MFM BKSEA2S I $399.99 

ST2 51· I 5.25" 51.2 MB 28 ms Mf M BKSEA2S n $499.99 
ST277R 5.25" 76.9 MB 40ms RLL Ff5EA2nR $499.99 

Britt$ • Ml lllW. ctl!llWri " -11 - Ill lw 'rklll 1114 '"lltWfty 

"I like your 'Satisfaction Guaranteed' policy .... surely this is 
the ultimate woy to make the customer sure, in his own mind, 
that he runs no risk in buying from you." 

- F. T. Theobald 

43 Mbytes 
Seagate ST2 51-l 

28ms avg. access time 
One year warranty 

$529"99 

P:Plll'(4311 (Sh. wt. 7 lb>.) 

The Maxtor family of ha rd drives is rhe per· 
feet solutior1 to your storage needs. Speed· 
Stor sofrwore does the integrolion for yov. 
Af ter you ir1roll the drive, insert lhe SpeedSror 
floppy disk. type IN TALL answer a few simple 
questions and you"re up ond fl yi ng. l~s 
fle~i b le, simple, and fast. 
• 	 For IBM AT and compatibles 
• 	 Includes documentation and easy lo use 

installo tior1 instruclions 
• 	 Includes SpeedSlar partitioning software 

Model All 20 
119 MB focm<:itt&d copaci1y • 

(28 ms MFM) WIITl l .0 

$ J499 99 

Model AT160 $ 1649 991 S9MB formaned capac ity • 
(28 ms MFM) IQIJTll90 

Model AT320E 
319 MB formatted cop«ily 

(18 ms ESDq IUUlCllGI

•1Me1ES01.-•· 
$264s>99 
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Accessories 

Kraft Systems 

Combination IBM/Apple 


Joystick
eumo. 
Mfg. List: S29.95 $ 18•99 
OUR PRICE: 

Power Supplies for 

IBM-PC, AT and Compatibles 


479·99 $124·" $129-" 
IUWllSO UPWl200 HPWflOOAT 

Mouse Pod 

$ J2·" 

8XPtlMOUSEPAD 

Kraft Systems 
Hi-Speed Game Card 

llUTllSGCI for PC, XT, AT's 

Mfg. List; S34.95 $2ft.99 
OUR PRICE: U 

Microcomputer Accessories 
80 Column Printer Stand 

Mfg. Lisi: $49.95 $29"99OUR PRICE: 

lllMU930 


132 Column Printer Stand 

Mfg. list: S54 95 $34•99 
OUR PRICE: 

BKMCA940 

MiClosoft 

Mouse 

Serial or Bus Version 
with PC Paintbrush 

BKMSFSMPB (Serial) I BKMSFBMPB (Bus) 

YOUR CHOICE: 

$99·99 

Mfg. Suggested Retail $179.99 

Mouse 
Serial or Bus Version 


with Easy CAD II Software 

BKMSFBMECll (bus) I BKMSfSMEOI (serioO 


$ J29·99 


Mfg. Suggested Reloil $175.00 


NO SLOT CLOCK 
Mainfoins lime for more than 10 years! 

Mfg. Lis t: S59.95 $32•99OUR PRICE: 

BKSMTHSC 


Optical Mouse 
from Mouse Systems 

Serial w/PC Point Plus BKMSCOMS 


Bus w/PC Paint Plus BOOCOMB 

PS/2 • BIMSCOM2 


YOUR CHOICE: 

$99"99 

• PY'l do•s noi come wim PC Point Pl~• 
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5 V•" Diskettes 
Double Sided I Double Density 

1-4 S-9 10 or Mon 

$8·99 $8·99 $7·99 

PRICE PER lO·PACK IWl.llllZDM 

Double Sided I High Density 

1-4 5-9 10 or More 

$ I 9-99 $ I 7·" $ 15·" 
PRICE PER IO·PACK IWUIU!HD 

3.5" Diskettes 
Double Sided I Double Density 

1-4 5-9 10 or Mort 

$ 19-99 $18·" $16·" 
PRICE PER 10-PACK IWUlll 

Double Sided I High Density 

1-4 S or More 


$54·99 $49-" 
PRICE PER 10-PACK IWOOffO 

SV•" Double Siclecl I Doullle Density 

PRICE PER 1·5 6 or .... 

25~CK $ J9'" $ J6,,, 
5Y•" AT High Capacity/ 2-Siclecl 
PRICE PER 1·5 6 Of 11111 
2~~K $39'" $33·" 

3.5" Micro Dilb 
Double Slclecl I DouW. Density 

PRICE PER 1·5 6 Of .... 

lO~~CK $ r8·" $ r6·" 

M A T H & c 

Accessories 


p u C H I P S 
CO-PROCESSORS 


BKB087 5 MHz $ 108.99 

BKB0872 8 MHz $ 158.99 

BKB087-1 10 MHz $224.99 

BKB02B7 6 MHz$ 119.99 

BK802B7-8 8 MHz $249.99 

BK802B7-10 10 MHz $309.99 

BK80287-12 12 MHz $CALL 

Blm0387 16 MHz $498.99 

Blm038720 20 MHz $798.99 


REPLACEMENT CPUs 

BKUPD7010888MHz Vl.O $ 24.99 

BKUPD70116 8MHz \130 $ 19.99 


CALL FOR PRICES 

ON RAM CHIPS 


ALLSOP DISK STORAGE 

Holds 30 $6•99 
3.5" Disks 

BKAllDf30111 

Holds 60 $6.99 
51/•" Disks 

BKAUDf60X 

Universal $6•99 
Printer Stand 

BKAU.UPSX 

0 R C H D 


Tiny Turbo 286 

BKDIQl6H $269·99 


Designer VGA 
BKOlmGA $349·99 
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RESEARCH INC. 

RampagePlus 286 
Thal new 12 MHz AT compuler you just got 

puts you on the leading edge af lechnology. 
You' re a" power use(' with speed enough lo 
bum. You need on expansion board that con 
keep pace with your compuler. 

Most AT expansion boards ore designed 
for use on on BM Hz Bu!. The new AST 
RampagePlus 286 is engineered fo r Bus 
speeds up lo 12.S MH ._ 

RompogePlus 286 also hos huge memory 
capacity (up to 8MB) and flexibility loo 
(memory con be configured as expanded 
EMS 4.0, extended a nd convenlion). 
• 512K memory expandable to 8 MB 
• Full support of EMs 4.0, EE MS & EMS 3.2 
• Configurable os extended memory far 

OS/2 
• Runs at Bus speeds of up to 12.5 MH z 
• Oplional VO piggyback modules 
• Two year warranty 

Retail S895.00 $529-34BKASTRPP'll6AST 
VO Mini II (AT)VO Mini II (PC'XT) Xformer/286 (XC/XT) 

• Helf slot size card • Replacement motherboa rd for PC's• Single slot half size cord 
• Serial and parallel port • 10 MH z 80286 processo r (6 or 10 MHz)• Serial and parallel port 

• 512Kb memory; 8 expans ion slots• Optional second se riol port• Clock colendor with battery 
• Two year warranty • One year warranty • Two year warranty 

WSTIOM2A BKASTX'll6 

Retail $129.00 


BK.lSTlOM.1 I $87·99 Retail $845.00 $599·99 
Reroil $129.00 $87·99 

RAMvantage! (AT)SixPack Plus (PCJXT) Rampage 286 (AT) 
• 128Kb expandable lo 3Mb • 512Kb expandable to 2Mb• 64Kb expondoble lo 576 Kb 

• Se ria l and parallel ports • Splil memory addressing • Supporis both EMS and EEMS 
• Clock calendar wilh batte ry • Provides extended memory • Splil memory addressing 

• Two yeor wa rranty • Two year warranty• Two year warranty 

BKASTIPAT 

R11to~ S210.00 


WSTIVIUllXASTl 
Reroil $695.00 $439·99 

Reroil $.445.00 $259·99$139·99 

Advantage Premium (AT) Advantage/2-386 (70/80)Rampage/2 ( PC'XT) • 512Kb expandable to 2Mb 
• 1Mb expandable to 8Mb• 256Kb expandable to 2Mb • Serial and para llel pa rts 
• Uses 256 Kb and 1 Mb SIMMS• Supports both EMS and EEMS • Split memory addressing 
• Full Micro Channel Supporl • Split memory addressing • Two year wa rranty 
• Two year warranty • Two year warranty BKASTAl'S12 

llASTA2316 IWSTIP'256 Retail $5.45.00 $339·99 
Reloil $1395.00 $839·99 

Retail S.495.00 $299·99 
Coll for DRAM Prices 

Call for AST Premium/286 System Pricing & Configurations 

AutoSwitch EGA 480 
Re to il $399.00 

BUAlHIO $189·99 

Monochrome EGA 
Re tail S249.00 

BICPUMEGA $199·99 

(Shippmg weight on oll board" ' lln . eoch) 

VGA Plus 
Reio~ $599.00 

llPAIVG.lP $349·99 

VGA Professional 
Retail W9.00 
llPAIYGAPIO $499·99 
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VIDE0\7sEVEN 


The ultimole in VGA performance. 
V· RAM VGA from Video 7 combines 
100% VGA hardware compatibility with 
the superior performance of VRAM tech· 

nology to give high· speed operation (see 
box below}. 

V·RAM VGA is 100% hardware 

compolible with the IBM P512 Display 

Adopter. It even offers the high· bond· 
width monochrome mode end other 
VGA registers not documented by IBM. 
• 	 100% IBM PS/2 VGA compatible 
• 	 Works in PCIXT/ATs & P512 model JO 
• 	 15 pin onolog video connector 
• 	 256 K VRAM memory expandable 

lo 512K 

V-RAM VGA 
ID07VlGA 


Retoil $799.00 
 $499·99 

FastWrite VGA 
IDD7FWVGA 


Retoil $599.00 
 $399·99 

All the Fearurff of EGA 
PLUS 37% Greater Resolution! 

• 	 EGA, CGA MDA & Hercule$ graphics 
compo~ble 

• 	 Works with Mul~sync monitors 
• 	 AutoSelect video mode 
• 	 Will co·exisl with MDA or CGA resid· 

ing in another slot 
• 	 640 x 480 & 752 x 410 resolution 
• 	 Two year worronly 

~07YD Retoil $379.00 
(Sh. wt 2 I» ) 

$229·99 

Video 7 

I 

V R A M 
Video Random Access Memoty (VRAM) Until now, VRAM technology was only ovoil

was developed lo meet the high-speed re- able on speciolizecl high-priced graphics 
quirements ol high resolu6on video applico· boards. But by developing o new chip-the 
lions. VRAM adds speed by aninating the VlVGA-Video Seven wos able to bring high 
wait stoles caused by slower DRAM chips. technology down to a sensible price. 

I 

v G A 	 v E G A 


VEGA 

V · G · A'"' 

Introducing the VOA Tftot'll 

ICHOCIC YOUR SOCKS OFFJ 


You've reod ond heord obout VGA It's 
lhe next video standard. But until now, the 
only way you could get ii wos to buy on IBM 
PS/2. 

The wail is over. True VGA is here today 
lrom Video Seven. It works up to .400o/c foster 
than on EGA cord And ii works with onolog 

· and digital monitors.. Plus, Video Seven VGA 
is bocked by o money- bock VGA compatibil 
ity guarantee. 

• 	 True IBM P!>/2 VGA compatibility 
• 	 Up lo 400% foster them standard EGA 
• 	 High resolution (800x600) drivers for 

Microsofl Windows, AuloCAD, lotus Text 
ond Graphics 

• 	 Smortswilch hardware state switching 
• 	 S yeor worronly 

$298.99 

UVD1VGA 
Reloil $499.00 
!Sh. wt 2 lh•l 
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MAGNAVOX 
No matter which mode you choose, Magna· 
vox VGA will display it. Magnavox' s new 
VGA monitors ore fully compolible witha1117 
VGA modes.. 

With o VGA display syslert\ you' ll get the 
mmt oul of your present software. Plus you' ll 
be ready for graphics environments like 
W indows 386, OS/2, and Presentation Mon· 
ager. 

Mono VGA 
• 50 to 70 Hz ~efresh Retoil $229.00 

• WDwhilephmphor $ J49." 
• 64 shades of grey 

• Up to 800 x600 res. IWGY'l 1S1i. .... 19 ibt' 

Color VGA 
• 60 to 70 Hz refresh Retoil $649.00 

• .31 mm dot pitch 99$459 
• Infinite # of colors • 

• Up to800 x600 res.. IWGYI iSh. ..c JO lb•) 

Co'-VG ~ 
&~S.,.tal 

M«l!fli:WCll3.9CN082 VGA MOnlorMake a New Resolution 
& ~x 800 x600 VGA-<ani 

Today••• 69.P·• 
M 0 N T 0 R M E R R M E N T 

14" EGA Color Monitor 12" Hi- Res TTL Monitor 14" RGB Color Monitor 
• Fully compatible with IBM EGA• 640 x 240 line re$Olution• I 000 x 350 image resolution 
• 690 x 350 line resolu tion• RGB & Composite color inputs • P39 (green) LA (amber) screen phosphor 

• Buih· in tilt sland & coble • Text display in green or amber• IBM TIL compo~ble inlerfoce 
• 64 color~ EGA; 16 colors CGA 

Retail $399.00 
• One year warranty • Two year warranty 

Reta il $595.00 
p:,IW; ( Green~ $7ft99 IWGtClllSJWU.Gl (Amber) 7 · · tUUGCll762 99$2 9

(Sh. wt 26 lb5.) .6 (Sh. wt. 29 lb~ ) $398." 
Amber TTL Monitor & RGB Color Monitor & EGA Monitor with Hercules Compatible Color Video Card Video 7 Vega DeluxeCard 
IWGlll l $ J J 9n $329 w oo $549.99 HIUG~1s1>. w.. 1s lb•) • 
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Cl !APTER ONE 

15 MIDNIGHT 
Ti!E BLAC KEST HOUR 

beast wh8t with 
fit t or fl\80 or 

lt ll/8 S not a n i ght tins. t o 
d it star 

1 as black as ink an ' b~d e~oush
the s kY be 09 t o 
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· pl e h8d 
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the way up to 
to c limb all 

JetfreY llihtP 

B
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ts so new 
snakeskin boO 
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Fl Agstaff, Arizona just ugh 
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i 9 

to be trouble 
e 1,1188 go n

t her i d \llhiPPed UP
the dry w n 
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around hiS fee d a twig crack 

1 he 11earwhen sudden y,
oack to calllP turned he

did tiut as he 
thought he 

behind him or the black bleakness of 
thin.9 except

• • , _ , .. QAfl any 

OUR NEWPRllTERSMAKE EVEN 

BAD WRITING LODIOOOD. 


ral.n 

" 

the top 

t heir 

tnat 

was 

the duet 

on or go 

the 

·re sorry that our new 24-wire Pinwriter· P5200 and P5300 printers can,t do much for the 
ofyour writing. But they can certainly do wonders for the way it looks. The secret is the 

. Other dot matrix printers only use a fabric ribbon. Our Pinwriters print with both a fab
. 1 letter-quality, multi-strike film ribbon-the same kind used on executive typewriters. 

NEC Pinwriters can also enhance your writing in other ways. They have seven resident 
les. Plus four more are available on plug-in font cards. Which means you can express 
')ughts with just the right typeface. You can also get an inexpensive, user-installed color 
And ifgraphics are part of your story, these Pinwriters produce the highest resolution 

"rimer you can buy. 
IBC Information Systems at 1-800-343-4418 to see NEC PRINTERS.THEYONlY STOP 

WHEN YOU WANTlHEM ro.:h better our new Pinwriter P5200 and the wider 

P5300 can make your writing look. 


Whether you,re a budding 

Hemingway, or a 


Hemingway &Company. 
 NEC 
EC lnforma1ion Systems, Dept. 1610, 1414 Massachusetts Ave ., Boxborough , 1\\A 01719. .....,,._,._ 



The Our most 
powerful 386™ >·'Emdy based computer 

...made in America. 
.J.·". 5000MC 
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The new Tandy 5000 MC 
Professional System is pure 
performance, from the Intel® 
80386 processor operating at 
20 MHz to the memory cache 
controller that provides 
RAM-fast access to data. 

With the 5000 MC, you 
have the high-performance 
platform needed to take the 
fullest advantage of industry
standard MS-DOS® applica-

Tandy Computers: Because there is no better value~ 

tions, powerful new MS® 
OS/2 programs or mu lti user 
SCO® XEN IX® software . 

Operat ing at 20 MHz, the 
5000 MC cuts through the 
big jobs like database man
agement, large spreadshee ts 
and sophisticated graphics. 
Its IBM® Mier Channel™ 
compat ible arch itecture al
low multiple proce:;sors to 
use t he sam bus. 

The system architectt 
also provides a rad ical,. 
crease in data-transfe· 
when the Tandy 5000 
configured within a 3( 
workgroup or a mul t i• 
environment . 

The Tandy 5000 lv4' 
new alternative in p(' 
computing- fro m tht 
selling fami ly of PC C· 
ibles made in A meric'" 

lladmelh< 

lnte!lflea TM Intel Corp. ISM/Rea TM and Micro Cllaflnel/TM IBM Cctp MS. MS ·OOS tn<I )(£NIX/Reg
TM MJcros.in Corp SCO/Reg TMThe ~nta Cruz OpmllOl1 3Com/Reg TM 3Com Corp. COMPUTER CEN 

A DIVISION OF TA.NOY CORPORA 

http:MJcros.in
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