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I TurboAssembler,Turbo ~ 

What started modestly enough in 

November of 1983 with the launch of 

Borland's first program. Turbo Pascal" 

1.0, became arevolution and it's been 

going like arocket 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 bring you the best programming tools 

in lhe world. 


New! Turbo Assembler & 

Turbo Debugger 

Two slate-of-the-art development tools 

in one package for only $149.95. 


New Turbo Debugger® 

debugs all sizes 

Wilh EMS support, remote debugging, 

and 386 virtual machine debugging, 

there's no limit to the size of program 

you can debug. In !act with 386 virtual 

machine mode, debugging lakes zero, 

bytes of conventional memory! 


See what's happening 

Overlapping windows give you mulliple 

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 to aslop, then they stop. 

When our breakpoints are tr iggered 

you can simply stop, or you can print 

expressions, run code, send messages 

lo the session log, or even evaluate an 

expression with user-defined function 

calls. And a// our breakpoints are 

conditional. 
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Shown here are views ol source code. CPU registers, watch expressions. and a session log. 

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 hairiest data 
structure, inspect arrays, and walk 
through linked lists. All by point 
and shoot. 

Feature highlights 
Breakpoints 
• Actions: stop, run code, log expression 
• Break on condition, memory changed 
• Soltware ICE capabilites 
• 386 debug register support 
• Support lor hardware debuggers 

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

debugging 
• Supports CodeView• and .MAP-compatible 

programs 

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

New Turbo Assembler® 
lets you write the tightest, 
fastest code 
Turbo Assembler is faster than other 
assemblers, and you can use it on your 
existing code. It's fully MASM compat
ible, 4.0, 5.0, and 5.1; even MASM can't 
say that. Turbo Assembler takes you 
bey0nd MASM, with significant new 
Assembly language extensions, more 
complete error checking, and full 
386 support. 

Turbo Assembler is designed for easy 
interfacing with high-level languages like 
Turbo Pascal and Turbo C. We use Turbo 
Assembler on Quattro," our best-se lling 
spreadsheet program; now you can write 
your own best-seller with Turbo 
Assembler! 

Feature highlights 
• Faster than other assemblers 
• MASM compatible (4 .0, 5.0, and 5.1) 
• Signilicant new assembly language 

extensions 
• Easy interlacing with high-level languages 

including Turbo Cand Turbo Pascal 
• Full 386 support 

TURBO DEBUGGER TURBO 
FEATURE COMPARISON DEBUGGER 
Mulliple overlapping views Yes 
386 virtual -86 mode debugging Yes 
Remote debugging Yes 
Dala debugging Yes 
Generalized breakpoinls Yes 
Session logging Yes 
Convenlional memory used - 80386 Zero K 
Convenlional memory used - remote 15K 

TU1bo Oebugg" version 1.0. Mic1osor1 COOeV1cw ve1"'°" 2 2 

CodeView" 

No 

No 

No 


Partial 

No 

No 


230K 

NIA 

TURBO ASSEMBLER TURBO Microsoft• 
BGIDEMO BENCHMARK ASSEMBLER Assembler 
Assembly lime (seconds) 9.34 27.46 
Link lime (seconds) 4.15 10.51 

FEATURE COMPARISON 
MASM compalible (4 .0, 5.0, 5.1) Yes No 
Thorough lype checking Yes No 
Nesled slruclures and unions Yes No 
Mullimodule cross relerence Yes No 
Assemble mulliple liles Yes No 
Run on IBM PSl2 mooe1 60 using TUll!O Msemblei vmion 1.0. IUlbo Lonkei •e1s1on 2.0. 
MiCIOSOll Macio Asseml>lei veision 5.10, Mic1osoll Overlay Lonkei ve1 s1on 3.64 



ebugger, Turbo Pascal 5.0 

New! Turbo C® 2.0 with 
integrated source-level 
debugger 
New Turbo C 2.0 is the one Ccompiler 
that does it all: nothing is half done or not 
done at all-instead, your every program
ming need is met. We wrote our best 
sel ling word processor Sprint.. with Turbo 
C: now you can write your own best seller 
with Turbo C 2.0. 

At better than 16,000 lines aminute: 
Turbo C 2.0 compiles your code 20-30% 
fasler lhan ils 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 lhem and llatten them in a 
flash. You can set multiple breakpoints, TURBO C 2.0 
watch variables and evaluate expres HEAPSORT BENCHMARK TURBO C2.0 Microsof1· C 5. 1 
sions- all from inside your integrated C .OBJ size (bytes) 843 945 

.EXE size (bytes) 6896 7731environment. 
Execution time (seconds) 8.1 12.2 

FEATURE COMPARISONMrni11U11 system reQ..rements: FOi lhe IBM PS12•• and Ille IBMe 
tairoty 01 personal computers ano all 100% COffillalibtes. PC-DOS Integrated debugger Yes No' 
(MS-DOS! 2 0 or I.lier lo#bO Debugger""""'™" 384K TurbO lnline assembly Yes No 
~iroter n>norrum 256K TUlbO Caoo Turbo Pascal mlrumum Auto dependency checking Yes No
448K 1256K comment line •ersioo) 

EMS support tor edit buffer Yes No 
' f~ Ml~l(tl'!I W ~(()'ll.ef11,• ..#..,£0 ~d fV("&c ~~l llOnl(ll ~ Device-independent graphics Yes No 
ll;iolflt1K~t .... tv C~"" rA/~ S4JY'(C~n -t ... t • 1"1tl Number ol memory models 6 5..... 

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

Price $149.95 $450.00 
Heapson compileOW11h lull op11,,.za1100 Benchmark run on an IBM PSl 2 MoOel 60

>J ki~""~ll n t lldofW U o 1f9 W N tl4l!!w\ i cl &<lnl ntrr.-o-wt n; 
<k-• o;rni nl l'CJUl IWl'lllt .n • llltml'U ~ l*01111~•~udca ltiCfl'.l rt Kibsl ' lnleQ<aleO OObUQOC• IOCIU()CO W\lh 011ck c. 
(li:oit- '1f • •!IM8'.rl.l'll l'lllM.<nll. wt llln:l 

UPQ••des 10< rOQislere<l Turbo Cand TurDO Pasc31 owners Suggested UpgradeTurbo Cand Turbo Pascal owners, upgrade now! Retail Price 

CALL (800) 543-7543 Please cl1!c< llD•(esJ 

I 0 bDO C 2 0 l'IOlessiOR!I {1nctJOeS OOlll boo ASsefl()ler and bile 250.00 99.95II you're aregistered Turbo C and/or Turbo Pascal owner, you can upgrade and get the OelluQoer)
latest versionol your lavO!ile language, plus bolh Turbo Assembler and TUlbo Debugger. 

2 o bbo PasGal so Plolessional (Inc~ boln l.ft>o A.Wrblel and 250.00 99.95all at special upgrade prices. Whether you order by phone or mail,be sure to include bllo Oetlul)Qel) 
your old Turbo Pascal and/or Turbo Cserial numbers and the code PL02. 

3 o bbo Pascal ,,;111 s.o waoe rmrrn1 and disl<s NIA 49.95 
Mail coupon 10: Borland, Ann: Dept. PL02. 1800 Green Hills Road, 4 0 i.fbO cYo\lh 2 0 <Wade 11\YUll and OiSkS NIA 49.95 
P.O. Box 660005, Scans Valley, CA 95066-0005. 

UPGRADE OFFERS For registered Turbo Pascal· and Turbo c· owners! Please specify diskette size: Either D 5y.· OR D 3\li"
(Unregistered owners, see below') s _ _ _ _lot!I pro<iJcl anwil 

s ____ 
s ____ 

CA and MA resoOO'lls add sales tlx 

In us~ add $!i shoppiY,j~ 10' each proru:t 

s ____In Ca'ma please add $10shl~ 10' each J>O<lil 
Ory Sllle Z,p s ____
( lotal amoont enclosOO 

Paymin1· 0 VISA 0 MC 0 ()le(ll 0 8.YI< Oran OC<lll c.YO e,,,..ar~ ()a!C. ___J_ _ 
b qually f0< lllo upgrodo 1>ice yoo musl give lhe serial number ol the eq<Jivalen1 p<oduct yoo are upg...iing. 

l.IDO Pascal Seflal NlllW 

Tuoo CSemi - Nartasrt~:rsoncad ---------------

· n""""'"''"'°"'°'"" U.OF'i>c>'~ U.OC. !OJrroiw»i1lrtt<-"'~ic<IJt~IW-'--""d ..,h>,,,_...,_ 00..0>)d~ I h.,q,- J0. 19118 C...,,,""'beoosmrttOt.dcte-11. 191113 
°""900d nUS ...iC.-olliuty ,..,_ """"'""'"""°""" ' ""P""''•"' """"· NclQOO<ldlir¥- r"'1 ~""- COO;i«l OJdlu<>llin .. ,.,ben<(Jledby8o'lnl 
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and Turbo C2.0 ! 

Turbo C2.0 has the best 
of everything 
• Includes the compiler, editor, and 

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

lets you step code, watch variables, 
and set breakpoints 

• Develop and debug production-Quality 
code in all six memory models 

• lnline assembler support 
• Support for Turbo Assembler 

and Turbo Debugger 
• Make faci lity with automatic 

dependency checking 
• Over 430 library functions, including 

acomplete graphics library 
• Only $149.95 

New Turbo CProfessional 
Turbo C2.0 plus both Turbo Assembler 
& Turbo Debugger: all three programs It's completely integrated and bullet-fast Feature highlights
rolled into one - the one Cpackage that Turbo Pascal's new integrated • Includes the compiler, editor,
has everything. Acomplete set of tools debugger takes you inside your code and debugger, all rolled into one 
that caters to every level of program for fast fixes. You step, trace. set multi • Integrated source-level debugger 
ming expertise. Turbo CProfessional: ple breakpoints. You modify variables as lets you step code, watch variables, 
$250. Includes coupon for free T-shirt and set breakpointsyou debug and watch fu ll expressions
(while supplies last). 	 at runtime. • Overlays, including EMS support 

• 8087 floating-point emulation 
New! Turbo Pascal® 5.0 with Separate Compilation • Support lor Turbo Assembler 

and Turbo Debuggerintegrated source-level 	 Break your code into units. Your separ • Procedural types, var iables,debugger 	 ately compiled units can be shared by and parameters 
Turbo Pascal, the worldwide favorite with multiple programs and linked in a flash • Smaller. tighter programs: Smart Linker 
over amillion copies in use, just got with Turbo Pascal's built-in Make uti li ty strips both unused code and data 
even smarter. The best got better. Meet 	 and smart linker. We give you apowerful • Constant expressions 
Version 5.0_ In aword, it's revolutionary. 	 library of standard units including the • EMS support for editor 

spectacular Borland Graphic Interface • Only $149.95Not only do you go code-racing at 

Shown here is the Evaluate/Modify window of Turbo Pascal: look at expressions, examine 
structured data types, change var iables on the fly. 

and our state-of-the-art overlaymore than 34,000 lines a minute,* you 
manager.also now go into asophisticated debug 

ging environment- right at source level. 

TURBO PASCAL 5.0 TURBO Turbo 
SIEVE BENCHMARK PASCAL 5.0 Pascal 4.0 
.EXE size (bytes) 1440 1504 
Execution time (seconds) 6.15 7.25 

FEATURE COMPARISON 
Integrated debugger 
Overlays, including EMS support 
8087 lloaling-point emulation 
Turbo Debugger support 
Procedural types. variables, parameters 
Smart linking ol code and data 
Constant expressions 
EMS suppor1 for editor 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

No 
No 
No 
No 
No 
No 
No 
No 

Bentllnwk (2Sitemioos) n11 on an IBM PS l2 Mod el 60. 

Debugging: The inside story 
Turbo Pascal's new integrated source 
level debugger takes you inside your 
code to fix errors fast. Don't worry 
about errors, everyone makes them; 
but with the right debugger, this one, 
it's a fast fix. 

Turbo Pascal Professionale 
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 of 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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At 9.600 bps 

AMODEM THAT IS TWICE 

AS GOOD AS IT LOOKS, 


It says 9.600 bps. But for this modem. trans- protocols. no compressing tiles. 

mitting data at 9.600 bps over dial-up lines isn't the AV-series Smartmodem 9600rn can even take 

half of it. the place of two modems. Because it communicates 

Its built -in data compression can boost in either synchronous or asynchronous mode. 

throughput to 19.200 bps. While error-control pre All of which makes our 9600 at least twice as 

vents loss of data. good as it seems. Or. looking at it the other way. 

With no effort on your part - no selecting more than double your money's worth. 

For your m.:arcst !Jayes dea ler. c.ill 800-635- 1225. llaycs Miuowmpu te r ProJucrs. lnc.. P.O Box !05203. A1!.im.1 . GA 30348. Hayes. 
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eDellSystem220. 

ce ~ain the critics 


stole th'ewords · t 

outof ourmout 


"The Dell System 220 runs most PCLabs system 
benchmark tests at speeds that would make you think 

youre running a 386.JJ 
-PC MAGAZINE 

''the Dell machine is renewedevidence thatthe 

price of286,,based desktop equipment continues to 


drop rapidly, making such machines very attractivefor 

daily work underMSDOSeven as they hold out the 


promise ofrunning OS/2 in thefature.JJ 

-WILL FASTIE, PC WEEK 

':.. includes a years on--site support...in the price ofthe 
computer. This is the sweetest support deal offeredby any 

computer vendor in the industry.'' 
-ERIC KNORR, PC WORLD 

"The hot itemftom a technicalpointofview is the 

System 220. This machine runs a 286processor at20MHz, 


which is its majorclaim tof ame.JJ 

- 'WILL FASTIE, PC WEEK 

''the System 220 has more going for it thanjustspeed)) 
-PC WORLD 

4 Fall 1988 • B Y TE IBM Special Edition 

http:fature.JJ


----

The reviews are beginning to pour in. 
And they read like a wish list for 

every power user looking to exceed the 
ordinary limitations ofa 286 computer. 

The computer everyone is praising in 
such glowing terms is the Dell System 220. 

The first 286 computer with a clock 
speed of20 MHz. 

Its totally MS, DOS®and MS® OS/2 
compatible. Yet it sells for much less than 
you may pay for a 386 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,line tech, 
nician, we'll send a Honeywell Bull tech, 
nician by the next business day. 

A full year ofon,site Honeywell Bull 
service is included within the purchase 
price of your 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 any defective parts or workmanship. 

For more information about Dell 
computers, 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. 

DELL 
COM I' UT l R B885ffl:gmb
CORPORATION ---- IN THE U.S. AND CANADA 
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The Dell 

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 thats right for your needs. 

Then you have the option of either 
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 that can be reached 
every business day, from 7AM to 7PM (CSTI, 
simply by calling (800) 624-9896. 

In most cases, any question you may 
have about your Dell system can be 
answered by one ofour technicians 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 theUnited States, with 
over 1,000 engineers in 198 service locations. 

We also offer a OneYear Limited 
Warranty,** which warrants each system we 
manufacture to be free of defects in mater
ials and workmanship for one full year. 

Feel free to call or write for the com
plete terms ofour Honeywell Bull Service 
Contract, Guarantee and Warranty. Dell 
Computer Corporation, 9505 Arboretum 
Blvd., Austin, Texas 78759,7299 
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THE NEW 
20~386t 

SYSTEM 

310. 

The top of the line. It's our highest 
performance computer avai lable, 
faster than the IBMt PS/ Zt Model 
80 and the Compaqt 386/ 20. It 
runs at 20 MHz with the latest 32
bit architecture. Since it also has 
Intel's Advanced 82385 Cache 
Memory Controller, and high per· 
formance disk d rives, the System 
310 is ideal for intensive database 
management, complex spread
sheet development, CAO/CAM, 
desktop publishing or perfor
mance as a network file server. 

Standard Features: 
• lnrelt 80386 microprocessor 

running at 20 MHz. 
• I MB of RAM (640K usable) 

expandable to 16 MB without 
using an expansion slo t. 

•Advanced lntel 82385 Memory 
Controller with 32 KB of high 
speed static RAM. 

• Socket for 20 MHz 80387 or 
Weitek coprocessor. 

• 5.25" 1.2 MB or 3.5" 1.44 MB 
diskette drive. 

• Dual diskette and hard disk 
drive controller. 

• Enhanced IOI-key keyboard. 
•I parallel and 2 serial ports. 
• 200-watt power supply. 
• 8 expansion slots (6 available) . 

Performance Enhancements 
(Systems 310 and 220): 

• 384 KB of dedicated RAM is 
used by portions of the sys tem 
software for increased 
perfom1ance. 
**Lease for as low as $148/Monrh 

Systrni 310 Wi1h Monitor & Adapter 

Hard Disk 
Drtve.s 

VGA 
Mono 

VGA 
Color 
Plus 

10MB 
26ms $4.099 $4J99 

90MB
18 rns 
ESDI 

$4,899 $5.199 

ISOMB 
18 ms 
ESDI 

SS.399 $5.699 

322 Ml! 
18 ms 
ESl)I 

$7.199 $7.699 

THE NEW 
20MHz286 
SYSTEM 

220. 

As fast as most 386 computers, 
at less than half the price- more 
power for d1e money than any 
other system. An 80286 system 
that n ms at 20 MHz, with less 
than one wait state. Completely 
compatible for both MS·DOS"' 
and MS® OS/ 2 applica tions (it 
runs faster than IBM PS/2 Model 
80), and with a remarkably small 
footprint, the System 220 is the 
ideal executive workstation. 

Standard Features: 
• 80286 microprocessor running 

at20MHz. 
•I MB of RAM (640K usable) 

expandable to 16 MB (8 MB* 
on system board). 

• Page mode interleaved memory. 
•Integrated diskette and VG:. 

video controller on system 
board. 

•One 3.5" 1.44 MB diskette drive. 
•Integrated high performance 

hard disk interface on system 
board. 

• Enhanced 101-key keyboard. 
• l parallel and 2 serial ports. 
• LIM 4.0 support for memory 

over I MB. 
•Three full· sized ATt compatible 

expansion slots available. 
•Socket for 80287 coprocessor. 

Options: 
• External 5.25" 1.2 MB diskette 

drive. 
• 3.5" 1.44 MB diskette. drive. 
• Intel 80287 coprocessor. 
• I MB RAM upgrade kic. 

""Lease for as low as $85/Monrh. 

System 
220 

With Moni1or 

VOA 
Mono 

VO A 
Color 

VG1\ 
Co lor 
Plus 

One 
Diskecc..-: 

Drive 
$2.299 $2.499 $2 .599 

40MB
29 ins 

Hard Disk 
$2,999 $3,199 $3.299 

100 MB
29rns 

Hard Disk 
$3,i99 $3.999 $4.099 



THE 
12.5 :MHz 
SYSTEM 

200. 

A great value in a fu ll-featured AT 
compatible. An 80286 computer 
running ar 12.5 MHz. this compu· 
ter is completely MS·DOS and 
MS OS/ 2 compatible. The System 
200 offers high speed drive options. 
industry standard compatible BIOS 
and on-site service. As Exe utive 
Computing said of this computer's 
predecessor. "If foster processing 
speed and low cost are two key issues 
affecting your purchase decision, 
this machine might be the ideal 
choice for your office'.' 

Standard features: 
• Intel 80286 miGToprocessor run

ning at 12.5 MHz. 
• 640 Kl.I of RAM expandable to 

16 MB(4.6 MB* on syscem board) . 
• 525" 1.2 MB or 3.5" 1.44 MB 

diskecre drive. 
• Dual diskette and hard disk 

drive controller. 
• Enha nced IOI-key keyboard. 
• I parallel and 2 serial porrs. 
• 200 watt power supply. 
• Real-time clock. · 
• 6 expa nsion slots. (4 available 

with hard disk drive controller 
and video adaptor installed). 

• Socket fo r 8 MHz 80287 
coprocessor. 

Options: 
• 512 KB RAM upgrade kit. 
• 8 MHz Intel 80287 coprocessor. 

''"lease/or as Iowas $78/Monlh. 

Sys rem 
200 With Monitor &· Ad ap1cr 

Hard 
Disk 

Dnves 

VGA 
Mnno 

VOA 
Color 
Plus 

40MB 
28 ms S2.G99 SZ.999 

90 MB 
18ms 
!:SDI 

$J.499 $3.799 

150 MJ3
18 ms 
ESD I 

$3.999 $4.299 

322 MB 
!Sm< 
ES DI 

$5.999 $6.299 

A Full Line OfComputersWith 

A Full Line OfConhgurations. 


At Dell, we understand that every business application includ, 
different users have different needs. ing: accounting, communications, 
So we tailor each system to the desktop publishing, graphics, word 
users individual requirements. processing, integrated applications 

We offer monitors, graphics and user training. 
boards, tape backups, dot matrix So when your Dell System 
and laser printers, hard disk and arrives, you can do productive 
diskette drives, expanded memory work the minute you unpack 
boards, serial mice and more. the box. 

We also offer third party soft, We can build you the system 
ware applications for virtually you've been looking for. 

COMMON TO THE SYSTEM 310, SYSTEM 220 AND SYSTEM 200: 
The Dell System Analyzer. Guaranteed hardware and software compatibility. Security lock 
with locking chassis. 12 month on-site service contract (Available on complete systems). 

PRJNTERS/SOFIWARE. W'e Q/fer a fall line ofprinters and popular software. 
Allprinters come with our 30-day money-hack guarantee. 

LASER PRINTERS. 
LASER SYSTEM 150; $5,995. 
15 pages per minute, text 
and full-page graphics. 
Dual 250 sheet-input trays. 

LASER SYSTEM 80; $3,295. LASER SYSTEM 60; $2,195. 
8 pages per minute, text 6 pages per minute, text 
and full-page graphics. and full-page graphics. 

DOT MATRIX PRINTERS. 
PRINTER SYSTEM 800; 
$699.95. 
Highest resolution text and 
graphics from a 24-wire dot 
matrix printer. 
Draft quallty at 200 cps. 
Correspondence quality 
at 132 cps. 
Letter quality at 66 cps. 
Standard parallel and serial 
interfaces. 
Wide carriage. 

PRINTER SYSTEM 600; 
$499.95. 
9-wire dot matrix. 
Draft quality at 240 cps. 
Near-letter quallty at 60 cps. 
Standard parallel interface. 
Wide carriage. 

PRINTER SYSTEM 300; 
$199.95. 
9-wire dot matrix. 
Draft quality at 144 cps. 
Near-letter quality at 36 cps. 
Four standard fonts. 
Paper parking. 
Standard parallel interface. 

OPERATING 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. 

Circle 72 on Reader Service Card 

TO ORDER CALL DELL 
COMPUTER 800·426:5150 
CORPORATION IN THE U.S. AND CANADA 

All prices and specifica tions are ~ubject to change without no tice. Please inquire for currem details. Dell cannot be respon.slble for 
errors in typography or phocography. In Canada, leasing is not currently available and contigurations and prices may vary Microso~ 
MSe and MS·DOS" are owned by Microsoft Corp. t Signifies registered or unregistered trademarks owned by entities other than Dell 
Computer Corporation. *Available January l, 1989 . . .. Payments based ona36-monrh open-end lease. Please inquire for furrherdetails. 
© 1988 DELL COMPUTER CORPORATION. IAD CODE NO. 11EK8 I 
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DOS sys1e111 running l.oois 1-2-3 

THIS IS AN IBM 

PS/2 MODEL 80 

RUNNING DOS 


Under DOS, this PS/2'" is a powerful 80386-based single

tasking, single-user computer that can run thousands of 

DOS applications. In 16-bit, 8086 mode. 


One at a time. 


When OS/ 2 ·• software becomes available, the PS/2 can 

become a multitasking, single-user computer running in 

16-bit, 286 mode that can also single-task those DOS 

applications under OS/2. 


One at a time. 


With DOS or OS/2, the PS/2 will support one user. 


I user (DOS) I user (OS/ 2) 

Cost per system*•: $12,389 $12, 594 

Cost per user: $12,389 $12,594 


Circle 195 on Reader Service Card 

·sr» W/ n: l\':llliNc ~ l(fl)r.ct ptni1Jct 

SCO XENIX S)>1em running SCO rrof<'S!looal 

THIS IS AN IBM 

PS/2 MODEL 80 


RUNNING SCO XENIX 

Under SCO XENIX~ this PS/2 becomes a powerful 80386
based multitasking, multiuser computer that can run thou
sands of XENIX applications. In full-tilt, 32-bit, 386 mode. 

Many at a time. 

And using SCO VP/ix:·· the PS/2 can multitask DOS 

applications under SCO XENlX. 


Many at a time. 


With SCO XENIX, the PS/2 will support one user. 

Or 9 users. Or even 33 users. 


And it can do all that today because you can get SCO 

XENIX for the PS/2- now! 


I user 9users 33 users 

Cost per system• * : $14,559 $19,726 $4o,402 

Cost per user: $14,559 $2,192 $1 ,224 


SCO XENIX System Vand the SCO XENIX family of software solutions 
are available for all industry-standard 8086-, 80286-, and 80386-based 
computers, and the IBM®Personal System/2'" Models 50, 60, and 80. 

• " f.o\I CDmJWlXKll:lrt lwa!on nMM n,"(tn l l~· rJMMrJ (IS dnmofK' ~ljrX..-s&e'd 1~1 pl'1CC\ Cm1 modt.i. 8~ m:irhintH IKM YS/! Mlllkl W. 7<t 1.thd1~ 1Mt> RA.\1 . 16M S~ll<ol(lt' monlw, IMhiddluoru l fl\M RA.\\ l8~ t'rri"rmlrr Xl8 l ·uStr 000Sf5tttn· 8.lst-michlnt. pfll\ 
uoS ~ ~ . V.brt1Ytrk'Ct4 Z. Lob~ l ·?· t '1Lil\A.'\F. IU rt JIS.8 l ·mtr OS/ l )}~tcm l ·u:ic::r l ~~)'ltmt ~1!11.(·0S/lfotlXX'. l ·ustr SCOXF..\:IX :sr~1ttn . ~n1achinC'.pQSmXf.NIX .'..libfo1l'SJl , SO} \'P/1i..SCO l.>ruft-(._..'Ol'IJprc.;~n~). SCOfo."dl>..SE • '• tdH>Sl: 11Jrt..US1,1.Wl1~ ). 
~o Vn;l~;ar [ l ·?· ~ 1.row\..:.il1ktJ 9·u.str '.'iCO n _\J.\'. ~)"lilmi 1-u:.rr SCO XfJIL'( ~)'kill. ptm 1111~ l 1):tl'll ~~~ molll~in: Gird. x rtll.l U\l A')(.:JI 1mnm:1 U. l hwr SCO ;(1-~I:< ))1 t(1R; ~ ~ SlO X:F..~IX ~~~m. p1lJ:f J m.(lt't lnr.-llletni ~U!ol.'r" multi~ ards. 7. mD1?!BM .mt 
A.SOI tmnln.11$, i Mb 2.iJd1r~t R.\.\! :1ikl1liflllrill 70.\1h ~~ 

IR\1 ~nd F'rfllo'nnk!' Xl. !il~ ftXL~tffld tndenwM1nd ~ ..r~>'>tt'm l l. f'S f .!. ;md UX/l ~"' lr.uk:mub of l1 •k'ft1 ;1.uun;tl ~1rJO) M.Kh1~ (orpo;.rat1ou • Ioo;und 1-2-.\ art ~tred 1~knurb ol' 1nB llt\rlopmrn1 C'.otpoh~t- • dBi.SE. Ill fU it. :.I tqt~ tnikm~fo: ol ~tOn·TJ~ 
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EDITORIAL • Kenneth M. Sheldon 

TWO ROADS 

These days, there's 
more than one path 
to PC power 

R
ecently , I was driving on Route 
128 in Boston, the heart of Sili
con Valley East . Several large 
semitrailers passed me, with 

other trucks and passenger cars follow
ing in their wake. The other vehicles 
were " drafting" - letting the first big 
truck cut a path for them and taking ad
vantage of lowered wind resistance and 
improved mileage . It's a dangerous 
habit, especially if the truck in the lead 
decides to make a sudden stop or turn . 

For the last several years , IBM has 
been the " lead truck" in the computer in
dustry , barreling down the PC highway 
with a host of PC-compatible manufac
turers trailing behind. The rest of us have 
been following somewhere further back 
in the distance . As we' ve traveled along, 
the road has been continuously upgraded 
and improved, from PC Road to the XT 
Expressway and then to the AT Highway
no dramatic twists and turns, but the ride 
hasn't been too bumpy, and we've been 
getting increasingly better mileage. 

Then , in 1987, IBM took a sudden de
tour onto a new superhighway, Route 
PS/2 . The clone manufacturers, not used 
to high-speed turns , gulped and con
tinued on down the AT Highway , led by 
Compaq. 

IBM, looking in its rearview mirror, 
figured that it had finally shaken the 
other entries from its tail. A year later, 
however, Big Blue may be getting a little 
nervous: lf hardly anybody follows you , 
maybe you 've taken a wrong turn. 

Meanwhile, Compaq and the rest of 
the compatible convoy have found that 
the AT Highway (which has merged with 
Route 386) continues to be broad and 
well paved, and stretches toward the 
horizon with no distinct end in sight. 

Move on Down the Road 
So, along come the rest of us, with a 
choice to make: Do we follow IBM down 
Route PS/2, or do we stay on Route 
AT/386 and hope that the clone makers 
know where they're going? Of course, 
the front-runners aren't making things 
any easier for us, what with companies 
like Tandy and Dell selling both AT- and 
PS/2-style machines. 

Even IBM, disappointed with sales of 
the PS/2, seems ready to plant a foot 
firmly in each path and attempt to bridge 
the gap Colossus-style; by the time you 
read this, IBM will have announced a 
new AT-based PS/2. Even the title of this 
IBM Special Edition is an indicator of the 
current situation; for the first four years , 
we called our annual IBM issue Inside 
the IBM PCs. Times have changed . 

At the same time, other computing av
enues are opening up. Unix, long the si
lent player in the microcomputer world, 
suddenly looks like a serious contender 
for the operating system of the future . 
The Macintosh and its heirs continue to 
make inroads into the market for " seri
ous" heavy-duty appl ications. Steve 
Jobs' powerful NeXT mach ine-with its 

68030 processor, 1120- by 832-pix:el res
olution, and read/write optical drive
could give the Mac and PS/2 a run for 
their money in the workstation race. And 
Amiga and Atari machines are far from 
running on empty. All this makes the 
computer industry a lot more volatile
and a lot more exciting. 

All the Difference 
The articles in this IBM Special Edition 
reflect the dual-road nature of IBM and 
compatible computing. You ' ll find art i
cles that deal with the PS/2 and OS/2 
alongside those that discuss DOS , the AT 
bus , and software alternatives to OS/2 . 
We' re not taking anyth ing for granted . 
Neither should you . 

Robert Frost took " the road less trav
eled," and that made all the difference in 
his journey. Whether you take the PS/2 
route or the AT route, you 'll find your
self in plenty of traffic, so you probably 
can't go wrong-and at the speed we ' re 
moving these days, that' s no small 
comfort . 

-Kenneth M. Sheldon 
Senwr Technical Editor 
(BIX name "ksheldon ") 
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7. VersaCADARTIST. lM 8. Art Gallery 

Plus Ten Mell-Known Old Ones 

Highly Software Compatible: An im· 
pressive list of over 200 graphic software 
products support the ARTIST'.. Series. 
CAO, image processing and desktop 
publishing just begin the list of ARTIST 
applications. 
Vast Product Line: The ARTIST Series 

includes 20 graphic controllers that range 

in resolution from 800 x 600 to 1664 x 

1200. They display up to 16. 7 million 

simultaneous colors and use Hitachi,Tl and 
NEC graphic microprocessors to handle 
complex drawing commands.• 
Single Screen Options: VGA, EGA, and 
CGA modules give you single screen 
workstations.• At the same time, they 
allow you to run popular software 
packages that support IBM graphic 
standards. 
PC & MC Bus Compatible: We offer 
ARTIST graphic controllers for the IBM"' 
PC/XT/AT, IBM PS/2 Micro Channel™ 

Circle 57 on Reader Se nice Card (DEALERS: 58) 

and compatibles. (Macintosh II products 
to be offered soon.) 
Design Leadership: Control Systems 
was the first to produce a high perfor· 
mance graphic controller for the original 
IBM PC in 1982 and we repeated that ef. 
fort in 1987 for the IBM PS/2s. 
Peak Performance: We combine ARTIST 
controllers with ARTIST software drivers 
to give you fast, feature·packed graphic 
subsystems that few can match. Our 
ARTIST GP.. display list processing 
drivers give you instant zooms, birds·eye· 
views, transparent pans, and more. 
High Customer Satisfaction: Our in· 
house testing procedures guarantee 
you smooth installation and operation. 
Less than t %of ARTIST controllers are 
returned for repair. 
Development Tools: We offer 
developer's toolkits for PGL, OGIS, 
X·Windows, and Hoops. Each has acom

plete set of graphic primitives to speed 
creation of new software applications. 
Immediate Customer Support: Call us 
on our hotline and get same day customer 
service for all your ARTIST products. 
We've been told it's the best in the 
business. 
Years of Experience: 6years of graphics 
experience go into the development of new 
hardware and software products. As long 
as you own your ARTIST graphic worksta· 
lion, Control Systems will be there to sup· 
port you and offer you advanced ARTIST 

products. v~ 

>~~2> 
Control Systems 

P.O. Box 64750 St. Paul, MN 55164 

or call 


1-800·826-4281 
In Canada call 

./1-800-543-6523 

"Note: ARTIST controller features vary from product to product. Specifications are subject to change. 

ARTIST and ARTIST GT are trademarks of Con1rol Systems. Inc. IBM is aregistered trademark and PS/2 and Micro Channel are trademarks of Internat ional Business Systems. 
Images cour1esy of MCS, CADKEY, VersaCAD, l1haca Software. Autodesk, Sigma Design, AT&T GSL ~Copyright 1988 Control Systems. 

http:ARTIST.lM


IUMOSl2u-ill 
l1ri11g supt>rb 
gruplticuml 
mul1ita~(ki11g 

rap<lbilities to 
tli P PSl2as 
slrnrNi li ert!.' 

lhllp 

n 
u.n 
I. I 
I. J 
?. , 0 

u I u 
S " ~ ll 1nn,n 

1 , U 11 . ' I 
ti , ? 11 . 7 
?. . J 1 2. 1 

The best wax to leap 

throu next Monday 




j 

---- ------ - - --- ---- - ---

years ahead and get 
at the same time. 

Every business person worth his or her salt 
knows you have to prepare for the future. They also 
know the onlyway to get to the future is by getting a 
grip on business now. 

That is precisely the point of the IBM® Personal 
System/2® family. 

In fact, the real beauty of the PS/2®design is 
that it has enabled us to satisfy many of your imme
diate needs, while still focusing on the bigger picture. 

For improving performance, 
there's no time like the present. 

The PS/2 was designed to bring advanced 
technology to your desk now. 

It runs DOS applications you're running now, 
like Lotus®l-2-3® spreadsheet and DisplayWrite™ 4 
word processing program. 

And it runs them faster- from 117% to more 
than 850% faster; in tested applications,* depending 
on the program and the model you choose. 

The PS/2 family also gives you more standard 
features than other systems. 

In fact~ graphics, along with communication, 
printet; and pointing device ports, are built right 
in. That can save you money later on. And it 
gives you the convenience you'll need in the 
future. Right now. 

All of those featmes were designed to 
satisfy your present need for power and 
graphics. And they do. Which is why the 
Personal System/2 family is selling faster 
than any computers in history. 

But satisfying your current needs 
was only part of the plan. 

The PS/2 was also intended to 

offer you an entirely new way of protecting the life of 
your investment · 

IBM puts the future of computing 
in your hands. 

If the IBM PS/2 is the best way to get a handle 
on business today, the PS/2 combined with the IBM 
Operating System/2™prograrn could completely 
redefine your ideas about computing in the future. 

In fact, we at IBM believe OS/2™i.s the future 

of personal computing. 


In applications that can take advantage of 

multitasking, OS/2 (together with our models 

employing PS/2 Micro Channel'Marchitecture) can 

boost productivity levels even higher than DOS. It 

manages large memory to run several jobs at once, 

including multiple spreadsheets. 


OS/2 also ensures that you'll always be able to 

run DOS-based programs. 


And, even more important, it has impressed 

software manufacturers enough for them to invest 

their time and resomces, developing many new 

applications to take advantage of the power of OS/2. 


"Nowl'vego1aj11mp onmy So call your IBM Marketing Repre
competition:· • sentative. Or call 1-800-447-4700 

for the name of your 
nearest IBM author
ized dealer. Learn 

more about the 
IBMPS/2 and 

OS/2. And learn how to 
make your day-to-day 
operation more efficient 
while keeping a close eye 

on the bigger picture. 

- .- ------- The Bigger Picture -~--~- · -® 

•Based on performance lest re.suits published In the April, 1967 and January. 1988 issues of PC Digest. comparinB the PS/2 MOdels 30. 50. 60 and 80 to the IBM PC XT·089. running Lotus l ·2·3 and 
OisplayWllte 4, Actual resullsmay vary. I This simulated screen shOwn was developed usins lhe IBM Storyboard Plus program. IBM, Personal System/2 and PSl2 are registered trademarks: PC XT. Operating 
Syslem/2, OS/2. Micro Channel and DisplayWrtteare irademar~s of IBM CorPQraHon. Lotus and t -2-3 are regrstered trademarks of lotus Developmenl Corporation <i:: IBM 1988. 
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COMPUTING AT CHAOS MANOR • Jerry Pournelle 

~ PROBING THE~ 
STATE OF THE ARf 

Jerry teaches his 
scanner a few tricks, 
and he gets a 
new mouse and 
a wonderful printer 

S
pecial supplements are supposed 
to provide a good opportunity to 
talk about the state of the art. I've 
got only one problem: I don't 

know what the state of the PC art is. 
The PC world is in a thorough state of 

flux just now. We don't even know what 
bus will be used in the future . IBM is 
very disappointed in PS/2 sales, particu
larly sales of machines using the new 
Micro Channel bus. The company makes 
a big thing about having shipped 2 mil
lion PS/2 systems, but "shipped" isn't 
sold. Many of those machines are sitting 
in warehouses. It's impossible to get the 
real sales figures, but they're a long way 
shy of 2 million. So it goes. Meanwhile, 
no other major company has done any
thing with the Micro Channel. We sure 
can't call the PS/2 the state of the art. It 
may be, but it may also be a dead end. 

On the other hand, while no important 
third party has adopted the Micro Chan
nel bus, there's no standard 32-bit bus 
either. Zenith went one way, Compaq 
another, and Intel yet another. Cheetah, 
a relative newcomer, has developed a 
motherboard and bus that many, includ
ing me, consider the best of the lot. My 
Cheetah 386 runs at 20 MHz, but it 
would run at 25 MHz and possibly at 30 
MHz if I had the higher-rated chips. 
There are also about a doren other ad
vanced 80386 systems. 

The point is that although I consider 
the 80386/80387 the real state-of-the-art 
chip set, we're still left with a very real 
problem: whose 80386 bus? No one com
pany is going to do everything well. The 

microcomputer industry makes its big
gest advances through small companies 
developing add-ons to standard systems. 
Until someone's bus becomes a stan
dard, we're not going to see too many 
real advances in 32-bit add-on boards. 

I don't want to be an alarmist. Except 
for the Micro Channel, all 32-bit 80386 
systems use the standard IBM PC AT 
(16-b~t) bus as a starting point. The AT 
bus is a subset of all the 32-bit 80386 ma
chines, and they'll all run 16-bit add-on 
boards. There's no shortage of develop
ers of 16-bit boards. Moreover, at the 
moment, the main use of 32-bit boards is 
for 32-bit memory, and the various com
panies that make 32-bit 80386 machines 
all sell memory cards to go with their 
systems. There's no crisis. But until we 
do get some standards, there won't be the 
incentive for small start-ups to develop 
innovative 32-bit hardware applications. 

Operating-System Wars 
We're also unsure about the operating 
system of the future. IBM recently re
vised sharply downward the sales esti
mates of OS/2 penetration: instead of 
predicting 75 percent acceptance among 
AT and PS/2 users, they're now expect
ing no more than 25 percent to 30 per
cent. This can affect the amount of hype 
and promotion IBM puts into OS/2. As a 
result, not even IBM knows what the op
erating system of the future will be. 

For the moment, the contenders are 
OS/2, OS/3 (which works only on 
80386-compatible machines), one or an
other brand of Unix, and good old DOS 
itself. Note that even if IBM goes for 
Unix, there will still be divisions within 
the microcomputer community. The 
Unix faction within IBM wants to pro
mote AIX, Big Blue's own brand of 
Unix, rather than AT&T's. There's even 
a real question of whether this is serious 
marketing or merely a ploy to distract at
tention from AT&T's "real" Unix. 

Assuming IBM seriously turns from 
OS/2 to Unix, it's still not clear what will 

happen. By developing their own brand 
of Unix, IBM will be going head to head 
with AT&T. AT&T has the most experi
ence with Unix and thus presumably has 
a head start. AT&T has great resources, 
including Bell Labs and lots of money. 
On the other hand, IBM has terrific mar
keting, while AT&T's present team 
couldn't market eternal life. 

The dark horse on our list is OS/3. Ac
ceptance of that will depend almost en
tirely on the timely appearance of the 
80386SX chip, formerly known as the 
P9; the chip (well, actually it's a little 
daughterboard, but you can think of it as 
a chip) goes in the 80286's socket and 
turns all those AT machines out the.re 
into 80386s. Of course, it doesn't really 
do that, since 80286 machines have only 
a 16-bit bus, while real 80386s can work 
with 32 bits; but the 80386SX will let 
80286 machines execute 80386 code, 
meaning that an operating system de
signed to use the 80386's many advances 
over the 80286 is easier to write and more 
useful than one that must work with all 
the different steps and revisions of the 
80286. 

I can't draw any conclusions from all 
this. I can say that for me, the current 
state of the art is an 80386 machine using 
Quarterdeck's DESQview under DOS. 
It's what I'm running; if I decide to 
change, it will be from DESQview to 
Microsoft Windows/386. I haven't seen 
anything that tempts me to make any 
other changes. 

Scanners Live in Vain 
When I began using microcomputers, I'd 
been writing for some time and had many 
books in print. I've since had two of 
them keyed into machine-readable form, 
but many more exist only in printed 
form. My books generally stay in print, 
but once in a while one gets sufficiently 
dated that it ought to be revised before re
issue. That can be a problem. I'm used to 
working with computers now, and I don't 

continued 
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much like doing pen-and-ink revisions 
on photocopies of typeset books. Rekey
ing the whole book is usually impracti
cal. By the time I can get it done, the 
deadline for turning in the revisions is 
past. What I need is a gizmo that will 
read a printed copy of the book itself. 

That kind of scanning system is called 
an optical character reader, or OCR, and 
I recently got a state-of-the-art system. 

The hardware is the Hewlett-Packard 
ScanJet. It looks like a small copy ma

chine, complete with a glass scanning 
plate, where you put documents up to 
legal size. (1 think larger-size machines 
are avai lable.) You can also get an auto
matic document feeder attachment. The 
ScanJet comes with an 8-bit (short slot) 
interface card you install in your PC, and 
software to let the computer know how to 
find the device. 

The ScanJet installation documents 
are remarkably clear and concise. Of 
course, there's also the standard legalese 

that informs you that Hewlett-Packard 
doesn't warrant the documents to contain 
ink on paper, much less usefu 1 
information. 

Once it's set up, you can use the Scan
Jet's Scanning Gallery software to cap
ture images into disk files . For that mat
ter, you can use the Scan Jet as a rather 
odd sort of copier. We connected the AT 
to a Kyocera F-3010 laser printer emulat
ing a Hewlett-Packard LaserJet Series 11, 
put a picture (actually a page of the Scan
Jet manual) in the ScanJet , and presto! 
Out came quite a good copy of the man
ual page, complete with diagrams. 

Scanning Gallery works under Micro
soft Windows. You don't need Windows 
to make it work; a run-time Windows 
program comes with Scanning Gallery. 
The program is nifty. You can get a pre
view scan of your document, then show 
the program just what part you want to 
clip out and put into a file. You can also 
dither around with the image, making it 
lighter or darker. You can paste it into 
some other document. Scanning Gallery 
images can be converted into PC Paint
brush and Microsoft Paint file formats . 

Of course, all you have is an image of 
your document . The computer hasn't 
read it, and it doesn't understand that 
this particular image contains words and 
ASCII characters. It ' s just an image. 

Still, if all you want is to get images 
into files so you can paste them into 
black-and-white documents, the ScanJet 
and Scanning Gallery will do the job 
quickly and painlessly. The ScanJet 
works fine with PageMaker, Ventura 
Publisher, and, I have no doubt, other 
desktop publishing systems. If you're 
seriously into desktop publishing, you 
will sooner or later want a scanner, and I 
can heartily recommend the ScanJet. 

Here, Spot 
We'll probably use the ScanJet to build 
up a library of images I can use as "vi
sual rewards" when I put together the 
final version of Mrs. Pournelle' s reading 
instruction program; but that isn't why 
we wanted it. I got the Scan.Jet because I 
understood that Flagstaff Engineering 
had software that would let me use it as 
an OCR to read in my books. Indeed, the 
ScanJet came on loan from Flagstaff. An 
OCR program doesn't just bring in 
images of text; it actually reads the docu
ment and puts it into a file you can then 
transfer to your word processor. 

Flagstaffs Spot is a "trainable" OCR 
program, which means that you can 
teach it to recognize the letters in differ
ent type fonts. As Spot learns, it builds a 

coniinued 



• • 

• • 

SELECT 5 BOOKS
\orton Utilitie.s 
\ersion4.0 

An lllusmted 'blxial for only $3.95 

(values to $126.75) 29 • $27.915 2991 $2.t .9S 

2929P 

Bonus Books. Starting Immediately, you will be eligible for 

all the current selections-mains, alternates, extras-plus bonus offers and special 

Sl 5.95 

-
~IEr
Teclinlclan's 
flanl(bollk::. 

~~~ 

..---!939P S1!UIS 
Hardware Interfacing 

Membership Benefits • Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 50% off the 
publishers' prices. • 
our Bonus Book Plan, with savings of up to 80% off publishers' prices. • 
News Bulletlna. 14 times per year you will receive the Book Club News, describing 

9762P $21.95 

2831 $22.95 2S79P S2.-2.95 
IT7iP S22.9S 

Club 

2H:JP SIG.95 19fl8P .$1-4.~5 	 sales, with hundreds of titles to choose from. • Automatic Order. II you want 
the Main Selection, do nothing and it will be sent to you automatically. If you 
prefer another selection, or no book at all, simply Indicate your choice on the reply 
form provided. As a member, you agree to purchase at least 3 books within the 
next 12 months and may resign at any time thereafter. • Ironclad No-Risk 
Guarantee. II not satisfied with your books, return them with in 10 days without 
obllgatlonl • Exceptlonal Quality. All books are quality publishers' editions 
especially selected by our Editorial Board. 
AJI book' aro har6eovor unlesa numbers are lollowed by e "F>" for paperbaclc. (Publlshera· Prices Shown) 

© 19811 THE COMPUTER BOO~ CLUB• Blue Ridge Summit. PA 17294-0820 

154CP Sl7.95 2to7P $19.95 2MO SJ2.95 28:S.2P 'S17 .9$ 
count• 11 :z 

When it's new and important in business or personal computing. 

The Computer Book Club has the information you need . . . 


al savings of up to 50% off publishers' prices!
•••.•.........................•••.•••.•..........• 

.~ g !~e~R~~~~~~! 1~~~~2~lurJ .•© 

2Hl S2~.i5 •.Counts 11s 2 
Ploaso accopl my membership in The Computer Book Club& and send the 5 volumes listed • 
below. billing me $3.95 plus shipping and handling charges. II not satisned , I may return the • 
books within ten days without obligation and have my membership canceled. I agree to pur- • 
chase at least 3 bOOks at regular Club prices (ptus shipping/handling) during the next 12 months : 
and may resign any time therealte1 

r.--.. 

2841P SIS .95 211151P $17.95 

2857 $25.95 

195g u ...os 

2877P 1fi.9.5 

2855P $16.95 

,~ 

~ ·~~~ 
2729 $22.S.5 

1846P SIS.9S 6 0 $25.95 

• 	 Name 

Address 

City 


State/Zip -----------------
Pnone 

Signature -------------------------- 
Valid for new members only. Foreign applicants will receive spccioJ ordering instructions. Canada 

must remit in U.S. currency. This order subject to acceptance by The Computer Book Club'". 

~n,,ruro of parrml or guiJtdJl!fl ftHl1111fKI fOf aR new mcml>et$ undcl P11 roors ol ego, BYl·1088
...............•......••••••••.•................ 
 2812P S16.95 2939 S24.9S 

Circle 52 on Reader Service Card 

http:S2.-2.95


Diamond Sein 20A 
Aulo-Tr ackir1g Diamond Sun 16L
800 x 600 ~lxels (dlgHal. analQil, monochrome) Auto-Trackln91024 xBOO pixels (maximum) 1024 x768 pixels (typical) Acluat unre1ouched screen images1280 x1024pixels (maximum) 

A ClearView To Monitor Quality 

Diamond Sun 14 

Auto-Tracklrio 

BOO x600 p;xels (d ig~al , analQll. monochrome)

330 x500 plxelS (composite NTSC) 


font file for that particular type font; 
once that file is built, you can load it in at 
any time. Since it takes anywhere from a 
few minutes to several hours to train Spot 
to recognize a font, you should be careful 
to make frequent backups of the font file 
while the educational work is in prog
ress; I managed to crash the system (my 
fault entirely) and lose an hour of work 
during my tests. 

To use Spot, you must have some kind 
of scanner. Flagstaffs documents list the 
Canon IX-12 (with or without the Tall 
Tree Systems JRAM/JLaser board), the 
ScanJet, Panasonic FX-RS505 and FX
RS506, and Microtek MSF-300C and 
MSF-3000 scanners as being acceptable. 
The PC you use must have either CGA 
(or EGA in CGA emulation) or Hercules
compatible monochrome graphics. Our 
generic AT clone has a genuine Hercules 
card running an Imtec 12-inch amber
screen monochrome monitor and works 
fine. You ' ll need at least 512K bytes of 
main memory. If your machine has a 
megabyte or more of Lotus/Intel/Micro
soft Expanded Memory Specification 
4.0 memory, Spot will know how to 
make use of it and can do some fancier 

CHAOS MANOR 

tricks, but you don't need any expanded 
memory. 

You'll also need a hard disk drive. 
Spot will run on a floppy disk drive-only 
system, but Flagstaff warns against 
doing that, since everything will be terri
bly slow. 

Spot is quite easy to install, provided 
that you ignore the silly directions given 
in the manual. For reasons not clear to 
me, Flagstaff has built a complex Setup 
batch file 10 do a very simple job. In 
theory , Setup will copy the Spot disk 
files from disk A to your hard disk . In 
practice, it won't do it that easily; you ' re 
much better off creating a subdirectory 
and using DOS's COPY command to move 
the files. Then you can run Setup di
rectly off the hard disk. 

Spot comes with about a dozen font 
files . It's menu-driven, and while the 
manual sucks rocks, it really isn't hard 
to figure out how to do what you want. 
As a test, we loaded in the Letter Gothic 
12-pitch Selectric font and put a test page 
written in that into the ScanJet. 

The ScanJet lights came on (Spot con
trols the whole process), the AT clone 
thought to itself, and quickly there ap

peared , line by line, long lines of uner 
garbage. I stood there ruefully shaking 
my head. Mrs. Pournelle was more prac
tical. She looked at how I'd put the paper 
into the ScanJet and turned it over. When 
we tried again , Spot read every letter. 

The test page is laid out in multiple 
columns. There are ways to tell Spot how 
to store those columns in sequence so 
that the text file you 're building reads 
continuously. Once we 'd read the text 
image, I stored it all as an ASCII file , ex
ited Spot, and read the file into a text edi
tor. Voila! Everything worked fine . 

I changed test sheets and fonts, and 
fired it up again. Same result, perfect 
score again. On the third test sheet , Spot 
missed one letter, repkcing it with the 
wrong character. When we looked at the 
original, we couldn't see anything dif
ferent about the letter it missed-an a
but what the heck, missing one letter in 
three pages is plenty good enough. I was 
beginning to get excited . 

Teaching Spot Tricks 
It was clear that Spot could read just 
about any typescript ever devised. The 
acid test would be whether I could teach it 
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to read my printed books. Could it read 
kerned text? (Kerning is the typesetting 
technique of squeezing letters together so 
that their spacing overlaps, for example, 
WA .) 

I got out Exiles to Glory, a science fic
tion adventure novel published by Ace 
Books in 1978. The book is theoretically 
still in print, but it's about time for a re
issue. The book has stood up well, but if 
I had a machine-readable copy, I'd prob
ably make a few revisions. 

The first problem was how to lay the 
book into the scanner. Should I make a 
photocopy first , so that I'd have one page 
on each sheet, or should I open the book 
and lay it flat? The Spot manual said that 
I could tell the program to treat the two 
pages as columns, so I decided to use the 
book laid flat . 

The next problem was headers. The 
book has running heads-my name on 
the left side, and Exiles to Glory on the 
right-and they're not in the same type
face as the rest of the text. I solved that 
problem by putting a narrow strip of tape 
across the top of the scanner's glass . That 
way, I could square off the top of the 
book to the top of the scanner window, 

Only one supplier of color monicors offers the widest 
selection of features and operating flexibilities in the marker 
coday. 

T hat company is Mitsubishi Electro nics. 
M.itsubish it> delivers the reliability and performance 

that can meet your color information display requirements 
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1-800-556-1234 , ext. 54M. ln Cali fo rnia, call 1-800-441-2345 , 
ext. 54M. Mitsubishi Electronics America, Inc., Compurer 
Peripherals Division, 991Knox Street, Torrance, CA 90502, 
(213) 217-5732 . 

Compatlblllty/Resolutlon 
Screen Mask VGA 102• 1280 

Mlbublsbl Size Horlzonlal Piich Apple I I 
768 102•Model Onehes) Scan Frequency (kHz) (mm) NTSC CGA EGA Sid. Ext Mac II f'81111ll l16H11:11 

Diamond Scan 14 14/13V 15.7 - 36 auto-tracking 0.31 . . . . . . 
(AUM1381A) 
Diamond Scan 16L • 16115V 30 - 64 auto-tracking 0.31 . . . . . 
(HL6605TK) 
Diamond Scan 20A 20/19V 15.7-36 auto-tracking 0.31 . . . . . 
(HA3905AOK) 
Diamond Scan 20L • 20/19V 30- 64 auto-tracking O.J1 . . . . . 
(HL6905TK) 
XC1429C 14/lJV J1.5 0.29 . 
XC1410C 14113V 22 or 15.75 0.40 . . 
XC1430C 14/13V 22or 15.75 0.31 . . 
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but the scanner wouldn't be able to see 
that header at all . 

It ' s easy to invoke Spot's teaching 
function. I did that and told it to save 
what it learned in a font file named Ex
ile, laid the book on the scanner screen, 
and told Spot to have at it. The scan light 
came on . Spot reads the entire page 
image at one gulp; once the scan light 
goes off, you can remove the text from 
the scanner. Then the computer thinks 
for a while and shows you what it has 
seen. 

The first thing it had seen were some 
tiny spots , clearly garbage. Once we 
were past those, Spot put up a magnified 
graphic image of the first line of text, 
with the first letter surrounded by a little 
box. I typed in what the letter was- as it 
happens, a T-and Spot went on to the 
next letter, and the next. Feeding Spot 
while it ' s learning a new alphabet can be 
tedious, but it's also exciting. Spot shows 
each new character (uppercase and 
lowercase letters, numerals, and punctu
ation marks) that it has learned in a little 
table at the bottom of the page, so you can 
tell which ones you still have to show it. 

At first all Spot saw was single letters, 
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but then it began to show two-letter com
binations. It does that by expanding the 
little on-screen box; what Spot is saying 
is that it can 't see any gaps between these 
letters, so it th inks this is just a single 
character. I typed in the two letters (fi, as 
I recall) and told Spot to continue. 

After a while, Spot had learned most 
of the letters and a number of two-letter 
and even three-letter combinations. At 
this point, I set the Spot "guessing level" 
so that the program would skip over all 
the letters it was confident it knew and 
show only those it was uncertain about. 
Now the work went even faster . 

I saved my work and scanned another 
page- and disaster struck. 

Spot doesn't understand about lines. 
Spot's little box showing me what the 
program was looking at enclosed the 
lower chunk of a letter on one line and the 
upper half of another letter on the line 
below. This sure wasn ' t anything I 
wanted Spot to learn, so I told it to skip 
it . No good. It was obsessed with the no
tion that the "center of gravity" of my 
text was between the lines. 

I decided maybe the book wasn't prop
concinued 



We'd like to announce 

another historic event. 


INJRODUONG 
dbPUBLISHER 

As the world's first true 
database publishing program, 
dbPublisher is literally making his
tory wherever it goes.With all 
Lhe power and technology neces
sary to organize and transform 
recurrent business documents 
such as catalogues, directories, 
price lists and reports into 
beautifully typeset pages. 

And with all the compatibility 
needed to provide access to 
virtually all the data in a user's 
world. dbPublisher runs with 
almost every major PC-based 
database, spreadsheet, word 
processing, and graphics program 
in popular use today. Over 120 
in all, including many mutually 
incompatible programs. 

Be 

MAKE SOME HISTORY 
OF YOUR OWN 

dbPublisher can help you turn 
raw data into the best looking 
and easiest to read printed docu
ments you or your customers 
have ever seen. And do it quickly 
Rtgi~tered and unregistered trademarks u.set.I h('rein <.u-e tho_se of theirre:;;pcctiv~ owner.>. 
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and efficiently, thanks to modern, 
"point and click" icon mouse 

11111111 1111 11111 1111111111111111111111111111 111111111 1111 
A1B 20 1720 

The best bar code:; - bar 11011 e. 

support, plus multi-layered, 
graphics-oriented screens every 
step of the way. 

Page composition is 
very fast, and every
thing can be previewed AAAAAAA Afull-size on your screen. 
There's a complete library of 
user-definable report formats as 
well as many automatic text and 
image styling features . And 
dbPublisher also includes a full 
selection of mathematical, 
financial, date/time and logical 

functions. 
remembered THE MANY FAW OF
for u /wt dbPUBLISHERyou do. 

Choose from over 
1000 fonts, and take 
advantage of sophisti
cated typographical 

· controls, including precise 
spacing, indents, kerning and 
leading. You can add multiple 
headers and footers, as well as 
ruled tables with automatic table 
layout. dbPublisher can also 
integrate text and graphics, and 
even generate bar codes. And it 
supports SGML-style mark-up 
tags, and prints flawless form 

letters and mailing labels. 
dbPublisher runs with any 

IBM AT, PIS 2or100% compatible 
with 640K, a mouse and a hard 
disk with a minimum of 20MB. 
In addition, it supports the lead
ing dot matrix and laser printers. 
including HP LaserJet and the 
"PostScript" language, as well 
as a number of typesettin.g 
machines. 

We 've gnl just your l.ype. 

PRICED TO ROLL 
You might think that something 

with so much to offer could easily 
carry a pretty high sticker. No 
need to worry, because at $695 
for the single-user version ($895 
network), we think you'll agree: 
dbPublisher's price is positively 
prehistoric. 

Call us today at (602) 870-7667 
and ask about dbPublisher. It 
could help you carve out a new 
chapter in the history of your 
business. 
See us at COMDEX, Sally's 1524 

PUIJ!JJHER 

A product of Di~ital Composition Systems 
1715 W. Northern Avenue, Phoenix, AZ 85021 
·1e1. crio2) 870-7667 
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Picture Permanent. 

Brilliant Color Output With IBM Compatibility. 

If you're looking for •measy-m-use color pri mer rhar delivers fost, high 
qu;1liry color o urpu r, wirh full mM compatibility, loo k at the G330-70 fro m 
Mirsub ishi Elecrronics. 

A built-in video inccrfoce enables the G330-70 to crc;:i te n permnnem 
copy o n glossy paper o r rranspurcncy film of any image viewed on your 
computcr monitor. 

\\/ich LSO docs per inch rcsol urio n, the G330-70 is ideally suired fo r 
presentation grnph ics, painr-rype grnphic arr and PC CAD. lt operates 
smoothly in severa l PC environ ments, includi ng the IBM PC/ XTI AT nnd 
compariblcs, IBM PS/ 2"' or rhc Apple ® Maci n tosh ' ·" JI. The G330-70 cnn 
prim rhe screen d isplays from popul nr gra phics boards, including CGA. 
EGA, VGA an I Mac II. 

For fosr, bold, brilliant color output direc cl y from your moniror, ·pccify 
the Mitsubishi GJJ0-70. At a sugges ted retail price of$5900, the GD0-70 
offers che most convenient method fo r high quality color o utput. 

Fo r producr info rmation or nearest aLJtho ri zLxl 
Mitsubish i Elec tronics sa les rcprcscnrntivcs, please 
ca ll 1-800-556-1234 , ext. 54R. In C;:i lifo rni a, ca ll 
1-800-441-2345, exr. 54R. MitsL1bish i Electroni s 
America, Inc., Computer Peripher;:ils O ivi: io n, 
991 Knox Sn eer, Torrance, C A 90502, (213) 217-5732. 

Th~ G.HO-/U cnlnr 1/icrmal 

1ransfc:r pri rlla proclw:l'$,. 
 See us at CO MDEX{11 1/·co/or 8 11! • ·'II" / >a~e or 

r rarL~/mrt.!nC)' in ahota SO "il!Cmuh. Booth #1128 

' 1988 P.,! ~rxti1 E.k."Cl•~Al'l'IC'r..:-3 . lr'C 
M l!'.UlY../N :; J reg~ IC!Od traOC'tl..1t 01 ~. · ~!:A.Jb<~1 (leerr<: COtP TOJ..to 
IS M !Sar ,.:srcroo tr.ldl."'1!1\lr ol ftlOOftl..l:on..11 Bu:>.r..o"..s M.let'llOO!> C0tPOr3bOn • MITSUBISHI 
;\ Jx'llc ~ .1 ' etr.'.tere<.1 lrHQetn,v:.. ol Am>!o Cor111"1:or Ilic 
hrL.1~'9 ur.r1:0.u,·.1'1 1:<Mm ..."....on r1om tr"(> ~ingto11ioon-cr...11r.1dcm,11~·Cd 50~ .\·lJ~l).X'k.Jgti nJmo J(:i.."\'.t.'."S c.orr:,?l'Vl'f rL'ur"'' 6' ELECTRONICS 
lnrre 1D LCr,-.1;11 q Inc tl'rvSj?-ec1"\'t!/ LSoll Co1pcml.1tm(PC P.uinJur~i P.'vS) AutoOV.k Inc (111.J~O.Stl:KK!J 

erly squared up in the reader, adjusted it, 
and scanned it again. This time, I didn't 
get that odd result until further down on 
the page, but it still happened. 

There was another problem. In 1979, 
Ace didn't print on what you 'd call high
quality paper. Sometimes the ink would 
run so that two letters not usually kerned 
would be ever so slightly run together. 
For example, the right-hand serif ofthe a 
in the combination as might barely touch 
the left serif of the s. Spot asks about th is 
special case (as indeed it should and 
must) , and then you have a dilemma. 

Spot can learn only 250 characters . 
That's a lot, but it may not be enough. 
Consider that in all fonts there will be 52 
uppercase and lowercase letters; 10 nu
merals; a dozen symbols, such as$, %, ~ . 
&, and *; and another dozen punctuation 
marks . This uses up well over a hundred 
of your symbols before you can teach the 
program a single combination pair. 
There are another 75 or so common kern
ing pairs that have to be learned, so now 
we're up to 200, leaving no more than 50 
we can waste on stuff like the as in my 
example above. How many ink-run cases 
could I afford to teach the program? I just 
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had to guess which ones would be 
common. 

I also kept getting the "multiple line" 
phenomenon I described above. When
ever it happened, it could be fixed only 
by moving the book around on the scan
ning plate and rescanning that page. Fi
nally , we figured out what was happen
ing: because the book was laid flat on the 
screen, the lines on each page weren 't 
precisely in adjustment to each other . 
Get everything really square, and the 
problem goes away. Another remedy 
would be to define each page as a sepa
rate zone; I didn' t do that, but it probably 
would have worked . 

Eventually, I taught Spot the entire 
font that Exiles to Glory was printed in , 
plus all the kerning pairs and triplets I 
could find. Now we were ready to read in 
the book. 

Alas, that was a disaster. Spot didn't 
recognize half the letters on the page. 
There would be a fair number of correct 
words and letters, then something like a 
group of squiggles, where each squiggle 
stood for from one to several letters . Re
centering the page and scanning it again 
improved matters slightly, but the per

centage recognized was still far too low . 
Spot lets you correct the page before you 
save it, but in the time it would take to 
make all those corrections, a good typist 
could have copied the whole page in the 
first place. 

Well, all right, I thought. Exiles to 
Glory wasn't printed on very good 
paper. I'll take Birth ofFire, recently re
printed by Baen Books, and try that. 

Alas , that produced just about the 
same result . 

Finally, I took out a quality art book 
printed on slick paper and taught Spot 
that font. This time, things worked pretty 
well. There weren't many ink-run char
acters for the program to learn . After 
Spot had learned the font, we began to 
scan the book, and it got well over 90 
percent correct; ifthat had been a book I 
wanted my computer to read, I'd have 
been able to use Spot to do it. 

Actually, I wouldn't have used Spot on 
the art book, because the big art book 
had lots of graphics. Spot has a system 
for dealing with this. You can define 
zones in the scanned image: some areas 
will be text and should be scanned with 

continued 
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LABELING 
. SOFTWARE 


For DOTMATRIX and 

Laser Printers 


(Epson/IBM/Olridat.a/LaserJet) 
•Labels for shelves. bins. inventory 
• 13 text sizes readable up to 50 ft. 
•Bar Codes: 2 of 5, UPC/EAN, 128. 

MIL-STD, AIAG, MSI . Code 39 
•Any size label• Flexible format 
• Color options• Reversals• Fast 
•File input• Menu driven• $279 
•Other bar code programs from $49. 
•Font Cartridges NOT required 
• Fast • Easy • Not Copy Protected! 

30 Day Money Back Guarantee! 

Bar Code Readers 
for PC, XT, AT, PS/2 
All compatibles plus Kimtron, 

WYSE-60, Link, and RS-232 


•Direct from the manufacturer 
•Attaches as 2nd Keyboard 
• No software changes needed 
•Reads 2 of 5, UPC/EAN, Code 39 

•External or Internal on PC. XT, AT 

Complete with Steel Wond . .... . $399 

ALSO: Magnetic Stripe, Lasers, 
and Portables which can be 
keyboard readers too! 

30 Day Money &ck Guarantee! 

WORTHINGTON 
DATA SOLUTIONS 


417-A Ingalls Street, 

Santa Cruz, California 95060 


408/458-9938 

the OCR function , while other areas are 
graphics and ought to be either ignored 
or simply read in as image files. This 
works , too , but it's pretty tedious to use 
on a big book that has a different layout 
for every page. 

I'm willing to believe lhat Spot is the 
state of lhe art regarding character scan
ning of printed text; I've seen nothing 
better, and I've been looking. However, 
before I use Spot to read in old paper
backs , I sure wish they'd make some 
improvements. 

The most obvious would be to greatly 
increase the number of characters you 
can teach the program. This would let 
you deal with many more ink-run pairs. 
It would also slow the program down, of 
course. Maybe what's needed is an op
tional increase. 

More critical, though , is lhe need to 
teach the program some elementary rules 
about size. You should be able to define 
the period as the minimum-size object 
the program should pay attention to. 
Anything smaller just gets ignored. That 
alone would greatly cut down on the time 
required to teach Spot a new font. Even 
more important, though , would be rules 
about the maximum size a letter can have 
in each dimension. No single letter will 
ever be taller than the distance between 
two lines. Spot should know this, so that 
if it ever tries lo look at something 
longer, it will understand that it's look
ing at two lines. 

Third , Spot does know what a line is , 
but it doesn't automatically look to see 
whether lines are properly in adjustment. 
You can do that by defining zones, but I 
don't think it would be hard to make Spot 
do that automatically. Then it wouldn't 
get confused enough to try to take the top 
part of one line and combine it with the 
bottom part of the one above it. 

Despite all my criticisms, I'm quite 
impressed with Flagstaff Engineering' s 
Spot. The program won 't read my cheap 
paperback books very well , but it does 
read them; and they ' re already working 
on improvements. I suspect that by the 
time you read this , I'll have been able to 
read those old books. Meanwhile, it's 
near perfect on typescript, and it does 
fine on most business and financial doc 
uments, like the Xerox Annual Report 
we aimed it at . Given that you understand 
its limits , I can recommend the program. 
Ifyou need something like this , you need 
it bad. 

LANtastic 
Artisoft offers lhe state of lhe art in low
cost PC networks. Other networks are 
faster and have more features, but none 

has more bang for the buck. For about 
$200 a station, you get full networking 
features and 2-megabit transmi ss ion 
rates over a four-wire cable system. This 
little wonder is called LANtastic , and de 
spite the terminally cute name, I really 
like it. 

Install ing LANtastic is either compli
cated or a snap, depending on what kind 
of machine you have. For generic PCs, 
XTs, and ATs (real or clones), you sim
ply drop in the card, connect the cable , 
and follow the installation instructions in 
a remarkably well done manual. Setting 
up lhe network with all the options you 
want can be confusing-and sometimes 
tedious- but it isn ' t difficult. Just follow 
instructions. 

As soon as you get away from generic 
machines or add features to one , install 
ing LANtastic gets tougher. No tougher 
than installing anything else-we had at 
least as much difficulty with the Compu
Pro ARCNET PC system-but tough 
enough to be discouraging . 

The reason for this is clear enough. 
Any communications network needs 
ports to talk through and some means for 
getting the computer's attention. LAN
tastic doesn 't, but some networks want 
more , including a direct-memory-access 
channel. 

There are, alas, a limited number of 
available interrupt requests (IRQs) on 
your PC . Your XT's hard disk drive 
needs one. Serial ports need another. 
Other add-on cards use interrupts. To 
make it even worse, some brands of AT 
clones use different IRQs for different 
purposes . 

If that wasn't enough, networks will 
also need a block of memory. LANtastic 
doesn ' t actually need memory, since 
each LANtastic network card has 32K 
bytes of memory (and a Z80 processor) 
on-board; but it does need a place to ad
dress that memory. Like lhe IRQ , you 
change the LANtastic's memory address 
by moving Iittle jumpers on the card , and 
it's explained quite adequately in the 
manuals. The LANtastic card offers you 
eight choices of address , all of them in 
the area above 640K bytes and below I 
megabyte. These areas were reserved in 
the original IBM PC design for just this 
sort of purpose. Alas, many of those 
areas are also in use by other processes. 

We have a lot of different computers 
here at Chaos Manor. Every blankety
blank one of those machines seems to re
quire a different IRQ and memory-ad
dress setting on its LANtastic card. For 
example, the Zenilh Z-386 (running at 
16 MHz) worked fine wilh lhe default 

continued 
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Supports lbe IBM PS/2 Model 30, PC, 
XT- Compaq DesllPro, Portab/e
AT&T 6300-Tandy 1200-Zenltb 
PC's and most 8088 or 8086 machines 
operating al crock speeds up to 
IOMHz. 

.lmte!I 
The SOTA 286i is the fastest accelerator you 
can buy for your PC. Fastest , because it uses 
the latest VLSI technology to squeeze maxi
mum perfonnance from its on-board proces
sor. Packing 80286 power into your personal 
computer the SOTA 286i delivers perfonnance 
rivaling that of a new 386 machine. 1\vlce as 
fast as an IBM AT, the sarA 286i performs up 
to 15 .3 times faster than an IBM PC-based on 
Norton SI. 

In fact, speed is just the beginning. The SOTA 
2861 is the only turbo board to earn the title 
Universal Acce/.eralor. 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. Networks, video 
adapters, 3270 emulation boards all function 
flawlessly. And, the Sa!'A 286i fully supports 
the new EMS 4.0 memory standard. No other 
manufacturer offers this level of compatibility. 
No one! 

Included on the sarA 2861 is a 16-bit expan
sion connector for attaching such options as 
the Memory I l6i. With its on-board RAM 
configurable as either EMS 4.0 or extended 
memory the Memory/16i is ideally suited for 
those new memory intensive programs. You 
can even run AT specific programs such as 
IBM OS/2 and Professional ORACLE. A 
second feature connector is provided for the 

Floppy 1/0 Plus. This multimedia disk con
troller supports both 31'2" and 51/4" disk 
drives. It also contains both a parallel and 
serial port. A complete solution to your 
computing needs. 

SOTA Technology has been acclaimed as a 
pioneer in the field of OS/ 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 SOTA 286i is 
the next generation of accelerators from S<JfA 
Technology. So why buy a product from our 
competitors that offers half a solution , when 
you can buy the fastest, most rompati
ble, most expandable accelerator available. 
Tbe romplete solutlon-tbe SOTA 28611 
Suggested retail: 12. 5 MHz - S59S . 

S LA

STAJ'EOPTI.tEAJlTTEOlNOl.OOY 

SOTA Technology, Inc. 

657 North Pastoria Ave., Sunnyvale, CA 94086 


TEL: (408) 245-3366, FAX: (408) 245-0922 


SOfA2861 ls a trademark of SOTA Technoloa~. Inc. All other prOC1uc1s mentlonoo are 1raoemar1<s of Iheir respec11vo manutacJurers. 
SOTA2861 benchmarl< was run on IBM PS/2 Model 30. 
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Items Discussed 

Fair warning: remotely accessing CD

ROM drives is slower than accessing 
them directly. Ofcourse, "slow" is a rel
ative term. If you're using generic XTs 
running at a Norton System Index of2 or 
3, it won't slow things a bit. It's only 
when you get to really fast machines like 
my Z-386 that you notice CD-ROM ac
cess takes longer than you expect. 

The disadvantages of LANtastic are 
endetnic with any network. As an exam
ple, it's a bit disconcerting to be told that 
I can' t do CHKDSK on any machine set up 
as a network server. On the other hand , I 
don't have to set up my one machine as a 
server at all. If I tell the network that my 
machine is a workstation , I can do any
thing I ever did; it 's only servers that 
have restrictions on their devices. Work
stations can access anything on the net
work; it's just that their own resources 
aren't remotely available. Thus, my 
Cheetah as a workstation can get at the 
remote CD-ROM and WORM drives, but 
no one can use my Cheetah. Ifat another 
time I want to give remote access to the 

can include anything. Printers, modems, 
and disk drives, of course; but much 
more than that. 

You can also access WORM (write 
once, read many) and CD-ROM drives 
through the network. To the best of my 
knowledge, LANtastic is the only Jocal
area network that lets you do remote ac
cess to a CD-ROM drive. 

Better yet, you don't have to install 
DOS extensions and device drivers on 
any machines except those that physi
cally have the CD-ROM readers . You can 
also access multiple CD-ROM systems. 
For example, we've set up one CD-ROM 
device on the Z-386 and another on the 
Cheetah. LANtastic gives each machine 
access to the other's CD-ROM, while 
two more machines have access to both. 
We can be doing word processing--<>r 
even communications- on the Cheetah 
while simultaneously reading data off 
the Cheetah's CD-ROM onto a generic 
AT located 50 feet away. 

The notion is that I'll set up a generic 
AT clone as a service machine. It will 
have modems, a connection to the Kyo
cera F-3010, a WORM drive, and sev
eral CD-ROM readers . All those re
sources will be available to all the other 
machines on the network, and the other 
machines won't even need to have CD
ROM and WORM device drivers in
stalled . I haven't actually done this yet, 
but I've experimented enough with 
LANtastic to know it's possible. This is 
sufficiently intriguing that I would be 
tempted to do it even if I had only two 
machines. 

BiREZ Mouse . ..... . . . ......... . ... . $149 
Logitech 
6505 Kaiser Dr. 
Fremont, CA 94555 
(415) 795-8500 
Inquiry 435. 

Kyocera F-3010 .. . .... ... .... ... .. $8395 

Kyocera Unison, Inc. 

3165 Adeline St. 

Berkeley, CA 94703 

(415) 848-6680 
Inquiry 436. 

LANtastk: . . .. ..................... . .. $399 
Artisoft, Inc. 
3550 North First Ave., Suite 330 
Tucson, AZ 85719 
(602) 293-6363 
Inquiry 437. 

settings of the LANtastic board. The 
Tandon AT needs quite different settings 
of both IRQ and memory address. The 
Cheetah 386 (20 MHz) needs yet another 
combination. They all work fine once 
you get the boards set right. The only 
way to get the right settings, alas, is trial 
and error. 

The Kaypro 386 with its 512K-byte 
Intel motherboard needs something else 
again, and indeed I ran out of time before 
I found a combination that would work 
right with the Kaypro; it looks like we 
can't use Quarterdeck's Expanded 
Memory Manager and LANtastic at the 
same time, because QEMM fills that 
area from 640K bytes to l megabyte with 
32-bit extended memory. I've got the 
Artisoft people talking to Quarterdeck 
about this. Note that the network does 
work with the Kaypro 386; it's just that 
when you set up the Kaypro to run the 
network , the Kaypro has only 512K bytes 
of memory available. Let me repeat that 
this is a problem peculiar to the old Kay
pro 386 with the Intel 512K-byte mother
board. They don't make that machine 
any longer. 

Remote WORM and CD-ROM 
LANtastic does all the things you expect 
a network to do. Technically, it's a peer 
network: you can't do anything to my 
machine without my permission. Each 
machine can define which users will be 
allowed to log on to it and which of its 
resources it will make available to the 
other network stations. 

The good news is that those resources 

ScanJet .. ... ...... ...... .. .. . ... ... .. $1495 
Hewlett-Packard 
3000 Hanover St. 
Palo Alto, CA 94304 
(415) 857-1501 
Inquiry 438. 

Spot .. .. . ........ .. .. .. ... . ........ . ....$995 
Flagstaff Engineering 
1120 Kaibab Lane 
Flagstaff, AZ 8fi001 
(602) 779-3341 
Inquiry 439. 

Cheetah, that takes one DOS command. 
(To go back from server to workstation 
requires rebooting, though.) 

LANtastic really lives up to its name. 
Highly recommended. 

HiREZMouse 

I don 't suppose anyone will ever settle 

the mouse wars: which is best, two but

tons or three? Maybe only one? 


The two big players in the PC mouse 
game are Microsoft, with two buttons, 
and Logitech, with three. The tnice are 
both very good, both widely supported, 
and each can emulate the other (push 
both Microsoft buttons at the same time 
and you get the equivalent of a thi'rd but
ton), so at bottom it's just a matter of tak
ing a view. 

I've always preferred the Logitech 
mouse, but I'll be the first to admit it's as 
much due to background and history as 
anything else . My first mouse-driven 
machine was the Lilith , which came out 
well before Apple's Lisa, much less the 
Macintosh. The Lilith used an operating 
system devised by Niklaus Wirth of ETH 
(the Swiss equivalent of MIT) , and it em
ployed a three-button mouse. Indeed, 
Logitech got its start marketing that 
mouse both overseas and in the U.S. I've 
been using Logitech three-button tnice 
ever since. 

One reason I'm not tempted to change 
is the support software Logitech pro
vides with its mouse. Point bas always 
been my favorite editor for quick changes 
in AUTOEXEC.BAT and CONFIG.SYS 

continued 
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TECH*GRAPH*PAD CHAOS MANOR 

Still 

trying to get 

Engineering 

& Scientific 


graphs 

from a 


Business 

program? 


TECH* 
GRAPH* 

PAD 
EX A. MP t.. E 01= LOG/LOC PLOT TI NG 

r ...o o l f t fll"' en t e Quot 11 one 

Easy-to-use technical graphing & 
plotting software for engineers & 
scientists. Compatible with Lotus 
1-2-3 worksheets, other spread
sheets, PAN & ASCII files, & most 
data acquisition packages. 

Now shipping Version 3.0! 

• X-Y. Semi-log, Log/Log, Potar Plots 
• Curve Fitting • Data Smoothing 
• Labels, Scale, & Color Control 
• Multiple X-Y Axes 
• Error Bars • Greek Letters 
• Laser Printer, Plotter. Printer Output 
• IBM PC{>CT/AT, PS/2, Apollo, DEC 

compatible 

CALL 
(617) 890-1812 

Dealer Inquiries Invited 

~ binary engineering 
100 Fifth Ave. , Waltham, MA 02154 

files, breaking big ASCII files up into 
smaller ones , and even as a substitute for 
the DOS TYPE command. Point is fast, 
intuitive to use, and configurable. The 
newest version of Point can, in an emer
gency, even be used without a mouse, al
though I sure wouldn't want to do that 
very often; but since one of the first 
things I always do when I set up a new 
machine is install a mouse on it , that 
doesn't present a problem. 

Logitech also provides support with 
its Logimenu and Click packages. These 
are memory-resident programs that can 
glue in mouse support, complete with 
pull-down menus , for any application 
that doesn't have it . As an example, I 
used the Logitech software to add mouse 
support to Borland' s new Sprint editor , 
as well as to my old standby, Q&A Write. 
My mouse implementations aren't very 
clever because I haven't had much time 
to develop them; but you can set up your 
mouse to do almost anything. 

Logitech 's latest mouse is the HiREZ. 
This is a bus mouse only, meaning that it 
takes up a slot but doesn't use up a port. 
The advantage is that it can be used on a 
tiny desk since it works at 320 dots per 
inch (compared to 200 dpi for the usual 
mouse). The result is that you can control 
operations on high resolution (EGA and 
VGA displays) much more easily. We in
stalled the HiREZ on the Z-386, and it 
really is easier to use-more precision 
with less motion-than the mouse it 
reolaced. 

··My only complaint about the HiREZ 
is that they haven't (so far as I know) 
combined the HiREZ mouse with an 
EGA or VGA video board; the Logitech 
EGA&Mouse board works fine (we have 
one in the Zenith Z-248 80286 system), 
but that supports only the standard 200
dpi Logitech mouse. I make no doubt 
they'll have a VGA/HiREZ board soon. 

Logitech is one of those companies 
that's always going right out to the edge 
of the state of the art. I have yet to see a 
Logitech product that I don't like. 

Kyocera F-3010 
Compact Laser Printer 
Let me confess straight off that I've got 
no business with a printer as good as this 
one. Having said that, let me add that 
they'll get it back over my bruised and 
broken body. This printer is wonderful. 
If there's a better 300-dpi printer avail
able, I don't know about it. 

The Kyocera F-3010 is built around 
the Kyocera engine; a similar but slower 
engine is used in a Mannesmann Tally 
printer. The F-3010 has all the features 
of that engine, including two output bins 

(face-down and curled, and face-up and 
flat), two input bins (put letterhead in 
one and plain paper in the other), plus a 
manual feed capability. Unlike the 
Mannesmann Tally printer , the F-3010 
does not have cartridge slots . That's be
cause it doesn't need them. Instead, it 
has two IC card slots. The cards can con
trol the F-3010's programming lan
guage. There are three resident fonts , 
and the printer also has enough memory 
to hold 48 downloadable fonts. 

There's more. The Prescribe printer
control language is built in . Prescribe lets 
you do almost anything you'd like , in
cluding draw compl icated pictures. You 
can do about anything in the program
ming language that you can do from the 
keyboard. Prescribe commands are fed 
to the F-3010 as ASCII strings; you can 
do that from BASIC or simply send them 
out the printer port from your console. 

Prescribe can also be used as a built-in 
font editor, with a font-generation capa
bility. You can change the point size or 
rotate the resident fonts. Ifyou don't li ke 
the fonts you have, you can play games 
with them. 

I confess I'm still learning about this 
printer. It isn't that the machfoe is hard 
to use. It just has so many features that I 
haven't learned them all. 

The control panel is extraordinarily 
complete. Instead of little message num
bers, the F-3010 has a liquid crystal 
display that tells you things. It will , for 
instance, tell you which printer it is emu
lating: there 's a wide choice, including 
Hewlett-Packard's LaserJet Series II, the 
IBM PC Graph ics Printer, the Epson 
FX-80, and even the old standby, the Di
ablo 630. You can switch emulations in 
software or from the control panel. You 
can also use the control panel to make the 
F-3010 print out a list, with samples, of 
all the fonts it's currently aware of. 
That's three resident fonts when you first 
turn it on; you can add more by down
loading them off disks. 

The optional font disk that came with 
the F-3010 was Microsoft's Z font pack
age. These fonts are the same as those in 
the cartridge that permanently resides on 
my Hewlett-Packard LaserJet Plus, so it 
seemed a good thing to use for a test of 
the F-3010. 

I connected the F-3010 to the serial 
output port of the Printer Optimizer; this 
is where the LaserJet Plus is usually con
nected . The F-3010 has both serial and 
parallel input ports; the parallel port is 
of the Centronics variety. 

Downloading the Z fonts took about 2 
minutes . Once that was done, I went into 

coniinued 
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Great Performers, Superb Performance 

The Q IC Research 80286 and 80386 machines. ~ These represent the latest in PC speed and compatibi lity for will allow you r business to run virtually any word-process
your Desktop Personal Computer. Made in the USA, burned ing, spreadsheet, graphic or networking package avai lable. 
in for 48 hours and avai lable with NCS on site service From the reliable 80286/BMHz system to the very fast 
contract, the Q IC systems boast tenacious reliabili ty. And the 80386/20MH z, QIC Research can provide the solution to 
systems expandabl e memory, DOS and OS/2 capabil ities all your busi ness computing needs. 

MODEL CPU WAIT SLOTS STANDARD MAXON POWER 
STATE 16-bit 8-bit 32-bit MEMORY BOARD SUPPLY VGA EGA MONO 

QIC 386-20 386-20 0 5 2 lMB 16MB 200W $3,670 $3,420 $3,050 

QIC 386-16 386-16 0 6 2 0 lMB lMB 192W $2,899 $2,515 $2, 145 

QIC 286-12 286-12 0 4 4 0 lMB lMB 192W $2,299 $1 ,895 $1,525 

QIC 286-10 286-10 0 6 2 0 512K lMB 192W $2,099 $1,760 $1 ,390 

QIC 286-10 286-10 6 2 0 512K lMB 192W $1 ,995 $1,609 $1,239 

QIC 286-8 286-8 6 2 0 512K lMB 192W $1,795 $1 ,365 $999 

•All Systems come with I .2MB HardDisk/flo1>py Contro ller, I 01 key enhanced keyboard and comp lete documentation. 

To Order a QIC computer, Q~C" 1961 Concourse Drive Suite C 
(SALES) · · · · · · · · · • • · • • ( 408) 432-8880 • North San Jose, Ca liforn ia 95 131 
(Techn ica l Support) ... . ... . ... .. (408) 432-7520 r Q IC is not affiliated with MOS Qu.rnel, Inc. 
(FAX Number) .. . . . . . . ... ..... . (408) 432-1250 RESEARCH INC. 
Al I prices and models are subject to change without not ice. Circ1e 178 on Reader Service Card QIC-096 06/29/88 
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CHAOS MANOR 

Q&A Write and told it to print on a 
LaserJet Series II, and I fed my last col
umn to the F-3010. 

It printed blazingly fast, 18 pages a 
minute (as advertised), but the top and 
bottom margins were wrong. I couldn't 
figure this out. That file had printed per
fectly on the LaserJet Plus. After stew
ing for a while , I went back in and told 
Q&A Write that it was going to print on a 
LaserJet Plus, not a II, and tried again. 
Voila! Then I tried another word process
ing program instructed to print to a La
serJet Series II, and that worked. It turns 
out that I was using an older version of 
Q&A Write that didn't properly know 
about interfacing with a LaserJet Series Il . 

The F-3010 is a heavy-duty printer, 
designed to be used a lot more than I ever 
will need it. I'm still learning about it, 
but by me it's state of the art for a 300-dpi 
printer. If you need that kind of capabil
ity , you ought to look at this one. I'll def
initely have more to say about it in future 
columns . 

Winding Down 
I'm about out of space, and there's still a 
Jot to cover. I guess the bottom line is that 

the state of the art in PCs changes rap
idly; what used to be the outer edge of the 
envelope becomes the "standard" for se
rious users, and the old "standard" sys
tems drop behind or die. 

For me, "serious user" state of the art 
is an 80386 at 16 MHz or more; at least 4 
megabytes of 32-bit memory; at least 80 
megabytes of hard disk space, but better 
would be Priam ' s 330-megabyte hard 
disk drive; a good WORM drive for back
up; and a 9600-bit-per-second modem (we 
routinely run at 2400 bps over Tymnet) . 

EGA remains the business graphics 
standard, but VGA is catching up fast. 
The Zenith Flat Technology Monitor 
(which runs nicely off a good VGA card 
like Video Seven ' s VEGA) is far and 
away the most impressive standard-size 
monitor available. Keyboards have im
proved greatly; both Northgate (which 
puts the function keys on the left side, as 
they were on the older PCs) and Data
Desk make wonderful add-on keyboards 
that are in general much better than the 
ones you get with your machine , and they 
don' t even cost much . 

CD-ROM systems are coming along 
also . Microsoft has a number of new CD

ROM products coming out , including a 
Programmer's Library that puts every
thing you ever needed to know about C, 
Windows, and OS/2 onto one CD-ROM 
disk. This year, we ' ll see CD -ROM 
drives that run off small-computer-sys
tem-interface ports ; since Priam already 
makes a SCSI 330-megabyte hard disk 
drive, and it will be no great trick to 
make a WORM drive interface through 
SCSI, by this time next year that will be 
state of the art as well. 

I love the way they keep expanding the 
envelope. It 's like I have all those bright 
people working to keep me happy. • 

Jerry Pournelle holds a doctorate in psy
chology and is a science fiction writer 
who also earns 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 put your address on 
the letter as well as on the envelope. Due 
to the high volume ofletters, Jerry cannot 
guarantee a personal reply. You can also 
contact him on BIX as ''jerryp. " 

With Maplnfo, More Ways 
Than Ever To Map Your Data 
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Pin Map. Alrtomatically use yru existing 
database {from dBASE Ill or others) 
with street maps that wecan suppl~ 
Maps from over 300 U.S. cities and 
towns contain all addresses, accurate to 
the correct block and side of the 
street. Type any address and Maplnfo 
will find it for you. Call to the screen 
your complete record. 

Thematic. Use oor ooundaries (state 
or county)or drawyour own (sa les 
regions. e!ectioo districts, etc.). Create 
adatabase for the region (population, 
average income. etc.) Color code 
boundaries or entire regions based on 
parameters yau define. 

Presentation. Use powerful graphics 
commands to add your own titles, 
legends and text. Createarrows. 
wiooaws or callouts. Tum oo or off labels 
of points. streets. bridges, regions. 
etc. 

Visual Database. Drawanything from 
afloor plan toaircraft design. Strxe data 
on any point ix region. Create multiple 
layers to add flexibility to vour displa'.I'. 

And that's just asample. If you need to map your data, Maplnfo can do it for as little as S750. IBM PC or 
100%compatibles, with 640K memory, ahard disk drive, and graphics capability. 

To order, call 1-800-FASTMAP. In New Yori< State, call 1-518-274-8673 (Telex 371 -5584). 
Maplnfo Corp., 200 Broadway, Troy, NY 12180 

dBASE Ill is a tradema1k of Ashton·Tate IBM ana IBM PC arn uaaemarks ol lntemauonal Business Macl1ines Corp. 
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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 powerfu l printed-circu it
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. 

CURRENT VERSIONS 

HiWIRE. V1.1r4: sm.ARTWORK. V1.4r1 


HiWIRE-Plus Advantages 

D One tool for schematics and 
printed-circuit artwork 

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

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

D 	Netlist and bill-of-materials 
utilities included 

D 	Circuit boards up to 60x60 
inches and 256 layers 

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

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

D 	Schematic-to-layout cross
checking 

D Design-rule checker 

D 800 number for free support 

~HIV'llR~. ~.smAA'T\'.OBK"', "W1t00k'", ood IJl(! V!Jiir'llQW. logo ara 
1ey~m!K.I trndam..1Jio3 of W1ntclt. CotoetiltiOn. 

Circle 23 I on Reader Service Cord 

System Requirements 

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

D 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 
delivers 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. 
Cal l toll free today and put 
HiWIRE-Plus to work for you. 

Wintek Corporation 
1801 South Street 
Lafayette, Indiana 47904-2993 
(800) 7 42-6809 or 
(317) 742-8428 
FAX: (317) 448-4823 
Telex: 70-9079 

Europe: RIVA Ltd., England, 
Phone: 0420 22666. FAX: 0420 23700 
Austral ia: Entertainment Audio Pty, Ltd.. 
Phone: (08) 363-0454 





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 
Step 386/25 _ _______ 6.13 MIPS 

Source: Power Meter MIPS Version 1.3. The Ootobose Group, Inc. 

., 111e1ho he · of 
llC!mters. No. I cm't get
alcag . ....... 

Janel Johnson, President 

Coordinated Digital Systems 

Dayton, Ohio 


"I'll be right over:' 

The most incredible 
collection of people 
find their way to my 
door. Students. 
Aerospace engineers. 
Genealogists. 

They come because 
they hear we do more 
than sell computers 
outofa box. We try 
to make everything 
very personal. 

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

We're writing a lot 
of business. 

We work almost 
exclusively with one 
computer company. 
Everex. 

Because every one of 
their six computers is 
at the head ofits class. 

And because they 
take care ofme the 
way I like to take 
care of my customers. 

Find out more 
about Everex 
Step computers. 
Ca!l 1-800-356-4283. 
Everex Computer 
Systems Division, 
48431 Milmont 
Drive, Fremont, 
CA94538. 

Circle 85 on Reader Service Card (DEALERS: 86) 



•..the Same Thing 

You Read! 




TRENDS 

APPLICATIONS PLUS • Ezra Shapiro 

MAPPING THE 
SOFTWARE WORLD 

In a world of great 
software, what you need 
is what you use 

W
hen I recently lost the con
tents of my hard disk during 
a long-distance move, I re
acted with an emotion that 

surprised me. Rather than feeling panic 
and despair, I felt euphoria and freedom . 
All the stuff I'd been keeping on the disk 
but never using was gone! I could start 
over with a clean slate. 

I knew I'd have to salvage my docu
ments , utility programs, and a couple of 
essential applications from the backup 
floppies, but I'd been forced to do some 
long-overdue housecleaning. I imagine 
my delight in this situation is similar to 
what people feel when an airline reim
burses them for lost luggage: You miss 
the old clothing, but hey- it's time to go 
shopping for a new wardrobe. 

I'm slowly filling the hard disk with 
new software. Old friends-programs 
I've used for years- are being left quietly 
on the shelf. I'm going for new pro
grams, new habits, and new ways of 
doing things. I'm not willing to admit 
that I was stuck in a rut, but running my 
Tandon IBM PC AT clone is suddenly 
more invigorating than it was before the 
disk got trashed . I realize that this is go
ing to be a long undertaking, and it's no
where near complete. 

One side benefit of this has been a 
thorough reexamination of applications 
software from the point of view of a user, 
rather than from that of a columnist. 
When you write about software for a liv
ing, you begin to classify those programs 
you don't despise into three categories: 
programs you use, programs you like, 
and programs you'd recommend. 

Though the boundaries between these 
groups are often blurry and there's quite 

a bit of overlap, the distinctions are real. 
When your bookshelves are filled with 
every package imaginable (and some that 
are beyond imagining), you must develop 
some sort of mental algorithm for assess
ing programs outside the traditional con
straints of cost and availability , which 
are not germane because you get the stuff 
free, whether you want it or not. 

What I use is dictated mostly by habit 
and convenience rather than by any intel
ligent scheme of analysis. As an exam
ple, I use WordStar because I've used it 
for a long time and its commands are sec
ond nature to me, not because it ' s the 
best word processor, or even the best 
word processor for my needs. Right now, 
I'm trying to tailor my personal software 
choices more closely to what I do. When 
I'm done, I'll be much more efficient and 
(I hope) happier. 

How does this differ from what I like? 
Well, there are tons of programs I like 
that I don't use . I mean, there are quite a 
few good database managers on the mar

ket , but I don't need to use five at a time. 
I'm bound by the same limitations as 
anybody else; I don't have room in my 
head for more than a few programs' com
mand sets. And some programs that I 
Jove, I just don't use on a day-to-day 
basis, like VP-Expert from Paperback 
Software; my work doesn't really re
quire that I develop expert systems. 

What's right for a novice user in a 
business environment is not necessarily 
right for a sophisticated software hacker 
who's writing a technical encyclopedia. 
I usually recommend programs that I use 
and like, but I recognize that there is no 
universal collection of programs that can 
be deemed " the best." The MS-DOS 
universe is such a smorgasbord of top
qualicy products that even people in the 
same line of work can choose different 
packages based on personal whim with 
no worry oflosing functionality . 

I'm developing a new map of the soft
ware world. I thought I'd pass on what 

continued 
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Whatever your system and whatever your requirement, 
the industry agrees that Boca Research 

has the solutions for every memory need. 

BOCARAM 50/60- "For the price-conscious, 

we suggest the Boca Research 

Boca ram 50/60 ...an excellent value." 

- INFOWORLD 

• Expandable to 4MB per board 
• Supports DOS, OS/2, and EMS applications 
• Designed for IBM Micro Channel Architecture 
• Utilizes 1 MB 120Ns DIPs 
• Order No. BR5000 $295 . (¢K) 

BOCARAM/30 - "...our recommendation for 
the PS/2 memory solution ." 
- Charlotte Woodland , Sales Manager 

Micro Central . Inc. (Distributor) 

• Expandable to 2MB per board 
• Supports Lotus/Intel/Microsoft EMS 
• Designed for IBM PS/2 Models 25/30 
• RAM disk and print spooler utilities 
• Order No. BR3000 $175 . (0K) 

BOCARAM/AT - "The 'Swiss Army Knife ' 
memory board.. .it 's incredible. " 
- Joseph Katz , Contributing Editor 

REMark/Mainstream Computing 

• Expandable to 4MB per board 
• Supports DOS, OS/2 , and EMS applications 
• Operates with 16-bit CPUs up to 24MHz 
• RAMdisk and print spooler utilities 
• Order No. BRATOO $225. (0K) 

BOCARAM/XT - "Best value among XT 
boards for budget-minded users. " 
- INFOWORLD 

• Expandable to 2MB per board 
• Supports Lotus/Intel/Microsoft EMS 
• Operates with CPUs up to 12MHz 
• RAMdisk and print spooler utilities 
• Order No. BRXTOO $175. (!ZIK) 

At Boca Research , we're committed to memory. For more information on these and other Boca Research 
solutions , see your dealer or contact us directly. 

BOCARAM 50!60. BOCARAM/30. BOCARAIA/AT and BOCARAM/XT arc trademarks ol Boe.a Research. Inc. All other iererences 10 computer systems. S-Oltwaie and CH>r'llherals use uadema1ks owned by lhe" •'5pe<llve manu1aclu1e•s 

° COj)yrtOh\ 1986 Boca 11<s..1Ch. Inc. 

BDCl=I 
RESEARCH INC 
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6401 Congress Avenue , Boca Raton , FL 33487 • Phone: (407) 997-6227 • 
FAX: (407) 997-0918 
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APPLICATIONS PLUS 

I'm discovering about the geography . 
Bear in mind that I'm only one explorer; 
I haven 't visited every city and town on 
every continent . 

Integrated Software 
The rule for integrated software used to 
be that you couldn't compare it to stand
alone products. Integrated packages al
ways seemed to lack critical featu res. 
That' s not true today. The state of the art 
has advanced to the point where you can 
do quite well with most of the combina
tion products on the market. 

I'd recommend integrated software to 
almost anyone now, with this caveat: Be 
prepared to buy a stand-alone product for 
your primary application area and use 
the integrated package for everything 
else. You may not have to do this, but it's 
more likely that you ' ll need the truly ob
scure features in your area of concentra
tion. Ifyour primary application lies out
side the big four (i.e . , word processing , 
spreadsheet, database, and telecom
munications) , don ' t worry about missing 
out on power features ; you '11 get enough 
of them to keep you bumming along. 

One of the first things I put on my 
clean hard disk was Microsoft Works, in 
place of Framework II. I'm developing 
an increasing affection for the product , 
largely due to my fondness for Works on 
the Macintosh . Like its Mac cousin , 
Works on the PC can handle 80 percent 
to 90 percent of what any mortal needs to 
do on a computer. The program is intelli
gently if simply designed. It's not the fast
est around, but it's no slug. The word pro
cessor module is nearly as powerful as 
Microsoft Word's, but it 's friendlier and 
easier to master. Good spelling checking. 
The spreadsheet and database sections are 
adequate for all but the heaviest use. 

I have not reinstalled Framework II 
because I'm awaiting delivery of Frame
work III (any day now). I have always 
liked Framework II , but I found myself 
avoiding it as time went on, largely be
cause I found myself forgetting how to do 
things. And its built-in programming 
language, FRED, is incredibly tough. 
But this is one slick product, and I hear 
Framework III has considerably im
proved database and spreadsheet mod
ules . I'll see how I feel about this pro
gram after I get the new version. 

So I'm using Works, I like Framework 
II, but do I recommend them? Nope; I'm 
more prone to tell people to check out the 
Smart Series from Inform.ix Software. 
The individual application modules can 
run just fine as stand-alone programs, 
and the integrating shell is better for 
quickly developing multifunctional ap

plica tions for users than anything else out sional Write 2.0 from Software Publish
there . Also , the development/macro lan ing, the descendant of PFS: Write, for my 
guage is as readable as BASIC, and the old standby WordStar. It• s speedy , reli
Smart Series will follow your actions and able, and absolutely effortless to use. 
generate code automatically. This was You won't need a manual for this one, 
one of the first microcomputer packages unless you plan to do something ex
to be rewritten for network use, and it ' s tremely arcane, but it doesn't skimp on 
rock solid . features . My favorite aspect of the pro

gram is its ability to read and write files 
Word Processing in most major formats . Conversion is 
There are so many fine programs, it ' s painless and invisible . I also recommend 
tough to choose. I've substituted Profe s- continued 

~----------------------------

"CHEAPER THAN HARDWARE SOLUTIONS 
AND FAR MORE CAPABLE THAN OTHER 
PRINT SPOOLING PROGRAMS" 

Actually lets you 
compute while you print AND ... 

•Automatically intercepts documents bound for the printer. spools them to 
disk and prints them in the background. 

• Spootlng capacity is limited only by disk space and Prin/Q com pression 
typically odds 30%more. 

• "Pop-up" status display allows you to control each PrintFile ind1v1duolly; 
restart printing from any page; view ony document on screen with/without 
printing. 

•PLUS: Save reports in a DOS file ... archive reports for reprinting ... 
groups similar documents - minimizes form changes ... prioritize print 
sequence ... completely programmable ... simplifies forms al ignment . . _ 
and MUCH, MUCH MORE! 

Easy To Use! 
Installs In Seconds! 

Pnn/(J is 100% sottwore - just Insert 
disk, type INSTALL, and go! For IBM

s9900
only 

PC/ XT/ AT, PS/2 and al l compatibles. 
Works with any printer or plotter, uses 
46K RAM, not copy protected. and is 
fully guaranteed_ 
Order Now by coll ing to ll-free: 
(800) 346-7638 
In New Jersey: (201) 584-8466 
Or see your local dealer. 

Software Directions. Inc. 
1572 Sussex Tpke 
Randolph, NJ 07869 

BTl88 
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In the mid to late 70's, when engineers designed 
with SSI and MSI, the demands that they made 
on logic analyzers reflected the technology that 
they worked with - low density, low 
complexity, and low performance. 
Along came the 80's and with it PALs, GALs, 
PLAs, LCAs, ASICs, faster CISCs, and RISC 
machines. Technology leaped ahead ... same old 
logic analyzers. 
Finally, a machine tuned to the times. The Pc/La 

DTACK .• DTACK 

BUS.EAR . ornn 

FAULT2:· DG & ion 

FAU LT1 :• BGACK & IBG 

Trii;gcr program to dctocl 1 of 5 possible faults in the OMA cyck or a MC68000. 
Thi s 1;>xamplc uses only a frac tion of the ca pabili ti es of the P'c / La . 

© 19ae V3 CotJ~on:i.tion 

provides you with competitive sample speed 
and channel count, but more importantly, its 
superior trigger capabilities enable you to track 
down system bugs quickly and efficiently. No 
fumbling around the edges or shooting in the 
dark, you are right where you need to be. 
There is no need to translate your problem into 
someone else's idea of logic definition. This 
instrument uses state syntax directly. 
The Pc/La is packaged as a single add-in card 
for an IBM Pc/XTI AT or compatible. This means 
that you already own 50% of an efficient, 
high-performance hardware and software 
troubleshooting instrument. The other half is 
yours for less than $2000.00. 
The Pc/La - the only logic analyzer to earn the 
right to use the word analyze in its name. 

Take it from here, now it's... .. . 

YOUR MOVE 
(416) 266-5511 
285 Raleigh Avenue.Toronto, Canada. M1K 1A5 
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thi s one to anyone with midrange word 
processing requirements . 

I'm also installing a copy of XyWrite 
III Plus, which I regard as the killer pro
gram in the category. It 's difficult , or
nery , and an ordeal to learn , but once you 
feel comfortable with it, you can do any
thing. It's nicely programmable, and the 
fastest word processor I've seen in a 
while. Don't give this to your fumble
fingered friend, though; it should have a 
warnfog label. I like this program , I use 
it , but I don 't recommend it to anyone 
who isn ' t willing to be devoted to it. 

Desktop Publishing 
I use PageMaker because I can also use 
the identical program on the Macintosh, 
but here I give the nod to Ventura Pub
lisher by a tiny margin. I like the way 
Ventura Publisher allows you to position 
artwork with the mouse , then fine-tune 
locations by adjusting actual measure
ments in a dialog box. This makes up for 
the imprecision of current screen resolu
tion. PageMaker is not a bad second 
choice, however, especially now that it 
uses style sheets and can automatically 
lay out long documents . 

As far as I'm concerned, there are no 
other contenders in this category. 

Spreadsheets 
A category brimming with quality . I 
don't think I've seen a truly bad spread
sheet in years ; the technology has been 
thoroughly assimilated by the industry. 
What you have to judge is not so much 
how functions are implemented as which 
functions are missing . Even the most 
meager spreadsheet will calculate nu
meric results, but you'd better know be
fore buying a product whether you need 
fancy charting or database capacity. 

I 'm still using VP-Planner Plus . I'm 
comfortable with it, and Paperback Soft
ware treats its customers like royalty. 
The newest version has speeded up recal
culation, the multidimensional database 
paradigm lets you build sophisticated 
projections without the need of a huge 
fenced-off worksheet, and much of the 
command interface is borrowed from 
Lotus 1-2-3. A nice product , at a reason
able price . 

I keep meaning to learn how to make 
Microsoft's Excel for the PC jump 
through a hoop. Though it doesn't have 
full macro compatibility with 1-2-3, it 
has the richest environment available for 
turning a spreadsheet into a job-specific 
customjzed application, so I'll be loading 
Excel onto my fresh hard disk. 

But I recommend two other programs. 
SuperCalc4 is the umpteenth revision of 

a classic program, fully compatible with 
1-2-3, time-tested , quick , and as good a 
pure spreadsheet as you 'll ever find . For 
most users , though , I actually recom
mend plain old 1-2-3 . Although it has 
been overshadowed by its imitators, it 's 
still an excellent product . And because of 
a brilliant design decision by the manu
facturer , it's far more than a simple 
spreadsheet. Its add-in capability makes 
1-2-3 a truly special shell for software 
integration. You can add word process

ing, dBASE database man agemen t, 
spelling checking, utilities- just about 
anything. At this point, 1-2-3 has more 
going for it as an operating system than 
OS/2 . 

Database Management 
Here, I stick with three favorites I've 
used before. On the high end, my choice 
is Paradox (now a Borland product), a 
fully programmable relational engine 

continued 

NEW! POWERFUL SOFTWARE SECURITY 
SYSTEM LOCKS OUT UNAUTHORIZED 
PC FILE ACCESSING, VIEWING AND 
VIRUSES! 

Four-way security 
for your valuable PC data. 

Hord Disk Access Control. Hord disk data con only be accessed by a 
password No viewing, copying or modif1cot1on by unauthorized users even 1f 
PC is booted from diskene. (Up lo 8 passwords/ users ) 

Automatic File Encryption. Simply save sensitive data to designated sub· 
direc tories Encrypled files con only be accessed by the file creator or computer
'"Owner"· 

Virus Detection. SottSole checks cril1co1 system tiles ot every PC stor1-up 
and sounds alarm if infection is detected You con then choose to KILL or 
IGNORE the wus 
Screen Privacy. When you 're interrupted or leave your PC, simply hil the hot· 

key sequence ond your data remains private until you 
re·enter you r password. 

: ~ only 

r{~ sggoo 
~ 

Installs In Minutes! 
No Administration Required! 

SottSate 1s 100%software, eosy-to·use. 
works on oil IBM PC XT/AT,PS/2 and 
100%compati bles running DOS 3.0 and 
up. uses 35K and 1s fully guaranteed! 

Order Now by col lmg toll ·free 
(800) 346-7638 
In New Jersey: (201) 584·8466 
Or see your local dealer 

Softwa re Directions. Inc 
1572 Sussex Tpke 
Randol ph, NJ 07869 

BTISS 
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P.O. Box 31 

Perry, FL 32347 


Sausalito, CA 94965 


Torrance, CA 90502 


Mountain View, CA 94043 

(800) 628-2828 ext. 700 


MemoryMate . .. .. .. . .. .. .. .. ... .. $69. 95 

Broderbund Software 

17 Paul Dr. 

San Rafael, CA 94903 


P.O. Box 97017 

Redmond, WA 98073 


Ready! ............ .. ... ... .. ... .... $99.95 

Symantec Corp. 

Living Videotext Division 

117 Easy St. 

Mountain View, CA 94043 

(415) 964-6300 
Inquiry 947. 

Smart Series ...... .... .... .. ..... .... $895 

Informix Software, Inc . 

1601 l College Blvd . 

Lenexa, KS 66219 

(913) 492-3800 
Inquiry 948. 

SuperCalc4 ... ..... . .. .. .. .... ... . ... $495 

Computer Associates International, 

Inc . 

1240 McKay Dr. 

San Jose, CA 95131 

(408) 432-1727 
Inquiry 949. 

TopDOS ..... ...... ... ..... .. ... .. . $69.95 

FrontRunner Development Corp. 

14656 Oxnard St. 

Van Nuys, CA 91411 

(818) 376-1322 
Inquiry 950. 

Ventura Publisher 2.0 ..... .. ......$895 
Xerox Corp. 
U.S. Marketing Group 
P.O. Box24 

Rochester, NY 14692 

(800) 832-6979 
Inquiry 951. 

VP-Planner Plus ... .... ...... ... .. .. $249 

Paperback Software International 

2830 Ninth St. 

Berkeley , CA 94710 

(415) 644-2116 
Inquiry 952. 

XyWrlte Ill Plus ... .... . .. ..... .... . $445 

XyQuest, Inc . 

44 Manning Rd. 

Billerica, MA 01821 

(508) 671-0888 
Inquiry 953. 

AskSam .. ...... .. ..... ... ... .. ...... . . $295 
AskSam Systems 
119 South Washington St. 

(904) 584-6590 
Inquiry 934. 

AutoCAD Release 10 .. ... . ... ... . $3000 

Autodesk, Inc. 

2320 Marinship Way 


(415) 332-2344 
Inquiry 935. 

Framework Ill ... . ... .. ...... ... . .. . $695 

Ashton-Tate 

20101 Hamilton Ave. 


(213) 329-8000 
Inquiry 936. 

KeepTrack Plus 2.0 .... ............. $99 

The Finot Group 

2680 Bayshore Pkwy., Suite IOI 


(415) 966-1900 
Inquiry 937. 

Lotus 1-2-3 .. .. ..... .. ... .. .. .. .. .. . .. $495 

Lotus Development Corp. 

55 Cambridge Pkwy. 

Cambridge, MA 02142 

(617) 577-8500 
Inquiry 938. 

(415) 492-3200 
Inquiry 939. 

Microsoft Excel .. .... ...............$495 
Microsoft Works ......... .... .......$149 
Microsoft Corp. 
16011Northeast 36th Way 

(206) 882-8080 
Inquiry 940. 

Items Discussed 
Mirror II .. .... .. .. .. ... ... . .... . .. $69. 95 

SoftKlone Distributing Corp. 

336 Office Plaza Dr. 

Tallahassee, FL 32301 

(904) 878-8564 

Inquiry 941. 


PageMaker ... ...... .. .. .... ......... . $495 

Aldus Corp. 

411 First Ave. S, Suite 200 

Seattle, WA 98104 

(206) 622-5500 

Inquiry 942. 


Paradox .. ... ..... ... ..... ..... ........$725 
Refatx .. .. ... .... .. .. .. .. .. .. .... .. $149.95 
SldeKlck ... .. ... .. .. .. ....... .... .. $84.95 
Borland International, Inc. 
1800 Green Hills Rd. 
P.O. Box 60001 

Scotts Valley, CA 95066 

(408) 438-8400 

Inquiry 943. 


Procomm Plus ... ... ... ...... .. .... ... $75 
Datastorm Technologies, Inc. 
1621 Towne Dr., Suite G 
P.O. Box 1471 

Columbia, MO 65205 

(314) 474-8461 

Inquiry 944. 


Professional Write 2.0 ....... .. ... . $199 
Software Publishing Corp. 
1901 Landings Dr. 
P.O. Box 7210 

Mountain View, CA 94039 

(415) %2-8910 

Inquiry 945. 


Q&A.... .. .. .. ...... ... .. .. ....... .. .. . $349 

Symantec 

10201 Torre Ave. 

Cupertino, CA 95014 

(408) 253-9600 

Inquiry 946. 


with a solid application generator and a Paradox is to my eye the most consistent tions. Reflex is the most Macintosh-like 
comprehensive language. Queries are and logical. It ' s not cheap, but it's good. product going that doesn't use Microsoft 
easy to write, and file manipulation is as For smaller projects that don't de Windows. Designing entry forms and re
good as anything competing. Although mand .the ultimate in development capa ports is unintimidating, and the pro
all the other database development pack bility, either Reflex (also from Borland) gram' s mathematical and cross-tabula
ages I've looked at are pretty amazing, or Symantec's Q&A are excellent selec- conrinued 
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How To Support Your Customers 

You can provide software updates, answer tech

nical questions, and offer reams of product information 
to anyone with a modem. 24 hours a day, 7 days a week, 
unattended. 

All you need is a PC, XT, AT, or 386-compatible, 
and a Galacticomm multi-user hardware/ software 
package. And some phone lines. 

Our multi-user Bulletin Board System software, 
called The Major BBS™, supports your customers in 
several ways: 

• Public Posting Areas . . . . technical dialogue, 
bulletins, Q&A listings 

• Private E-Mail 	. .. ...... for one-on-one 

customer support 


• Teleconferencing . . .. .. . online "seminars" and 
real-time interaction 

•File Upload/ Download .. distribute updates, P.R . 
info, "app notes" 

• Questionnaires 	... . .... for market research, 

order forms, etc. 


Our multi-modem PC cards are available in several 
configurations: 2 to 8 modems per card at 2400 baud, or 
2 to 16 modems per card at 1200 baud. These are true 
single-slot cards with the modems built right in - no 
additional serial ports, power supplies, or external 
boxes of any kind are required. 

The Major BBS can support up to 64 users simul
taneously, although most of our customers operate 
small 4- to 16-user systems. The C source code is also 
available, so that you can modify the system to suit 
your specific requirements . 

For $59, we'll send you an introductory 
copy of The Major BBS, suitable for 
use with your standard COM1 and/or 
COM2 modems. This is a fully func
tional version for up to 2 simultaneous 
users (3 if you count the SysOp). You 
can upgrade later to a fully supported 
4, 8, 16, 32, or 64-user version for only 
$300 per doubling (plus modem hard
ware of course!}. 

r Yes! Send m;;copy of ~F;:;;a::rs-::M~;;;-o:::a:-1I 	 I

I 

THE MAJOR BBS! orders add U.S. $25 for shipping.) 

D $59.00 check enclosed I 
Name D $67.30 for C.O.D. 

I
IComp.iny 

D $65 .15 for credit card : 

D VISA D MC 0 AM£X £. / Oat• 

1
I 

IAdd=s 	 I I I I IOJJ JI I I I If]]-[ I I 
I 	 I

..,,---~~~~~-=----~-=~~ ~~~~~~~~~~~ 

L..:'.'.Y_ - - ...::: __!ip- - Sig= - - - - - _j 

0GALACTICOMM 

Modem: (305) 58~7808Galacticomm, Inc. 4101 S.W. 47 Ave. 

Fax: (305) 58~7846 

Suite 101. Fort Lauderdale , FL 33314 	 Voice: (305) 583-5990 
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DADiSP... 

Let Your Instruments 
Do The Talking:™ 

Talk to your instruments with 
DADiSP-488. Use over 150 func
tions to display and analyze your 
waveforms, as easy as typing a 
name. Run external data acquisition 
software, or your oum analysis 
programs. Create new (unctions 
with DADISP Macros. 

the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 

(617) 577-1133 

Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT. 
DEC MicroVAX. HP9000, Masscomp 
5000. and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square. 
Cambridge, MA 02139. (617) 577-1133 

DSP 
O.,,·elopmcnc 

Corporation 
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tion tools make it ideal for financial 
analysis. Q&A is the perfect low-stress 
database product, combining powerful 
flat-file operation , natural language 
queries, and even a good word processor 
for mailing-list management . 

I use all three. With products like 
these, who needs SQL? 

Also worth noting is AskSam, a free
form text database product. Although I 
disliked earlier versions, which seemed 
to be overly complicated, AskSam Sys
tems has just bolted on a new , simpler in
terface. I haven't had enough time with it 
yet to decide how I feel about it, but I'm 
beginning to think that it has at last 
achieved star status. 

Telecommunications 
There are very few bad products for tele
communications; almost anything you 
can name will get the job done, unless 
you've got exceptionally demanding cri 
teria. I like and use both Mirror II and 
Procomm Plus. Mirror II operates in the 
background, and its script language has 
steadily improved to become absolutely 
amazing. Want to write a bulletin board 
system (BBS) with a high-level language 
geared to telecommunications and run it 
in the background while you work on 
your spreadsheet? You got it. Impressive. 
Procomrn Plus is just a top-notch all
around package. Supports every protocol 
you ever imagined. Effortless to use . 

Recommendations? Anything that 
isn't Microsoft Access. 

Drafting 

Simple. AutoCAD. 


Painting 

I haven't seen a single PC program that 

comes close to what's available on the 

Mac. Sorry. 


Utilities 

Were I starting to populate my hard disk 

without benefit of backup disks, I'd be

gin by picking up the necessary public 

domain utilities from a users group, a 

BBS, or a friend . I'm particularly fond of 

one that's a bandy substitute for the DIR 

command. Modeled after Unix ' s LS 

command, it displays file directories in 

lowercase (much more readable than MS

DOS 's all-caps format) and accepts a 

whole bunch of parameters that let me 

sort by name, size, or date; list programs 

and batch files only; show the status of 

read/write, system, and archive flags; 

and soon. 


I'm now so used to typing LS instead of 
DIR that I feel lost without the program. 
There is also a number of shareware 

command stack editors that let me use the 
keyboard to retrieve and edit the DOS 
commands I've used recently (conve
nient for repetitive operations). 

If you want a commercial product to 
handle DOS operations, I'd recommend 
FrontRunner's TopDOS, a memory-resi
dent utility that provides both directory 
display and command history features, 
as well as a built-in editor that beats ED
LIN by a mile, facilities for mass copy
ing and deletion of files, command alias
ing, and shortcuts for anything else you 
want to do at the DOS level. I use Keep
Track Plus from The Finot Group for 
hard disk maintenance and backup; it's 
neither as fast nor as slick as some of its 
competitors, but it backs up files as pure 
DOS rather than any proprietary format, 
and it doesn't crash. 

Picking utilities is the most personal 
aspect of personal computing. Your 
choice in these little programs is what 
gives your system its flavor. I avoid sug
gesting utilities ; it's like commenting on 
haircuts-you can ' t win . 

Pop-Ups 
Memory-resident programs on a PC sys
tem are a nightmare that's been well 
documented in this column and else
where . I try to keep my use of the conten
tious little devils to a bare minimum, and 
I'm staying with MemoryMate and 
Ready!. Memory Mate is a bare-bones 
text database program that lets you store 
60-line records and dig them up by 
searching on any string. Not fancy, but 
it's a great way to keep your random jot
tings under control. When I ne!XI outlin
ing, I'll switch to Ready!. · ' 

However, I recommend the original 
SideKick (if you can still find a copy). 
It ' s the program that started the whole 
pop-up trend, and its elegant design for 
note taking and scheduling makes it an 
absolute classic. 

Final Thought 
There you have it. The products I've 
mentioned all represent sound programs 
that do what they're supposed to do. It's 
not a "10 Best" list, but it's what I tell 
people who ask. And I'm beginning to 
listen to my own advice at last. • 

Ezra Shapiro is a consulting editor for 
BYTE. You can contact him on BIX as 
"ezra." Because ofthe volume ofmail he 
receives, Ezra, regretfully, cannot re
spond to each inquiry. 

Your questions and comments are wel
come. Write to: Editor, BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 
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If you're the type of person who's too 
busy to read an ad, read this ad. 

Because you'll learn about a new tool 
that will help you manage people, ideas, 

Dump any 
m11dom, 

unrelated 
thoughtsor ideas 

into AgendCl, and 
it'll help you turn 

/hat.informali.<rn into 
astre<1m ofsin1cru red. 

actionable knowledge. 

projects,and 
information 

with incredible 
efficiency. A tool 

that will help you 
avoid slumping into 

your chair, shaking 
your head, and asking, 

"How on earth will Iever 
get this done?" 

We call it Lotus~ Agenda, 
the personal information 
manager. 

Agenda allows you to 
dump random facts, thoughts, 

and ideas into your PC without having to 
structure the information in advance. 
Agenda'sfiling system ii a11UJro sophi$ticated version Qf thi~filing syswm. You can 
pul iJems anywhere you want. View them a.ny way yowwani. And have access to 
them anytime you want. 

You can 
record the 
thousands 
of tasks 
you need 
to address 
to put 
together a 
new prod

:..~.~~~.=.i°'" 
Sct""'1>od Wlio 

• 	 Rxw;Joj prod!M>~-"' .Joen • Compe<ll.e belong 
.loon. 

Items. Dump informa1Wi1 in Truin1wlly, import il or use 
Olli' pop-upcapabilitywhi/einanother program. 

• 9ob wil 11<....ttlf>1>0lnt lncontiYel 
progtamalsalosooalorenQ>. 

• 	 f,llrl'! I, \ f !rpor.ltlb'1 i'&lo 

f ·~ Frltllr; '""'° ~" irfl ·: Co.f'S C"".: ig 
r 'ta;'r O\Jt>On ¥ti:llf1"• 'UI 

01 ·JY'9 out ,..""'KJ.:t 1 l)T'I ~ 

i.ndp,• "'""I 

•Bob -Bau:Dolaoo 

•Tom 	 • Oistri)u6on 
Yenc1ors 
Pricing 

uct line. Or the thousands of factors you 
need to put together a new bottom line. 

Agenda will not only file these random 
items of information for you, it'll help you 
arrange them any way you want. 

So you can understand them better, 
formulate new ideas better and extract all 
the answers you need better. 

Which means, now you can concentrate 
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more on using and acting on your infor
mation. And less on processing it. 

How does Agenda work? 
First, enter your items of information 

111ewhole idea liehind :111mula is ro get them all in a row. 

into your PC and assign them to catego
ries that you create. 

Then Agenda will do all of your filing 
automatically. And thanks to Agenda's 
multip/,e filing capabilit'ies, if the infor
mation is relevant in more than one 
place, Agenda will take it and put it in 
several categories at once. 

This makes it easy to view yourdata in 

automatically update all other categories 
where the item has been assigned. 

In fact, you could say that Agenda recal
culates your text the way a spreadsheet 
program recalculates numbers. 

All of which means, from now on you'll 
be able to come in every morning, check 
yourAgenda, and get right to work. 

Because you'll inunediately lmow what 
work needs getting to. 

For $15, we'll send you an Agenda demo 
kit or videotape. Call 1-800-345-1043 and 
ask for demo kit 
AGU-3058 for 
the 3.5" version 
or AGU-3053 
for the 5.25" 
version. Or ask 
for videotape 
AGU-3063. 

different ways so you 
can pinpoint informa
tion that's important 
to you. Or discover 
new relationships you
hadn't considered
b d~eiore. An anytime 
you change an item in 
a view, Agenda will 

Introducing Lotus Agenda 
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BayTech engineers Printer Sharing. 

Make the most of your invest

ments in valuable printers , com
puters. plotters, modems. and other 
resources with a printer-sharing 
device from BayTech. We manu
facwre a diverse product line 
enginee red for fl ex ibi l ity and speed 
that lets you share your resources 
and maximize your investments. 

From simply sharing one or 
more printers between computers. 
to creating a complete network for 
printer sharing and computer-to
computer communication , BayTech 
has a device designed to mee t your 
speci fie a Lions. 

Call toll free today to learn more 
abol.ll ma1>imizing your resources. 
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BayTech 
Bm• Technical As.wcia1es. h t<· .. 


Dara Co111m1111ica1ions l'md"~·ts Dil'isio11 

200 Nor1h Second St .. P. 0. Box .?87. 


Bay Saint Louis. MS .1?.5211 USA 

Te lex : 910·3.U-161 BAYTECH. 


Te lephone: fi(Jl-46 7-8231 or 101/:/i·ee 


800-523-2702, EXT 981 

1 
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COM!: • Brock N . Meeks 

BEEFED-UP 
BULLETIN BOARDS 

The offspring of 
yesterday's bulletin 
boards are 
sophisticated, powerful 
systems with plenty 
to offer PC users 

T
he Dark Ages of microcom
puter-based communication 
stretch back 6 years, tops . Back 
then, all bulletin board systems 

(BBSes) looked alike. They were single
line , dual-floppy, unstable, kludgy elec
tronic beasts. For sysops, they were a 
challenge requiring the dedication of an 
unrequited love affair. For users, they 
were electronic labyrinths, the next best 
thing to an interactive adventure game. 
Not any more. 

Today, the garden-variety BBS is as 
rare as a Susan B. Anthony silver dollar . 
The BBS has been constantly evolving 
ever since Ward Christensen and Randy 
Suess first used their homegrown BBS to 
squirt binary files back and forth. Their 
system evolved as a way to overcome the 
nightmarish logistics of traveling some 
50 miles between their homes just to 
trade updates of the software they were 
both working on . And nowhere is that 
evolution more evident than in today's 
"power BBSes." 

These power BBSes often sport multi
ple dial-up lines capable of handling up 
to 50 users at a time. Their on-line stor
age capacity is mind-boggling. And sys
ops have even carved out full-time ca
reers (and $50,000 or $60,000 incomes) 
simply from charging modest subscriber 
fees. 

Most of the boards I'll profile here be
long to this power category. The remain
der aren't quite beefed-up to such power 
levels, but they are important boards for 
their software libraries . All are powerful 
grass-roots communications tools that 

: -. -=--· 
·- -- ~ -

..:.... --

have helped define that slippery moni
ker, the information age. 

All these boards should be on your 
"check in regularly" list. Further, most 
are accessible via Telenet' s all-you-can
eat $25 per month , flat-fee, packet
switched service, PC Pursuit. This net
work gives you access to any computer 
service in 24 major metropolitan areas in 
the U.S. (For more information about PC 
Pursuit, call (800) 835-3001.) 

Exec-PC 
How important is the Exec-PC BBS? To 
borrow a line from a famous hamburger 
chain, I was the l ,282,770th caller 
served. And I do mean "served." Exec
PC is perhaps the premier BBS in the na
tion for exchanging software . 

For starters, Exec-PC has some 54 
dial-up lines . My first log-on saw me in 
the company of 30 other users hailing 
from 10 different states. I discovered this 
fact only after I became suspicious of the 
board 's speed. I thought I was the only 

one on-line. Wrong . A single-key com
mand told me the total number of other 
users on-line, who they were, and where 
they were calling from . 

The board contains the complete , 
fully accessible , PC-SIG (special-inter
est group) software library on CD-ROM. 
Hard disk storage space is 1.48 giga
bytes. Over 700 files are dedkated to 
Unix and Xenix. In all , there are more 
than 50,000 individual software files 
(most.of them in .ARC format) for you to 
peruse and download . First-time users 
are allowed 30 minutes on the system in 
what the board calls "demo mode. " This 
mode is for unregistered users ; regis
tered users have unlimited access. 

During your first sign-on, you can 

• Download files from the free file area . 
• Leave comments to the sysop at log
off. 
• Read messages only in the main IBM 
conference. 

co111i11ued 
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COM!: 

~uai~& pel/er pr des 
thorough reference sources for 
the English language, including 
phonetic correction, meanings, 
synonyms and other parts of 

speech. 1,400,000 responses are 
available using our database, 
providing you with one of the 
largest thesaurus works on the 

market. Also available for $89.95 
using 470,000 responses. 

Spelling correction of several 
document types, including 

Microsoft Write and Microsoft 
Word, is quick and easy. Expan

sion is easy too; words not found 
in the 80,000 word base dic

tionary may be added into any of 
several user dictionaries. 

Windows Folio is a f -feature 
word processor designed to make 
maximum use of the features of 

Microsoft Windows. Style sheets, 
automatic footnote placement, a 

graphic user interrace, an 
integrated version of the 

Thesaurus & Speller, and max
imum flexibility when formatting 
your document are only a few of 

the features packed into our 
Windows Folio word processor. 

Beckman Associates 
928 Oakcrest Street, Suite A, 


Iowa City, Iowa 52246 

Call 319-354-5116 


for information or to order! 


Microsoft!' i.s a trademark of Micro.son Corpora1ion . 
Btckman Associate is :i 1rademilrk of Beckman A,.._o;;ocia1~ . 

Items Discussed 

Exec-PC 
Operation: 24 hours a day, 365 days a 

year 
Phone: (414)964-5160 
Sysop: Bob Mahoney 
PC Pursuit Access: Yes 
Audience: IBM only 
Access: Free, 30 minutes; subscriber 

fee for full access 
Communications requirements : 300/ 

1200/2400 bps; full duplex, no parity , 
8 bits, I stop bit 

Inquiry 862. 

Invention Factory 
Operation: 24 hours a day, 365 days a 

year 
Phone: (212) 431-1194 (free-access line) 
Sysop: Mike Sussel 
PC Pursuit Access: Yes 
Audience: IBM only 
Access: Free-access line with full 

download privileges; subscriber fees 
for unlimited access 

Communications requirements: 300
9600 bps; full duplex , no parity, 
8 bits, 1 stop bit 

Inquiry 863. 

• List the directories of files available for 
transfer. 
• Use the Barndt database search system 
to find files. 

For the uninitiated, the Barndt data
base search system is a proposed stan
dard for naming files. Anyone who has 
spent even a small amount of time bang
ing around a hard disk looking for spe
cific types of files will appreciate the 
Barndt system. Many of the BBSes across 
the land now employ this system. You 
can read all about it in a text file under 
the extensive on-line help section. The 
file explains the theory behind the sys
tem and the indexing system. It's re
quired reading if you're serious about 
making your on-line life more efficient. 

Invention Factory 
The Invention Factory is one of the true 
survivors of the BBS community, given 
the high fatality rate ofBBSes in general. 
According to sysop Mike Sussel , the 
board has been on-line for 5 years and 
has been down only once. It comes in a 
close second for the most power-packed 
board in the nation, the first being the 
Exec-PC. 

The board allows you 30 free minutes 

Thousand Oaks Technical Database 
Operation: 24 hours a day, 365 days a 

year 
Phone: (805) 493-1495 
Sysop: Trevor Marshall 
PC Pursuit Access: No 
Audience: IBM only 
Access: No subscriber fees 
Communications requirements : 300

2400 bps; full duplex, no parity, 
8 bits , 1 stop bit 

Inquiry 864. 

Utilities Exchange 
Operation : 24 hours a day , 365 days a 

year 
Phone: (614)488-3991 
Sysop: Mike Koehler 
PC Pursuit Access: No 
Audience: IBM only-anyone needing 

any type of software utility program 
Access: Limited free access, subscriber 

fee for unlimited access 
Communications requirements: 300

2400 bps; up to 9600 bps for owners of 
USRobotics HST modems; full 
duplex, no parity, 8 bits , 1 stop bit 

Inquiry 865. 

a day for downloading . However, for 
every minute you spend uploading a pro
gram , your downloading credit increases 
by a factor of2. There are no fees forthis 
privilege. A yearly fee of $100 ($8.33 a 
month) gives you unlimited access every 
day. Sussel says that paid subscribers are 
guaranteed never to get a busy signal. 

The Invention Factory has 24 dial-up 
lines (2 free and 22 subscriber). There 
are over 8000 files available, represent
ing over 41,000 individual files. The sys
tem also has 1.2 gigabytes of hard disk 
storage. 

The free-access lines operate at data 
rates of300 or 1200 bits per second; sub
scribers can access the system at data 
rates of up to 9600 bps if they have a 
Hayes V-series modem. Sussel says that 
data transfer rates of up to 19.2K bps are 
possible for V-series owners using the 
ZMODEM transfer protocol. 

The board contains 76 different file 
areas that encompass such diverse topics 
as amateur radio, OS/2, and local-area 
networks (LANs). 

The board also supports "doors" or 
special programs that you can execute 
while on-line. One of these doors, called 
Qwikmail , lets you automatically scan 

continued 
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- Kent Por ter; Dr. Dobbs Journot 

See us at COMDEX 
Cashman A348 

''TOPSPEED EARNS A 
STANDING OVATION!' 

" ... TopSpeed is s11rely 011<' of rhe 
fi 11e.H new pruducrs i111rod11ced to 
dare i11 rhl' PC arena ... DDJ does11'1 
gil'l' 1111q11alified mn!s 1·ery ojie11 . 
b1111it<?re 

0.r nu quesrion abo111 ir i11 
tltis case: JPl 's TopS/JtN!d Muclula ·2 
is firsr-rar t• :· 

Kem Porter 
Dr. Dobbs Journal 

"JP/ Mod11fo -2 looks like 01101/rer 
classic i11rhe 111aki11;:. Ir ge11erares 
code as good a.I" or bet/er rlu111 lead· 
i11g C compiler.1·and rile progr11111 · 
ming e11viro11menr is a genuin<' 
pleos11re tu use:· 

Dick Poumain 
BYTE Magazine 

·' / liked all ofrit e lwrd-disk space 
rlwr ll'OS reco1•ered afrer I delered 
111 1' llORLAND. MICRosor--r. llllll 
LOG!T.ECH compilers. bem 11se 
with 'TiJpSp11ed Mod11/a-2 all th e rest 
are obsolert!:· 

Robe rt D. Randal l 
Donnelley l<irketing 

In England and Europe contact: 

1cn~c1l & Pjnn\!~ UK Ud .. <>.l Ckrl..tn\\cll 

~o>d. London EC IM 5NP. 1'11~ne: 101125)-0.13. 

Compiler Kit: £5?.9-. l <chKit 0-L95 . VlD 
£ 3~.95 . .' · i';l<k (109Q5 
HnndJing char~c.s: 
In UK . :uld £2 forc~ch pro<.h11:1 <m.!cn:J. V,\T 
~~at be add..·d on !mffy,~.1rL" . tu F.uro~. ldd £.i lor 
up to J. pmdul.'.t~- (:! forl·.;1i;h :111d"l 1)HxJw1. 

The successor of Pascal: JPI TopS peed 1
" Modula-2 produces 

better code than Microsoft C. Turbo C, Logitech Modula-2 
and Turbo Pasca l 4.0. 

Introducing VID: The easy-to-use, source- level debugger. 
Si ngle-step and trace through source in multip le modules. 
Examine and modify al l variables in symbolic form. incl ud
ing arrays, records. enumerated types and pointers. Point 
and shoot breakpoi nts inc luding ··one-shm;· "S ticky'. ' " De
layed :' and " Monitor:' Watch both variables and Modu la-2 
expressions during execution . Automatic variable trace of all 
variables accessed, and assembler, registers and procedure 
call -stack trace windows. Package includes symbolic dis
assembler and execution profi ler. 72-page manual. 

The Comp iler Kit includes: High-speed optimizing compiler (3.000-.S.OOO 
lines/min. on a PC AT 8M Hz). integrated menu-driven environment wi th 
mu lti-window/multi -file edi tor. automatic make. fas t . man linker. All 
Modula-2 sources to libraries included. BON US: Complete high-speed win 
dow management module included with source. 258-page User"s Manual 
and 190-pagc u mguugc Tutoria l. 

The TechKit"lncludes: Assembler ourcc for start-up code and run-time library. 
JPI TopSpeed Assembler (30.000 lines/min. ). TSR module. communica
tions driver. PROM locator. dynamic overlays. and 1ed111ica l information . 
72-page manual. 

System Requirements: I BM PC or compatible. 384 K available RAM. two 
floppy drives (hard disk recommended). 
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Seamlessly imegrated 0512 
ver.,·io11 coming soon. 

V/D I Vis11a/ /111eractil'e Debugger): 
1wwer ll' i ;/iu111 complexiry 

0 2 3 4 s • 7 Stt1' 
:1111 

Sie1·e benchmark meus11red by the 
Bririslr Sf(l11dard> /11.Hi1111io11 (BS/ ) 
25 irermions 0111m 8MH~ AT. 

Compiler Kit $99.95 
TechKit $59.95 
VID $59.95 

3-Pack $179.95 
(Compiler. Tech Kit & YID ) 

To Order : 

In the S. call: 

1-800-543-5202 

In Canada. call: 

1-800-543-8452 

Or mai I us your order with 

a check. money order, or 

VISA /MC information . 30
day uncondi tional money

back guarantee. 

Shipping & handling charges: 

In orth America: add $5 . plus S2 
for each add· 1 product. CA resident' 
plea'c add applicable ,ale tax . 
Oversea': add 520. plw, $8 for each 
:idd" I pnxluct. 

Jen en & 
Panners 
International 

1101 San Antonio Rd. 
Suite 301 
Mountain View. CA 94043 
Phone: (4 15)967-3200 

"fop-Spi«d :ind Tct.·hK11 ML" rrJdcm.•r~' o( k11'\Cn 
& P...irtn~" (nt(m:monal Qltu:r brjnd ::u'HJ 
pnx!UCI nan'k.·, :m:: tr:idemJrl-. or n:~1,h: rL-J 
tr.1d"1.:11l:lf~1o. \If the IC n:''()(~ll'\"C hl\ltJ~p.., 
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COMI:ChiWriter~ 
How are you currently producing your scientific 
documents? Are you using a "golf ball" style 
typewriter? A regular word processor, hand let
tering the special symbols? Are you fighting 
against a "what·you-see-ls-definltely·not·what
you-get" system with a special command 
language? Or are you using one of our com
petitors' expensive and Inflexible programs? Find 
out how ChlWriter can solve your scientific word 
processing problems. 

• -<x-µ>2
1 - - Je~dx 

12;;' -· 

Powerful Sclentlflc/Multlfont Word 
Processing at a Reasonable Price 
ChlWrlter is a complete word processor, designed 
especially for scientific and foreign language text. 
Its features Include: intuitive formula editing com
mands, automatic pagination, variable headers 
and tooters, footnotes, box draw mode, a notepad 
window, and an integrated spelling checker. 

Best of all, ChlWrlter Is completely "what-you-see
1& 'Nhat-you-get." Even complicated formulas can 
be entered easily because the screen display cor
responds exactly to the printout. 

OhiWriter runs on an IBM PC with CGA graphics, 
2 floppy or 1 hard/1 floppy drive, and an Ep
son/IBM compatible 9 pin printer. Hi res scfeen 
suport (Hercules, EGA, VGA, AT&l), 24 pin printer 
support, and laser printer support (HP LaserJet, 
PostScrlpt) are available. 

''Chi Writer is a nifty product with a price I defy 
you to beat and performance I defy you to snub... 
I know of several $500 programs that will do the 
job, but tor the same money you could buy 
Ch1Wrlter and a vacation" 

Ph/I Wiswell, PC Magazine.-----------,

O ChiWriter Program $24.95 $99.95 
O Hi Res Screen Support $24.95 
o 24 Pin Printer Support $24.95 
D Laser Printer Support $59.95 
O International Keyboard Support $19.95 
o Chemistry Support $49.95 
o Word Perfect Converter $49.95 
o Conographic Font Set $149.95 
O MergeChi Mall Merge Facility $24.95 
o lodexChi Index Generator $59.95 
o Shipping & handling S-=,......,.--=

$5 U.S. & Canada, S10 Europe. $15 elsewhere 
Name _ _ _ _ ________ 

Address ----- - --- - 

Ci1y________ _____ 


State __ Zip _ __ Country ___ _ 


L------~--


PhOne ( ) 

Payment by I Check Ptirchase Order n VISA L1 MC 

Card H Exp. __./._ 
. ~ " BSP88" j 

Horstmann Softwln Design Corpol'lllon 
140 E. Sli\ Cmtos St.JP.O. Box 6039 

Sin Jose, CA 95150·5039, USA 
(408) 298-0828 

hor•b••··~ 

each of the message bases for any mes
sages left since your last log-on . Qwik
mail then compiles all those messages 
(including any electronic mail you have 
waiting) into one .ARC file that you can 
then download using your choice of pro
tocol, including YMODEM BATCH or 
ZMODEM. 

Sussel and two assistant sysops spend 
an average of 100 hours a week combing 
the several BBSes from coast to coast 
looking for the newest and best software 
available. This process ensures that the 
file database is always up to date. 

Thousand Oaks Technical Database 
The Thousand Oaks board will be famil
iar to "old-timers" because it is modeled 
on the venerable RCP/M (remote CP/M) 
system, a BBS program for the CP/M op
erating system. Under RCP/M software, 
you essentially sit at your computer key
board and issue the same commands you 
would if you were controlling DOS di
rectly. This means you type DIR to view 
the file directory and TYPE to read ASCil 
files . Obviously, any command that is 
potentially dangerous (e.g., DELETE and 
FORMAT) is locked out. 

The system's primary drawing point is 
the PC-SIG CD-ROM that is fully acces
sible for downloading. You'll find the 
CD-ROM listed as drive I . The hard 
disks are C, D, E, F, and G. They have a 
combined storage capacity of 160 mega
bytes . The CD-ROM is organized into 
subdirectories in a tree structure that 
tries to group like files in the same loca
tion. For instance, on drive C, if you 
choose the 68000 path, depending on 
your interests, you can then go to either 
Amiga, Atari , or CPM68K. These sub
directories are shown on the directory 
display as 68000/amiga/atari/cpm68k/. 

As the system warns, if you don't 
know how to use the Change Disk com
mand, you should consult your MS-DOS 
manual before attempting an on-line ses
sion here. The best way to find out what 
software is available on this system is to 
transfer the file catalogs on drive E and 
read them on your machine. 

To keep the system reasonably accessi
ble, when accessing the CD-ROM, you 
are allowed only 15 minutes to down
load. I found this time more than ade
quate . The 15-minute limit lets you 
download what amounts to one entire 
PC-SIG floppy disk. If you get greedy, 
you 'll have to wait 24 hours before com
ing back for a CD-ROM fix . 

Utilities Exchange 
True confessions time: I'm a utilities 
freak. I love all those little programs 

created under the adage "Necessity is the 
mother of invention." And the Utilities 
Exchange board is dedicated to utility 
programs- up to I 17 megabytes of dedi
cation, to be exact. 

Sponsored in part by the Columbus 
(Ohio) Computer Society, this board 
offers limited free access to everyone. 
But those who choose to subscribe re
ceive unlimited access for a fee of $25 
per year. 

Free-access users are allowed 45 min
utes of time on the board and up to 256K 
bytes of downloads per day. You can 
view a full listing of the board's files off
line by just downloading a file called 
UEFILES.ARC . This file is updated 
daily . And from my extensive romp 
through the board's files, you won't find 
a better selection of utility programs 
anywhere. 

The board also runs a door called Pro
door, which has a handy feature called 
ARCM (which stands for arc mail) that 
allows you to archive all your messages 
into a single file for more efficient down
loading. 

This program board's 117 megabytes 
of storage are divided into 28 separate 
categories of utilities . Here you'll find 
utilities for every possible application, 
from AT386 to diagnostics to LANS to 
word processors . A nice touch provided 
by the Utilities Exchange is an open soft
ware library that contains programs 
written by Columbus-area software au
thors. This idea should be adopted by 
every BBS that serves an active share
ware author community. 

Currently , there are an estimated 
10,000 BBSes on-line across the nation. 
With this many boards up and running, 
there are BBSes providing formidable 
software libraries that rival those I've 
outlined. The ones I mention here are 
simply reference points-a clearing
house, if you will. And even if you never 
venture beyond these boards, you'll not 
want for a steady diet of the most up-Io
date and innovative software programs 
that are being written today. 

Whether you call it the hacker ethic or 
the shareware spirit, these BBSes repre
sent a basic element in the evolution of 
microcomputer-based telecommunica
tions: powered up, pushing on. • 

Brock N. Meeks is a San Diego-based 
freelance writer who specializes in high 
technology. You can reach him on BIX as 
"brock." 

Your questions and comments are wel
come. Write to : Editor, BYTE, One 
Phoenix Mill Lane , Peterborough, NH 
03458. 
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Sl.ngle commands like CONTOUR.PLOT Instantly With proper hardwru-e, ASYSI' acquires data 
generate presentation-quality graphics. at nu.es or up to 250KD.i . 

It tallcs jllllt one command and 47 milliseconds .loin I.he thousands or users who get significantly 
1n calculate I.he Inverse or a general 9 x 9 matrix . raster solutions wit.It ASYSI'.' 

Screen Tests. 

Go ahead. 
Try this with any other single PC software package. 
Sure, you could create these screens by using several 
scientific software packages. (Of course, you'd have to learn 
several different systems and convert your data files a few 
times.) But we did it all with just one, integrated, scientific 
software tool. A tool that can handle all your needs- dat.a 
acquisition , analysis, and graphics- ASYST. 

ASYST gives you full control of your data. Within one, 
unique, interactive programming environment you have 
access to high-level commands that allow you to perform 
functions like instrument interfacing and control , FFTs, 
smoothing, integration, differentiation , curve fitting, 
statistics, and matrix and polynomiaJ operations. 

But even though the ASYST function set is extensive, you're 
not tied to it. You can expand and customize the functional
ity of ASYST by tailoring its capabilities to your needs. And 
you' II find, as thousands of satisfied users have, that you 
don't have to be a professional programmer to use it. 

And just in case you need it, you' II appreciate our 60 days of 
free technical support. Ongoing support is available. 

Test ASYST on your own screen with our 30-day 

no-risk offer. Call l -800-348-0033. 

A complete system: 

• 	Data analysis and statistics 
• 	Acquisition (AID, DIA, and Digital 1/0) 
• 	Instrument interfacing and control 

(IEEE-488/GPIB and RS-232) 
• 	High-performance graphics 

Circle 19on ReaderSeniice Card. 

System OCYll lopen;: Ask about the ASYST 
Uun-lime and User site lioonses. 

Come see us at ISA, October 17-20, 1988. 
Booth #2556. 

"I O'l4 point e<>mplex FrT cak:ulaled In 422 mllll<e<onds. 100 Corporate Woods, Rochester, NY 14623 ASYST "' a UUdemark of As)~t Sortw:uc Tedtt~ Inc.h ll bcndrnwi<s bo.<;<il oo a 20.\111'. 386 oomputcr with 
3117~. 	 1-800-348--0033 or 716-272-0070 ~IU88 AmtSol\ware Tedmol®e:>. loc. 
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Go ARound With PC Tools™ Deluxe 
Version 5For Just$25. 

If you own any other utility 
package, the best way to convince 
you PC Tools Deluxe has more 
punch is to put them in the ring 
together. Which is why we're 
making this special offer. 

Just mail us $25* and the 
original manual page 1(or any 
other proof of purchase) 
from any version of { 
NortoiiMUtilities or 
Commander, Sidekick® 
or Sidekick Plus, X-TREE,M 
Fastback7 Disk Optimizer, 
or Mace™Utilities, and we'll 
send you the complete PC 
Tools Deluxe Version 5package. 

Take a look at all our new fea
tures. Even ifyou don't own one 
of our competitors' products, PC 
Tools Deluxe is still an exceptional 
buy at $79-that's less than practically any · 
one of these other products. 

<;. ._ 

•current registered customers can get an update for just 815. - ~.,. 

~ - - - - - - - ----- - ------·~~ 
Yes, show me the champ. Offer ends December 31, 1988. 

I 0 Here's S25 and proof of purchase or Norton Ut.ilities or Commander, Sidekick or Sidekick Plus, X-TREF. , Fastback, Disk Optimi1-er, or Mace Uiilities.
I 0 Here's SIS and the original page I Crom my PC Tools Deluxe manual to update to Version 5. (We'll send you a complete new manual.) 

j N:une 0 Check enclosed 0 Visa 0 MaslcrCard 

S1rec1Address ' - - - ------
1 Cl1y S1a1e Zip Exp.dJ1c _ _ _ _ ____ _ 

1~ ~ I 
Compuier Brand Model ft'VEMO\"ED! ~b1l 10 C.enrr:d l'otn1 ~ftw:iw. t>!!O ~ 11; G«• nbr1uL _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ ~~·•y. ,2oo~·c r~(\R <)"11()(1_S03 __ _J-690-8D<>O 

PC Tools Deluxe ;., • 1nrl<muk or Ccn1r>l Fl>i1ot sortwm. 1nc. All owr comp•ny .,ld proc!un "''"''' m 1ndtmuks oh h<lr respcdl\1: romponlt.< or mmubclurrr> 
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PC Tools Deluxe 

Version 5Features: 
The best resident DOS SHELL/ENHANCER 
package anywhere with full mouse and color 
control, plus split screen/multiple directory 

and tree display• Up to 15 RESIDENT 
NOTEPADS with spell-checker and mail merge 

• OUTLINER • APPOINTMENT SCHEDULER 
• CLIPBOARD • Valuable DATABASES- including 

rolodex with autodialer• Financial, algebraic and 
programmer's CALCULATORS • MACRO-PROCESSOR 

• BACKGROUND COMMUNICATIONS • HARD DISK 
BACKUP every bit as fast, reliable and feature-packed as 

Fastback Plus • Super-fast DISK OPTIMIZER that dramatically 
improves hard disk performance • The best file UNDELETE available 

for recovering data from even fragmented files • Life-saving UNFORMAT 
for rescues from the ultimate disk disaster • A SAFE FORMAT program for 

hard and floppy disks • FILE ENCRYPTION AND COMPRESSION for the ultimate 
in data security and control • And all this takes much LESS RESIDENT MEMORY 
than ever before. 

If you're using any other DOS utility, you can be sure of one thing. Aknockout 
by PC Tools Deluxe in the first round. Cirr:le 42 on Reader Service Card 
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The easyway to move files between the 5 1/4" world ofPCs, and the 
3 1/2" world ofPS/2s, Laptops, and 386s: Sysgen's Bridge family. 

Because your PCs, PS/2s, 386s and 

laptops all talk to different floppy disk 
sizes and formats, they can become 
frustrating islands of information. 

For the simplest way to get files back 
and forth, just install Sysgen's Bridge 
products. Presto: Your different com
puters can talk to common diskettes. 

Sysgen pioneered bridges. Now here 
are three ways to simplify your life in 
a multi-computer office. 

Solution 1: Our 
Bridge-File S.25 
floppy disk drive. 

A best seller, with over 

about its smalJ footprint, ease of use, 
and dual density capacity of360Kb 
and l.2Mb. (IBM's drive is twice 
the size, yet stores only one-fourth 
the data.) 

EveJY PS/2 user deseives this easy 
connection to the world of PCs. 

Solution 2: Our Bridge-File 3.5 
floppy disk drive. 

And here's the ideal controller: 

The Omni-Bridge 

Controller. 


Controls up to four 
drives, so you can mix 
and match 51/.i", 31/2", and 
floppy tape drives as you need. This 
hot card gives you big storage, plus 
twice the floppy disk and floppy tape 
transfer performance rates! At only 

You get 720Kb $95, this is a winner. 
and 1.44Mb capacities. 
Connect it to any Get your computers talking. 

Call the Sysgen Hotline for the 
and write files from name ofyour nearest dealer. 
PS/2s, 386s, laptops, and other 1-800-821-2151. 

PC, and you can read 

50,000 installed. Attach it to your PS/2, 31h'' machines. 

and you can read and write files from Now all your PCs can share files 

PCs. Critics and users alike have raved with your newer systems. 
 SYSGEN 

INCORPORATED 
Tmdem:irks: Sysgen, Bridge-File, Omni-Bridge-Sysgen Inc.: PSn- IntcmationaJ Busin~-; Machine.s Corpom1ion.
Registered Trademark: IBM-lnlcmational Busine.o;s Machines Corporation. 556 Gibraltar Drive, Milpitas, CA 95035 
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TRENDS 


DOWN TO BUSINESS • Wayne Rash Jr. 


MIGRATING: 
UP OR DOWN? 

ble machines. Why bother, when nearly 
everybody has a hard disk drive and 
640K bytes of memory? 

All these factors, of course, give the 
impression that users want to migrate to 
larger machines. Whether there is a 
trend to a larger class of machines is an
other question. In many ways, a move 
from a microcomputer to a minicomputer 
or mainframe is a step backward. 

One or Many Users? 

To most users, a minicomputer or main

frame looks like a huge machine. When 

you visit a large computer room, you see 

row on row of CPU cabinets and more 

rows of disk drives. These appear to be 

large capable machines, and they are. 

That does not necessarily mean, how

ever, that they will do more for your 

application. 


Minicomputers and mainframes are 
designed to be shared by many users . For 
many applications, this is a primary ben

continued 

Today's micros let you 
move some mainframe 
applications to your 
PC, but first you need to 
make some decisions 

C
onventional wisdom seems to 
be that during their lifetime, 
applications require a steady 
growth in the size and capacity 

of the computers on which they run . In 
other words, what starts out as a small, 
simple application written in something 
like dBASE eventually grows to require 
more and more computing power. This 
seems to be supported by the fact that 
users are getting bigger and bigger com
puters. If the computers are getting big
ger, the applications must require bigger 
machines, right? Well, maybe not. 

That's one of the problems with con
ventional wisdom. Many assumptions 
that become part of the culture don't 
really have a good reason to exist and 
are, in fact, invalid. Sure, you buy more 
computer capacity as time goes on. BUI 
that doesn't mean a particular applica
tion must necessarily grow through a 
series of incrementally larger machines 
until it's eventually on a mainframe. In 
fact, just the opposite may take place. 

Part of the confusion is that there is an 
obvious drift among users to larger and 
faster machines. Where the IBM PC was 
once the standard in business, now it is 
the AT. Soon, machines based on the 
80386 will be the norm. Does that mean 
that the individual applications demand 
larger machines? Let's take a look at the 
drift to larger machines, and then at the 
migration of applications. 

Driving Forces for Migration 
You may want to move to larger ma
chines for a number of reasons. Not the 

least of these is the sigruficant price re
duction of the newer, faster machines. In 
addition, once you get used to having a 
computer, you want to do more with it, 
and you want to do things faster. This 
tendency, combined with the relatively 
low price of better machines, contributes 
greatly to user dissatisfaction with the 
status quo, and thus the urge to move up. 

These same pressures have led soft
ware companies to write software that re
quires bigger machines. User demand 
for more features, combined with the 
availability of more powerful hardware, 
leads to software that is more capable but 
that also requires more in the way of re
sources. Where once programs worked 
well on computers that had only floppy 
disks, now some perform well only on 
hard disk machines . 

Sadly, the user's desire for larger size 
is not due just to increased capability. To 
some extent, there is less incentive for 
software companies to spend the money 
to optimize their software for less-capa-

ILLUSTRATION: TRISH BURGIO © 1988 BYTE IBM Special Edi1ion • Fall 1988 53 



DOWN TO BUSINESS 

efit, but it may not be for you ifyou're the 
only one using the application. In fact, on 
a larger computer, you may have only a 
limited amount of CPU time and storage 
space. In addition, the fast response and 
sophisticated screens you are used to see
ing on a microcomputer are unlikely to 
be available on the mainframe. 

Almost everyone would agree that a 
mainframe computer is a powerful ma
chine. But a mainframe or minicomputer 
has a different set of design criteria. It 
must deal concurrently with hundreds of 
users on a variety of terminals. Your 
microcomputer has to deal with just you. 

Migrating Downward 
One of the most overlooked paths of mi
gration, and yet one of the most poten
tially rewarding, is movement from a 
large machine to a smaller one. This is 
especially so when moving from a main
frame or a minicomputer to a microcom
puter. Oddly enough, this move is rarely 
considered. For some reason, whether it 
makes sense or not, applications that are 
on a mainframe tend to stay there. 

I suppose that the size of the hardware 
and support staff has a lot to do with this 
situation. Users look at a room full of 
equipment and programmers and wonder 
how they could handle any application re
quiring such a large machine with the 
computers on their desks. Physical size, 
of course, really has little to do with ca
pability. 

At one time, mainframes actually had 
less capacity than today's microcom
puters do. There was a time when 64K 
bytes of memory (core memory in those 
days) was a lot. Disk space was either un
available or hideously expensive. You 
used cards to load programs and data. 
Many of the programs our businesses 
currently depend on were written in 
those days. Some of them have remained 
relatively unchanged, while others have 
been updated, but many are still essen
tially batch systems written in COBOL. 

Of course, we have changed the way 
we use mainframe computers. Some of 
the most important changes have oc
curred because programmers have devel
oped some impressive database manage
ment systems. A surprising number of 
old programs hailing from the IBM 360 
days still reside on today's mainframes. 
We still use them, and they still take up 
space and soak up CPU cycles. These are 
the applications to look at for possible 
migration to a microcomputer. 

The Micro Move 
The same factors that have led users to 
move to more capable machines have 

Item 

Discussed 


Mkro Focus COBOL/2 
Compiler 

with animator .................$900 
. Micro Focus, Inc. 
2465 East Baysbore Rd ., Suite 400 
Palo Alto, CA 94303 
(415) 856-4161 
Inquiry 955. 

also opened up the possibility of moving 
mainframe applications to microcom
puters. The most notable of these factors 
are the ready availability of hard disk 
drives, the wide use of 80286 and 80386 
processors, and operating systems such 
as OS/2 and Unix. 

While mainframes and minicomput
ers once started out with no more mem
ory and mass storage than many micro
computers, most of these old machines 
have been phased out. Likewise, as the 
machines in the mainframe and mini
computer worlds have become larger, the 
software has grown. Now, it isn't always 
possible to fit a really large COBOL ap
plication into 640K bytes. 

Fitting an application into 16 mega
bytes on an IBM PC AT-compatible ma
chine is not as much of a challenge, 
though. With versions of Unix becoming 
widely available for microcomputers , 
and with a wider variety of compilers be
coming available for OS/2, software con
version is no longer outside the realm of 
the possible. 

Despite the current lack ofcommercial 
applications for OS/2, this is one area 
where the move from the mainframe to 
the microcomputer is becoming possible. 
When the operating system was intro
duced, a number ofcompilers were intro· 
duced with it. Microsoft already pub
lishes a version of the C compiler, and 
Micro Focus is shipping an ANSI-stan
dard COBOL compiler. While it isn't yet 
possible to simply recompile a program 
to have it run under OS/2, that goal isn't 
so far away. Already, a number of large 
mainframe COBOL systems are being 
moved to microcomputers under OS/2. 

Factors to Help You Decide 
So, you use a mainframe computer with 
several old COBOL programs. What's 
the best way to decide if they should be 
moved to a micro? Here are some ideas 
you should consider: 

• Is yours essentially a single-user sys· 
tern? In other words, is it used by only 
one person at a time? Many older appli
cations are limited to a single user, even 
though the computer they run on can 
handle hundreds. 
• Are you having problems with re
sponse time? Because they are required 
to service hundreds of users, main
frames can sometimes keep you waiting . 
Often a microcomputer will be faster, 
mainly because there's only one user. 
• Are you getting ready to perform a 
major rewrite? Major new development 
efforts on a mainframe can take years. If 
you really need it now, maybe a micro
computer is the only way it will happen. 
• ls the application written in something 
standard? While most mainframe busi
ness applications are written in COBOL, 
FORTRAN, or another common lan
guage, many of these languages have no 
practical counterpart in the microcom
puter world. This situation could be a 
showstopper, unless you're planning on 
doing a complete rewrite, in which case it 
wouldn't matter so much . 
• Is the mainframe running out of space? 
It costs a lot less to buy a microcomputer 
than to upgrade a mainframe. Maybe 
there are programs that could migrate, 
given a reasonable level of effort. 

There are as many reasons to migrate 
to microcomputers as there are individ
ual circumstances. Likewise, there are 
any number of reasons not to move. The 
important thing to remember, however, 
is that sometimes you can move. Today's 
80286- and 80386-driven personal com
puters will let you put a mainframe appli
cation on your desk. 

NowonBIX 
I've been granted my own BIX confer
ence in which to conduct ongoing conver
sations about the subjects discussed in 
this column . I'd love to hear from you. 
Please feel free to join the conference 
(it's called "to.wayne") and ask ques
tions, grind axes, or air your opinions. 
Fair warning: Contributing to BIX is 
akin to writing a letter to the editor, and I 
may quote you sometime. • 

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 BIX as "waynerash. " 

Your questions and comments are wel
come . Write to: Editor , BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 
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Fast VGA 

Genoa VGA 

MATCH THE LEADER 
in super VGA Resolution 

l;zJ' Twice as Fast RAMBIOS™ (PC Labs Benchmark test). 

l;zJ Register level VGA, MCGA, EGA, CGA, MDA & Hercules. 

~ IBM Feature Connector for Video Add-Ons. 

i;zJ Full IBM 8514 Display Support (1024 x 768, 16 colors). 

i;zJ Full MultiSync Display Support (800 x 600, 16 colors). 

i;zJ Both TTL and Analog Display Support. 

i;zJ 512 x 512 and 640 x 480 with 256 Colors. 

i;zJ' All the best drivers, including AutoShade. 

~ VGA setup and diagnostic utility. 

Get the highest VGA performance 
at the best price, in true Genoa tradition. 

For more information on Genoa SuperVGA products, 

contact Geri Scheer at: 

Genoa Systems Corporation 

7 5 East Trimble Road • San Jose, CA 95 131 U.S.A. 

Tel: 408-432-9090 FAX: 408-434-0997 TELEX 17231 9 


Genoa Systems (U.K.) Limited, Telephone 44 -01-225 3247 
Genoa International Ltd , Taiwan Branch, Telephone: 886-02-776 3933 
® 1988. Genoa Systems Corporation, SuperVGA is a 1rademark of Genoa Systems Corporation. 
AutoShade is a trademark of AutoDesk Corporation. MultiSync is a trademark of EC HM 
Elec tronics. 
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\Ou anNever Be 

10oB 

100 • 
As portable PCs go, ours may look a bit 

on the skinny side. But they're by no means 
undernourished. 

After all, each 286 and 386 micropro
cessor-powered Toshiba portable has an 
easy-to-read gas plasma screen. Each is 
IBM-compatible. And each gives you a 
wide range of features youCI expect only 
from a desktop PC. 

The T3100/20, for example, weighs a 
scant 15 pounds, yet has an abundance of 
power. It comes with a 286 microprocessor 
and 640KB of RAM that's extendable to 
2.6MB. Plus, there's a built-in 20MB 
hard disk. 

OurT3200 has the advantages of a 
12MHz 286 microprocessor, an EGA dis
play system, a 40MB hard disk and lMB of 
RAM expandable to 4MB Also, its two IBM
compatible internal expansion slots let you 
connect your PC to mainframes, LANs and 
more. But what's even more impressive is 
how we managed to fit all this into a slim, 
19-pound package. 

Then there's ourT5100. As ainazing as 
it see1ns, we managed to squeeze a 16MHz 
Intel(o) 386 microprocessor into a slim pack
age that weighs less than 15 pounds.To 

that we added an EGA display system and 
a 29 msec 40MB hard disk. As your thirst 
for power grows, its 2MB RAM can be 
upgraded to 4MB. Plus, you'll receive 
Microsoft's Windows/386 at no charge 
with your T5100 purchase. 

For more information onToshiba com
puters and printers, call 1-800-457-7777 
And rest assured that whicheverToshiba 
PC you choose, you'll be getting the kind 
of power once reserved for cumbersome 
desktop co1nputers. 

All of which proves you can maintain 
a position of great power without having 
to throw a lot of weight around. 
"fo,;h iba PCs ace bm:kec\ by tin: Exn:ptirm;1! Can• prof~'"m ( IHHt•St crnnll mcnt 
rl'quiredl. Sec you r dea ler for dctaib . 113M "a rtg is1<·ri,<l 1rac!Pmark nf lntcnt<llinnal 
Blls i nl' s.~ ~fad1i 1 1('~Cn rp. lntd is ;1 rq.~i'S t (;n::d tradL: r11 ark of lna :l Corp_ f\licrosofr is:i 
rcgisll'red (t(\dt·llla l k ur l\lin1)Soft C11rp 

In Touch with Tomorrow 

TOSHIBA 
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The future of personal computing is clear. More 
powerful PCs. F.asier to use PCs. With graphics 
and character-based programs working side by 
side.Talking to each other.Multitasking. Wm
dowing. Menuing. Mousing. Getting your work 

~z:~e:tioo~:~-
Fulfill the 386 promise. 
For 808.36 PC users, DESQview becomes1991?rA

done easier and faster. a386 control program when used in 
conjunction with Quarterdeck'sHave it all now. --lilt. 

DF5Qview'" is the operating envi
ronment that gives DOS the capabil
ities of C15/2.'" And it lets you, with 
your trusty rola, 8006, 80286, or 00386 
PC, leap to the productivity of the next 
generation. For not much money And 
without throwing out your favorite 
software. 

Add DESQview to your PC and it 
quickly finds your programs and lists 
them on menus.So you can just point 
to the program, using keyboard or 
mouse, to start it up.DESQview 
knows where that program lives. And together, you don't have to leave your current 
what command loads it. 

For thase who have trouble 
remembering DOS commands, 
it adds menus to DOS.Iteven 
lets you sort your files and mark 
specific files to be copied, 
backed-up, or deleted- all 
without having to leave the pro
gram you're in. 

Best of all, DESQview 
accomplishes all this with asubstantial 
speed advantage over any 
alternative environment. 

Multitask beyond 640K 
When you want to use several programs 

For programmer.;,OESQvie\~S 
API, with its strengtho; in inter
task communications and multi
tasking, brings aquick and l!aS'f 
way to adapt to the future. With 
theAPI'smailboxes and shared 
programs,progr.unmers are 
able to design programs running 
on ca> with capabilities like 
thoseofai/2 

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 board, or a386 PC, 
DESQviewletsyoubreak 

through the DOS 640K barrier for multitask
ing. You can start 1-2-3 calculating and tell 
Paradox to print mailing labels while you're 
writing a report in Word Perfect, or laying out 
anewsletter in Ventura Publishei; or design
ing a building in AutoCAD. 

Expanded Memory Manager 
(QEMM}-38&-giving faster multi
tasking as well as virtual windowing 
support. 

And when you use DESQview on 
an IBM PS/2'" Model 50 or 60 with 
QEMM-50/(fJ and the IBM Memory 
Expansion Option, DESQview gives 
you multitasking beyond 640K. 

Experts are voting for 
DESQview. And over 
amillion users, too. 

Ifall of this sounds like promises 
you've been hearing for future systems, then 
you can understand why over amillion users 
have chosen DESQview.And why PC 

Mflgazine gave DESQview its 
I 
I i -I i 

• 
I 

I 

&litor's Choice Award for 'TheI I L.....I 
I ! .I ....... r-i 
Best Alternative toCJ5/2," why! II --

' 

..• 
' 

I - readers of Info World twice votedl~fil~:t~ l ~I~ DESQview "Product of the Year'' 
CHOICE 
EDITOR'S 

why, by popular vote at Comdex 
NOV. 

24
' 1'87 Fall for the last two years in a 

• • INEC_ 1986 Q'l:CA..;
wDRi:o A1'in 1987 row, LJ\,.(••ewwas 

PRODUCT selected as "Best PC 
o F T H E Environment'' in PC Teel! 
Y E A R ]oumnl's Systems Builder 

Contest. 
DESQview lets you have it all now. 
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OS/2 NOTEBOOK • Mark Minasi 

OS/2DREAMS 


I've got a few 
suggestions for the 
operating system that 
would be-
could be-king 

0 
S/2 has some neat features. 
And by the time you read this, 
IBM and Microsoft will have 
released the Presentation Man

ager, filling out OS/2 considerably. (I 
hope for your sake that they fixed it be
fore they shipped it. The beta develop
er's version is very unstable.) 

But OS/2 has some really fatal flaws. 
I'm not just talking about bugs here: Yes, 
OS/2 is buggy, but so is version 1.0 of 
any product. I'm talking about genuine 
design flaws . 

OS/2 is important to IBM and Micro
soft. It's either the operating system that 
will take us into the twenty-first century, 
or the operatjng system that will take 
Microsoft into Chapter 11. So I hope 
they ' ll fix these things . 

Support the 80386, Not the 80286 
OS/2 was written for the 80286 rather 
than the 80386 because the project first 
got under way in 1984, shortly before the 
announcement of the IBM PC AT. At that 
time, there was no 80386. For those of 
you with an 80286-based system, help is 
now available via the 80386SX, a chip 
that makes 80386 upgrades less expen
sive for 80286 owners. 

Despite the larger base of 80286 ma
chines than 80386 machines, there are 
several compelling reasons to bypass the 
80286 altogether and release future ver
sions of OS/2 to exploit 80386 features . 

First, programmers would gain access 
to the 80386 protected mode , which is 
much more usefuJ than the 80286 pro
tected mode. (The 80386 chip can also 

run the 80286 mode, which is why it can 
run OS/2 now.) Intel chips address mem
ory in a two-part manner: segment and 
offset . Think of the segment as the neigh
borhood and the offset as a particular 
street address within the neighborhood. 

The 80286 protected mode won ' t 
allow a segment larger than 64K bytes. 
The effect of this on 80286 programs 
(and, it follows, OS/2 programs) is to im
pose a " nuisance barrier" of 64K bytes. 
Data structures or programs larger than 
64K bytes require speciaJ handling, so 
many software vendors have not offered 
large program or data capabilities. 

The 80386 has a protected mode that 
allows segments to be as large as 4 giga
bytes. All the existing code written for 
mainframes and minicomputers- pro
grams written in an environment without 
the 64K-byte shackles-could be more 
easily ported to machines running an 
80386-based OS/2 . Large segments 
would also help make converting code 
from the Motorola 680x0 family easier. 

A second argument for lhe 80386 is 
mode switching . Recall that OS/2 oper
ates in protected mode. DOS operates in 
real mode. An 80286 powers up in real 
mode. When OS/2 boots up, it switches 
the 80286 to protected mode. OS/2 's 
compatibility box, as it runs DOS pro
grams, must operate in real mode. The 
problem is that there is a command to 
switch the 80286 from real mode to pro
tected mode , bw none to reverse the pro
cess. How, then, does OS/2 switch to 
real mode to run the compatibility box? 

Believe it or not, it resets the proces
sor- reboots the system, in effect. Since 
the processor is reinitialized when in real 
mode, the compatibility box can run. 
The downside is that the 80286 is then 
deaf to external interrupts (e.g., commu
nications and keyboard) for 30 millisec
onds. The 80386 improves matters: Intel 
included a command to switch the 80386 
from protected mode to real mode with
out going through the reboot sequence . 

continued 
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Use it or 

lose it! 


Use 
DataSaver 
standby uninterruptible 
power supply, and protect 
your microcomputer 
against costly data loss 
and hardware damage. 

• Constant AC line protect ion 
against power disturbances 
and interruptions. 

• Built-in spike/transient 
suppress ion and EMI noise 
filtering . 

• Powerful s izes 	to protect any 
system from the earliest Apples 
to the latest PS/2's. 
International models, also. 

For more informat ion, ca ll: 

TOLL-FREE 800/332·3440. 

In California, call 805/541-4160. 

Or write to us at the address below. 

GSA No. GS OOK·87-AGS5393 PSD1 


DealerNAR inquir ies invited 

Cuesta Systems Corporation 

3440 Rober to Court 
San Lu is Obispo, CA 93401 
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Thi results in no dropped interrupts . 
A third reason to build OS/2 for the 

80386 is that the 80386 has a " DOS 
multitasking" mode, called the Virtual 
8086 (V86) mode. In previous columns, 
I have discussed that , due to the way DOS 
programs are written , there's no way to 
write a bulletproof multitasking version 
of DOS for the 8088, 8086, or 80286. 
But the 80386's V86 mode provides the 
hardware support to make DOS multi
tasking possible. Products like IGC's 
VM/386 and Microsoft Windows/386 
use V86 mode (see "Life After DOS" by 
Namir Clement Shammas on page 142). 
Had OS/2 been written for the 80386, 
DOS multitasking could have been ac
complished. V86 is designed to coexist 
with protected mode, so it would be easy 
to support multiple compatibility boxes. 

Bring Back the DOS Amenities 

DOS , at about $100, includes a language 

interpreter (BASICA) , a debugger/as

sembler (DEBUG), and an ASCII text 

editor (EDLIN). Microsoft Windows, at 

$99, includes a terminal emulator, note

pad, word processor, paint program, cal 

culator, analog clock, and reversi game. 


OS/2 and the Presentation Manager 
provide none of these . Bring the goodies 
back. 

Make It Less Expensive 
At $325, OS/2 is over three times the 
price of DOS. But that 's not all. The real 
costs of OS/2 are memory and video. 
The Presentation Manager takes up 2 .6 
megabytes of RAM just to boot up . As 
OS/2 's disk performance is abysmal 
without a cache, you're forced to add 
more memory to accommodate a 1- to 2
megabyte cache (2 megabytes is signifi
cantly better than 1 megabyte). OS/2 is 
really most comfortable in a machine 
with 5 to 8 megabytes of RAM. To run 
the Presentation Manager, you'll need an 
EGA or VGA and a monitor. The Hercu
les board isn't supported by OS/2. 

A megabyte costs about $400, so 
you' re looking at $1600 to $2800 to add 4 
to 7 megabytes . That's a lot of money to 
spend on each workstation. By compari
son, VM/386 and DESQview can run on 
any kind of video board, require only 
640K bytes of RAM (although, obvi
ously, more memory is better), and cost 
$125 to $245, depending on the product 
and options. 

Add DOS Multitasking 
Support via V86 Mode 
I said this above under the 80286/80386 
discussion, but there's an important 
point to make here. IBM and Microsoft 

misled us to believe that DOS 5.0 would 
be a multitasking DOS (i.e. , it would run 
multiple existing DOS applications). 
Had we known in 1985 that we'd have to 
wait 3 years for a new , incompatible op
erating system requiring all software to 
be rewritten , we'd have gone to Unix and 
gotten it all over with quickly . 

End Software Defenestration 
"Defenestration" means to be forced 
through a window. Microsoft seems to 
want to force us to buy into Windows for 
everything. More and more of its DOS 
products need Windows. To get V86 
multitasking (Windows/386), you have 
to buy into the Windows interface. 

Perhaps the worst example of this is 
the Presentation Manager , which is 
really "Windows for OS/2." The Presen
tation Manager offers some really slick 
device-independent graphics routines to 
programmers. They are called GPI, 
which stands for graphic application pro
gram interface. Rather than writing a 
routine to draw a circle on the screen , the 
programmer need only invoke a GPI 
call, without worrying about what kind 
of video board the program will run on. 
The problem: Your program must run 
under the Presentation Manager to use 
GPI calls . 

This wasn't necessary. Microsoft is 
just committed to the Windows interface, 
and GPI is enough bait to convince many 
developers to swallow the interface. GP! 
should be available in the text-based 
OS/2 interface also. 

Support Disks 

Larger than 32 Megabytes 

We have seen that disk VO is considera

bly slower under OS/2 than under DOS. 

This is , I hope, only a temporary prob

lem. But the 32-megabyte limitation is 

still with us . Why? MS-DOS 3 .3 and PC

DOS 4.0 eliminate the 32-megabyte lim

itation on hard disk size, upping the max

imum to 512 megabytes . 


Why not OS/2? Microsoft talks about 
a new, incompatible, " protected " file 
system for OS/2 2.0. I remember how 
much fun it was convincing DOS I, I 
programs to read data in DOS 2.0 sub
directories. Keep the new file structure, 
guys, and just increase the disk size. 

Offer a Text Mode 
Presentation Manager 
Video boards often have two modes : text 
and graphics . In text mode, the screen 
can show only text- no graphics. It ' s a 
little limited, but it's faster than graphics 
mode. Graphics mode can display graph

comiriued 



Professional Basic 

Programming Library 


PROBAS is a library of 232 routines that 
kicks BASCOM and QuickBASIC Into 
5th Qear and gives you powers and 
abilities far beyond those of mortal 
men. So much for the hype, now down 
to brass tacks: 

• 000 page 3-part manual 
• Full-featured windowing 
• Screen snapshots 
• Virtual acreen.a in memory 
• Lightning-fast tile 1/0 
• Full mouse support 

Plus over 200 essential services from 
directory and equipment routines to 
handy string, date, time, and input 
routines. For all versions of QuickBASIC 
and BASCOM including BASCOM 6.0 
for OS/2. Just $99.00! 

On-IJne Help 

For PBoBAS 


PBoREF is a pop-up help system for the 
232 routines in PBoBAS, pop-up helf for 
your routines, and an extension o . the 
QulckBASIC programming environment. 
See the calling syntax and help for any 
PaoB.a.s routine, or any of your rou
tines, with just a few keystrokes or mouse 
clicks. Pop-up and ASCII chart, calcu
lator, keyboard scan code module or 
almost any DOS program via hot-key. Just 
$50.00! 

PitoBAsrM 

TooLK1T 


The TooLKIT is a collection of assembly 
and BASIC modules that use the PROBAS 
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 TooLKIT modules like: 

• Menu Generators 
• Fut B·tree indexing 
• Mini-editor with word-wrap 
• Patch .EXE tiles 
• Protected storage areu 
• Julian date routines 

Plus clock, calendar, BCD math routines, 
and much more. Complete with BASIC 
source code and comprehensive manual. 
The PROBAS adds capabilities and helps 
conserve your most valuable asset of all, 
time! Requires PBoBAS. Just $99.00! 

PRoScREENrM 

Professloiial Screen 


Management System 

PaoScREEN is a full-featured screen 
generator/editor that will save you more 
design and coding time than you ever 
thought possible. PRo5cREEN works with 
screens like a word processor works with 
text to provide complete control over 
screen characters, placement and colors. 
PnoScREEN comes with subroutine 
source, extensive on-line help and a 
285 page manual with tutorial and 
reference. Just $99.00! 

PitoBAsrM 

TELECOMMTOOLKIT 

The PaoBAB TELECoMM TooLK.rr is a col· 
lection of high-level communications 
modules that you plug Into your code to pro
vide popular file transfer protocols, terminal 
emulations, login scripts and baud rates up 
lo 57,600 bps. You get: 

• Xmodem/Modem7/Xmodem·1k 
• Ymodem (single and batch) 
• CRC·18 and Checksum 
• VT62, VT100, ANSI BBS etc. 
• Auto Dialer & data base 
• Documented BASIC source 

Why use clumsy SHELLS to complex 
terminal programs when you can plug 
just the communications routines you 
need into your code? Implement just 
the features, and commands you want. 
Requires PROBAS. Just $75.001 

Our lhlrty day, money-back guarantee assures 
you the highest quallly and our technical sup· 
port staff Is always ready to help. Try our BBS 
at (301) 953.naa or give us a call at: 

8008 SANDY SPRING ROAD • LAUREL, MO 20707 

(301) 953-2191 
Add $3.00 par Item ($7 .00 Canada) for shipping. Trade
marks PaoB ..... PaollEF, ~ Hammerly Computer 
Services, Inc. QulckBASIC, BASCOM: Microsoft Corp. 
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ics and text , but wntmg text is much 
slower in graphics mode. 

Graphics mode is , then, more flexible 
than text mode but slower. The Presenta
tion Manager operates solely in graphics 
mode. Software running in a window 
under the Presentation Manager always 
runs in graphics mode-even software 
originally written to operate in text 
mode. This means that a text application 
will run much more slowly under the 
Presentation Manager , as the screen 1/0 

will be slowed down considerably. For 
example, I recently TYPEd a file to the 
screen 20 times, first in OS/2 text mode 
and then in a Presentation Manager win
dow. The operation took 97 seconds in 
text mode and 298 seconds in a Presenta
tion Manager window. 

Most existing DOS applications are 
text mode only. It makes no sense to 
force existing applications to fit the 
graphics mold of the Presentation Man
ager. Why not offer a version of the Pre

sentation Manager that does windowing 
in text mode? DESQview does this suc
cessfully already. 

Provide a System Monitor Screen 
Multitaskers usually have some way of 
monitoring and adjusting system perfor
mance. In VM/386, for example, a vir
tual machine manager lets you adjust pri
orities , assign devices to virtual ma
chines, and the like. OS/2 has nothing 
like that. Instead, it requires a program 
that would (at a minimum) display active 
jobs, allow termination of a crashed job, 
and display and allow adjustment of job 
priorities. 

Along these lines, I'm always a little 
worried by OS/2 's reboot command. To 
reboot the system, you use the familiar 
Ctrl-Alt-Del combination. But, recall, 
you could have 10 jobs running simulta
neously . OS/2 doesn't say "Are you 
sure?" or anything of the like. It doesn't 
inform you what files are open at the mo
ment. It just reboots. 

Open Up the Serial Ports 
OS/2 supports nongraphics text-based 
applications through its VIO (video l/O) 
routines. These are a basic set of simple, 
nongraphics, teletypewriter-like system 
functions. Recall that OS/2 programs 
can't talk directly to the screen. They 
must use OS/2 to send output to the 
screen. Given that, it would be simple to 
offer an option whereby any OS/2 pro
gram's screen output and keyboard input 
could be redirected to the serial port. 
DOS tried this with the CTTY command, 
but so many DOS programs bypassed 
DOS for 1/0 that the command wasn ' t 
worth much. 

This feature would allow simple re
mote access to your PC from the road via 
modem and easier remote software sup
port from software vendors . It also 
would pave the way for multiuser capa
bilities. 

Call Me a Dreamer 
Don't get me wrong. In many ways, OS/2 
is a really nice system. Microsoft and 
IBM have made a great first step . But I 
hope they take it further. 

Are you listening, folks? • 

Mark Minasi is a managing partner at 
Mou/Jon, Minasi & Company. a Colum
bia, Maryland, firm specializing in tech
nical seminars. He can be reached on 
BIX as "mjminasi. " 

Your questions and comments are wel
come. Write ro: Editor. BYTE, One 
Phoenix Mill lane. Peterborough. NH 
03458. 
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See us at Fall COMDEX 
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UNIX 
XENIX 
PC·DOS 
Macintosh 
NetBiosLAN 

Sharing Information 

Whatever your industry, your computers 
need to share information 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 mini
computers and mainframes, and to 
emulate their workstations. Since 1981 , 
CLEO has provided communications 
between micros, minis, and mainframes 
for the automotive, insurance, medical 
and banking industries. Today over 
78,000 CLEO users worldwide are 
running on all major computer brands. 
The greatest number of these users run 
CLEO software on IBM Personal 
Computers and ETBIOS LA s. 

Circle 45 on Reader Service Card 

Complete 
Software/Hardware Package 

Every CLEO package contains all the 
software and hardware accesso ries 
you 'll need. Your selected CLEO SNA, 
BSC, or Coax software is packaged with 
1) an incernal modem ca rd 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 no waiting for non-CLEO 
add-ons. And, you get prompt , single-

Package prices 
range from S795 .00 . 
for most stand-alone packages, up to 
Sl,995.00 for the 32-user St A gateway. 

Call us today to di cuss 
your application. 

CLEO Software 
1639 orih Alpine Rd. 
Rockford , IL 61107 
Telex 703639 
FAX 815 /39 -6535 

Headquarters: 

SA: 1-800/233-2536 
Illinois: 1-800/422-2536 
International: 815/397-8110 
Sales and Distribution: 
Be nelux : :'i I (0) 33·948888 
C>nado. E•s1: 800/361-j lH S 
C:1 nad a . WcSI : R00/3 6 1-1210 
C:anatb . Monrreal : 5 l·i /i3 -363 1 
Co lomhia . S.A.: 12 172266 
Denmark: 02 94 81 19 
Englanli : (0993) 6543 
France: 146861136 
It:i ly: (033 1)634 562 
Me.<iCO Cit y· 596·5559 
Sweden : 468;H I780 

CLEO~ 

CLEO lnd 3780Plus :ire rt'giStered trndem:irks of CLEO Softw~re. IBM i · l regi cered 1rndcmark of lniern21 ion3l Dusiness .lflchincs Corpor.u ion. 
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MACINATIONS • Don Crabb 


Links, LANs, plug-in 
boards, and PC drives 
prove that there's 
more than one way 
to DOS a Mac 

L 
ike many of you, I have to deal 
with the problem of different 
operating systems. I have Unix 
workstations, Macintoshes, and 

IBM PC AT clones, which aJJ have to 
share information. Fortunately, as far as 
Macs and ATs are concerned, the infor
mation-sharing possibilities are fairly 
well developed and can be had in a num
ber of ways at a number of prices. Natu
rally, every solution isn't perfect, and 
every solution isn 't cheap. 

Since I'm more of a Mac user than a 
DOS user, I'll describe connections pri
marily from the Mac's point of view . 

From the Mac, you can share informa
tion with DOS machines in several ways: 
direct serial connections between Macs 
and PCs, coprocessors that run DOS, co
processors that run DOS or DOS emula
tions, disk drives that can read DOS and 
Mac files, and local area networks 
(LANs). Each method has its strengths 
and weaknesses . 

Direct Serial and SCSI Connections 
Direct serial connections offer the sim
plest solution. All you need is an RS
232C-compatible cable to connect the 
Mac's modem serial port to the COM!: 
serial port of the PC and some file-trans
fer software. Public domain terminal ap
plications that support the Kermit and 
XMODEM file-transfer protocols are 
available for the PC and the Mac, so cost 
can be negligible. 

The cable needed to make the connec
tion will run you about $30 for a 12-foot 
length at most computer stores. Shorter 

TO MAC AND BACK 


cables, like the Apple lmagewriter I 
cable, can be purchased from authorized 
Apple dealers (about $30 for a 6-foot 
cable), although you ' ll also need a DB-
9-to-mini DIN-8 adapter cable to use 
with it. Both the Mac's and the PC' s 
serial port pin-outs are well docu
mented, so it's easy to use some wire, 
parts from Radio Shack, and a soldering 
iron to roll your own for a lot less. 

The Kermit and XMODEM protocols 
typically allow files to be transferred at 
up to 57 .6K bits per second. Unless you 
have some special translation software or 
format filters, this kind of file exchange 
is typically limited to simple ASCII text 
files. 

lfyou like your solutions prepackaged, 
you can buy a serial connection kit from 
the Data Viz people. They make the pop
ular MacLink Plus kit, which includes 
the necessary serial cable and software 
for both machines. The MacLink soft
ware works well and is a bit easier for 
novices to use than a public domain ter

minal application. It's also fairly fast at a 
maximum transfer rate of 57 .6K bps. 

But you pay for this convenience. The 
MacLink Plus package lists for $195, al
though I've seen it for as little as $130. 
Still, it's a good buy because the package 
includes a good manual and the software 
is nearly foolproof. Both the public do
main terminal applications and MacLink 
Plus support modem connections for 
these file exchanges, in case the ma
chines you want to connect arc separated 
by a distance. The MacLink software 
will also translate the data format of 
many DOS data files into a format that 
the Mac can use, a big plus over a simple 
text-file transfer. 

Besides direct serial connections, you 
can also connect your Macs and PCs 
using a small-computer-system-interface 
connection. The SCSI interface is much 
faster than serial ones, operating from 
about I megabit per second to 4 megabits 
per second. Macs already have a SCSI in

cominued 
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Items Discussed 

Advanced NetWare 2.15 

Macintosh version .... .... .. ... ....$200 
NetWare LocalTalk adapter 

for AT bus ... ........ ............$250 
NetWare LocalTalk adapter 

for PS/2 bus .. .. .. .. .. ...........$350 
Novell, Inc. 
122 East 1700 s 
Provo, Utah 84601 
(800) 453-1267 
Inquiry 824. 

Apple PC drive and drive card .. $528 

Apple Computer Inc. 

20525 Mariani Ave. 

Cupertino, CA 95014 

(408) 996-1010 
Inquiry 820. 

ASI' Mac2861.1 .... ......... ..... $1599 

AST Research, Inc . 

2121 Alton Ave. 

Irvine, CA 92714 

(714) 863-1333 
Inquiry 821. 

DaynaFile 
360K-byte 51A-inch drive ... ... .. $595 
360K-byte 5 1A-inch drive and 

720K-byte 3~-inch drive .. ...$849 
Dayna Communications, Inc. 
50 South Main St. 
Salt Lake City, UT 84144 
(801) 531--0600 
Inquiry 822. 

terface built into them, so that end of the 
connection is taken care of. You' ll need a 
SCSI card for each PC, though. A SCSI 
card will run you about $450, according 
to recent mail-order ads I've seen. You'll 
also need some special transfer software 
to work across the SCSI link. Compatible 
Systems makes QuickShare, a product 
that not only allows you to transfer files 
between the two machines, but lets you 
create and use a Mac Hierarchical File 
System volume on the PC's hard disk. It 
costs $465. Still, if you frequently ex
change a number of large files between a 
Mac and a PC, the fast SCSI connection 
may be a good alternative, despite the 
high equipment cost. 

DOS Coprocessing 
If you're like me, you long for a single 
computer that will run software from a 
variety of operating systems and trans
parently share files among the different 

MacLlnk Plus .. . .. .... . .. ... ... ... . . $195 
Data Viz 
35 Corporate Dr. 
Trumbull, CT 061 ll 
(203) 866-4944 
Inquiry 823. 

QuickShare ....... .. ...... .. .. .. .....$465 
Compatible Systems Corp. 
P.O. Drawer 17220 
Boulder, CO 80308 
(303) 444-9532 
Inquiry 825. 

SoftPC ... ... .. .. .... . . .. .. ... ... .... ..$595 
Insignfa Solutions, Inc. 
1255 Post St. 
Suite 625 
San Francisco, CA 94109 
(408) 446-2228 
Inquiry 826. 

10PS/Macintosh ................. .. $249 
10PSIDOS 

(requires Flashcard) ..............$189 
10PS Flashcard .......... .... ......$239 
TOPS, a Sun Microsystems Co. 
950 Marina Village Pkwy. 
Alameda, CA 94501 
(415) 769-9669 
Inquiry 827. 

systems. I'm still waiting for this hybrid 
machine to be built at a cost I can afford. 
In the meantime, I minimally need to 
run DOS and Mac software, but still 
want to reduce the number ofcomputers I 
have hogging my desk. 

In the last year or so, DOS coprocess
ing on the Mac has become a reality, of
fering a solution to my space problem, 
and at the same time offering another 
way to share files . 

The first coprocessor available, from 
AST, is a set of two boards that plug into 
slots on a Mac ll. The AST Mac286 
board gives you the processing power of 
an 8-MHz AT inside your Mac II. At 
$1599, though, the cost is high, and that 
doesn't include the price of a drive and 
NuBus board you'll need to read MS
DOS disks. I've owned two of them since 
they first came out last November, but 
only since June have I been able to use 
them as AST intended; it took that long 

for the company to issue a software up
date to the painfully slow video drivers 
that came with the first release (l.0). 

The Mac286 1. 1 is now a nice imple
mentation, and one that you can use as a 
guide to other coprocessing solutions. 
Such solutions should be able to read 
DOS files from an attached PC drive (I 
use the Apple PC drive); partition the 
Mac's hard disk so it can store DOS files; 
emulate monochrome, CGA, and Her
cules video; and exchange files between 
the DOS and Mac environments using 
Apple's File Exchange software. AST 
expects to release an SE version of this 
coprocessor sometime this year. 

Besides hardware coprocessing, at 
least one company, Insignia Solutions, 
offers a software PC emulation for the 
Mac II, called SoftPC. I've used SoftPC 
1.01 for several months now, and it's a 
good product. It's slower than AST's 
hardware product, working at about the 
speed of a 4.77-MHz XT. But its video 
emulation is excellent, and I have not yet 
found any DOS software it can't run. 
Cutting and pasting between DOS appli
cations and Mac applications is also sup
ported (as it is with the Mac286). SoftPC 
is less expensive than the Mac286, at 
$595. Still, if all you need is to exchange 
files between the two machines, any 
kind of coprocessing seems like costly 
overkill to me. 

The Disk Orin Solution 
Whether you are using a hardware or a 
software DOS coprocessor, you need 
some way to read DOS-formatted disks 
using your Mac. If all you need is data 
compatibility and interchange, a DOS 
drive for your Mac may be all the hard
ware you need . Apple and Dayna Com
munications make PC-compatible disk 
drives for the Mac. The Apple drive uses 
a supplied controller card that plugs into 
either the SE's Eurobus slot or a Mac H's 
NuBus slot. It reads and writes 360K
byte 5 1A-inch floppy disks. The Apple 
drive is not under Finder control direct
ly; it won't appear on the Desktop. In
stead, you read and write to it using 
Apple's File Exchange utilities. The 
Apple PC drive costs $528, including the 
controller card. 

The DaynaFile connects to any Mac's 
SCSI port and can be had in a variety of 
formats, including 360K-byte and 1.2
megabyte 5 1A-inch, and 720K-byte and 
1.44-megabyte 3 1h-inch. The DaynaFile 
does appear on the Desktop, and files on 
the drive can be manipulated directly by 
the Finder and other applications. Soft· 
ware for PC-to-Mac and Mac-to-PC file 

continued 
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Can your lightweight database 

handle a hea 


W hen you have a job
that's too much for 
dBASE or Paradox, 

turn to the real heavy
weight. PC/FOCUS. 

PC/FOCUS is the nwn
ber one fourth-generation 
language, with its own 
powerful database sys
tem. It's complete 
enough to create the com
plex reports and applica
tions that others can't
without resorting to hard
to-learn procedural languages. 

With the PC/FOCUS window 
painter, you can do highly custom
ized, menu-driven applications, 
with help screens and overlaid 
windows. 

Using just a few words in the 
PC/FOCUS 4GL, you can put to
gether highly structured matrtx 
reports that include imbedded 
data, row and column totals. and 
customized headings. You can 
create any standard financial 
report in your preferred format. 

And you can draw on as many as 
16 different files for one report. 

With the powerful PC/FOCUS 
shared-relational database sys
tem. you can report at a level of 
detail that would otherwise 
require a large computer. PC/ 
FOCUS can scan 50.000 rec
ords in less than three seconds. 

And you can access this 
power through a choice of user 

eight challenge? 


interfaces. A command mode lets 
the experienced user develop 
major applications quickly. A point
and-pick windowed interface lets 
the casual user make a query-
or build a substantial 
application-using only the 
arrow keys and the enter key. 

What'smore, any applica
tion you develop in the 
FOCUS language can imme
diately be run on any ofthe 
larger computers supported 

by FOCUS. 
PC/FOCUS includes mod

ules for graphics. statistics. 
and communications. And 
there are optional modules 
including EQlr-an English 
language interface, 
spreadsheets withgoal
seeking capabilities. and 
interfaces to dBASE and 

other PC database systems. 
There's also a Multi User 

version of PC/FOCUS that 
works with the major LAN prod

ucts. In a network, up to 32 users 
can access one database simulta
µeously without record lockup. 
While PC/FOCUS maintains your 
data integrity. 

Ifyou've got a heavyweight 
job to do. get some real muscle 
from PC/FOCUS. Call 1-212-736
4433, Ext. 3700. Or write Infor
mation Suilders. Inc.. 1250 
Broadway, New 
N.Y. 10001. 

PC/FDCUS

Information Builders, Inc. 
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Quality Was Never 
Priced So Low! 
2400 bps 
2400 I 1200 I 300 bps $100_·~·MODEM 
5 Year Parts and Labor Warranty 
Our 2400HO Hayes Compatible Half Card modem is for 
IBM PC/XT/AT and compatible computers. It uses the 
standard 'AT' command set. Included with our modem we 
supply communications software, a 7 foot cord and 
documentation. 

We build our modems at a mil-spec board house located in 
suburban Chicago, using quality components. We test every 
modem shipped and back our confidence in our quality with 
a 5 year parts and labor warranty from the factory and a 30 
day money back guarantee. 

Ot:Mn wlDMfio Ult USA llllCW.nt 
All.tU•~•••l«e 1NciPtCflllll(f 
N UPS 
f:rtmttt Ml U . .$ . h,tildi' f l f'd M • 
U.S. D.f• ~ ttcir,ilM . Ki,,,, Engineering Inc. COO •O.l ~ !Mftl • t"111 CSl,...,.. ,._.,, 

162 N. F.,,nklin St. • 5th Floor• Chicago. IL 60606 llliaM 1ui11m IH 8% "*1 tH 

Toll Free Order Line lor orders only 1..eoo.442-2:285 W1 ff 111111 Ktl,. crHfl Wfl . 

"'9.n.tsaftOc.becltt....., .... 
1111' SIOO, 

For orders in llhnois 1·312·358-1501 
Ki ss Engineering Technical Support 1-8Q0..442-2285 

Speech 

For over seven years the 
Echo T" speech output 

products from Street 

Electronics have set the 

Personal System/2 Micro 

Channelrn products . and 

the ECHO PC + for the 

IBM PC and 

compatibles. 

:fhese products 

cho speech chip which processes 

chgitized voice; natural sounding LPC voice, and 

unlimited vocabulary text-to-speech. 

'J Street Electronics Corporation 

6420 Via Rea l, Carpinteria, CA 93013 (805) 684-4593 
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translations is included, a nice touch. 
The price of the DaynaFile varies accord
ing to the physical formats you select, 
ranging from $595 for a single-drive unit 
up to about $850 for a dual-drive box. 

Networking Solutions 
All the connection methods mentioned 
so far have one big drawback: They re
quire you to think about the file -ex 
change process and what it entails. In 
other words, you have to actively keep 
the file-transfer process in mind. One 
way to get around that inconvenience is to 
set up a LAN of shared Macs and PCs . A 
properly set up LAN allows you to forget 
where files are stored and in what for
mat, since the LAN takes care of the nec
essary access protocols and file trans
lations or filters as required. 

There are currently two LAN products 
available that allow Macs and PCs to be 
connected to one another transparently: 
TOPS from Sun Microsystems, and No
vell's Advanced NetWare for the Mac. lo 
both cases, once you have established the 
LAN, with its cable connections, adapter 
cards (used by the PCs, since the Mac's 
printer port serves as its physical Apple
Talk connection) , and so on, the LAN 
software takes care of the rest. 

The software translates data files from 
a native DOS format to one that a Mac 
can read, and vice versa (depending on 
the applications software, of course). It 
also provides transparent access to 
printers (including Postscript devices) , 
stores files as needed on any available 
network hard disk , and provides elec
tronic mail services. In short, a complete 
LAN implemented across two different 
operating systems (DOS and Macintosh) 
provides a high level of interoperability 
that you just can't get with any of the 
other file-exchange methods I've listed. 

A TOPS network will cost you about 
$250 per Mac, and about $430 per PC 
(including the necessary PC-AppleTalk 
card), plus the cost ofLocaITalk cabling. 
A Novell LAN costs about $899 for the 
server software and another $300 for each 
of the PC adapter cards needed. The 
level of file integration and exchange, 
however , is the current state of the art . • 

Don Crabb is the director oflaboratories 
and a senior lecturer for the University 
of Chicago 's computer science depart
ment. He is also a consulting editor for 
BYTE. He can be reached on BIX as 
"decrabb." 

Your questions and comments are wel
come. Write to : Editor , BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 
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CTX, already rated "Best Buy" by PC Digest and PC World 
for their multiscan and monochrome monitors, now presents 
its NEW 14" Multiscan and VGA monitors. 

The new CTX-3435 Multiscan morritor features a 14 " 
d.iagorral non-glare CRT. The unit rests on a newly 
developed detachable swivel-tilt base designed for greater 
versatility and convenience. This monitor's wide range of 
compatibility includes Apple Macll and Co=odore 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, 720x40~or 720x350. 

For more information on these new CTX monitors and other 
high quality CTX products please contact our new 
headquarters at: 

EASTERN REGIONAL OFFICE FACI'ORY 
CfX INTERNATIONAL, INC. CONl'INENTAL TECHNOLOGY, INC. CHUNTRX ELECl'll.OMC CO.. LTD. 

161 Commerce Way ROOM 401 , NO. 50 SEC. 1, 
300 McGAW ORNE HSIN-SHENG S. RD.,Walnut, CA 91789 EDISON, NEW TERSEY 08837 TAIPEI. TAIWAN. R.0 .C. 

TEL: (714) 595-0146 • FAX: (714) 595-6293 TEL: (201) 22:>-7377 FAX: (201) 22!H>355 TEL: (02) 3921171 FAX: (02) 3919780 

l1111fr \ fad! 11 ,.. ' 1·.c:J11,·r1·d u11.J, ow1 11/ 4/>/tf, · ( '01 1i1 >r1 11 :t. !1t1· 

· l nu.~·a j 1 •J r ( .~:1 1 1 ( r.·d tu1tJr ou11 /i 1f ( ,11 i111r1tt/, 1, , . A 1•u,i.;i: . 
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DAZZLING PERFORMANCE. 


'286/ SS 

COMPLETE 12MHz '286 
WITH 32MB HARD DRIVE 

ONLY $1295.00 
• 80286 CPU, 8/12.5 MHz DualSpeed,Keyboard Selectable. 
• Zero-Wait State RAM, 512K expandable to 4MB on the 
motherboard (16i'VlB System Total). 
• 32MB Hard Drive, 1.2MB Floppy Drive. 
• Ultra high speed Hard/I, loppy controller. 1: 1 interleave, 
800 KB/sec transfer rate. 
• High Res 12'1 Amber Display with Tilt and Swivel Base. 
Compatible graphics controller. 
• ZEOS Enhanced Keyboard, Pleasant Tactile/Click Feel. 
• Serial and Parallel Printer Ports. 
• Clock/Calendar with Battery Backup. 
• 6-16 and 2- 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 20\t/Hz! Dazzling performance is yours with 
one of these high performance full 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 dri\es two of 
which are internal. Incredible values. 
• 286/ 12-Complete 12.5MHz 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 system\\ ith H1B RAM on 
board and High Speed 32MB Hard Drive. Faster tha11 a 
386 16MHz when running 16-bit oftware! 

ONLY $1895.00 
• 286/20-At 20MHz it's the fastest. Complete with our 
32 MB 33ms Hard Drive and H'1B RAM. Thj i what 
Dazzling Speed is all about. ONLY $2095.00 

'286/ fS 

DAZZLING PERFORMANCE. 
INCREDIBLE PRICES. 

Can you believe it? res, 
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 otrr 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 FLul One Year 
Limited Warranty and om 
30 day Full Refund Satis
faction Guarantee. 

So pick out yoLrr dream 
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INCREDIBLEPRICES. 


machine and order it now 
with confidence. Dazzling 
performance 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 

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 

ORDER NOW TOLL FREE 
800-423-5891 
fl tx Orders Dial: 612 633 2310 
/11 J\llim1esota Call: 612·633 4591 
530 5th rlli'. NW. I. Paul. Mt 55112 
O/ir11 dr~l'S. l'l"flli1~tfi a11d wee/m ids. 

J\!Jas/erCan/, VISA and C.O.D. 
SI' !tabla Espmiol 

'386/ 0T 

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

ONLY $2495.00 
(20MHz add $500) 
• Genuine 32-bit Intel 80386, 16 or 20MHz parts. 
• JJ'r/B of RAM Expandable to 16MB. 
• 32MB, 33ms Hard Drive, l.2MB floppy drive. 
• Ultra high speed Hard/Floppy controller. 1:1 interleave, 
800 KB/sec transfer rate! 
• High Res 12" Amber Display with Tilt and Swivel Base. 
Compatible graphics controller. 
• 101 Key ZEOS Tactile Click keyboard. 
• Serial and Parallel/Printer Porls. 
• Clock/Calendar with Battery Backup. 
• 2-32, 4-16 and 2-8 bit slots. 
• 80287 and 80387 support. 

COMPLETE '386 VERTICAL SYSTEM. 
64MB DRIVE! 

ONLY $2995.00 
(20MHz add $500) 
Ackno" ledged worldwide as lite highest performance 
value anywhere.Same great standard ZEOS features found 
on our other complete systems plus: 
• 64KB Zero-Wail CACHE using 64K of SRAM. 
• lMB of :32-bit RAM syslem expandable up to 16MB. 
• 64 \fB Seagate Hard Drive. 
• 80287 and 80387 optional. 
• Heavy Duty Vertical Case. 

Ask about our 25MHz systems too ! 

'386/ V 
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with new UniLab 8620 analyzer-emulator. 

• 64 Khytes from hard disk in 5seconds. 
That's moving. But today you've got to be fast 
just to stay in the race for better micro
processor designs. 
• The secret is a new, high-speed 1ma!Jcl 
interface: the Orion bus. Wh ich zips data 
hetween your PC /AT and the8620 ana.ly1er
emulator, hreaking the RS-232 bottleneck. 
• The 8620 with 0-bus gives you complete 
programdiagnosis - and solutions - in real 
time. For more than 150 different micro
processors. sing the sallle command set 
environment. 
• Agenerous 2 30 trace-cycle huffer with 
selective filtering leis you cul through the 
cl utter and display just the traces you wish. 
And youget lµsec resolution in program 
time measurement. Plus continuous lnSight 
1110 11 itoring of your 
progra m's kc} 
func tions as they 
arc perfo rmed. 
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lnSight Display. lnSight blends analyzer· 
emulator techniques to give you continuous, 
rea l time monitoring of key processor functions. 
And st ill services user interrupts.It displays 
changing register contents, 1/0 lines, ports , 
user-defined memory windows. With your 
own labels. 

• On top of that, youget Un iLab 's trade· 
mark abili ty to debug by symptom, not ju -t by 
breakpoint and single step. And, to help 
youcomplete the job on time, on thespot, a 
stimulus generator and EPROMprogrammer 
arc included. 
• Ease of use, another Orion trademark, 
is al o built in. So you have al.I the familiar 
fea tures and formats you're used to working 
11~ th . It doesn't matter if your project is a 
ingle chip controller or complex 16-bit 

Analyzer Triggers. Commonly used triggers 
can be selected quickly from alist of standard 
and user-defined tr iggers. 

microprocessor, the 620 is the top price/ 
performance analyzer-emulator that docs it 
al l. At just S4)80. With processor Personality 
Paks typically $550 each. 
• UniLab 620. Fast-lane debugging that 
ge ts you to market quicker. 

Call toU-frce: 800 / 245-8500. 
In CA: 415/ 361-8883 

INS T R UMENTS 

702 Marshall St.. Reclwoo<l City, CA 94063 
TL'\ 530942 FAX 415/ 561 -8970 
Com puter Integrated Instrumentation 
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TRE N DS 

FIRST IMPRESSIONS • Rich Malloy 

The world's most 
widely used 
operating system 
finally gets a 
friendly interface 

T
he familiar C>prompt of DOS is 
perhaps the most common sight 
in the computer world today. To 
first-time users , it is probably 

also the most intimidating. Many pro
grams have sougbt to rectify this situa
tion, and some have succeeded nicely. 
Now, in version 4 .0 , DOS can finally 
mask itself from users. 

DOS 4.0, from IBM and Microsoft, 
has a number of new utilities and some 
minor improvements to existing utilities. 
It can also handle disk drives larger than 
32 megabytes. But the most significant 
change for the new DOS is its DOS Shell, 
a graphics-based interface that features 
windows, pull-down menus, and mouse 
support. 

Hiding the C> Prompt 
Anyone who has looked at other personal 
computers and then glanced back at the 
C> prompt of DOS has realized that 
something was Jacking. A number of 
software manufacturers, such as Execu 
tive Systems (manufacturer of XTree) 
and Peter Norton Computing (the Nor
ton Commander) have created menu
based interfaces for DOS. These pack
ages display a menu of programs or 
files in a directory and allow you to 
" point and shoot" to run the individual 
programs. 

But despite all these developments, the 
underlying DOS retained much the same 
look and feel as it had back in 1981. Until 
this summer, that is, when IBM and 
Microsoft released DOS 4.0. The DOS 
Shell included with 4.0 is a clear first 

DOS 4.0 


step toward user-friendliness . But , like 
many first steps, it does exhibit a certain 
amount of unsteadiness . 

The New Shell Game 
The DOS 4.0 Shell program (see photo I) 
runs on a wide range of graphics display 
adapters. On a VGA , the program takes 
advantage of the 480- by 640-pi xel reso
lution that is available and offers up an 
impressive image, complete with icons 
and windows . The program also runs ef
fectively on other adapters , including 
EGA, CGA, and even the nongraphics 
MDA. Unfortunately, the program suf
fers from IBM's "not-invented-here" syn
drome: It does not support the popular 
Hercules monochrome graphics adapter. 

The DOS Shell basically consists of 
two parts: a front-end menu called sim

ply "Start Programs" and a file-han 
dling module called the File System. The 
Start Programs menu allows you to 
quickly select one of several "programs' 
or batch files . Each batch program can 
have a long descriptive name and its own 
help message, which you can call with 
the Fl key. 

Think of lhe Start Programs menu as 
an enhancement of the batch-file capabil
ity of DOS. With the enhanced batch 
commands, you can write a batch pro
gram that will d.isplay a window and 
prompt the user for additional informa
tion. You can also set up the batch pro
gram to run only when the user enters the 
correct password. 

For example , if you have trouble re
membering how to use the Find utility in 

continued 
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Photo 1: The most srriking feature ofDOS 4. 0 is its Shell program. The first part 
ofthe program, called "Start Programs," consists ofa menu ofpossible batch 
programs to run. One ofthese programs allows the user to change the colors used 
by the Shell program. 
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DOS 4.0 Build Better 
BASIC Programs ... 

r QuickWindOWS1 " 

State-of-the-art user-interface manager • 
Save lime creating windows. pop-up and 
pull-down menus. help windows. list boxes. 
and dialog boxes • Powerful input function 
v1th data validation • Supports Microsoft 

compat1ble mouse • Free demo/tutorial disk 

available 

Without Assembly Source $79. 


\..With Assembly Source $99 . ..J 

QuickWindows1" Advanced 
Complete user-interface manager • An en
hancement to the popular QuickWindows • 
"Multr- asking .. menus • High-level dialog 
box functions - pushbuttons, radio buttons, 
checkboxes. rangebars. input boxes. and list 
boxes - scan them all wi th one command! • 
Message boxes • More mouse functions • 
Supports text and graphics modes through 
VGA SCREEN 13 • Free demo/tutorial disk 
Avai lable NOW! $139 . 

Qu ickGuides1 " 


Complete online reference manuals available 

for all our libraries and QuickBASIC 4.0! • 

Whi le editing. JUSI place cursor on a function 

name and press a hot key... INSTANT HELP' 

Database Only for one o our libraries $49. 

Database for QuickBASIC 4 O $49 . 

Database wi th Norton Gu ides Engine $79 . 


QuickCOMM '" 
Full -featured communications library • 
Supports up to 16 serial ports with Interrupt
driven service • Supports Hayes®-compatible 
modems • XMODEM. YMODEM. and XON/ 
XOFF file transfer protocols • Works 
optionally with QuickWindows • Easily create 
BBS. terminal. test equipment and other 
machine-in terface software. 
Ava ilable December 1988 $139 . 

All of cur libraries work with Microsoft 
QuickBASIC or BASCOM compilers. All come with 
extensive documentation. example programs. and 

a 30-day money-back guarantee. We offer 
technical support and tree access to our 24-hour 

Sysl ink114 BBS. Visa/MC/COD accepted. 

401-274-5465 


DOS, you can set up a batch program 
called "Find a Text String in a File ." 
You can write the program so that it asks 
the user for the string to search for and 
the name of the file to look at. The batch 
program can then call the Find program 
and feed it the parameters in the correct 
order. 

One problem with the batch programs 
is that you can edit tbem only through a 
small, horizontally scrolling window . 
Another possible deficiency is that, 
though most older batch commands are 
supported, GOTO is not. 

Easy File Handling 
The second interesting part of the DOS 
Shell is the File System module (see 
photo 2). This module , which you call 
from the Start Programs menu , starts up 
by showing two windows. On the left is a 
graphical representation of the subdfrec
tory structure of a disk drive; on the right 
is a scrolling list of files from one of the 
directories. 

You can use the File System to do 
many of the traditional DOS tasks. Once 
selected, files can be easily copied, 
deleted, or moved. The files can be viewed 
(i n ASCil and hexadecimal code) , and 
their attributes can be cha.nged (read-<mly, 
hidden , or archived). 

You can also associate a particular 

filename extension with a certai n appli
cation . Then when you select a filename 
with that extension, the associated appli 
cation is executed with the filename as a 
parameter . 

While the Shell does have some nice 
features, it seems to fall short in a couple 
of areas . One is size . All the files needed 
to run the Shell will almost completely 
fill a 360K-byte disk. The DOS Shell 
seems aimed at hard disk drive systems. 
On a floppy disk-based system with one 
disk each for the DOS Shel\ , applica
tions, and data , you will find you rself 
doing a lot of disk swapping. 

You may also be doing quite a bit of 
waiting. The DOS Shell seems to do a 
significant number of disk accesses. For 
example, despite its large size, the DOS 
Shell program has no DOS-like capabili
ties; if you select a simple DOS function , 
such as showing a directory , the Shell 
has to take the time to reload COM
MAND .COM. list the directory. and 
then reload the Shell. 

Of course, you can speed up the pro
gram by running it in " resident" mode 
but then you run into memory problem . 
In its usual "transient" mode , the Shell 
will transfer control back to the operat
ing system, leaving a small resident ker
nel of LOK bytes . The small kernel will 

continued 

1'1 t f I lt1t-y lf rt 

I 
.,,,, ' 

t 1111•11!1 
,;\lllllllllll 
· Ulll•IRIR 
1 111111111 

lllnlHI• 

1ltf',J \ • 
flJITlll If 111\T 
t 1J ' D 
r1111111; 

11 
nnK 

·~ .t. 11
•ri 

l 11NI It, , y~, lll'I 
llll lHTllV w· 1••0~1 
II 1 1111 ,' H 
111 ~ 1'1 .IW !> V~ ••• ·11 1 

1111 ~::m 1 : 1 . L unr IU1 
HHlilll 11 nlll b,JUI 
111 .f: ; ~ I. I 11.1..... 
i.Hiwmnt rnn 10 ,:7 1 
1.K111'll h ; 
1;R1H'Jlll . 
1.1n11· 1 

11 
l'ltU 
nn1 

U1,/ It 

., ""' 
1unn111 ll 
11111Dn, 11111 
~I Vil nl!I 
~l'VIRWtHO ;,y:, 
nnn H nni 
l'I 1 llllOHV Mir. 

Photo 2: The File System module ofthe DOS 4. 0 Shell program allows easy access 
to individual files . In this representation of the File System menu , which was 
generated on a VGA display, there is a graphical representation ofthe subdirectory 
tree structure on the left and a scrolling lisr offilenames on the right. Along the top 

5 Bradley Street, Suite 101 is a list ofpull-down menus. The File System module allows you to copy, delete, Providence, RI 02908 
move, and execute files easily. 

Trademarks: Norton Guides (Peter Norton Computing) , 
QuickBAS IC (Microsoft Corporation) 
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S~rise. Now you get both in the same package.
New Clipper™ from Nantucket~ 

Our latest version - Summer '87 - is still the best
performing compiler ever. It lets users run dBASE 
applications up to 20 times faster. But there's a lot 
more to it than raw speed.

Because new Clipper is one of the most powerful,
full-featured development languages ever. And 
gives you more control over your applications than 
any release of dBASE ever will. Now or in the future. 

Instead of designing Clipper as an add-on, we've 
structured it as an extended database language that 
uses dBASE as a subset. In addition to emulating
the dBASE language, we've added commands for 
menus, screens, windows and extended functions. 
As a result, you get dBASE compatibility and an 
entirely new level of power and versatility.

And with ClipQer's open architecture, you can 
write functions in Clipper, C, Assembler or other 
languages, and integrate them into one seamless 
application. Which helps you create more sophisti
0 ' antucket Corporation. 1988. Nantucket is a regiote red lrndemork and Clipper is a 
trademark of Nantucket Corporation . d l3A SE is a regis te red trademark of Ashton·Tate. 
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cated applications in less time. And by using our 
full-featured debugger, you'll be done even faster. 

We also give you source code security that 
keeps users from damaging your application. And 
sophisticated record and file locking capabilities that 
make networking applications easier to create. But 
no matter what you create, you don't have to buy 
runtime modules or additional software.You don't 
even have to pay licensing fees. 

If you haven't tried Clipper yet, just call (213) 
390-7923 today. We'll send you full mformation and 
a free demo diskette. Or the complete program
if you'd rather. 

But call today. And see how easy it is to find the 
best dBASE development
language. Just get the fastest 
compiler. And open the box. 

Clipper·· 

antucket, 12555 W. Jefferson Boulevard 

Los Angeles. CA 90066 Telex :650-2574125 
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DOS 4.0 

PS/2TM 
Compatible Products 
Everything for PS/2 machines 

•WIREWRAP CARDS 
high quality design 

in 6 sizes 

•EXTENDER CARDS 

•BRACKETS 

•DESIGN EXAMPLES 

•TECHNICAL DETAILS 

•ASIC CHIPS 

•PS/2 NEWSLETTER 

•CALL FOR OUR FREE 
CATALOO 

ONTAR~~T 
~~ f 
TAR T 

ON TARG T Associates 
1034 W. Maude Ave. #602 
Sunnyvale, CA 94086 
408-980-7118 

PS(2 is a registered trademark of IBM Corp. 
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While 
the DOS 4. 0 Shell has 

a number ofnice 
features, it seems to 
fall short in a couple 

ofareas. 

call back the rest of the Shell program 
when you type EXIT on the DOS com
mand line. 

In resident mode, however, the Shell 
stays completely in memory all the time. 
In fact, it leaves little room for anything 
else . The version I tested , which obvious
ly had a bug, left only 65K bytes avail
able for other programs . This was not 
even enough to run the CHKDSK utility . 
Curiously, the program always left 65K 
bytes, no matter how much memory it 
had available to begin with. 

The program's support for mouseless 
systems is Jess than you might expect 
from a company that developed Windows 
and Excel. In fact, for keyboard-based 
users, there is enough of a difference be
tween the Shell and Microsoft Windows 
to be somewhat annoying . For example, 
the Shell , like Windows, displays a hori
zontal row of menu names at the top of 
the screen. In Windows, you can call the 
pull-down menus associated with these 
names by using a simple Alt key combi
nation. In the Shell , however, you must 
either hit the Tab key until the cursor 
moves up to the menu row or hit FlO. You 
can eliminate this problem by using a 
mouse but then another problem arises : 
speed. When I used a Microsoft mouse 
on a 6-MHz AT clone, there was a very 
noticeable delay each time I selected an 
item. 

One other concern about the Shell in
volves copy protection . The new Shell is 
not exactly copy-protected but it is not 
easily copied, either. IBM has provided a 
program , called SELECT , that helps you 
install the operating system on your hard 
disk or a set of floppy disks. Once you 
install the operating system, you can 
copy it to other floppy di ks . 

For some strange reason, however, 
IBM has decided to copy -protect the 
SELECT program . It will run only when 
you execute it from the original IBM 
floppy disk. In fact, IBM has employed 

an old but simple copy-protection trick: 
SELECT looks for a certain hidden file 
of length 0 . 

Another problem with SELECT is that 
it does not recognize certain non-IBM 
hard and floppy disk drives . You may be 
forced to install your system on floppy 
disks and then copy it over to your hard 
disk. 

New DOS Utilities 
Keep Track of Memory 
DOS 4.0 has an interestjng new utility, 
MEM. that is designed to show how your 
system memory is allocated. If you in
voke the program using the command 
ME.. /PROGRAM, the program will display a 
memory map showing which program 
uses which areas of memory. 

In addition , some of the existing com
mands have been enhanced. Many of the 
commands, such as BUFFERS and VDISK, 
can now make use of non-IBM expanded 
memory. I could not , however, get this 
feature to work with my Intel Expanded 
Memory Specification card. 

The DEL or ERASE command now ha a 
/P parameter. With this parameter set, 
the program will ask you to verify each 
program before it is erased . 

Perhaps most important, the utility 
FDISK now allows you to create parti
tions on your hard disk that are larger 
than 32 megabytes. 

Replace Your Old DOS? 
The new version of DOS is significantly 
different from previous versions. But 
with a price of $150 for the IBM version 
($90 for an upgrade) , it is also signifi 
cantly more expensive. Many users may 
opt to continue to use older versions of 
DOS with existing DOS shells. Others 
may choose environments such as Win
dows or DeskMate. 

Of course, if you require support for 
very large hard disk drives , DOS 4.0 is 
almost a necessity . However, other users 
may prefer to stick with the old C> 
prompt. If nothing else, it rarely gets in 
the way. 

One other hesitation you may have 
about the new DOS is that it is probably 
not compatible with many programs that 
directly access disk drives. For example, 
old versions of the Norton Utilities will 
crash with the new DOS. But, by the time 
you read this, new versions of these util
ities will probably be available for DOS 
4.0.• 

Rich Malloy is the associate managing 
editor of BYTE's news and rechnology 
section. He can be reached on B/X as 
"rmalloy." 



NOW YOU CAN DESIGN JUST 

ABOUT ANYTHING••• INCWDING 


YOUR OWN CADD SYSTEM! 


DeskConvert Utilities 
PC ..  -~ 

AuloCom't>l'I 1 

P(·nPlot 

IGES:::=.. 

Anyone can produce a com
puter-aided drafting and design 
package that sells for thousands 
of dollars. But creating one 
that's fast, powerful, and afford
able tokes real ingenuity. 

That's exactly what we've 
done ot Generic Software'." We 
sell the most widely used CADD 
program in the world for under 
$500. 

PC Magazine ranked it 
"Editors Choice" in a face off 
with 17 low-cost CADD pack
ages. "This product is an out
standing va lue from every point 
of view and is highly recom
mended." "A paperback 
version of AutoCAD", stated 
PC Week. 

And our CADD programs 
ore just part of what we offer. 

You can start with Generic 
CADD Level i;· then advance 
to other levels us your needs
and skills- expand. 

And you can use our CADD 
add-ons, Utilities, and symbols 
librar ies to design the CADD 
system that fits your needs. 

You only pay for the func
tionality you need, and the 
functionality you get hos depth. 

Critic tested, market 
approved. Generic Software 
offers price, quality, and sup
port. Match our customer 
support against anyone! 
• Unconditional 60-doy 
guarantee on most products 
• Unlimited free technica l sup
port• Free monthly newspaper 
• Regular updates at modest 
prices. All adding up to prove 
that the only thing generic 
about us is the price. 

Call us for a free CADDalog'" 
or for the name of your local 
dealer: 1-800-228-3601. 
© Genoric Soflworn Inc., Leve l 1 ond Ge neric 
CADD are lrodemo rk.s of Generic. Soflwore Inc., 
11 911 North Creek Pc rkwoy South, Bet hell , WA 
98011. Mocin to 1h ;, c hcdomork ol Apple Com· 
pule r Inc. 

Generic 

S 0 W A R 

Circle 93 on Reader Service Card Visit us at COMDEX 88. Booth H7662 
(DEALERS: 94) 



BEST ·286 LAPTOP 
O 10 MHZ 0 Wait (12 MHZ Optional) 
D 512 KRAM 
o Two 1 .44 M Floppy Drive 
O Back Light Supertwist LCD 
o 	 80 x 25, 640 x 400 Pixels Graphics 
o 	 Enhance 86·Key Key Board 

One Parallel Two Serial Port 
Dimension 16" x 1 1" x 3.5" 

o 	RGB / Monochrome Monitor Port 
o 	AC Adaptor 
o 	 1.5 Hours Rechargeable Battery 

(Optional) 
o 	 20 MB or 40 MB Hard Disk 

(Optional) 
o 	 Weight only 11 Lbs. 

$1950 

COMPUTER INC. 	 Tel: (213) 265·0900 CIC 
Tech: (213) 265-0300 •5017 Telegraph Road BEST Fax: (213) 265-4234 Los Angeles, CA 90022 
Toll: (800) 634-7920 r=.E1 

MON - SAT 9:00 • 6:00 PACIFIC TIME Cil'cl1:ZSo"Rad1rS1rvi.c1Canl Outside Cal. Ch 
PRICE ARE SUBJECT TO CHANGE WITHOUT NOTICE (DEALERS: 26) CM! Cerd ~ SubJld io s.i- C1>orgo. 



TRENDS 

FIRST IMPRESSIONS • Rich Malloy 

MEMORY 
BOARD 
ROUNDUP 

How PS/2 memory 
boards stack up against 
those for the PC, XT, 
and AT systems 

0 
ne of the first questions that 

comes to mind when you ' re try

ing to evaluate the IBM Micro 

Channel architecture (MCA) 


is: How many boards are available for it? 

That's a question we asked ourselves re

cently, and we figured that now is as 

good a time as any to find out. 


Of course, if we wanted to count 
all types of boards, we 'd probably 
have to devote a whole issue of the 
magazine to the task. Instead, we 
narrowed our search to one seg
ment of the add-in board mar
ket. And for a control group, 
we looked at the correspond
ing group of boards avail

conrinued 
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MEMORY BOARD ROUNDUP 

MEMORY BOARDS FOR THE PC/XTIAT SYSTEMS 
Company Board Host 

eyetem 
Bue 
type 
(blta) 

Standard 
memory 
(bytes) 

Maximum 
memory 
(bytes) 

American Mlcronlca Elephant-5 

ASTRMNrch Advantage'" 
RAMpage286 

RAMpage Plus 286 

RAM vantage! 

Boc:a Research BocaRAM/AT 
BocaRAMfXT 

TophAT 
Cheetllh lntemetlonal Combo 
Club AT Maxi-Magic EMS 
Coman CATC-RAM 

CATD·RAM 
Computer Elektronlk XO rive 

DlglBoard DigiRAM/3MB 
Everex Syetema Magic Card 1 '-' 

RAM 10000 
RAM 3000 Deluxe 
Mini Magic Card 

IDEAaaoclatM IDEAmax30 

Supermax 30'" 

Supermax/EMS1.1 

Intel Above Board 286 
Micron Technology 1-Mb EMS Board 

2·14·Mb Extended Memory DIP Board 
2-Mb Expanded Memory Board 

4-Mb Extended Memory ZIP Board 
6-/16-Mb Extended Memory DIP Board 

PC/AT &compatibles 2·/4-Mb EMS Board 

Monolithic Syetema JustRAM/AT16 
JustRAM/ATX 
JustRAM/ATZ 

Newer Technology attention I 

PC Technologles 286 RAMRacer 

RAM Partner 

Profit Syatema Elite 16'-' 

STBSyetema Memory Companion/PC 

Rio Plus II'-' 

Suntek MemoPlusAT 

Tell Tree Systems JRAMAT2 
JRAMAT4 

Teemer Captain 286'·' 
Verttek Low Profile Mega Mem 

' Par8ilel PO" 2 Serial POn •Two seri81 pons 

AT 
AT 

AT 
AT 

AT 

AT 

PC/XT/AT 


AT 

AT 


PC/XT 

AT 


AT 

AT 


AT 

PCIXT/AT 


AT 

AT 


PC/XT/AT 


PC/XT/AT 


PC/XT/AT 


AT 


PC/XT/AT 

AT 


AT 


PC/XT/AT 

AT 

AT 

AT 


AT 
AT 
AT 

AT 

PC/XT/AT 

AT 
AT 

PC/XT/AT 

PC/XT/AT 

AT 

AT 
AT 

AT 
AT 

16 
16 

16 
16 

OK 
128K 
512K 
512K 

SM 
1.5M 

2M 
8M 

16 128K 3M 

16 
8 
16 
16 
8 
16 

OK 
OK 

128K 
OK 
OK 
OK 

4M 
2M 

128K 
1.SM 
2M 
1M 

16 
16 

OK 
1M 

4M 
1M 

16 
8 

NIA 
OK 

3M 
384K 

16 
16 
8 

OK 
OK 
OK 

10M 
3M 

576K 

8 OK 8M 

8 OK 8M 

16 OK 16M 

16 
16 

512K 
1M 

2M 
4M 

16 
8 
16 
16 
16 

2M 
2M 
4M 
6M 
2M 

4M 

2M 
4M 
16M 
4M 

16 
16 
16 

2M 
2M 
2M 

16M 
16M 
8M 

16 OK 4M 

8 OK 2M 

16 
16 

OK 
512K 

2M 
16M 

8 2M 2M 

8 64K 576K 

NIA OK 2M 

16 
16 

16 
16 

OK 
OK 

128K 
OK 

2M 
BM 
16M 
2M 
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MEMORY BOARD ROUNDUP 

Memory Standard 
Chip Chip Price Warranty Commenta 

size speed Extended EMS EEMS EMS 4.0 period 

(blla) (n11) memory (yea111) 


256K 60- 120 0 0 $439 2 EMS 4.0 supported by software. • 
256K 120 0 0 0 $399 2 Optional piggyback board supports 3 megabytes. 

256K 100, 120 0 $695 2 Includes software driver for EMS 4.0. 


256K. 85, 100, 0 $895 2 Includes software driver for EMS 4.0. 

1MSIMMS 120 

64K. 120 0 0 0 $445 2•256K 

• ••
256K 120. 150 0 0 $225 2 Includes software driver for EMS 4.0. 


256K 150 0 0 0 $175 2 Includes software for EMS 4.0 . 


64K 150 0 0 0 0 $165 2 

256K 60 0 0 0 $395 Runs at zero wail states in protected mode. 
• 
256K 100 0 $89 

256K 120 0 0 0 $235 Can support up to 1 megabyte of NMOS, CMOS, and 
EPROM devices; has on-board lithium cell rated at 
2amps. 

256K 100 0 0 0 $310 1• 
Static 120 0 0 0 0 $1090 2 

RAM 


CMOS 

•64K 120 0 0 0 $319 

64K, 150 0 0 0 0 $199 

256K 

• •256K 150 0 0 $399 


256K 150 0 0 $228 1 


64K, 150 0 0 0 0 $99 N/A 

256K 

• •256K, 120 0 0 $275 
1MSIMMS 

256K, 120 0 0 $395 
1MSIMMS 

256K, 120 0 0 $425 
1MSIMMS 

256K 120, 150 0 0 $645 5 Version of board available with serial and parallel ports. 

256K 100 $895 2 Full 1&bit data transfers at all speeds: mappable backfill 
for multitasking; RAM disk and print spooler software 
included. 

256K 100 0 0 0 $1345 2 Includes RAM disk and print spooler software. • 
256K 150 0 0 0 NIA 2 Includes diagnostics. RAM disk. and print spooler. • 
NIA NIA 0 0 0 NIA 2 Includes diagnostics, RAM disk, and print spooler. • 
1M 100 0 0 0 NIA 2 Includes diagnostics. RAM disk, and print spooler. • 

256K NIA 0 0 0 NIA 2 Mappable back to support multitasking applications; • full 1&bit data transfers at all speeds: includes RAM 
disk and print spooler. 

1M 100 0 0 $1888 5 Includes software for EMS 4.0. 

1M 100 0 0 0 $1885 5 Includes disk-cache software. • 
1M 100 0 0 $1721 5 Includes software drivers for EMS, RAM disk. and disk 

cache. 

256K 120 0 0 0 $250 Includes software d rivers for RAM disk and print• spooler; optional EMS In software. 

256K 150 0 0 $595 2 Includes 512K-byte daughtercard; optional 80287 math 
coprocessor. 


256K 150 0 0 $250 2 

256K. 120 0 0 $695 5 


1MSIMMS 

64K. 120 0 0 0 $1595 2 
256K 

• 
64K. 120 0 0 0 0 $269 2 
256K 

• •256K 120 0 0 $135 Includes software for EMS 4.0. RAM disk. and print 
spooler. 

256K 120 0 0 $349 N/A 

1M 120 0 0 $399 1•
1MSIMMS 100 0 0 $575 2 

256K 150 0 0 0 $279 2• 
8 Yes ONo NIA• NOi available 
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MEMORY BOARD ROUNDUP 

MEMORY BOARDS FOR THE PS/2 MCA SYSTEMS 
Company Board PS/2 

model 

ASTAeaearch Advantage 2/386 70, 80 


Advantage/2 50,60 


RAMpage Plus/MC 50,60 


RAMpage/2-286 50, 60 


Boca RMHrch BocaRAM 50/60 50, 60 

Chrlalln Industries Cl-SYS2-56 50, 60 

CMS Enhancements MC-8000 50,60 


Computer Elektronlk Micro Four 50,60 


Ewrex Sytltems RAM 112000 50, 60 

RAM 114000 50, 60 


IBM 80286 Expanded Memory Adapter/A 50,60 


80286 Memory Expansion Kit 50, 60 


80386 Memory Expansion Option 70, 80 


IDEAuoclates IDEAmax/MC 50, 60 


IDEA Supermax/MC' 50, 60 


Intel Above Board/2 50, 60 


Monollthle Systems JustRAM/MC8 50, 60, 70, 

80 


Orchid Tec:hnology RamQuest Extra, 50, 60, 70, 

80 


RamQuestll 50, 60 


Profit Systems Elite 16/2 50, 60, 70, 

80 


Quad ram OuadMEG PS/Q 50, 60 


STBSystMna RapidRAM2 50, 60 


AapidRAM 2/8 50,60 
Tee:mar MicroRAM 50/60 50, 60 

MicroAAMAD 50, 60. 70. 

80 


' Has t'M> serial pons. 

able for the industry-standard PC, XT, ber of graphics boards available for these 
and AT systems. systems. The same would apply to muJti-

Next, we had to decide which segment function cards, since the PS/2s already 
of the market to concentrate on. We could have a parallel and serial port. 
look at graphics boards, but since the We could do a roundup of modems, 
PS/2s have graphics on the motherboard, but that's a rather specialized area. A 
there would naturally be a smaller num- much more basic need is memory, a re
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type 

(bit•) 


32 


16 


16 


16 


16 

16 

16 


16 


16 

16 

16 


16 


32 


16 


16 


16 


16 


16 


16 

16 


16 


16 


16 

16 


16 


Standard Maximum 
memory memory 
(bytes) (megabytes) 

1M 8 


OK 8 


OK 8 


OK 2 


OK 4 

2M 8 

OK 8 


OK 4 


OK 2 

OK 4 

2M 2 


512K 2 


2M 6 


OK 12 


OK 8 


OK 2 


2M 8 


OK 8 


1M 2 

512K 16 


512K 4 


2M 2 


2M 8 

OK 8 


OK 8 


source that we never seem to have enough 

of. Unless you have one of the new sys-

terns that can accommodate up to 8 

megabytes on the motherboard, chances 

are you 'II need to buy a memory board at 

some point. 


To get a more or less complete listing 




• 

• 

• 

• 
• 
• 
• 
• 
• • 
• 
• 
• • 
• 

• 
• 

• 
• 
• 

• 

• 

• • 

• • 

• 

• 
• 
• 
• 
• 

MEMORY BOARD ROUNDUP 

Memory Standard 
Chip Chip Price Wananty Comments 
size speed Extended EMS EMS 4.0 period 

(bits) (ns) memory (years) 

256K, 

1MSIMMS 


256K, 

1MSIMMS 


256K, 

1MSIMMS 


256K, 

SIMMS 


1M 

1M 


256K, 

1MSIMMS 


1M 


1M 


1M 


256K 


512K 


256K 


256K, 
1MSIMMS 


256K, 

1MSIMMS 


256K, 

SIMMS 


1M 


256K, 1 M 


256K 


256K, 

1MSIMMS 

256K, 1M 


1M 


1M 

1M 


1M 


85 0 0 $1395• 
150 0 0 $345• 
100 0 $595 

120 0 0 $495• 
120 0 0 $295• 
100 0 $975 

120 0 $395• 
100, 0 0 $399•120, 80 
120 0 $399 

120 0 $499• 
120 0 0 $1460• 
150 0 0 $630• 
80 0 0 $1695• 
120 0 $395 

120 0 $545 

100, 120 0 $445 

100 0 $1888 

100, 120 0 $599 

100, 120 0 $849 

120 0 $595 

120 0 $545 

100 0 $1595 

100 0 $1695 
100 0 $350 

100 0 $445 

e Yes ONo NIA• Not available 

2 

2 

2 

2 

2 
5 

N/A 

2 

5 

5 

4 

4 

5 

2 

2 
2 

N/A 

Optional serial or serial/parallel port piggyback card 
available: includes software driver for EMS 4.0. 

Includes EMS-emulation software. 
4K·byte user-programmable PROM. 

Requires and supports device drivers resident within 
the 3270 workstation program and operates as 
contiguous memory with OS/2. 

The $165 expansion kit includes 512K bytes to 
increase memory on option. 

The $1295 expansion kit includes 2 megabytes; two 
kits can be added to board to get maximum 
memory. 

Includes RAM disk and print spooler software. 

Uses SIMM memory: includes RAM disk and print 
spooler software. 

10-MHz zero-wait state rapid MAP utility to increase 
software performance. 

Optional dual serial/parallel adapter; uses SIMM 
chips. 

Optional 110 modules with two serial ports or one 
parallel and one serial port. 

of available memory cards for both PS/2 systems, peripherals, and software. for the PC, XT, and AT systems- but not 
MCA systems and PC, XT, and AT sys By combining our information re that many more. • 
tems, we enlisted the help of our sources with those of Datapro, we came 
McGraw-Hill sister company, Datapro up with a total of 25 boards available for Rich Malloy is the associate managing 
Research. Datapro publishes the Dmapro the PS/2s and 42 memory boards for the editor of BYTE 's news and technology 
Reports on Microcomputers , which con PC, XT, and AT systems. As you might section. He can be reached on RIX as 
tinuously keep track of microcomputer expect, there are more boards available "nnalloy. " 
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MEMORY BOARD ROUNDUP 

American Micronics, Inc. Profit Systems, Inc. Company Information 
17811 SkyparkCir., SuiteH 30150 Telegraph Rd. 
Irvine, CA 92714 

(714) 261-2428 

Inquiry 866. 


AST Research, Inc. 

2121 Alton Ave. 

Irvine, CA 92714 

(714) 863-1333 

Inquiry 867. 


Boca Research, Inc. 

6401 Congress Ave. 

Boca Raton , FL 33487 

(407) 997-6227 

Inquiry 868. 


Cheetah International, Inc. 

107 Community Blvd., Suite 5 

Longview, TX 75602 

(800) 243-3824 

Inquiry 869. 


Christin Industries 
P.O. Box FF 
Canovanas, PR 00629 

Comark Corp. 

93 West St. 

Medfield, MA 02052 

(617) 359-8161 

Inquiry 873. 


Computer Elektronik Infosys 

Trade Ventures International 

512-A Herndon Pkwy. 

Herndon, VA 22070 

(703) 435-3800 

Inquiry 874. 


DigiBoard 

675 l OKford St. 

St. Louis Park, MN 55426 

(612) 922-8055 

Inquiry 875. 


Everex Systems, Inc. 
48431 Milmont Dr. 

(800) 468-0736; in Puerto Rico, Fremont, CA 94538 

(809) 876-5205 

Inquiry 870. 


Club AT, Inc. 

46707 Fremont Blvd . 

Fremont, CA 94539 

(415) 490-2201 

Inqwry 871. 


CMS Enhancements, Inc. 

1370 Valencia Ave. 

Tustin, CA 92680 

(714) 259-9555 

Inquiry 872. 


( 4 I 5) 498-1111 

Inqwry 876. 


IBM Corp. 

Old Orchard Rd. 

Armonk, NY 10504 

(800) 426-2468 

Inquiry 877. 


IDEAssociates, Inc. 
29 Dunham Rd. 
Billerica, MA 01821 
(617) 663-6878 

Inquiry 878. 


Intel Corp. 

5200 Northeast 


Elam Young Pkwy. 

Portland, OR 97124 

(800) 538-3373 

Inquiry 879. 


Micron Technology, Inc. 

2805 East Columbia Rd . 

Boise, ID 83706 

(208) 383-4000 

Inqwry 880. 


Monolithic Systems Corp. 

84 Inverness Cir. E 

Englewood, CO 80112 

(303) 790-7400 

Inquiry 881. 


Newer Technology 

1117 South Rock Rd ., Suite 4 

Wichita, KS 67207 

(316) 685-4904 

Inqwry 882. 


Orchid Technology 

45365 Northfort Loop W 

Fremont, CA 94538 

(415) 683-0300 

Inquiry 426. · 


PC Technologies, Inc. 
704 Airport Blvd . 
P.O. Box 2090 

Ann Arbor, MI 48106 

(313) 996-9690 

Inquiry 427. 


Birmingham, Ml 48010 

(313) 647-5010 

Inquiry 428. 


Quadram Corp. 
One Quad Way 
Norcross, GA 30093 

(404) 564-5566 

Inquiry 429. 


STB Systems, Inc. 

1651 North Glenville Rd ., 


Suite 210 

Richardson , TX 75081 

(214) 234-8750 

Inquiry 430. 


Suntek Information 
Systems, Inc. 


5369 Randall Place 

Fremont, CA 94538 

(4 I 5) 657-0567 

Inquiry 431. 


Tall Tree Systems 

2585 East Bayshore Rd . 

Palo Alto, CA 94302 

(415) 493-1980 

Inquiry 432. 


Tecmar, Inc. 

6225 Cochran Rd . 

Solon, OH 44129 

(216) 349-0600 

Inquiry 433. 


Veritek 

1320-11 Grand Ave. 

San Marcos, CA 92069 

(619) 744-2313 

lnqwry 434. 


PC voicemail. nowonly$199. 
Watson®, hailed by one 

reviewer as "the premier 
voice mail station" at $498, 
is an even better value at 

$199. Watson eliminates 
telephone tag and gives you 

big-system features like auto speed-Oial, auto 
answer, message foiwarding, and built-in 300/ 

1200 bps modem. For an ear-opening 
business applications demo, 

call 1 (800) 6-WATSON (in Mass., (508) 
651-2186). To order, call 1 (800) 533-6120 
(in Mass., (508) 655-6066). 
Credit Cards Accepted. 

Natura l Microsystems Corporation 
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FREEWARE 
Public Domain and Shareware for IBM™ and Compatibles•. DOS™ 2.1 or 

ADULTS ONLY 

CJ ADULTS ONLY/1 (147) - Ger
man made. great animated graph 
ics. COA required . 

X-RJO'ED PRINTMASTER (149) 
- X-Rated gra phics for Prlnlmaster 
Plus. 

O X-RJITED PRINTSHOP (l~J - X-Ratecl g raphics 
for Prlnlshop. 

ASTRO-(blecpl (297) - Dirty arcad e game. COA 
required. 

NASTY GIRL (433) - The name says ll all... CGA 
required . 
O MAXINE (497) - Must see ... COA req. 
CJ IN-OUT (aM) - Must 9CC ...COA req. HOT. 
O ON-TOP(~) - Mu.~t see ... COA req. HOT. 
o GET WCl[Y (647) - Multl -racer.ed aduH orient 
ed pack.age. NEW ... 

ACCT / BUSINESS 

O EZ-FORMS Rev. DUS (66) - Menu 
driven forms generator. misc. skele
ton !Orms. 
O EASY PROJECT V:US (440) 

Complete project management system. E)a:ellent . 
CJ REAL ESTATE ANALYST (83) - Menu driven . 
mortgages. Interest. etc. 
O FABTBUCKS V3.l (191) - Menu-driven home fi 
nance package. Easy to use . 
O PFROI (Portfolio ~I V2.3k (87) - Stocks. 
bonds. options.etc. Enables Investor to manage 
their portfolio. NEW ... 
O CK V!J.16 (79) - full featured checkbook pro
gram wllh various reports. NEW... 
0 BUSINESS LETTERS (303 a: 304) - (2 dJsk set) 
650 business le tters to flt all your needs. &I ll wtth 
any word processor. 
O IN C-ONTROL V2.64lS (174 a: 1'm) - (2 disk sell 
The ultimate prospect I client I cwitomer tracking 
system . Hard drive req. 
D MR.. BILL V3~7 (311 • 312) - (2 disk set) 
Time & billing package; costs. credits. reports. 
audit trail . e tc . NEW_, 

o SUCWORKS Vl.O (321) - Framework clone. In

tegrated database , spreadsheet . word proces.sm. & 

oommunlcatlons. 

O EXPRESSq_RAPH (4:S7) - Business graphing 

program; display In I 0 dllTerent formals . & print 

out. Does line. bar. pie graphs. etc . 

0 FLODRAW Vl.00 (M2 • ~) - Produces now

charts. organlzaUonal charts. system diagrams. etc. 

CGA requlrcd . 

O PRO PC-ACCT SYSTEM V!J.O (!S26) • Fully In 
tegrated 0/1... AIR. A/P. Menu driven . on-screen 
help.unlimited accounts. time & bUUng. Inventory. 
Invoices. checks & more. 
O LANDLORD V2.0l (M!J) • A fast & easy rental 
management system . Does ettdlts. debits. report s & 
more . Requires hard drive . 
O LEGAL FORMS a: LETTERS (611) - Over I 00 
different types . Word processor req. 
O MANAGEMENT TOOLS (643) - I 0 programs de
signed for management & s upervisors: a mlnl 
management course! NEW... 
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COMMUNICATIONS 

O RBBS BULLETIN BOARD Vl6.1A 
(613 - 616) - (4 disk se t) Turn your 
computer lnlo a RBBS. Industry stan 
dard . NEW ... 

QMODEM V3. l (293 &: 294) - (2 disk set) FUii 
featured modem program . 200 number dialing di 
rectory. e tc . 
O PROCOMM PWS TEST DRIVE Vl .1 (!S04) 
Menu driven mode m program with all the reatu.res: 
s till one or the best. NEW. .. 

DATABASE 

O FILE EXPRESS V4.22 (33 &: 34) 
!2 d isk sell Menu driven. easy to use 

database for storing any type of In 

formation . NEW .. . 

0 WAMPUM V3.2B (37 &: 38) • (2 


disk set> Menu driven d Base Ill clone. Knowledge 

of dBase Ill s uggested . L.ates l version . 

0 PC-FILE + V2.0 (493 - 490)- (3 dis k sel) FUil 

featured database: help screens. menus . macros . 

Ha.rd drive required . 


EDUCATION 

O C-OMPOSER (3) - Create. save. Cilll. 

play. & print your mus ic . Nice . .. 

O LETTERJl'ALL Vl . l (119) - Improve 

you r touch typing ski lls : 16 levels. 


0 BEGINNING SPANISH (121) - Teaches vocabu 

lruy. phrases. etc. Basic required . 

O THE WORLD 3D (127) - Displa y maps of lhc 

world . COA required . 

O FUNNELS a: BUCKETS V 2.0 (130) - Great 

learning game: a dd. subtract. mu!Uply. & divide . 

~5 - 10 . 

O MA'Ilf-WHIZ (188) - Teaches various math op

erations. ~ 5 and up. You choose the leVl!I. 

Basic required . 

O AMY'S FIRST PRIMER (133)- Alphabet . num 

bers , oounUng. shapes. ma tching. etc . Ages 4 - 8 . 

COA & Basic required . 

O PLAY 'N LEARN (624) - Has 7 dlffcrenl games 

for kJds up to 4 years old . NEW. .. 

O SPELLING BEE (138) - Grades I - 12. CGA & 

Basic required . 

O ALGEBRA TUTOR Vl .01 (!S77) - Teaches vari

ous operations of algebra. Great! NEW 

O ANIMAL MATH/MOSAIC (181) - Count objecL'> 

& graphic learning tool. Ages 4 & up. COA req . 


EGA/ VGA PROGRAMS 

O EGA RISK (:116) • The game of 
world domination . Superb graphics . 

EGA UTILITIES / 1 (260) - EGA 
demos. change fonts , palette setting. 

oALOO'S ADVENTURE (60!5) - Walch out for fall 
ing barrel's! Sup<:r graphics. 
CJ VGA PALLETIB TOOL V!J.Ol (!512) - EGA View 
the 250.000 color pallettc . set & save color attrib 
utes . have color stick for programs. VGA required. 
O VOA CAD Vl.4 (584) - FUii-screen painting. 
graphics & sc~n design program lo access the 

entire 256 color reglsler. VGA monitor/card req . 

GAMES 

O SLEUTH V4.1 (89) - Murder mys· 
tcry game similar to the boasd game 

~CWE". 

o BLACK.JACK (90) - Advanced blackjack game 

wtlh tutor. multiple players. Grea t! 

O MONOPOLY V6.7 (106) - Just like lhe board 

game . 2 to 4 players . CGA req . 

O TREASURE QUEST Vl.l (2M) - Formerly 

known as DND. f'l:rll.s galore. COA req . 

o LAS VEGAS (116) - Craps. Roullete. f\'.Jkcr. & 

more . COA req.. Bask on som.e. 

o 3D CHESS Vl.01 (21!S) - Excellent chess 

game. Switch between 20 & 30. 

O SAM SPADE Vl.OA (228) - Great detective 

game. with graphics . CGA req . 

o SUPER PINBALL [:112) - 5 different games. 
COA required . 
o WORDPLAY (367) - Wheel of Fortune c lone. 
You provide the prizes . COA req. 
o HANGMAN (91) - 2 versions of the ever popu 
lar game & learning tool. CGA req. 
o AGT (!WIS &: IS96) - (2 dJsk se t) - Create your 
own a dventure games. Nice... 
o MINIATURE GOLF (ISO!S) - 18 hole golf course 

with graphics . CGA required . 
O PC-PRO GOLF V2.00 (667 a: 668) - (2 disk 
set) - A graphic based golf game whJch you select 
your clubs . direction . etc . Nice graphics. CGA req. 

GBAPWCS 

O FINGERPAINT V2.0 (:18:1) - Paint 
program: 6 foots . 81 sizes . Use for 
des ktop publishing. s lide-show & 

cartoon playing. 
Of'RlNTMASTER GRAPHICS / 1 (319) • 3 librar
ies of graphics . (See below) 
O PRINTMASTER GRAPffiCS I 2 (M9) - Over 
150 more graphics . !See below) NEW 
O PRINTMASTER GRAPHICS I 3 (~) • Over 
l 30 more graphics . NEW... 
• •• 319, IW9, . ntl() ft:qU.lrc Prtntma.tcr ~ 
Q PRINTSHOP GRAPHICS I 1 (3:10) - 3 more li 
braries ofgraphics for Prlntshop. 
O PR.INTSHOP GRAPffiCS I 2 (lS89) · Over 150 
more graphics for ?rlnlshop. NEW... 
o PRINTSHOP GRAPHICS I 3 (!WO) - Ove.r L3C 


more graphics for Prlntshop. NEW ... 

I'• :go, !S89, a: MO reqa1re Prtntabop.. 

O PC-KEY-DRAW V3.33 ("'34-IS36) - (3 disk set" 

- C:>mblnaUon CAD/paint program: for power! 

flexiblllty. CGA/EOA req. 

O DANCAD 30 V2.0E (424 &: •~) - (2 disk set 
Advanced 20/30 drafting program. Ste.reoscopi< 
30 wire frame animation . 640k & hard drive re

quired . NEW... 
o crnr DESK V6.0 (197) - Desktop publlshei 
wt th graphics capablllty. Multiple fonts. headers 
footers . Indexing. etc. 
O PC-DRAFT D V3.20 (629) - Painting. draftln1 
program. Produce cllpart. .. 
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Per 
DiskONLY 

Programs to meet all your computing needs. New programs acfde.d .DAILY. 

LANGUAGE 
o TVRBO ·c· nrroa (489 er 4901 • 
(2 disk set) 14 1.....,,n tutorlal : leaC'n 
10 program lo ·c· 1anguage. 

0 ·c· LANGUAGE V2. l (299 er 300) • (2 disk set) 
Complete programming envlronm<"nl. Sou~e. 
complkr. sampl"9. etc. 

NOVELTY 

0 8TRE88 er SHRIHJI. (74) - Stress 
stress iest. Shrink - pcrsonall ty anal. 
ysls. 

Cl HORSERACINO (343) • H.andlcapplng for thor
oughbred.<!. Menu driven. dasy to use. 
0 ASTROL 9S (284) - Ast:n>togy: read your own 
chart from sl>lffl. moon. etc. 

LOTI'O • GENERATOR Vl.M (1159) • Ad
vanC<"d t...chnlques to wtn big SSS. Contains data 
from ~nnlng to 9-3-88. 
O P'REEWILL Vl.O (171) ·Valid WILLS for Call· 
fomla . Easy to OU In. 
O BIORHYTHll (194) - Calculate & print your 
own monthly d:uuts. 

0 TENANTS RIOlfi'8 (196) • Tbe 'Bibi<"' for Cali 
fornia renl!!nl. A lllJ8T. 

AIRPLANES (398) - Print paper aiC'planes. fold 
em and let 'cm Oy. Basic req . 

Ll EDNA'S COOKBOOK: Vl.16 {!566) • Record . 

Ole. list & print rrrlpes or prepare your own 

cookbook. NE'llL 


I'.] WEIOtrr CONTROL (888) - A variety or pro

grams from a calorie counter to dieting principles. 

G...t rid of unwanted lncbcs111 

O O.UIT.8. (618) - Varloll.'i gtn Ideas for any oc· 

easlon or person. NEW:., 

Ll PC-BARTENDER \'2.00 (619) - R...clpes for ap

prox. 200 drinks. Search by drink names, Ingre

dient . etc. NBW: •• 


OJ PRIN'IER UTILITIES 
0 BRADFORD V2.04 (Ml) - Produc
es high quality text on dot matrix 

printers: multiple fonts . Excellent program . 
NEW. .• 

0 LASER.JET FONT8/I (327) - 30 + down.loada· 
ble fonts for LaserJet Plus/D. 
0 LASER.JET FONTS I D (471 er 472) • 12 disk 
""l) More downloadable fonts for HP LaserJet 
Plll.'i/11. Hel""tlea. Script. etc. 
O ON-SIDE (?16()) - A sideways prlnUng program . 
ChO<'.lS<" from 7 different foots . 
f;pson or IBM-oompatlble printer req. NEW 

SPBEAPSHEET 

•fFd1 O PC CALC + V l.O (SS7-M9). (3 
disk ~t) • Complete spreadsheet pro
gram. Excellent...Buttonware. 
Ll GOALSEEKER (~) • A memory

resldent program for your favorite spreadsheet. 
Define your result and what the variables are and 
It will do the rest... NEW 
0 QUBECALC VS.02 (1591) - A S· D spreadsheet 
program: tum m'WS Into columns & vice-versa. 

Circle 245 on R£ailer Ser11ice Card 

Import Lotll.'i Dl<"S. 44 predefined functions. bl"lp 

scroeos. etc. NEW..• 

O LOTUS 123 TUTOR (177) - Beginning tutorial 

for Lotus 123. Varloll.'i v.-orksheets . Requires Lo

tus 123. 

Ll AS EASY AS V3.0 (302) • Lotus clone. 52 col· 

umn sheet. graphing. supports functions of 123. 

'WKI " Illes. etc. 

O LOTUS LEARNING SYSTEM (4MJ - Tutorial 

that covers overview. command menu structure. 

etc . Lotus NOT req . 


UTILITIES 

O VACCINE I FW-SHOT (!Wl) 
Various programs to fight against 
"virus" & "trojan horse" programs. 
A 1111Dt tor ALL-. 

D DISK COMMANDO \'2.0 (21S er 219)- 12 disk 
set) Nonon AdvanC<"d Utilities 
clone. Too many features to llst. 
O SIM-COA (220) - Great for most programs that 
need color ICGAJ to run . 
0 DOS HELP FOR V3.3 (2M) • Help screen for 
DOS comnuuids, functions & batch files al your 
llngertlps. Ex=lknll NEW 
O D08 TUTORIAL V4.4 (:uwl) - Menu driven. 
learn to use your computer. NEW 
o BEGINNERS (207) - The basics of using most 

public domaln/shan:ware software. 

O LIST V6.2.A (274) • Best utility for viewing do· 

cunw.ntaUon or any ASCO f!Je. 

O AUTOMENU V4.0l (:.u!O) - Access programs. 

batch HIPS. commands. etc . 

O POWERMENU VS. l (419) • Provides easy ac · 

cess to any appllcaUon on your PC. 

O HOMEBASE V2.~ (!S28 - 030) - (3 disk set) 

Great desktop orga.nlLer. editor /word processor. 

calcndar/appl. book . calculator. cut & paste op

erations. & much more . 


WORD PROCES$ING 

0 PC-OUTLINE VS.34 (7) - Window
ing outline editor/thought organizer. 
Great... 

O CATALl8T VS.2 (163 et 164) • 12 disk set) The 

ulUmate malling list manager. Super! 

O PC-WRITE \'2.71 (9 et 10) - (2 disk set) FUii 

featured word processor: all the features or the 

expensive one's. 

0 LETTERHEAD Vl.lA !69J - Create and print 

your own letterhead on letters and enveopes. 

IBM/Epson comp. printer req. 

I'.] GALAXY V2.3 (11) - Easy to use word proces 

sor: menus & quick keyboanl commands. Lots of 

features . 

l'.]WORDPERJl'ECT MACROS (IS9) - ContaJM 

over 80 macros for V5.0. 


MfATSNEW ? 

O MAXI-MAX (669) • Over 65 ma
cros & templates for Wordperfect 
V4.2. 

O THE NtrrRJTIONJST f670 et 6?1) - 12 disk S<"l) 
· Provld<"S a means to evaluate foods & compare 

them lo lhcJ r n c:eds 

O P'OO'JllALL SCORECARD (67:i) - Contains 

scores for more than 3700 ttgular season. playoff. 

& Superbowl games. 

CJ MANAOEME!n' lllEl'n'OR (673) - A self as

sessment Inventory for managers allowing the user 

to evaluate lili</be.r w~esses In 12 management 

calegortes. 

D FORTI1NE TELLER (671S) - Varlou<o pm~ 


for •rortutt ttlllng". 

o EGA-TREK: [677) - F1ght the KJJngons. Romu · 
lans. etc., In this exi::iellenl graph.le adaptaUon of 
"Star 'Jl-..1<". EGA required . 
OEMl'WYEE lllOMT. SY8TIUll (688) - Uses re 
sponses to questions to dcteC'Wlne requirements lo 
flJI job poslUons. E:>=.llent. 
0 CYRUS (691) • A 3-D chess game with excel · 
lent graphics . EGA rcqu~ . 

L]CUNNINO FOO'nlALL Vl.O (6919) - An Interac
tive menu driven football game. Call your own 
plays (offense or defense). nice graphics . CGA re
qulred . 

OBDERFOBM 
Pleme print dJllk. mDDbers 

NAME___________________________ 

ADDRESS____________ 


CI1Y___________ ST__ZCP___ . J 

PHONE( l-:-----.,....,....-:-:----
3.5" media - $3.99 ea. 

2 dWr. .et. me 2 @ $2.99 e.ch =85.98, 
We do not spilt iteta. 

# ofdtsks @S2.99 = ___ _ 
caur. Sales Tax (6.5%) = -'----
Shtpptng & Handl!ng= 3.00 

TOTAL = S =========== 
iv' Payment 'fype : OCheck/ MO OVISA M< 

----------- __ /_ 

Mail order form & payment to: 

California FREEWARE 
1466 Sprlngllne Dr.. Dept. SP 

Palmdale, CA 93550 

(805) 273-0300 
Hours: M-F 8AM-4PM PST 


Call or write for free catalog with over 

700~ 

• Software not guaranteed to work on all 
IBM compatibles. Call for dlscla1mer Info. 

BSPI088 

~ liHCCr 
111Un llrg tSSOCIATtOtl 
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TECHNOLOGY 


IBM SPECIAL ISSUE 


The Micro Channel 

versus the AT Bus 


IBM changed the rules with the PS/2 's Micro Channel architecture, 
but a lot ofATfans aren't playing along. Should you? 

hortly after IBM intro
duced the PS/2s in April 
1987, it stopped making 
the IBM PC, XT, and all 
but one model of the AT. 

The PS/2 machines offered more perfor
mance and a new, modular design. 

But the most radical change was the 
sharp break with the hardware bus stan
dard for expansion cards that IBM had 
established in 1981. Except for the low
end PS/2 models, IBM's original PC bus 
design is gone, replaced by the Micro 
Channel architecture. The MCA offers 
the promise of better throughput and 
multiprocessing, though these features 
have taken longer to be exploited than 
was expected. 

Had any other company introduced 
them, the PS/2s would have been hailed 
as innovative, clever, technically pro
gressive, and destined to fail due to Jack 
of IBM compatibility. But IBM 's mar
keting muscle worked to ship more PS/2s 
in a shorter period than any other com
puter ever built. Other vendors are build
ing MCA expansion boards or adopting 
the MCA bus in their latest computers. 
For example, Dell and Tandy recently 
announced computers featuring an 
MCA-compatible expansion bus. 

Meanwhile, other vendors offer 
microcomputers using the AT bus, the in
dustry standard established by IBM and 
now championed by industry giants like 
Compaq. A multitude of expansion cards 
are available for the AT bus, and clever 

Kerry Newcom 

designers have worked around some of its 
limitations while providing high-perfor
mance processing. 

So wbich computer archjtecture is best 
for solving today's problems? The best 
way to answer that question is to tackle 
the technical merits of the AT bus and the 
Micro Channel head-on. 

Where's the Standard? 
If you want to compare the Micro Chan
nel with the "industry-standard" AT 
bus, it' necessary to define the industry 
standard, and that ' s not as easy as it 
sounds. The original AT has evolved into 
several diverse high-end computers; to 
figure out where the industry standard is 
headed, it's best to look at its roots. 

The Micro Channel and the AT bus are 
both extensions of the local processor 
bus; that is, they're processor-specific 
and defined by the processor's signals . 
The original PC bus resembled the 8088 
processor. The AT bus expanded the ca
pabilities of the PC bus, in the same way 
the 80286 processor expanded the capa
bilities of the 8088. If there ever was an 
industry-standard bus, it stopped with 
the IBM Model 339: This was IBM's last 
AT-bus machine and was based on an 8
MHz 80286 processor . The significant 
thing about this industry-standard bus is 
that timing and mechanical specifica
tions were never published in the IBM AT 
Technical Reference manual. 

When IBM failed to publish timing 
specifications for the AT, it forced every 

third-party manufacturer to derive the 
bus timing from the schematics- a de
sign approach with some major pitfalls. 
The first pitfall is that there is no guaran
tee that what's in the schematics matches 
what's in the production units . 

The second pitfall has to do with the 
fact that to remain competitive, every 
clone manufacturer wants its computer to 
have the highest performance. The easi 
est way to do this is to turn up the proces
sor clock. As the clock speed increases, 
the design margin (i .e., the spare time 
that the bus has to complete an operation) 
decreases. If you increase the processor 
clock rate sufficiently, the design margin 
for cards built for the original AT disap
pears and the expansion cards begin to 
fail. Since the bus timings were derived 
from schematics, the exact margins are 
unknown . 

At this point the manufacturer has a 
choice between a fast, low-cost product 
with potential reliability problems and a 
fast, costly product that will work reli
ably. The additional cost comes from the 
circuitry required to couple a high-speed 
processor with a slower system bus. 

Most manufacturers opted for reliabil
ity and designed the AT bus to run at a 
slower speed than the processor. This ap
proach maintains compatibility with 
existing third-party add-in cards. It also 
improves reliability but ignores the origi
nal need for speed. The only way to 
boost the computing power is to design a 

continued 
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MICRO CHANNEL VS. AT BUS 

Table 1: The signnls for th£ ATbus and MCA bus compared. Note the 
additional signals for arbitration and control on the MCA bus. 

Slgnaltype 	 AT bus Micro Channel Definition/comments 

Proceaaor 	 SAO SA19 latched AO-A31 unlatched Address lines 
LA17 LA23 unlatched MADE24 
D0-015 D0.31 Data lines 
BALE AOL Address latch 

SBHE, SO. S1, M/-10 Memory and 110 status 
SMEMW, MEMW Memory and 110 enables 
SMEMR, MEMR derived from processor 

signals 
IOR. ION 

Memory REFRESH REFRESH 
I/OCH CHCK CHCK Parity or serious 

system error 

OMA/bus 
master control DR00-35-7 -PREEMPT OMA request 

ARB 0-3 
DACK0-35-7 ARB/GNT OMA acknowledge 
TC TC Terminal count 

BURST 

Interrupts 	 IRQ3-7, IRQ3-7 , 
IR09·12, 14, 15 IRQ9-12, 14, 15 
RESET CH RESET Reset 
MEM CS 16 CD OS 16 Control signals 
l/OCS 16 OS 16RTN for 16-b~ transfers 

Clock osc osc 14.3 MHz 

AT-specific O'NS Zero wait states 
CLK 8MHz 
MASTER Used to gain bus control 
AEN Address enable 

MCA-specific CDSETUP(n) 
CMD 
CDSFOBK(n) 
CDCHROY(n) 
CHROYRTN 
CD DS32(n) 
OS32 RTN 
TR32 MC 32-bit bus masters 
BE0 3 Byte enable 

Advanced memory 	 MMC Matched memory cycle 
MMCR 
MMCCMD 

high-speed local memory bus that can 
keep pace with the processor. Fast static 
RAM (SRAM) or interleaved memory 
addressing is used to satisfy the speed re
quirements of the processor without wait 
states . Eitotic support chips for numeric 
processing and other functions are added 
for additional processing power. 

Just when manufacturers got their 
80286 machines cranked to the max, 
Intel introduced the 80386. IBM kept 
quiet about its plans for the 80386. With 
no one to define a standard, the manufac
turers took the worst possible action-
they formed a committee. 

In 1986 a representative comminee of 
several manufacturers set out to define a 
standard 32-bit bus for the 80386, the 
Personal Computer Extended Technol
ogy (PCET) bus . To keep their 80386 de
signs secret, none of the major players 
joined the committee. When the first 
80386-based machines were announced 
in the fall of 1986, the committee dis
banded and no standard was established. 

Customers could always hope for a de 
facto standard: A standard based on larg
est sales or a system board that was de
signed into the widest variety of 80386
based machines. But no sing.le standard 
has emerged. While Compaq has the 
largest market share for 80386 com
puters , Intel sells an 80386 board of its 
own design to a large number of system 
integrators. Other popular computers are 
based on proprietary designs different 
from those of both Compaq and Intel. 

So what is the industry-standard AT 
bus that this muJtibillion-dolJar industry 
is based on? It definitely isn't the old AT 
bus: The resemblance of this bus to the 
ones inside computers now blazing away 
at 20 MHz and 25 MHz is only superfi 
cial. As Jong as a computer works with 
most of the popular add-in cards, the in
dustry standard is just about anything a 
manufacturer defines it to be . The bigger 
the manufacturer . the more "standard" 
its standard. 

To reach valid conclusions, the com
parisons in this article are limited to 
80386-based computers. This narrows 
the field to the PS/2 Models 70 and 80 
(which have no AT-rompatible slots) and 
the current crop of 80386 AT-bus com-

Video 	 VSYNC, HSYNC, 
BLANK 
P7-0, DCLK, ESYNC, 
EVIDEO, 
EOCLK 

Audio 	 AUDIO 

AUDIOGND 
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put.ers . 

Basic Bus Components 
An 80386-based AT-bus computer has a 
20- or 25-MHz 80386 processor, an 8
MHz system bus, one or two 32-bit pro
prietary slots (usually for processor 
memory) , three to six 16-bit AT-style 
slots, and perhaps up to three 8-bit PC-

continued 





MICRO CHANNEL VS. AT BUS 

style slots. Table I shows the signals for a 
standard AT bus and the MCA bus . 

The Micro Channel has 32 address and 
data lines, while the AT bus has 24 ad
dress and 16 data lines . AT-bus com
puters compensate for the smaller ad
dress range by using a local 32-bit 
address and data bus for processor mem
ory. Both the Micro Channel and the pro
prietary 32-bit buses use fast SRAM to 
closely match the 80386's speed. This 
fast SRAM eliminates the need for pro
cessor wait states during operation; com
puters using it show dramatic speed 
improvements. 

However, this type of memory is ex
pensive. The compromise between per
formance versus price is that only high
end AT-bus computers (such as those 
from Compaq or Everex) and IBM's 
PS/2 Model 70 provide this type of RAM 
in a cache (32K to 256K bytes) that mini
mizes processor wait states. Despite the 
design differences, the performance of a 
top-end AT-bus PC and the top-end 
Micro Channel PC are quite similiar (see 
"IBM and Tandy: Same Channel, Same 
Plan for Growth," September BYTE). 

That's the current situation. One thing 
to remember is that since there is a bigger 
market for the 32-bit Micro Channel than 
for the proprietary 32-bit buses, there 
should eventually be a larger choice of 
high-speed memory boards for the Micro 
Channel. With proprietary buses, the 
only choice of memory cards is what the 
manufacturer offers, and if you don't like 
that product you're out of luck. Propri
etary or not, pricing will probably re
main realist.ic, given the intense compe
tition in the industry. 

The MCA bus is unquestionably more 
difficult to design for than the AT bus. It 
takes more hardware to design an MCA 
card, because more features are required 
and card functions must be software-

configurable. The AT bus has few re
quirements, and it provides decoded sig
nals (e.g., MEMR/W, IOR/W) while the 
Micro Channel provides raw processor 
signals (e.g., SO, SI, SBHE, M/-10). 

Availability of decoded signals can 
simplify some of the card's logic, but 
you're limited by the speed of the bus de
code circuitry. Raw processor signals 
give the add-in card designer more op
tions: He can generate his own decode 
signals using expensive high-speed parts 
for performance or use slower, inexpen
sive parts to reduce costs in products 
where speed is not a factor. The flip side 
of this flexibility is that it increases the 
complexity of the design. 

If it takes more logic to design a Micro 
Channel card, it's logical that MCA 
cards are going to cost more. How much 
more is probably a marketing question 
rather than a technical one. Current 
MCA add-in cards are priced IO percent 
to 50 percent above their AT equivalents . 

The Space Squeeze 
One obvious difference between AT-bus 
cards and Micro Channel cards is size. 
MCA cards are 45 percent smaller than 
AT cards (see figure 1), and this real es
tate crunch poses all kinds of problems 
for designers. The smaller size of the 
MCA cards, combined with the required 
additional functions, means that most 
AT designs simply won't fit on an MCA 
card. 

A few companies have designed appli
cation-specific ICs for the Micro Chan
nel to reduce the number of ICs on an 
MCA card. Surface-mount ICs can also 
ease the space squeeze, but they increase 
manufacturing costs. Using similar tech
nology, it will always be possible to cram 
more capabilities on an AT card than on 
an MCA card. 

Improvements in design, competition, 

Figure 1: The MCA card is smaller in area than either the XT or ATcards. 
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and market size should bring more de
signs to the Micro Channel and bring 
prices down. However, at this time, the 
AT bus still offers far more add-in card 
choices and configuration options. The 
additional circuitry required on an MCA 
card could keep the cost of simple func
tions higher on the Micro Channel than 
on the AT bus. The high-end AT cards al
ready packed with circuits face an uphill 
battle in their migration to the Micro 
Channel, with the expected increase in 
cost. 

Direct memory access is available on 
both buses, allowing high-speed data 
transfer between memory and l/O. How
ever, it takes more hardware to support 
DMA on the MCA than on the AT bus. 
For example, the card must arbitrate for 
bus ownership, and the DMA levels are 
programmable in software. The benefits 
for the MCA can be significant. 

The Micro Channel supports eight 
DMA devices, while the AT bus.supports 
seven. In actual practice, DMA is usu
ally limited to three channels on the AT 
bus because most DMA devices can't use 
four of the available channels. The rea
sons for this originate with the original 
PC bus design, which supports only 
three DMA channels (actually four, but 
one is used for memory refresh). 

Most vendors design their cards to 
work with the PC bus, which lets them 
sell the card to both PC and AT owners. 
The problem here is that the card uses 
only a subset of the AT-bus functions and 
doesn't use the additional DMA channels 
at all. This crunch on DMA channels in 
the AT bus often leads to hardware con
flicts and configuration problems. The 
MCA automatically resolves DMA con
flicts and sets DMA priority in an ele
gant way through a combination of hard
ware and software. With eight DMA 
channels and a maximum of seven slots, 
it's unlikely that DMA conflicts will 
occur on the Micro Channel. 

Burst-mode DMA is an idea borrowed 
from minicomputers and officially intro
duced to desktops through the MCA. It is 
available on the AT bus as block-mode 
DMA but is rarely used because it i.sn 't 
well documented . Burst-mode DMA 
gives an l/O device uninterrupted access 
to the computer memory and results in a 
16-bit transfer every 200 nanoseconds 
for data rates as high as 10 megabytes per 
second. In contrast, the maximum DMA 
rate on the AT bus is less than 1 megabyte 
per second. Burst-mode OMA is best 
used in an application where the I/O de
vice has well-defined packets of infor
mation to transfer. It offers the potential 

continued 
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CORPORATE ART. 

ANOTHER CAREER OPPORTUNITY FOR PCs 


WITHOUT OUR 386 MOTHERBOARD: 

With Our MotherBoard, Your PC, XT or AT Can Run New 
OS/ 2 Releases! If you 'd rather keep your computer in the trenches 
than on a pedestal, get our386Motherl3oard. Our Board will give 
your spreadsheet, complex CAD aml graphics, and mult itasking 
appl ications a hoost to I oast about ln fact,our line of Motherflo;m~ 
accelerate your PC. PC/ XT or PC/AT to speed. equal to the IBM PS2 
Model 80. An ti faste1: Because we've buil t in 1Megabyte of high speed 
RAi\l and a38 math coprocessor socket. 

Accelerator Cards Have No Future. An accelerator card 
can onlyturn an obsolete computer into a faster obsol ete computer 
Our MotherBoanL~ advance your computer into a new 386system! 
The 1 run 0 '/~ . ~ indows/ 386. l 11X Va nd PC-MOS/ 386. For more 
powe1; you'll fi nd L6 -bit expansion slots that accommodate the latest 
1/0 expansion cards.OnJy our 386 MotherBoards give your 
PCs an unlimited fun1re! 

Technical Features• 16 MHz 80386 • I ,\ lcgabyte of IOO nscc 
4-way interleaved RAi'v1 • PC/li l' compat ible 1/0 and BIOSfor upport 
of 0 ·; 2 •Six 8-biL expansion slot • two 16-bit expansion slo1s: 
fou r on 386 MothcrBoard/AT •One32-hit expansion sl ot for up to 12 
~legahytes of hi f.\hspeed memory• Rattery-powcred clock calendar 

386 MotherBoard for the PC or PC/ XI' ........ ...... .. .... $1695 
386 Motherl.loard for tl1e PC/AT .... .... ........... .... .... Sl795 
386 Motherl3oard/ 20 Ml lz for PC/l\T ....... .... .. ........ $219" 
32-hit RAM Board (2 Mhyte installed: up to 10 ~ \byt es) ... . . 1195 
16 Ml lz 80387 math coprocessor... .... ... ...... ... ... ... .. S69 
16-bit combination hard disk/ Ooppy disk controller ..... ' 2~5 
Pncc~ sulijec1 10 ch:mge 

Power user l ikeyou'"~ ll find our easy-to- in tall ~ l ot herBoard to 
be trueworks of art. For more information. call : 1(800) 443-6284. 
In NewYork: (516) 434 -1600 All our product are avail able at 
your localcomputer dealer'TI1e Critics Applaud! PClv/aga.zine awardedour Board "The 
Hauppaug · Compu1er\Vorks. Inc.Editor" Choice" for 386 Replacement Floar<ls. PC Worldcalled it "the Hauppauge!..
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MICRO CHANNEL VS . AT BUS 

for very high speed hard disks, but so far 
this potential has gone untapped. 

Interrupts, Multiple Processors, 
and Video 
For AT-bus cards, there are two unsolv
able interrupt problems. The first prob
lem occurs when two cards share the 
same interrupt line . Because interrupt 
signals on an AT bus are edge-triggered, 
once the interrupt pulse goes away the 
processor bas no idea which card sig
naled for service. So each card on an AT 
bus must have a unique interrupt line . 
The second problem occurs when a pro
gram recognizes only one interrupt level 
yet needs to control two different cards. 

The Micro Channel solves both prob
lems by using a signal level rather than a 
signal edge to send an interrupt to the 
processor. Because each card drives the 
interrupt line until it is serviced by the 
processor, level interrupts can be shared 
by two or more cards. This also solves 
the software problem in the same stroke 
and lets a designer save time by setting up 
and testing identically configured MCA 
cards with one program. 

Multiple processors can be used on the 

AT bus and on the Micro Channel. The 
bus master signal (-MASTER) coupled 
with the DMA lines permit multiple 
masters on the AT bus, and the preempt 
signaJ (-PREEMPT) coupled with the 
DMA lines permit multiple masters on 
the Micro Channel. Multiple processors 
hold promise for a number of applica
tions . But the Jack of an independent tim
ing specification for the AT bus makes 
designing a reliable multiprocessor sys
tem impossible. The MCA solves this 
with a set of well-defined timing specifi
cations, but there are problems that re
strict its use, including a low bus band
width and limited operating system. 

OS/2 is a multitasking, but not a multi
processor, operating system. OS/2 lets 
one processor do many tasks, but it has 
no provision to split tasks among proces
sors. Without a multiprocessor operating 
system, syste m resou rces cannot be 
shared. This restricts a second processor 
to 1/0 tasks . The big gains that could be 
achieved through parallel processing 
will have to wait for the next generation 
of hardware and software. 

The Micro Channel defines a video 
bus; the AT bus doesn' t. The absence ofa 

video bus has had no effect on the AT 
graphics card business, as witnessed by 
the large number and variety of cards on 
the market. However, the MCA video 
bus has the potential of lowering video 
card costs; It provides easy access to the 
PS/2 's video DIA converter , and it also 
should help to standardize monitor ca
bling and interface circuitry. 

Finally , the MCA provides an audio 
line and audio ground not provided on the 
AT bus . This line won' t let you get high
fidelity sound from your computer, but it 
has potential for digitized voice and 
other analog applications . 

Software Configuration 
The Micro Channel's Programmable 
Option Select al lows software configura
tion of the expansion cards; with the AT 
bus , you must set switches or move 
jumpers to configure the card. POS is 
supposed to eliminate the hassles caused 
by configuration switches on AT cards. 
The jury is still out on whether it 's really 
an advantage or a disadvantage because 
of its awkward implementation. 

To achieve this level of functionality , 
cominued 
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... ''Makes building PS/2 boards simple" 
Electronics 

. . . "Quickens Micro Channel board design" 
Electronic Products 

••• ''Integrates all IBM PS/2 Micro Channel control needs" 
Electronic Design 

... "(CEC is) making it easier to soup up the PS/2" 
Business Week 

••• "Their chip is the most flexible we've seen" 
Microprocessor Report 

ONE CHIP PLUS is a complete 
Mi cro Channel interface on a chip , 
plus a development package that 
lets you build memory l/O or 
multifunction boards in less time 
for less money. 

ONE CHIP PLUS is a product of 
Capital Equipment Corp., a proven 
supplier of hardware and software 
for engineers. Call lOday. We can 
help you whether you ' re building 
one board or a million. 

Literature 1 800 234 4CEC 
Technical assistance (617) 273-1818 

PS/2 and Micro Channel are trademarks of International Business Machines 

0 E CI-IIP PLUS is a trademark of Capital Equipment Corp. 
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F ROM TIME lD TIME 
we make the BYTE sub

scriber list available to other 
companies who wish to send 
our subscribers material about 
their products. We take great 
care to screen these companies, 
choosing only those who are 
reputable, and whose products, 
services, or information we feel 
would be of interest to you. 
Direct mail is an efficient 
medium for presenting the latest 
personal computer goods and 
services to our subscribers. 

Many BYTE subscribers ap
preciate this controlled use of 
our mailing list, and look for
ward to finding information of 
interest to them in the mail. 
Used are our subscribers' names 
and addresses only (no other 
information we may have is ever 
given) . 

While we believe the distribu
tion of this information is of 
benefit to our subscribers, we 
firmly respect the wishes of any 
subscriber who does not want 
to receive such promotional 
literature. Should you wish to 
restrict the use of your name, 
simply send your request to the 
following address. 
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MICRO CHANNEL VS . AT BUS 

the Micro Channel requires software. A 
set of POS registers on Micro Channel 
cards eliminates the configuration 
switches but requires an adapter descrip
tor (.ADF) file that describes the card's 
characteristics to the POS software. 
Micro Channel boards can't be installed 
or removed without this .ADF file that 
defines their configuration. Installing a 
board takes about the same time on the 
AT as it does on the Micro Channel. With 
the AT card, you read the instructions, 
set the switches, and install the card. 
With the MCA card, you read the in
structions, install the card, and run the 
configuration software. So far, so good. 

Unfortunately, if you install and re
move boards often, configuring a card 
for the Micro Channel can take much 
longer than for the AT. Consider the case 
where you want to share a card with 
someone. On an AT, you set the card up 
once, pop it out of your AT, place it in the 
other AT, and you're ready to run. 

The same process on the Micro Chan
nel is far more time~nsuming. Firs1, 
you configure your computer for the card 
when you install ii, and lhen you config
ure the computer 10 forget the card when 
you remove ii . Each time you reconfig
ure, you need 10 find your reference disk, 
and ifyou misplace the disk, you musl re
configure every board . If you don't re
configure your Micro Channel computer 
after removing a card, the only error 
message is a decidedly unfriendly "165" 
code. No other message or instructions 
are provided . Wha1's frustrating is that 
you know the computer knows what's 
missing, but it won't tell you anything or 
let you continue. 

The configuration process gets even 
clumsier if a Micro Channel card has a 
hardware problem that causes a system 
board problem. On the AT bus, you sim
ply pull out the questionable board and 
see if the problem goes away. When you 
pull the Micro Channel card out, you get 
the " 165" error. You won't know if the 
problem went away until you reconfigure 
the computer. If the problem doesn't go 
away, you reinstall and reconfigure the 
board you just removed and start all over 
again with the next board. Software con
figuration is a good idea-IBM just fum
bled the implementation. 

Take Your Pick 
So, which bus do you want for your next 
computer? The AT bus admittedly still 
enjoys a much wider selection of add-in 
cards. Most of the cards are priced lower 
than equivalent Micro Channel cards be
cause they are simpler. Given equal tech
nology, the larger AT-bus cards will al

ways be able to carry more circuitry and 
therefore support more complex func
tions. The disadvantage of the AT bus is 
that it has run out of steam: It can't go 
any faster, and it has limited interrupt 
and DMA capability. AT-bus computers 
have managed to remain competitive, but 
at the expense of proprietary designs that 
lose some of the advantages of an open
architecture system. 

The Micro Channel's main advantage 
is that it is a well-defined 32-bit stan
dard. Mechanical, electrical, and timing 
parameters are carefully defined and 
readily available from IBM. This should 
lead to better, more reliable products. 
The Micro Channel was born a 32-bit 
standard, separate from the AT and free 
to break new ground. Unfortunately, AT 
hardware is not compatible with it. 

Each bus offers a set of advantages and 
disadvantages. How you weigh them will 
determine which computer is best for 
you . Ifyou own a lot ofAT-bus cards, you 
have strong incentive to stick to an AT
bus computer. Aggravating the decision 
process is that while the MCA is a better 
design, it is not overwhelmingly better . 
Hopefully, IBM will clean up the POS 
software's act. The MCA has a lot of un
tapped potential, like high-speed DMA, 
video, and sound capabilities. 

If you ' re just beginning to automate 
your office, there's not much risk in see
ing if the MCA will live up to its promise. 
And if you plan to own your computers 
for the long haul, remember that the 
MCA offers a well-documented 32-bit 
bus standard-something AT-bus com
puters don't. • 
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of non- interlace high resolution signal 
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with 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. 
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KEEPING UP 

WITH THE CPU 


Today's microprocessors are so fast 

that they can overwhelm system memory 


M 
ost ads for personal com
puters based on Intel's 
32-bit 80386 CPU trum
pet the same two things: 
the price and the proces

sor speed. First, such systems ran at 16 
MHz, then at 20 MHz, and now the cur
rent performance leaders use 25-MHz 
80386s. Unfortunately, as you can tell 
from a quick look at any table of bench
mark times, processor speed 
is not the only thing that de 
termines a system's overall 
performance. One other fac
tor that is playing an increas
ingly important role in the 
performance of the new crop 
of high-speed 80386-based 
microcomputers is memory 
architecture . 

As long as computers ran 
no faster than 8 or IO MHz, 
their memory architecture 
was not an issue; normal dy
namic RAM was fast enough. 
Most DRAM, however, can
not keep up with the newer, 
fast processors. While this 
problem is relatively new to 
microcomputers, minicom 
puter and mainframe design
ers have had to face it for 
sometime. 

The performance penalty 
for slow memory is similar to 
that for any other slow system 
component: Every time you 

Mark L. Van Name 

use it, overall system performance suf
fers. Imagine that you were running an 
80386-based system with only floppy 
disk drives; you would be fine as long as 
you didn't need any disk data, but when 
you had to hit the disk, you would pay 
with a long wait. The wait times for slow 
memory are obviously nowhere near as 
long as those for floppy disk accesses, 
but programs access memory almost 

constantly, so you pay the penalty almost 
all the time. 

When it cannot get data from memory 
fast enough, the CPU has t9 stop working 
and sit idle until it gets the data it re
quires. To understand just how much 
overhead these waits can cost, you have 
to look at the timing of both processor 
and memory operations. You can apply 
this type of analysis to any processor, but 

I will stick with the 80386. 

Processor Speed 
For this discussion, the most 
important aspect of a proces
sor's speed is its cycle time, 
the number of nanoseconds 
that it needs to complete its 
fastest instruction. You can 
compute a processor's cycle 
time by dividing 1 by the 
CPU's MHz rating; for exam
ple, a 16-MHz 80386 has a 
cycle time of62.5 ns . 

The cycle time alone is still 
not enough to determine how 
fast an 80386 can complete an 
operation. While some in
structions, such as NOP, can 
complete in one cycle, most 
take two or more cycles . Sim
ple register-to-register in
structions, such as CMP (com
pare) and ADD, require two 
cycles . Some of the more 
complex instructions can take 

continued 
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KEEPING UP WITH THE CPU 

much longer. like the nine cycles that MUL 
(multiply) , requires . 

These times assume that the instruc
tions are working on data that is entirely 
in registers. That is rarely the case in real 
applications. Usually , the input data has 
to come from memory , and often the pro
cessor has to send the result back to 
memory. When you add memory access
es, instructions take more cycles. An ADD 
instruction that has to get its input from 
memory goes from two cycles to either 
six cycles (if the answer goes into a regis
ter) or seven cycles (if the answer must 
go back to memory). 

Also , those numbers assume that the 
system's memory can supply the re
quired data fast enough to keep up with 
the processor. If it cannot, then the pro
cessor must wait for the data . Every 
cycle that the processor must wait is a 
wait state. 

Memory Speed 
So , when the 80386 needs to read or 
write to memory, how much time does 
the memory have to fulfill that request? 
Since typical 80386 memory accesses 
take two cycles , memory needs to re
spond in two times the processor ' s cycle 
time, or, for a 16-MHz 80386, 2 x 62.5 
ns, or 125 ns. That number suggests that 
100-ns DRAM or even 120-ns DRAM 
should do the job with no wait states. 

Unfortunately, that's not how it works 
out. Memory manufacturers rate their 
chips by what they call access. time. Ac
cess time is the time it takes those chips 
to supply information, assuming that 
they are ready to go. Each time the pro 
cessor accesses DRAM, however, the 
memory has to recharge before the pro
cessor can use it again. While there is no 
simple formula for computing recharge 
time, for most DRAM chips it is only 
slightly less than the access time. For ex
ample, 100-ns DRAMs have a recharge 
time of about 90 ns . 

This is still not quite the whole story in 
memory timing. DRAM has the disad
vantage that systems periodically need to 
refresh it or lose the data it contains. 
While there seems to be no single fixed 
overhead for DRAM refresh, on most 
systems it adds a performance overhead 
of between 6 percent and 12 percent. 

So, the actual speed of DRAM mem
ory is its cycle time, the access time plus 
the recharge time; 100-ns DRAM has a 
cycle time of about 190 ns . In addition , 
there is the periodic refresh overhead. 

The Problem 
When you compare the cycle times of the 
DRAM in most personal computers to 

80386 

Cache 

DRAM 

The Imel 82385 cache controller 
lets the 80386 run out ofa small 
high-speed cache whenever possible; 
it accesses slower DRAM only when 
the memory the 80386 needs is not in 
the cache. 

the cycle times of a 16-MHz 80386 (125 
ns), you see the problem: 100-ns DRAM 
cannot keep up with the processor, and 
you have to pay the overhead of wait 
states . The situation only gets worse for 
20-MHz and 25-MHz 80386s. 

This is the heart of the major problem 
that the designers of today 's high-speed 
microcomputers must face . The com
mercially available systems that have hit 
the market so far have tried to address 
this problem in one of the following six 
ways: live with it, or use faster DRAM , 
static RAM (SRAM), interleaved mem
ory, paged memory , or each i ng . 

What To Do? 

The simplest answer is just to design the 

system to accommodate the wait states 

that accompany the commonly available 

100-ns to 120-ns access time DRAMs. 

This technique is simple and inexpen

sive, but most system builders consider 

the speed loss prohibitive. 


Another simple alternative is to use 
DRAM memory that can keep up with 
the 80386. This is as simple as the previ
ous answer, and it avoids the wait slates, 
but there are a few problems. 

The first problem is the cost: DRAM 
chips get more expensive as they get 
faster . 

The second problem is more severe: It 
would take incredibly fast DRAM to 
keep pace with today's high-speed 
80386s without adding wait states. Even 
80-ns DRAM chips have a cycle time of 
about 140 ns, which is already too slow 
for the 125-ns cycle time of a 16-MHz 
80386 . When you move to faster 80386s, 
the processor's memory-access time re
quirements become even more stringent: 

A 20-MHz 80386 has a cycle time of JOO 
ns, while a 25-MHz 80386 clocks an 80
ns cycle time_ To support these chips, a 
system ' s DRAM would need access 
times of better than 60 ns and 50 ns , re 
spectively. DRAM chips that can handle 
these speeds are not readily available in 
quantity-at any cost. 

Even if you could get these chips, the 
system would still lose time for the peri
odic refreshes that DRAM requires. 

Another way to get around the slow 
cycle time of DRAM is to use SRAM in
stead . The cycle time for SRAM is basi 
cally the same as the access time, so 
SRAM chips run faster than DRAM 
chips with the same rating . For example, 
the Intel 80386 hardware reference man
ual says that a 16-MHz 80386 can run 
with no wait states with 100-ns SRAM , 
while 100-ns DRAM would not be fast 
enough. 

SRAM has one other advantage over 
DRAM: It does not need to be refreshed_ 
By removing the approximately 6 percent 
to 12 percent DRAM refresh overhead, 
SRAM improves the overall system 
performance. 

Dell Computer used SRAM in its first 
80386-based system, the 16-MHz PC 's 
Limited 38616. Because of the 125-ns 
cycle time of the 16-MHz 80386, Dell 
was able to avoid wail states with 100-ns 
SRAM. Even with 100-ns SRAM, how
ever, Dell's engineers found that the sys
tem could run with no wait states for only 
about the fir st megabyte of memory_ 
After that, the system timing changed 
with the load on the bus, so that the 100
ns SRAM chips proved to be about 7 ns 
too slow . Dell employed some propri
etary technology to work around this dif
ficulty and gain a buffer of 10 ns so the 
system could stay with 100-ns SRAM 
and still have no wait states. 

When you try to buy SRAM memory , 
however, you run into the major disad
vantage of this approach: cost. SRAM 
chips generally cost much more than 
comparably rated DRAM chips . The 
cost is high enough that none of the cur
rent high-end 80386-based systems are 
using SRAM for their main memory_ 

Playing the Odds 

All three of the above methods yield sys

tems with a guaranteed level of perfor

mance. Systems that use them pay a 

fixed number of wait states-zero or 

more- essentially all the time. 


If you feel like playing the odds, there 
are other options . As they execute, com
puter programs follow common patterns 
most of the time. Programs tend to work 
in relatively small areas of code and data 
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• 80286-10 (10/6 MHz) • 640K RAM 
• 1.2MB FOO • 200W POWER SUPPLY 
• 101 KEYBOARD • 808287 MATH SOCKET 
• W .D. CONTROLLER (2 HOO. 2 FOO) 
• TURBO-SPEED BUTTON 

WI LED INDICATOR 

• KEYBOARD LOCK & RESET BUTTON 
• PHOENIX BIOS • 20 MB HOD (ST-225) 
• SERIAL.PARALLEL, GAME PORT 
• EGA G CARO (AUTO S/ W) 
• EGA MONITOR (640 x 350) 

• COMPUTER CABINET DIMENSIONS 
21 "L x 16.S"W x 6" H 

'···.. 

• 8088-2 8 MHz TURBO CPU 
• 640K RAM • 1-360K FLOPPY DISK DRIVE 
• 1-20 MB HARD DISK WI CONTROLLER 
• CLOCK CALENDAR W/ BATTERY BACKUP 
• SERIAL.PARALLEL.GAME PORT 
• MONO GRAPHIC CARD 
• 12" TTL AMBER MONITOR 
• FRONT RESET & TURBO SWITCH 
• POWER & TURBO LED INDICATOR 
• 101 FULL FUNCTION ENHANCED 

KEYBOARD 
• 150W POWER SUPPLY 

~ 

OPTION: • 12MHZ 0 WAIT STATE 
OPTION: • NEW COMPACT SIZE CABINET 

(DIMENSION - 14.S"W x 16"L x 7"H) 

COMPUTER SYSTEM ~80386 w/40MB HDD 
• 32 bit 80366-16 MHz CPU • 40 MB HARO DISK (ST-251 40ms) 
• 1 MEG RAM (80ns) • 1.2 MB FLOPPY DISK DRIVE 
• 200W POWER W/ DESKTOP CASE 
• SERIAL, PARALLEL. GAME PORT • 101 ENHANCED KEYBOARD 
• MONO GRAPHIC CARD • 14 " TTL AMBER MONITOR Glt 

KEEPING UP WITH THE CPU 

for a fairly long time (in processor terms) 
and then go through a short transition pe
riod and move to a new area. This con
cept is fairly intuitive: Most programs, 
like most people, act on input relatively 
soon after they get it, mull it over for a 
time, and then move on. 

Most 80386-based computers use sta
tistical methods that count on the fact 
that most programs behave this way most 
of the time. They typically use 80-ns to 
120-ns DRAM in conjunction with an ar
chitecture designed to capitalize on this 
type of program behavior. 

When the program that is currently 
executing follows the predicted pattern, 
80386s run with no wait states. When 
that program deviates from the pattern, 
there is often a penalty of one or two 
extra wait st.ates beyond those required 
by the slower DRAM . 

Each program's particular mix of in
structions and data flow affects its per
formance. Minicomputers and main
frames have used various kinds of sta
tistical approaches for years. 

In addition to their gambling nature, 
most of these approaches share one other 
attribute: They concentrate far more on 

speeding memory reads than on helping 
memory writes . They do so because 
most programs read from memory far 
more frequently than they write to it. 
Some systems even let memory writes al 
ways run with wait states. 

Interleaved Memory 
Systems that use interleaved, or bank
switched, memory try to avoid paying the 
overhead of DRAM recharge time for 
most memory accesses. They rely on the 
fact that programs will tend to access 
memory locations consecutively. 

To capitalize on this type of behavior , 
they divide memory into banks. The 
banks recharge at different times, so that 
only memory in the bank that the proces
sor just accessed has to recharge . The 
other banks are available immediately. 

The memory is split among the banks 
so that each bank contains every nth ad
dress, where n is the number of banks. In 
the simplest model, which most inter
leaved PC-based 80386s follow, there 
are two banks. One bank holds the mem
ory locations with even addresses, and 
the other holds those with odd addresses. 
As long as a program accesses memory 

sequentially, it runs with no wait states. 
It hits first one bank, and then, while that 
bank is recharging, the other one. 

This approach is great if a program is 
executing straight- line code (one state
ment after another with no jumps), be
cause then the processor is fetching con
secutive instructions from consecutive 
memory addresses. When a program 
starts working with memory locations 
that are not consecutive , as it might when 
it jumps or reads data , then it has a 50 
percent chance of hitting the bank that is 
ready to go. If a program needs two 
memory locations from the same bank, 
then it is forced to pay the usual wait
state penalty . 

The Chips & Technologies 386 sup
port chip set (and, therefore, the ma
chines that use it, such as the Tandy 
4000) employs this architecture. That 
chip set's interleaving only works , how
ever, when there is an even number of 
memory banks. If there is onJy one mem
ory bank it runs with wait states. This i 
why the Tandy 4000 runs faster with two 
I -megabyte banks of memory than it 
does with one. 

continued 
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Paged Memory 
Another statistical option is paged, or 
sratic-column , DRAM. Don't be con
fused by the name: This approach does 
not use SRAM. It uses special DRAM 
chips that are more expensive and harder 
to find than normal DRAM chips , but 
they are still DRAM and far less expen 
sive than SRAM. 

This approach divides memory into 
fairly small (typically, 2K-byte) chunks. 
or pages. Consecutive accesses to mem
ory locations in the same page can run 
without wait states. The word static re
fers to the portion of the address of each 
of those locations that identifies the page , 
because that portion does not change be
tween the two memory accesses. When 
the program has to change that address 
portion (i .e. , when it has to get memory 
outside the current page) , it runs with the 
normal wait states. 

Paged memory works best when pro
grams tend to work repeatedly on the 
same page of memory. This situation oc
curs with page-size chunks of straight
line code, as well as with loops that fit 
within a page. 

The first Compaq 80386-based sys

tem, the Compaq 386/16, used this ap

proach with 2K-byte pages . Compaq 

claimed that it yielded an effective per

formance of about 0 .8 wait states with 

100-ns static-column DRAM . 


Caching 

While you can find 80386-based systems 

that use all these approaches, most of to

day ' s speedsters have settled on a com

promise between SRAM and DRAM that 

involves a memory cache. 


A cache is a small portion of very 
high-speed memory . Most of today' s 
fastest 80386 systems use a 32K-byte or 
64K-byte cache of25-ns to 35-ns SRAM. 
They use 80-ns to 120-ns DRAM for the 
bulk of their memory. The goal of the 
cache is to give as much of the perfor
mance benefit of SRAM as possible with 
a minimum amount of the expense. 

The principle behind caching is easy 
to see: If the memory location the proces
sor needs is in the cache (a cache "hit"} , 
then it can get that memory without any 
wait states . With a 25-ns SRAM cache, a 
system can easily support even a 25-MHz 
80386 . If the memory the processor 
needs is not in the cache (a "miss") , then 

the processor has to pay in wait states 
while the memory comes from the slower 
DRAM (see the figure on page 102) . 

Any memory that the processor needs 
from DRAM goes into the cache, so if 
the processor needs it again later, it 
might be there . Of course, because the 
cache is small , it is usually full, so new 
entries have to displace old ones . When 
that happens , most caches use a tech
nique known as LRU (least recently 
used) replacement to determine which 
entry to remove. This technique picks 
for removal the cache entry that the pro 
cessor has least recently used. 

Caching, like the other statistical ap
proaches, counts on programs working 
with a relatively small number of mem
ory locations for relatively long stretches 
of time . 

You can state the effectiveness of a 
cache by its hit rate, which is the percent
age of the time that the memory the pro
cessor needs is in the cache. One of the 
most common cache controllers, the sin 
gle-chip Intel 82385, claims a hit rate of 
95 percent with a 32K-byte cache. Many 
of today's fastest 80386-based com

cominued 

WE KEEP YOU ONE STEP AHEAD 
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They are high quality - we understand that your reputation relies on ours 
n1ey are backed with great service: local reQ.aff, same day or next 
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GAUSS 


Now you can run most routines at or near the capacity of your hardware. 

From Bell Labs to Caltech, research scien  routine and applications, documented in the 
tists and engineers have found GAUSS can help updated 2.0 manua l. All th is for the to tal price 
them solve problems with their PCs that would ofjusl $395. So don't waste another minute 
take them hours longer 
with conventional lan 
guages . And not only 
does GAUSS run fasr , 
it's easier to program 
because its language is 
closer to mathematical 
syntax. GAUSS allows 
you to easily enter 
your own ideas even if 
you are not a program
mer and saves time by 
inc.luding over 200 
mathematical routines. 

9 0 x 9 0 Double Precisiun Matrix MultifJ~Y 

13.8 seconds 

Microso ft C 
Version 5.1 

D
12.7 seconds 6.6 seconds 

Ryan McFarland Gauss 
Forl ran 2.43 Version 2.0 

running at half speed , 
order GAUSS 2.0 
today. 

We ' re so sure 
GAUSS will make 
you more productive, 
giving you more an 
swers Lo more ques
tions more quick ly, 
that we guarantee it. 

If you are not 
complete ly sati sfied 
with the power, speed 
and flexibility of 

Now GAUSS 2.0, the second generation of 
the new breed of matrix handling programming 
languages is available, with indexed , easier-to
use documentation , on-line debugger and 
Smart"' on-line help th at can even handle your 
own functions. And GAUSS 2.0 is faster, up to 
20% on some calculati ons, compared to our 
previous versions. 

The GAUSS sy tem includes publication 
quality graphics and a library of mathematical 

GAUSS imply return it for a full refund. NoYou can even ca ll your favorite Fortran, C or 
ques tions asked . Call (206) 631-6679 to order. assembler subroutines. 

GAUSS - faster , easier. smarter. .. guaranteed. 

I~~· 
GAUSS™2.o 
FOR IBM PC·XT·AT·PS/2 & COMPATIBLES 
WITH MATH COPROCESSOR 

BY APTECH SYSTEMS, INC. 
26250 - 196th Place SE 
Kent Washington 98042 
Phone (206) 631 -6679 
FAX (206) 630-1 220 
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FIVE GOOD REASONS 

TO BUY AMOUSE·TRAK: 


puters , including lhe most recent ma
chines from Compaq, ALR, and IBM, 
u e the 82385 . 

Many cache controllers , however, do 
not handle memory writes as well as 
memory reads . Some caches send all 
memory writes to main memory , even if 
the desired memory location is in the 
cache. This technique is called write
through . It forces all main memory to 
pay the wait-state penalty of the slower 
system DRAM. 

More sophisticated cache controllers, 
such as the 82385, use a posted-write ap
proach to handle memory writes. If the 
memory location that is the object of the 
write is in the cache, the cache controller 
writes to the cache immediately , with no 
wait states. Then, while the processor is 
busy working on other things, the cache 
controller sends the memory write out to 
the main memory. 

There are two potential problems with 
the posted-write technique. During the 
time after the cache controller writes to 
the cache and before it has finished writ
ing to the slower DRAM, the values for 
the changed location are different in the 
cache and in the main DRAM . The 

DRAM location is out of date. Ifonly the 
80386 can read memory , that's no prob
lem, because the 80386 can get the cor
rect value from the cache. Most micro
computers, however, contain other 
direct-memory-access components, such 
as peripheral controllers. Those compo
nents can go to memory directly and 
could encounter out-of-date DRAM loca
tions . The cache controller must make 
sure that any DMA reads get the correct 
value for each memory location. 

Unfortunately, the problem can go the 
other way as well . A DMA component 
can write to a location in main memory 
that the cache controller is also keeping 
in the cache. The cache is then out of 
date , and ifthe processor reads that loca
tion from the cache, it will get an out-of
date value. 

The 82385 solve this problem by a 
technique known as bus snooping , in 
which it monitors the system's bus con
stantly and watches for DMA writes. 
When a OMA device writes to memory , 
the 82385 checks the address of each tar
get location to see ifthat location is in the 
cache. If it is , the 82385 marks the cache 
copy as invalid, so that the next time the 

processor tries to read that address , the 

cache controller will fetch the correct 

value from main memory. 


The Winner? 

Caching works most of the time for most 

applications ; however, like the other sta 

tistical approaches , it offers no guaran

tees . The only architecture that can 

guarantee no-wait-state performance is 

pure SRAM , and most system manufac

turers today consider it prohibitively 

expensive. 


Because of the avai lability of relatively 
inexpensive, single-chip cache control
lers like the Intel 82385 , most of today ' s 
fastest 80386-based systems use caches . 
Some manufacturers, such as ALR with 
its FlexCache 25386, are also building 
their own cache managers . 

In either case, caching seems to be the 
architecture of choice for the fastest 
80386-based computers today and it is 
most likely to remain so for some time to 
come. • 

Mark L. Van Name is a freelan ce writer 
and computer consultant. He can be 
reached on BIX clo "editors.·· 

Counl them. Wi1h MOUSE-TRAK, 
fi ve fi ngers do all the work . Because 
ii u es lrackball lechnology, input 
and precision control is at your 

fi ngertips. not your elbow. 
With CAD , Desktop 

. Publishing or Spreadshee1 
apphca1ions. MOUSE-TRAK i · eas ier, fas ter, more 
relaxed and a lot more comfortable to use than 
ordi nary input de vices . 

MO SE-TRA K OFFERS YO OPTION 

l rir J. bunon - ~1x:cJ cn111 ml - Mul11plt.• l rllc rfaci n ~ 

MOUSE-TRAK is stat ionary. Only 1hc highly 
efflcienl trackball moves, eliminalinu 1iresome 
arm and wrist movement. You can operale 
MOUSE-TRAK in your hand, even si1 back 
with it on your knee. It p!Ltg into your 
computer and needs no additional power supply. 

User definable input keys are in easier-to-use 
localions. The uniquely patented shape has 

been developed through 
~ rigorous ergonomic 
._.,.. studies of hand 

sizes and 
--..._ finger geom 

eLry. Made 
in the U.S., 

MO USE-TRAK 

is already in use by the military in planes , subs and tanks. 
Engineers a l IBM "' , Texas Instrument '"" and Motorola '" are 
also u ing MOUSE-TRAKS . 

MOUSE-TRAK carrie a money 

back guaran1ee. If you don·1 

like using MOUS E-TRAK 


I 

within 30 days we· 11 
refund your money. 
J\nd , if you do like 
it . we'll give you $10 
for your old mouse. 
MOUSE-TRAK 
ra nges in price from 
$ 139-$ 189. 

Call U to ll -
free fo r the 

complete story 
0 11 MOUS E
TRAK and lhe name of a dealer near you . 

Our new brochure is avai lable upon request. 


1-800-533-4822 

(in Texas 214-494-3073) 

l 11HtHSC··f1•:1lc: r 
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"Be~t looking. Best built. Best petform.i.ng." 
That's the way industry experts desctibe 
the AST Pre.rnium®/286. We'd like to add 
something new: "Best solution for 386 up
gradeability." Than.ks to the AST Premium 
FASTboard/386:" 

It instantly gives the AST Premiwn/286 
high-perfmmance 161\1Hz, 386'" proces
sing power with trne 32-bit memory and 
high-speed 64Kb cache. Which is like get
ting a whole new computer that support! 
the next generation of multitasking, mu..lti
user software without paying a vvhole new 
price. 

The AST Premium/286's FASTslor archi
tecnu-e makes the upgrade to 386 power 
simple and easy. Forget about removing 
or disabling the 286 chip. Or fussing with 
cable connections to the 80286 socket 
Plus, you retain the 80286 processor, 
which allows you to continue running 
286-based software. 

And wilike other 386 upgrade solutions, 
AST Premium FASTboard/386 provides 
plenty of 32-bi.t system memory. Up to 8 
MB to take full advantage of 386 operat
ing system software, such as Microsoft.€ 
Wi.ndows/386;" XENIX'" and UNIX:" 

So, for the hottest 286 on the market 
today that provides high-petforma.nce 386 
processing power in the future, think FA T. 
Fast and easy AST Premium/286 upgrade
ability with AST Premium FASTboard/386. 
For more inforrna.tion, call (714) 863-0181 
and ask for operator AA50. Or fill out the 
coupon below. 
r------- ----- --,
I C Pl ea~e .lend me more infonnation on 1he 

AST Premi un\/286 and 1h e 
I AST Premi um f'ASTbonrd/386. 
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I Company ______________ 
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I Phone,___ __,,____________ 

I Send to: /\ST lk"·ard1, lnc. 2 l 21 Ahon !\vrnuc-, Irvine-, CA 
927 14-4992, Atm: M.C. BYrE 1015188 

L_____ ____ _ I 

AST l .. prom.I IU 
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Summtr 0l)· rtip1~RESEARCH INC. • 
Times Have Changed. 
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INTERACTIVE's 386/ix runs IJ.NIX... 


SVID·cemfled UNIX" !or he 386. Software Development Tools. 

Texr P ocessmg. VP/ix" MS·OOS' vnder UNIX . Network Connection 

Faciltl1es: RFS, NFS, TCP/IP. TEN/PLUS. Users Enwonment. X Windows. 


and MS-DOS... 

INTERACTIVE developed VP/1x w11h P/1oemx 
Technologies m order 10 run MSDOS programs under 
UNIX Here are a few of the /llousands of DOS programs ihar run 
unmod11ed under our Pflx 

Come See Us At UNIX EXPO Booth No. 121 

r;:~ 
\ Tc. I <: 

INTERACTIVE developed UNIX V.3 lor lhe 386 with AT&T 
and Intel. And. as you might expect. rhousands of UNIX applications run 
on 386/ix unmodified. Tl1at's wha1 srandards are all about. 

and XENIX. 


INTERACTIVE mcorporated XENIX compat1b1l1/y mto UNIX. He1e are afew 
of the hund1eds of XENIX.based applica1ions thar run unmodified on the 
386/lx Operating Sysrem. 

~o~ Call freeof charge. 1-800-346-7111 
J.»1 
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WHITHER 

IBM AND UNIX? 


New entries in the operating system arena have heated up the battle 
for a powerful, standardized microcomputer version ofUnix 

!though Microsoft and 
IBM would have us be
lieve that OS/2 is the op
erating system of the fu
ture, Unix has been 

gaining ground in the operating system 
marketplace. And whil ~ IBM has main
tained a low profile in the Unix world, it is 
nevertheless a force to be reckoned with. 

IBM has had Xenix and PC/IX run
ning on the AT for some years 
now. Microsoft's Xenix, the 
most ubiquitous Unix in the 
industry, is well known. 
PC/IX, Interactive Systems 
Corp.'s (ISC) port of Unix 
System III to the XT and AT, 
is more obscure. PC/IX is an 
AT&T-licensed port of Unix 
that performs well on a PC 
XT and has proved itself in 
several documented projects, 
the most profound being An
drew Tannenbaum's Minix, a 
Unix version 7- compatible 
operating system developed 
under PC/IX. Unfortunately , 
PC/IX fell prey to anemic 
marketing and support due to 
its potential competition with 
IBM 's proprietary products. 

At the end of last year, 
Xenix became available for 
the IBM PS/2 in the form of 
SCO Xenix 386 from the 
Santa Cruz Operation (De
cember 1987 BYTE). Now 

Jason Levitt 

IBM is trying to center its entire Unix 
strategy for large and small systems 
around a version called AIX. 

AIX: It's Never Too Late 
Industry observers often chide IBM for 
getting on the Unix bandwagon late in the 
game . Although the C language was 
ported to the IBM/370 architecture in 
1974, and a port of Unix running under 

the VM/370 operating system was in ex
istence as early as 1976, these were not 
projects sponsored by IBM, but simply 
useful exercises demonstrating portabil
ity to an architecture radically different 
from DEC's PDP-11. IBM's current uni
fied approach to Unix didn't take shape 
until the introduction of its RT worksta
tion in 1985, nearly two years behind 
Unix workstation leaders Sun and 

Apollo. 
AIX is ISC's port of Unix 

System V version 1.0 to the 
RT's RISC (reduced instruc
tion set computer) processor. 
With the recent release of 
AIX for the PS/2 Model 80, 
AIX is now IBM's unified 
Unix approach for the future. 
Today, after several years of 
furious development within 
IBM, outside the auspices of 
ISC, AIX has matured con 
siderably. The technical im
provements of System V ver
sion 2.0, along with bits of 
version 3.0, and a host of 
Berkeley (BSD 4.2) Unix en
hancements have been incor
porated into AIX. AIX has its 
own distributed file system 
(see "The IBM RT Gets Con
nected," in the Fall 1987 In
side the IBM PCs) . 

One of the unique features 
of AIX is its use ofthe Virtual 
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Resource Manager (VRM), an interface 
that hides the complexjties of the hard
ware from the operating system software 
(see figure l) . In its origfoal incarnation, 
the VRM could be viewed as a tiny ver
sion of VM/370, hosling different oper
ating systems as specialized virtual ma
chines . The AT coprocessor card , 
running DOS, is viewed by the VRM as a 
virtual machine. The VRM provides ad
ditional features not present in System V, 
such as virtual terminals (full-screen 
windows) and real-time capabilities . 

An entity such as VRM , however, is 
not popular in the Unix world because of 
its proprietary hooks. Here is an inter
face written in IBM's own proprietary 
PL.8 systems language that hosts differ
ent operating systems and requires a 
VRM device driver for any correspond
ing specialized Unix device driver. For
tunately, the need for such a robust for
eign interface within IBM's unified 
Unix strategy is waning. Andy Heller , 
IBM vice president and general manager 
of Advanced Engineering Systems, says , 
" We gave the VRM more autonomy than 
it really did need. Over the next year or 
two, the VRM as a stand-alone entity 
will probably disappear. But all of the in
terfaces that are part of the VRM, all of 
the Virtual Machine Interface structures 
wilJ be there because those really are 
needed to use the system in a broad spec
trum of applications ." 

C[early, 
IBM sees OS/2 as being 
for end users and AIX 

for technical and 

research environments: 
"different operating 

systems coming from 
different heritages with 
different applications." 

AIXandSAA: 
Big Pieces of the Puzzle 
At a recent Uniforum conference, Wil
liam Lowe, president of IBM's Entry 
Systems Division, said that AIX would 
eventually conform almost entirely to 
IBM's Systems Application Architec
ture, except for the user interface. The 
SAA specifies a set of interconnectabil
ity and software consistency across the 
broad range ofIBM's hardware. Interest
ingly , the SAA's user interface is OS/2's 
Presentation Manager. So, although AIX 
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Memory management 
Configuration 
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Virtual memory manager 
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PC services 
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Figure 1: A/X's Virtual Resource Manager (VRM) hides the complexities ofthe 
hardware from the operating system software. 

for the PS/2 Models 70 and 80 is sched
uled for release in the fourth quarter of 
this year, right alongside OS/2's Presen
tation Manager and beefed-up network
ing; it will still be essentially a line-ori
ented version of Unix (see the text box 
" OS/2 versus Unix" on page 112). 

Although AIX includes MIT's win
dowing interface, X-Windows (but with
out applications written using the X li 
braries), it is only a little better than the 
full -screen windows available under 
AIX and Xenix, which allow the user to 
flip through virtual terminal sessions 
using a hot-key sequence. Clearly , IBM 
sees OS/2 as its solution for end users and 
AIX as the solution for the technical and 
research environments . Heller describes 
the IBM view as "different operating 
systems coming from different heritages 
with different applications ." 

So , although AT&T and Sun view 
Unix as the end-user solution, IBM plans 
to delegate only those tasks to Unix that it 
doesn 't perceive to fall into the realm of 
OS/2 applications. 

Unix and OS/2: Big Differences 
Ifyou're a Unix user, you need only pick 
up a copy ofOS/2 Standard Edition I.Oat 
your local computer store to see the dis 
parity in these two operating systems . As 
packaged, OS/2 appears very much like 
MS-DOS . The same hierarchical file 
system persists, and, save for the addition 
of a handful of commands, the com
mand-line prompt is the same barren 
landscape. A user-friendly shell called 
the Program Selector lets you jump 
among applications running in full 
screen windows. OS/2 is multitasking, 
not multiuser, and it has a full comple
ment of operating system facilities avail 
able to the systems programmer, includ
ing most of the interprocess communica 
tion facilities present in System V. 

If you paid $3000 for the Microsoft 
OS/2 Software Developer 's Kit, you can 
begin to hack out OS/2 programs using 
Microsoft C, CodeView, and a handful 
of utilities. To be fair , nobody really ex
pects OS/2 to have the depth of software 
tools that is available under Unix. It' s 
just a shame that so many common func
tions have to be programmed from 
scratch or purchased in order to create a 
useful software development environ
ment. One major thing OS/2 and Unix do 
have in common is that they are both 
written largely in C. 

And What About Xenix? 

The availability of Xenix on PS/2 Models 

70 and 80 is of little interest to IBM , 
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WHITHER IBM AND UNIX? 

OS/2 versus Unix: 

Is DOS Compatibility the Key? 


T he three main strengths ofOS/2 are 
ease of use, DOS compatibility, 

and IBM connectivity. The architects of 
OS/2 make no secret of the fact that 
DOS compatibility took a huge amount 
of effort in the development of OS/2 . 
Trying to develop a new operating sys· 
tern designed to overcome the limita
tions of DOS but at the same time main
tain compatibility with it has clearly 
been one of the stumbling blocks for the 
developers. OS/2's IBM connectivity is 
strictly in the form of the LAN Manager 
and the Database Manager, both of 
which adhere closely to standards in the 
IBM mainframe environment, like the 
3270 and DB2, but ignore standards of 
the DOS and workstation environment, 
like dBASE and Ethernet. 

While OS/2 has other drawbacks, 
some of these may not be that important 
in the long run . OS/2 runs only on 
80286- and 80386-based systems and 
adheres to the limitations of the 80286 
chip (-0nly 16 megabytes of addressable 
physical memory, for example) . How
ever, an 80386 version of OS/2 will sup
posedly be available late next year. 

OS/2 is not a multiuser system, but 
advances in networking and distributed 
software will eventually make this a 
moot point. And although there are cur
rently few applications available under 
OS/2, we can make the assumption that 
piles of software are being prepared to 
take advantage of OS/2's capabilities. 
OS/2 will probably overtake Unix in the 
breadth and variety of applications 
available. 

While ease of use may be OS/2's 
most compelling advantage over Unix, 
the importance of DOS compatibility 
should not be underestimated . OS/2 of
fers DOS compatibility through the 
DOS Compatibility Box (DCB), which 
allows one DOS program to run at a 
time under OS/2. 

When a DOS program is running 
under the DCB, it takes control of the 
screen and keyboard and is subject to all 
the constraints of MS-DOS: the 640K
byte memory limit, the 32-megabyte 
hard disk limit, and so on. A hot-key se
quence lets you suspend execution of the 
DOS program and move into a pro

tected-mode OS/2 environment. 
Additionally , the DCB operates as 

one process under the OS/2's scheduler, 
so the program running in the DCB 
doesn't get 100 percent of the CPU as it 
would under DOS . The most extreme 
example is when you bit a hot-key se
quence to temporarily get back to the 
OS/2 environment: The suspended DOS 
program gets no processor cycles, so 
real-time programs or timing-depen
dent programs will not operate prop
erly. Basically , any DOS program that 
tries to poll or directly use any hardware 
without using the appropriate program
ming interface may fail. And since the 
offending program is running the 
80286/80386 ' s real or unprotected 
mode, it can bring OS/2 down with it. 

In the Unix marketplace, several 
software packages have emerged in the 
form ofUnix retrofits that allow Unix to 
execute in the full protected mode of the 
80286/80386 while allowing multiple 
DOS tasks to execute in real mode. A 
typical system is Merge 286 by Locus 
Computing. Merge is a seamless union 
of DOS and Unix . DOS programs can 
ru.n from either the DOS Environment 
(DE) provided by Merge or from the 
Unix shell . You can access both DOS 
and Unix partitions of the hard disk 
from either the Unix shell or the DE. 
Output from DOS commands can even 
be piped into the standard input of Unix 
commands . 

On the 80286, Merge' s limitations 
are identical to OS/2's: Only one DOS 
process can execute at a time, and if it 
decides to write zeros all over memory, 
it can. On the 80386, though, Merge 
uses the virtuaJ 8086 mode, allowing 
multiple DOS programs to execute . 
(For more on this subject, see " DOS 
Meets Unix" by Dale Dougherty and 
Tim O'Reilly on page 117.) 

The compatibility issues of DOS/ 
Unix environments are similar to the 
ones mentioned for OS/2: hardware- or 
timing-dependent programs cannot 
run. However, errant DOS processes 
running under the virtual 8086 mode 
cannot escape the limitations of their 
address space and crash the host Unix 
system. There is no reason to assume, 

however, that OS/2 will not al low multi
ple DOS sessions when the 80386 ver
sion is released in late 1989. 

Ease of Use 
OS/2 isn 't going to win any converts 
strictly on the basis of DOS compatibil
ity , but it might win some because it is 
easier to maintain and operate than 
Unix. This is the issue that springs up 
every time Unix is mentioned as an end
user system: Unix command syntax is 
too terse, Unix doesn't provide enough 
feedback, Unix isn' t consistent. 

True, Unix is available across a wide 
variety of architectures and exists in 
several different flavors . For example, 
system administration procedures vary 
significantly on a Sun-3, an IBM RT, 
and an IBM PS/2 Model 80 running 
Xenix. And only the Sun-3 has a well
developed windowing system with a lot 
of applications. OS/2 will have the Pre
sentation Manager for its user interface, 
and that has the requisite Macintosh 
look and feel toward which the industry 
is leaning . Unix will have Open Look 
providing the same function . Both will 
be available in the fourth quarter of 
1988: Presentation Manager from IBM 
on the PS/2 Model 80, and Open Look 
on the AT&T 6386 workstation. 

Still, the large percentage of users 
who were attracted by the raw simplic
ity of DOS- those who want to run their 
applications and nothing else-will 
find, for now, that OS/2 maintains that 
basic simplicity. The installation and 
maintenance of OS/2 has been rendered 
elegantly simple due to the extensive 
help menus and auto-<:onfiguration. Be
cause it 's a single-user system, system 
administration is greatly simplified. 

Unix has about a 10-year lead in tech
nology and tools for multitasking, muJti
system software development. But con
sidering the massive capital mounting 
behind the OOS-to-OS/2 push, this might 
not be such an important point. Unix is 
still struggling to become a unified 
standard , and the prospect of waiting 
until the end of 1989 to see what hap· 
pens between the AT&T/Sun team and 
the Open Software Foundation is not a 
pleasing forecast for Unix enthusiasts . 
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Putting the Power In Your Hands 
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•Priam 1045H 145MB, 2BMSJ . . . , ... , .... . . , . , ....• .. . ... . ... ... •.•. •.. . . . ... . . . 489. 

· Priam 1062 (70MB, 28MSJ.... .. .. .. .. ... ..•.... .. •.. •• .• • .. . . .. . . • . • .••.. ... .659. 

•Priam 10130 i160MB, 28MSJ ... .. . . ... ... . .... . .. . . .... ... .. ... . . . ... .... . ... 1539. 

• Max1or ATl401140MB. ESO I. 1 IMSI........ . . . .. . . ... .. . . ... . ... .. ... ...... .... 1699. 


2500 . Hemlock Circle • I3roken Arrow. OK 40 12 

CALL US AT 1-800-322-4872 (outside Oklahoma) 
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WHITHER IBM AND UNIX? 

Command-Line Unix, 

Windows, and Open Look 


H istorically, Unix has had a com
mand-line interface. That is, the 

interface presented to the user is a sim
ple prompt, like the one in MS-DOS. 
Unix researchers, though, have been 
particularly adept at enhancing this 
command-line interpreter , or "shell," 
as it 's called in Unix parlance, to make 
it more robust. The result has been the 
creation of several enhanced shells that 
provide sophisticated command histor
ies, the ability to retrieve previous typed 
commands, and a powerful interpreted 
programming language. The most nota
ble in recent years, and certainly the 
most imitated, has been the Korn Shell 
written by David Korn, an AT&T Bell 
Labs researcher. 

As Unix enters the commercial arena, 
the public has been clamoring for a user 
interface that is more suitable for end 
users. The result has been the creation 
of several windowing systems, but no 
clear, consistent standard has emerged 
against all others. 

The most mature system is the BSD 
4.2- based SunOS, which Sun has sold 
with its workstations since the mid
1980s. SunOS provides the familiar 
windows, icon graphics, and mouse that 
Macintosh users have become accus
tomed to, altho1,1gh applications running 
under SunOS don't always have the 
same look and feel that Mac applica
tions have. 

In fact, the Macintosh is the only sys
tem that provides a standard windowing 

though AT&T has built Xenix binary 

compatibility into its recent version of 

System V. According to Heller, Xenix 

compatibility isn't really a majdr advan

tage at this point: "If it doesn't cost you 

much, it's worth doing simply because 

there are some people who want it, but I 

don't believe it's going to be a major 

issue in the future ." Nevertheless, it is 

unlikely that Xenix will disappear as 

easily as PC/IX, given that it claims the 

largest installed base of Unix machines 

in the industry. 


A Double Standard 

IBM has recently joined the Open Soft

ware Foundation (OSF), a nonprofit cor

poration set up to develop an industry

standard computing environment based 


look and feel across all its applications. 
AT&T and many others feel that the suc
cess of Unix as an end-user operating 
system will hjnge on its ability to pro
vide a similar look and feel among its 
applications. To this end, AT&T and 
Sun have announced their Open Look 
standard. 

Open Look is not a windowing sys
tem in itself, but a set of guidelines that 
describe what the user interface should 
look and feel like to the end user. Thus , 
many existing windowing systems that 
provide facilities for windows, icons, 
and so on will be able to emulate Open 
Look. A toolkit written by manufac
turers will use the libraries of the de
sired windowing system so that a pro 
grammer writing applications will use 
only features of the system that are pre
sent in the Open Look standard. 

The first two windowing systems be
ing adapted for Open Look are X-Win
dows and the PostScript-based NeWS. 
The Presentation Manager and Macin
tosh windows are logical future candi
dates. The Open Look is purported to 
be so similar to the Mac environment in 
its use of icons, scrollable windows, and 
pull-down/pop-up menus that Macin
tosh users should be able to adapt in just 
a few minutes. It is important 10 note 
that Apple won 't be suing AT&T and 
Sun, though ; Sun has licensed the 
graphical windowing technology di
rectly from its originators, Xerox Palo 
Alto Research Center. 

on Unix . Key players include Hewlett 
Packard, Digital Equipment Corp. , and 
Apollo, among others. 

The creation of the OSF is in direct 
response to the AT&T and Sun agree
ment lo provide the industry with a stan
dard Unix platform that will meld Unix 
System V, Xenix, and SunOS into a uni 
fied operating system with Open Look as 
its interface. (See the text box "Com
mand-Line Unix , Windows, and Open 
Look" above.) 

As this issue goes to press, the OSF 
has officially stated that its proposed 
standard Unix will be based on technol 
ogy contained in a future version of 
AIX. This probably means version 2.2. 
Though the OSF has not clearly detailed 
its plans, it is almost certain that its stan

dard Unix will be System V version 
2.0-compatible and will have a user in
terface based on X-Windows. The an
nouncement is significant because AIX, 
which has lagged behind other Unix 
ports technologically, may now find it
self in the forefront. 

The prospect of having two Unix oper
ating system standards instead of one 
means that other systems, such as OS/2, 
could gain an increased market share 
simply because of Unix factionalism . 

However, developers on both sides of 
the Unix dispute have indicated a will 
ingness to provide compatibility among 
their systems. 

Running in Parallel 
Research using the RT PC has pointed 
out another direction Unix standards 
might take. One such project uses eight 
RT RISC processors running in parallel. 
The so-called Advanced Computing En
vironment (ACE) supports parallel-pro
cessing research . It runs a new version of 
the Unix kernel developed at Carnegie
Mellon University , called MACH, that 
exhibits important advances in multipro
cessing support. . 

IBM claims that its ACE-2 high-per
formance workstation currently under 
development has 200-million-instruc
tion-per-second (MIPS) performance 
with the ability to handle interactive 
three-dimensional graphics on a 2K-byte 
by 2K-byte (2048 by 2048, or 4 million 
pixels) graphics display . Technology 
such as this might be IBM 's response to 
the new breed of super work stations of
fered by companies such as Ardent and 
Silicon Graphics. 

It's a Contender 
In the long run, IBM views the AIX and 
the RT PC as its main contenders in the 
personal workstation marketplace. Hell 
er claims, "We're spending at a rate 
equal to the rate we spend on PS/2, in 
terms of engineering, for follow-ons to 
the RT. But we've also extended our 
Unix capability through AIX down onto 
the 80386 PS/2 and up into 370, all the 
way through ESA [Enterprise Systems 
Architecture] machines." 

With the support of the Open Software 
Foundation and Heller's contention that 
IBM is committed to "doubling the per
formance of the RT RISC-based proces
sor pretty much every year," the RT PC 
and AIX could make significant gains in 
the industry. • 

Jason Levitt is a Unix consultant and 
freelance writer living in Austin, Texas. 
He can be reached on BIX clo "editors. " 
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$22.95 

THE PETER NORTON PROGRAMMER'S GUIDE TO THE IBM PC 

has long been a must-have reference for programmers, students. industry experts, even nonprogrammers who want 

to master lhe inner workings of IBM microcomputers. Now thoroughly rewritten, THE NEW PETER NORTON 


PROGRAMMER'S GUfDE TO THE IBM PC AND PS/2 continues to be the reference of choice to 

the new generation of IBM microcomputers-including the PS/2. Accept no substitutes. 


Timely New hlfonnation Unmatched Programming Advice Solid Technical Data 
A wealth of updaled and new information Norton and Wilton's characteristically Included is up-to-date inrormation on 
covers 80286 and 80386 microprocessors· astute advice, programming methods, and ROM software; video, disk, and keyboard 
the new PSi2 ROM BIOS; the enhanced techniques will help you create simple, basics; cJocks, timers, and sound genera
keyboard ; die new VGA and MCGA; clean programs that are portable among tion; ROM BIOS basics and the ROM 
DOS through version 4 .0; interrupts, all current-even furure-IBM machines. BIOS services; DOS basics, intenupts. 
device drivers, and video programming; You won't find better authorities-their and functions; and much more. Of special 
and programming in C, Microsoft Quick down-to-earth style makes even the most interest are the details of the architectural 
BASIC and Turbo Pascal. complex concepts readily understandable. similarities and differences among IBM 

machines. 

Microsoft Press 

Hardcore Computer Books 

Available wherever books and software are sold. Or call in your credit card order 800-638-3030. Refer to ad BMA8. 
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QNX®: Bend it, shape it, any way you want it. 


THE ONLY MULTI-USER, MULTI-TASKING, NETWORKING, REAL-TIME OPERATING SYSTEM FOR THE IBM PC, AT, PS/2, 

For further information ora free demonstration 
diskette, please telephone (613) 591-0931. 

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. ONX owes its 
success (over 60,000 systems sold since 
1982) to the tremendous power and flexibility 
provided by Its modular architecture. 

Based on message-passing, QNX 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. 

MULTl-USER OS/2 is multi-tasking but 
NOT multi-user. For OS/2, this inherent 
deficiency is a serious handicap for ter

Multi-User 10 (32) serial terminals per PC (AT). 
Multi-Tasking 64 (150) tasks per PC (AT). 
Networking 2.S Megabit token pa5$ing. 

255 PC's and/or ATs per network. 
10,000 tasks per network. 
Thousands of users per network. 

Real Time 3,200 task swrtches/sec (A1). 
Message Fast Intertask communication 
Passing between tasks on any machine 

minal and remote access. 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 AT's. In 
contrast, QNX runs superbly on PC's and 
literally soars on AT's and PS/2's. You can 

THE HP VECTRA, AND COMPATIBLES. 
C Compller Standard Kernighan and Ritchie. 

Fle~lblllfy 

PC-DOS 

Cost 

Single PC, networked PC's. 
single PC wrth terminals, 
networked PC's with terminals. 
No central servers. Full sharing 
of disks, devices and CPU's, 

PC-DOS runs as a ONX task. 

From US $450. 

Runtime pricing avellable. 


run your unmodified QNX applications on 
any mix of machines, either standalone or 
in a QNX local area network, in real mode 
on PC's or in protected mode on ATs. 
Only QNX lets you run multi-user/multi
tasking with networking on all classes of 
machines. 
REAL TIME QNX real-time performance 
leaves both OS/2 and UNIX wallowing at 
the gate. In fact. ONX is in use at thousands 
of real-time sites. right now. 

DOS SUPPORT ONX allows you to run 
PC-DOS applications as single-user tasks, 
for both PC's and A T's in real or protected 
mode. With OS/2, 128K of the DOS 
memory Is consumed to enable this facility. 
Within QNX protected mode; a full 640K 
can be used for PC-DOS. 
ANY WAY YOU WANT IT ONX has the 
power and flexibility you need. Call for 
details and a demo disk. 

Quantum Software Systems Ltd.· Kanata South Business Park • 175 Terrence Matthews Crescent· Kanata, Ontario, Canada · K2M 1 W8 
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TEC H NOLOGY 


IBM SPECIAL ISSUE 


DOS MEETS UNIX 

Can awk and grep coexist 


with Lotus 1-2-3 and WordPerfect? 


Dale Dougherty and Tim 0 'Reilly 


ou might regard the news 
that 80386-based Unix 
systems can host DOS
based PC applications as 
a strange development. 

After all, it's rather like Chevrolet and 
Chrysler offering Japanese-made auto
mobiles or the British building a bridge 
over the River Kwai. But can Lotus 
1-2-3, dBASE Ill, and WordPerfect co
exist in a multiuser, multi
tasking computing environ
ment along with Unix utilities 
like awk, grep, make, and vi? 
Yes they can, but to under
stand how, you need to under
stand something about Unix. 

Inscrutable Unix 
Unix is the Zen Master of 
computing. It dispenses a phi
losophy of "small is beauti
ful" and teaches you to create 
your own tools from standard 
utilities. Much of what Unix 
does, however, is transparent. 

Unix was developed in the 
early 1970s by researchers at 
AT&T's Bell Laboratories as 
a multiuser, multitasking op
erating system. Today there 
are two major versions of 
Unix, AT&T's System V and 
Berkeley Unix, or BSD 4.3 
(Berkeley Standard Distri 
bution). 

As a multiuser environ

ment, Unix lets several people work pro
ductively on the same machine, sharing 
disk, printer, and modem resources. As a 
multitasking operating system, Unix 
manages multiple tasks or processes by 
giving each task a slice of CPU time . 
When that time is up or the process itself 
determines that it must wait for another 
event, the task is suspended and another 
is started. Tasks don't run from start to 

finish before another is begun, but task 
processing is interleaved . Multitasking 
just makes it seem as though all process
es run simultaneously. 

Multitasking goes hand-in-hand with 
virtual memory. Rather than using phys
ical addresses, programs operate in a rel
atively unlimited virtual memory space; 
thus, many more programs can operate 
"simultaneously." Unix works with spe

cial memory-mapping hard
ware to transfer small blocks 
of program data between disk 
and physical memory as the 
data is needed , using a "rnost
used" algorithm to keep disk 
access at a minimum. If vir
tual memory hardware is not 
available, Unix must swap en
tire processes out to disk 
when they are suspended-a 
much less efficient process. 

What you see when you use 
Unix is its user environment. 
Several shells provide inter
faces to Unix utilities and the 
underlying operating system. 
In addition, Unix has many 
general-purpose facilities for 
file management, print spool
ing, electronic mail, commu
nications, batch and back
ground job processing, and 
system adminjstration. If you 
are experienced, these facili
ties form a powerful, cus

conrinued 
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DOS MEETS UNIX 

tomizable computing environment. In 
particular, Unix reflects its creators' in
terests and provides a model develop
ment environment for programmers. Be
cause of this, Unix receives wide support 
from universities and government. 

The operating system might have re
mained isolated in research environ
ments if it weren't so portable. Because 
it's written mostly in C , Unix is easily 
ported to a wide range of computer archi
tectures. Consequently, it has become a 
de facto standard operating system, prac
tically eliminating the development of 
proprietary operating systems by work
station manufacturers . It is a stable appli
cations platform that's not dependent on 
a specific hardware configuration. 

The PC in Perspective 
The enormous quantity of DOS-based 
microcomputer applications attracts a 
huge number of users, many of whom 
would not otherwise use a computer . 
These users have their own perspectives 
on computing, based on the applications 
they use . If Unix has its system gurus, 
DOS has its application artisans. 

DOS application users tend to be prac

tical , get-down-to-business types, who 
expect the computer to be easy to use and 
reliable-given a proven application and 
12 function keys . Some even seldom use 
DOS , except to create and examine di
rectories . Nonetheless , users know how 
to appraise applications and weigh com
petitive features . 

Unfortunately, using DOS applica 
tions isn't as simple as it used to be. For 
example, if you bought a PC to run Lotus 
1-2-3 spreadsheets , you probably bought 
new applications, added graphics boards 
and extra ports, and purchased tapes, 
printers , and modems . In addition , you 
most likely install the software, config
ure the devices, troubleshoot when things 
don't work properly , and perform regu
lar backups to protect valuable file.s. 

The time and effort you , and the peo
ple you work with, take to perform these 
duties adds up. Obviously , it ' s more ex
pensive to maintain personal computer 
environments now , even though the hard
ware costs less . 

Leading DOS Users to Unix 
Manufacturers of Unix systems hope that 
personal computer users are outgrowing 

PCs and want to lead them into the multi
user Unix market. For example, a Unix 
computer provides the following: 

• A platform for multiuser applications , 
such as database management , word pro
cessing, and communications . 
• Centralized data storage and facilities 
for file security , file system backup, and 
distributed user access . 
• A server that allows you to access 
multiple printers, modems , tape drives , 
and terminals . 
• Centralized system administration ser
vices that perform regular maintenance 
tasks and monitor system activity. 

These features might help persuade PC 
users that they need an operating system 
with Unix 's features; the hard part is to 
convince them that they can work as pro
ductively in the Unix environment as 
they do in DOS. New users balk at in
vesting time and energy in learning the 
Unix environment. 

Unfortunately , many people equate 
the Unix user environment with the Unix 
operating system. Unix supports a vari
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E osoft developed the original version of Microstat in 1978 
and it has grown to become the most widely-used statistics 
package ever written for a personal computer. Microstat·II has 
been redesigned from the ground up to reflect almost 10 years 
of user feedback . The result of this synergism is a statistics 
package that is easy to use , fast, accurate. 

Microstat-11 has everything for your statistical needs: 

• Descriptive statistics: 	mean , sample-population stardard 
deviation and variance, moments about the mean, sums, min 
max. kurtosis, skewness coefficient of variation, standard 
error, sums of squares, deviation sums of squares 

• Probability Distributions: Binomial, Hypergeometric, 
Poisson , Normal, Exponential , F', Student t, Chi-square 

• Frequency Distributions: value or range, cumulative, percents 
with bar graph 

• Scatterplots: With overlapping points 

Regression Analysis 
l..ONCLEY.HII : Longley t est data f r om JASA vol.62 , pp . 8 19-41. 

Forwa rds Re gre s sion 

Propor i o n: O Tolerance ; 0 r e nte r: 


f' remove: 0 

Step: 6 Depe ndent Variable : Total 

Ind Va r Coeff i c i e nt Std Error 

I ndex 15 .0618 7 227 84 . 9 1492 577 
GNP - .035819179 . OJJ491008 

u ncmploy - 2 . 020229804 . 488 39968 2 
Military - 1.033226867 . 21427416J 
Popltion -.051104106 .2 2607 32 0 0 

Year 18 29.1 5 14 65 455 .4784991 

f-~~~~r;~~~: - ~~ z~~~~;~~~ 
s t a ndard Error: 304.85407J6 

Std Error (d.f . ): 37J . J684 6 Jl 

Sum of squa res 
Re g ression 184172401. 9 

Residual 836424 . 0555 
Total 18 5008826.0 

------------------ Residual s 

Ca s e Obs erved Expecte d 

Be ta Coe ff 

.04628 20 23 
- l. 01J 7 463 49 

- .537542578 
-.20474069 2 
-.10122 1114 
2 .479664J8 J 

De g rees 

F Stati s tic 

• Hypothesis testing: mean or proportion, large and small 
sample 

• 	ANOVA: Oneway, Twoway, Twoway with replication 
• Nonparamelrics: Wald-Wolfowitz , Cox-Stua1t, Kruskal-Wallis, 

Wilcoxon Rank Sum, Friedman Twoway ANOVA, 
Kolmogorov-Smimov (one-two sample), Kendall 's Coeffici ent 
of Concordance, Spearmans-Rank Correlation, Signs Tesl. 
Nonna! Scores, Mann-Whitney U 

• Correlation Analysis: matrix and cross products table 
• 	Regression Analysis: Multiple and Stepwise. forward and 

backward 
• 	Time Series: moving average, centered moving average. 

deseasonalization , exponential smoothing 
• Permutations, Combinations, F'actorials, Contingency Tables 

and Chi-square 

0 

of Preedom: 9 

Pr obabi l ity 

.031 4 6 . 863 140833 
1. 14 387 . J l 268106 l 

17. llOOJ .002535092 
23 . 25154 .00094 4 J6 7 

.05ll0 .826211796 
16.12737 .00303680 3 

r · 2: . 995n9005 
r: .997736942 

r (d. f. ) : . 9966 0 J 4 85 
Proport ion Reduced: .00 0015805 
Cumu l at i v e Re duced : . 9954 79005 

Analysis of varianc e - ------------ - ----- -- ----- 

O. f . 	 Ke an s quares F Ratio Pr o babi lity
6 3069 5 400. 32 330 .2853392 4 . 9840e-JO 
9 9 2936.00617 

15 

ourbin- watson: 2. 559 487689 

Residual - 2s -ls 0 

l 60323 . 00 6005 5 .66 267. 34 
2 611 2 2. 00 6 12 16. 0l -9 4 . 01 
) 60171. 00 601 2 4. 71 46. 2 9 
4 6 1187 . 00 61597 . 11 -410 . ll 
5 63221 . 00 62911. 29 309 .7 1 
6 63 6 39 . 00 63 888 . Jl - 2 49.3 1 
7 64989.00 65 153 . 05 - 164.05 
8 63761.00 63774 .18 -lJ . 18 
9 

10 
66019.00 
678 57 . 00 

66004 . 70 
6740 1. 6 1 

14 .3 0 
455.39 

11 6816 9.00 68 186.n -17 . 27 
12 66 5 13 . 00 66552 . 06 -39.06 
lJ 68655.00 68810 . 55 - 155 . 55 
14 
15 
16 

69564 . 00 
69 33 1.00 
70 5 51.00 

69649. 6 7 
68989 . 07 
70757.76 

- 85.67 
341. 9J 

-206. 76 

+ls 2s 

Exclusive Features 

We have also added features that make 
Mi crostat-11 the easiest, most Oexible 
statistics package you've ever used: 

• 	Up to 8 times faster than older 
versions of Microstat with out any loss 
in accuracy-up to twi ce as fast as the 
competition 

• 8087 support 
• Online help with a single keystroke 

and moveable help screens 
• 	No complex co mmand language to 

learn 
• 	Interactive or batch modes of 

operation 
• Import-export data fil es 
• l\eyboard or mouse input 
• Scrollable output-review results 

without rerunning the test 
• Configurable-change colors, file 

types, even set the mouse speed 
• 	Variables may have missing data , 

aliased values, and unequal sizes 
ew data administration : full screen 

editor for the utlimate in ease of data 
entry, new transfonns (with 
conditionals) for creating new 
variables from existing data, range 
checking, and external fil e processing 

• Expanded user's manual 

$395.00. 

Ecosoft, Inc. 
6413 . College Ave. 
Indianapolis , l 46220 
orders: 1-800-952-0472 
info: 1-(317) 255-64 76 
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At~ays the SmartChoice. •• 
IBM insiders put ~ou on the winning track 

THE NEW 
DOS4.0 
Kenneth W. Chris topher, Jr., 
Barry Feigenbaum & Shon Saliga 

The design architects for IBM PC DOS 
Version 4.0 here provide invaluable 
tips and techniques for getting the 
most out of this more powerful and 
versatile new version. 
Available October. $22.95 

IBM" AS/400 
A Business Perspective 
Jim Hoskins 

The first guide to this long-awaited 
new generation of mid-size IBM com
puters, this book gives the complete 
run-down on employing the AS/400 in 
the business environment. 
Available December. $24.95 

IBM PS/2 
A Business Perspective 
Revised 
Jim Hoskins 
Includes all new models. From a PS/2 
development team member who 
knows the IBM Personal System/2
and how to get every bit of capacity 
out of it. $19.95 

IBM 
ASA()() 
~ 

~ j .·-~""'"· .iiililiiil 
~:;> 

_Jao~ 

OS/2 
OS/2N 
A Business Perspective 
Dick Conktin 

From the ground up, here's how to in
stall, manage, and maintain OS/2 for 
everyday business use-and make a 
quick, painless transition from DOS to 
OS/2. $2195 

OS/2N 
Features, Functions, and 
Applications 
Jeffrey I. Krantz, Ann M. Mizell & 
Robert L. Williams 
Here's the inside track from members 
of the OS/2 design team on harnessing 
OS/2's unprecedented programming 
power and manipulating every feature 
and function of the system. $24.95 

llWILEY 

Wiley works 


for your computer. 

AT YOUR LOCAL BOOKSTORE 


OR CALL 800-526-5368 

605 Third Avenue 


New York, NY 10158-0012 

In Canada: 

22 Worcester Road, Rexdale. Ontario M9W 1L1 

DOS MEETS UNIX 

ety of user interfaces, including a 
multiwindow environment. Ao applica
tion running in Unix can present a com
plete environment in which you never 
need to access Unix directly. 

Moving DOS applications to a Unix 
system is one way to provide a familiar 
interface and new capabilities. Ideally , 
DOS developers will port their applica
tions to Unix, but this is not always an 
easy task, because some applications 
were not designed to interface with an 
operating system on a high level. Until a 
significant number of these applications 
are available, however, the Intel 80386 
processor offers an attractive opportu
nity to support off-the-shelf DOS appli
cations on a Unix system. 

Creating a Virtual PC 

The Intel 80386 chip, when combined 

with specialized software, creates a vir

tual PC for running multiple DOS appli 

cations under the Unix operating system. 

To understand how this works, let's take 

a look at the architecture of the Intel 

80386 microprocessor. The 80386 is de

signed to support four modes of opera

tion and has the ability to switch between 


modes with very li tt le overhead. 
The default operating mode of the 

80386 processor is a 16-bit real mode. It 
provides backward compatibility with 
the Intel 8086 and 8088, the chips origi
nally used on the IBM PC. In real mode, 
the 80386 executes the instruction set of 
the 8086. Thus , the same copy of Lotus 
1-2-3 bought for the original PC will run 
on a new Compaq 386. Unfortunately, 
real mode fails to take advantage of the 
more advanced processor. Using the 
80386 to run in real mode is like buying a 
PostScript printer and setti ng it up to em
ulate an old dot-matrix printer. 

The 80386 also has 16-bit and 32-bit 
protected modes. The 16-bit protected 
mode is designed for 80286 compatibil 
ity. (OS/2 is being designed to use this 
mode.) The 32-bit protected mode is the 
native mode, making the 80386 the most 
powerful Intel microprocessor . Native 
mode supports demand-paged virtual 
memory (a 4-gigabyte virtual address 
space) and provides privilege mecha
nisms that make true multitask ing possi
ble. Thus , the 80386 is well suited for 
running the Unix operating system. 

In real mode a DOS application runs 

in a single-tasking environment where it 
can do anyth ing it wants, going directly 
to the hardware level if it desires, without 
worry that it has to compete with other 
applications. In protected mode, the pro
cessor uses privilege levels to determine 
which process to execute next. As in any 
si tuation where there is a limited re
source and multiple opportunities to use 
it, there must be some priority estab 
lished for allocating that resource. 

The fourth mode of the 80386 is de
signed to run DOS programs in a multi
tasking environment. T his special mode 
is called virtual-8086 mode, in contrast 
to rea l-8086 mode. In real mode, DOS 
applications use physical memory ad
dresses, just as they do on the PC . In vir
tual mode, physical memory is mapped 
to a I-megabyte virtual address pace. 
The DOS program continues to think 
that it is working with actual addresses, 
but in fact these are being translated to 
virtual addresses. 

Virtual mode also traps instructions 
that attempt to perform hardware-level 
operations, such as I/O . A DOS applica
tion is typically designed to act as though 

continued 
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CORPOR .6 TE 

SOURCE 

COMPUTERS/ 

HARDWARE/ 

BOFFIN SOFTWARE / 

PRJNTERS 
L M T E D 

2500 WEST COUNTY ROAD 42 • #5 ·BURNSVILLE, MN 55337 • (612) 894-0595 

A Small Case For BIG Performance!! ! 


TOSHIBA / 
 ZENITH 


suPERsPORTCALL 

A"' 

CALL 

Dual FloppyTIOOO 

T1200F 

Tl200H 


-4'i;;;~~t, . T3100
T3200 
TSlOO 

CALL 
20MB HD 

CALL 

Easy Talk 3270 
3270 Emulalion Card lor 
Toshiba Laplops: Fully supporls 
IRMA & IBM Emulation. 
Au1o-C-Onlig. - No Jumper 
Changes required. 
Includes software for 3270 and 
/NO/FILE Transfer Support 

$599.00 

Easy EGA 
EGA Card lor Toshiba T1200 
and T3100 Laptops. Supporls 
MDA, HGC, CGA & EGA 

$299.00 

Easy Talk E2400 
2400 Baud Modem lor the 
Epson Equity LT 

$239.00 

"'W""eltec __ _ 
External 5.25" FDD 

$199 

Specify TOSHIBA, ZE ITH or NEC* 

•No cable wtNEC Drive • Cab/~ included in NEC Laptop Dmc 

MHz INTERNAL MODEMS 
1200 Baud $139 2400 Baud $239 

Specify: 
Toshiba, NEC EL/HD, 


Zenith 181/183 or SupersPort 


Won Under 
Single card expansion slot for $299 
the Tl 100+, Tl200, TI!00/20 & T5100 

Diconix !50P Ponable Printer $299 
Lapl.ink Plus $79 

When Purchased with any Laptop 

MITSUBISI-D / 


MP286L/20 

• 11" Diagonal Black 
& White Display 

• 20 MB Hard Disk 

• 12 MHz 80286 

• 1.4 MB Floppy Drive 

Introductory Price 

$2695.00 

Dual Floppy (1.4 MB) Model 

$2195.00 


To Order Call: FAX Number: 894-6175• Competitive Price 
• Corporate Volume Discounts 

• Net Terms to Qualified Pricessubiect (800) 255-4012 
toChangeC t A torpora e ccoun s w ithou1Not1co IN MN: (612) 894-0595 
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A Unique Way To Upgrade Your 
Computer . . . without changing your DOS! 
Just a few minutes with ASTR6 350" or 5.25" External drives, and you can share spreadsheet, database, and word processing 
documents created on your PC with IBM PS/2 and most Lap-Top compute~. 

Thb isn'l just a floppy diskette drive. We've 360Kbll.2Mb or 360Kb drives, and will 
taken the technology a quantum leap fur NOT take an expansion slot, and our device 
ther. The ASTRO Internal or External drives driver instructs DOS to a/law )'OU to change 
actually read, write, and format 1.44Mb, the ASTRO drive to become drive 8. For 
720Kb, o r HP 150 3.50" disks right in your models 25 &30 with o ne or two internal 
PC without changing to a New DOS or di sk drives, our External 5.25 • 360Kb dri ve 
complic<l!ed "Bridge fi les" netv.ork. You can is avai lab le. All our hternal drives have 
open up a world of new possibilities for yQur built-in power supplies. 
PC through the advanced compute rs, and 

For your TOSHIBA 3100, 3200 and 5100 
you don 't have to be a genius to do it. 

computers, which can be configured as a 
A TRO J.50 • DRIVE SYSTEMS •re compat•ble w•th 3.50" 720Kbll.44Mb drive, 5.25 " 
IBM·PC/XTIAT. SPERRY M;e<o IT. COMPAQ (2861J86}, 360Kbll.2Mb drive. or as a 5.25" 360Kb 
AT&·T. /\S1 Premium. KAYPRO 1861. TANDY drive. 
11000/JOOOl• OOO!. TOSH/Ill\ • nd m•nr more 

ASTRO was the fir5t to release a 5.25 " 
Our ASTRO 5.25 " External drives are 360Kb External dri ve for your
designed to integrate easily into today's high TANDY 1400LT
performance IBM PS/2 and TOSHIBA and compute r. 
TANDY 1400LT Lap-Top computers. 

Although there a re several other dri ves on 

the market for IBM PS/2 models 50/60/80, 

there simply is no comparison. ASTRO Ex
terna l drives allow you to c hoose from ...,.As•ro·· 


fur more details call: E..L..JI .. Systems, In c. 
(40 8) 727·5599/727-7626 • Fax: (408) 727-8149 • 807 Aldo Avenue #106, Santa Clara, CA 95054 

OZAOLIO A.G., La pTop Periphera ls, Hcrostrasse 7, Postfash, CH-0046, Zurich, Switzerland, Phone: 41 1 432 1067, 41 1 432 1065, Fax: 41 1 432 4662 

DOS MEETS UNIX 

it owns the entire machine, often directly 
manipulat ing screen memory or device 
control registers rather than going 
through the operating system's BIOS. On 
a multitasking operating system, such as 
Unix , these are privileged instructions 
that must be preempted and held until 
they can execute safely without interfer
ing with other processes . 

When the virtual-8086 mode traps an 
instruction, the processor switches to 
protected mode. It doesn 't handle the 
trap itself but relies on a software pro
gram called a monitor to handle the prob
lem. The best-known of these programs 
are Merge 386 by Locus Computing of 
Santa Monica, California, and VP/ix by 
Interactive Systems, also of Santa Moni
ca . Primarily, both programs translate 
the 8086 instruction into a system call 
that can be handled by Unix . In this way, 
the 80386 processor ensures that a DOS 
application running on a virtual PC goes 
through the Unix operating system to ac
cess system resources . 

By mapping physical addresses to vir
tual addresses and trapping hardware
level instructions, the 80386 processor 
lets a DOS program act just as it always 

did , without danger of it interfering with 
other programs or the operating system 
as a whole. In fact, you can run multiple 
instances of DOS at the same time, each 
under the illusion that it owns the entire 
machine. The emulation is so complete 
that you can even reboot the virtual ma
chine using DOS's Ctrl-Alt-Del key 
combination. 

A Virtual DOS Environment 
While the 80386 chip lets you execute the 
8086 instruction set, it doesn't handle all 
the issues involved in creating an interac
tive DOS environment on a Unix system. 
That 's where Merge 386 and VP/ix step 
in . These programs can 

• Map the DOS file system onto the Unix 
file system, including handling differ
ences in file-naming conventions and 
providing access to hard and floppy disks 
using DOS drive specifiers. 
• Support most ASCII terminals typi
cally connected to Unix systems so that 
they can run PC programs. For instance, 
ASCII terminals can display only 24 
lines of the PC monitor ' s normal 25 
lines, and many of them lack function 

keys or special keys such as Alt. 
• Map DOS device names to Unix de
vices or utilities that access these de
vices . For instance, this would let you 
send print jobs via LPT l to the Unix 
print spooler. 

To work in the DOS environment, you 
must have a Unix log-in account. Once 
you log in, you can issue a single com
mand to create a DOS environment . You 
will see the familiar DOS prompt and 
can use DOS commands just as if they 
y.•ere on a native DOS system. 

You can maintain a DOS environment 
for all or part of a log-in session, or 
create one just to run a particular appli· 
cation. You can even start the DOS envi
ronment from an automatic start-up file 
so that you log in directly to DOS without 
ever seeing the Unix prompt. While in 
the DOS environment, however , you can 
access Unix commands and files. 

Both Merge 386 and VP/ix c.an distin
guish a DOS command from a Unix com
mand, so you can also execute DOS com
mands directly from the Unix prompt. If 
you use Unix, you can freely access DOS 

conti1111ed 
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At only $299, 

DesignCAD 


is the simplest 

way to get some very 

sophisticated results. 


You can spend thousands of dollars for a CAD software package without 
getting the kind of power and performance that DesignCAD delivers for 
only $299 ... complete! With the DesignCAD's easy-to-use, easy-to-learn 

single keystroke commands, you'll be producing ultra· 
ophisticated resu lts in no time at all. 

The Peature You're Looking For 

The options you normally have to purchase separately with other 
CAD programs, aren't options with DesignCAD. They're built in. 

• Expanded Memory Support 
• election of Character Fonts 	 • True Auto 
• Symbol library with over 500 symbols 	 Dimensioning with 
• Bill of Malerials uti lity 	 several formats 
• Finest curve fitting in 	 • Extensive layering 

the industrv features 
• Extensive 	· • Full zoom, pan and 

snap features rotate capabilities 
• And many other features 

In addition, DesignCAD's 
extensive file transfer utilities 

allow you to read and write 
different formats. DesignCAD 

allows you to: transfer documents to 
and from IGES, DXF, HPGL, transfer 

to GEM and Postscript, and to read ASCII 
text fi les and X, Y Coordinate files. 

DesignCAD re-de fines Compatibility 

Virtually any printer, plotter or graphics 
adapter compatible with IBM PC is compatible 
with DesignCAD. DesignCAD is also 
compatible with most other CAD systems, 
large and smal l. 

For all of the capability, compatibility and ease-of
use you need in a CAD system , get DesignCAD- only 
$299! See your local compute.- dealer, or contact: 

Small Business Computers. Inc. 
327 S. Mill St.. Pryor, OK 74361 

(918) 825-4844 FAX 91 B-825-6359 
Telex 9102400302 

Call or write for a detailed brochure and a free demo disk. 



DOS MEETS U IX 

ut ilities and file s while retaining the ad
vantages of the mu ltitasking environ
ment. For instance, you can run some 
DOS applications in the background and 
have multiple DOS and Unix programs 
running concurrently. 

Th is means , for instance, that while a 
preadsheet is doing a major recalcula

tion or a word processor is printing, you 
can temporarily leave the application and 
do other work on the system . 

A virtual DOS environment ' s perfor
mance can vary , depending on the sys
tem Load (the number of users and what 
kind of work they are doing) and the type 
of task the application is performing. For 
ins tance , a spread heet recalcul ation 
should be faster than on a PC because it is 
a direct result of CPU speed. Other tasks 
involve lots of hardware-level operations 
that must be trapped ; this sort of indirec
tion often reduces performance . 

Those Compatibility Blues 

DOS appl ication that run under Merge 

386 and VP/ix include popular spread

sheet programs such as Lotus 1-2-3 , 

VisiCalc , and Multiplan , and word pro

cessors such as WordStar , Word , and 


WordPerfect. Most DOS appl ications are 
supported , including " ill-behaved " pro
grams- so called because of the clever 

Most DOS 
programs can run on an 

ASCII terminal by 
emulating the MDA. 

ways used to write directly to the PC 
hardware. In addition , some DOS appli 
cations employ timing mechanisms that 
are tuned to the response time of PC 
hardware . Such applicat ions don ' t al 
ways execute gracefully in a multitask
ing env ironment. 

Another point to consider before you 
bring PC applications to a Unix system is 
display quality. The standard PC console 
has a memory-mapped graph ic display. 

Programs draw on the display by writing 
to a reserved area of memory that is then 
mapped onto the di splay. Most Uni x 
ASCII term inals are character-based. 

Fortunatel y, almost all DOS pro 
grams support the Monochrome Display 
Adapter , which is character-based, just 
like an ASCII terminal. Most DOS pro 
grams can run on an ASCII terminal just 
by emulating the MDA . 

But even on an MDA , the PC character 
set includes pecial graphics characters 
that are not part of tandard ASCII. Most 
ASCII term inals can ' t display these 
characters. Merge 386 displays them as 
an asterisk; VP/ ix lets you define you r 
own equivalents in a terminal description 
file. 

You can avoid this problem if you have 
a PC-scancode terminal that emulates 
the MDA display. It includes the full 25 
lines required of a PC display and sup
ports the IBM extended graphics charac
ter set. Although this might solve the 
problems associated wi th charac te r
based applications, graphics programs 
like Microsoft' s Flight Simulator will 
run only on memory-mapped displays. 

continued 

"The best·engjr}eered

Multi-Channel Boards 

on themarket today." 


Our words? o. Our customers' words. Probably your 
words, too, arter you've inspected a DigiBoard for yourselL 

But just a· important as our engineering is our engineer
ing support. F'rom multi-point data collect ion, lo factory and 
office automation , working with multi-user opera ting sy'Stems 
like XE 'IX, U IX, Q1X, PC-MOS, PICK, and THEOS, pl us 
DOS and OS/ 2 we can help you develop more cost-effective 
olutions for your customers. And more profitable solutions 


for you. 

DigiBoard COM·X Series. Standard multi-channel com

munications boards with 4 or 8 ports . 

DigiBoard COM-Xi Series. lntelligenl mul ti-channel com

munications board with 4or8ports, RS-232 or RS-422, provid

ing substant ial performance increases over standard boards. 

New DigiBoard COM·X Series for 

D(~ifJoardOpenfodel" Intelligent CommunicationsBoard s//a11:n wit// aplug-in 
110 Male'~ !hat supports eight asy11chro11ous serial port.s plus an op!ional 
synchronou port 

New. DigiBoard OpenEnder™Series for PS/ 2. lntel li· 
gen t multi-channel communications boards with plug-in 1/0 
Mates'" lo keep your 1/ 0 options wide open .Optionsinclude 
RS-232, or RS-422 plus various combinationsof asynchronous 
and synchronous ports. 

All of our multi-channel communications boards are 
available wi th either DB25 or RJ45 connectors Lo uit the 

users' exact requirements. 
Software drivers and flexibleutilitie.5PS/ 2. Standard mu lti-channel commu

nications boards with 4, 8 or 16 ports for areprovided free wi theach board for mo t 
the IBM micro-channel. popular operating system . 

Call 1-800-344-4273. In Minnesota (612) 922-8055. 
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Software Developers 

Nm11rol sd ecticm prol'itfes 1111iq11e 

//// ,\'Sil'(' flrtl/('('/i() ll jiir the f/ O/'Cll flillC'. 

The Block -- Natural Selection 

For Software Protection 


/m·entor and entrepreneur 
Dick Erett explains !tow 
"The Actirnror" /)1'01·ides 
sane pmrectionfor your i11
tel/ect11a/ property. 

"In any industry. just as in nature. the 
process of natural selection raises one 

olution above another. atural seleciion i 
1he 1110" t elegant of engineer . 

In the area of sof1ware proiection The 
Block ha been elec1ed by 1he marke1
place a 1he ol ui ion 1ha1 work . Over 
500,000 packages are protected by our 
device. 

For the past 4 years our phi losophy has 
been: 'You lta1 ·e tlte rigltt and obligation ro 
pmtecr your i111ellecr11a/ properry. · 

A New Ethic For Software 

Protection 


In allowing end-users unlimited copies 
of a software package and uninhibited hard 
disk and LA 1 operation. The Block has 
created a new ethic for oftware protec
tion . 

/" 

By removing pro1ec1ion from 1he 
magneiic media we remove 1he consiraints 
that have plagued legitima te users. 

They simply auach our key to the 
parallel port and forget it. It is totally 
transparent, but 1he software will not run 
without it. 

A New Technology For 

Software Protection 


Our newest model , The Activator. builds 
on our current paiented design . and 
establishes an unprecedented cla of 
oftware protection. 

We have migrated and enhanced the 
circuitry of The Block to an ASIC (Appli 
cation-Specific Integrated Circuit) 
imbedded in The Activator. 

This greatly improves speed and 
perfonn:rnce, whi le reducing overall size. 
Data protection can also be provided. 

Programmable Option 

The Activator allows the software 
developer the option to program serial 
numbers, versions, or other pertinent data 
known only to the developer, into the 
circuit , and access it from the program. 

Once you program your part of rhe 
chip, even we have no way to access 

your information. 

The ASIC makes em ulati on of the device 

virtually impossible. II al ·o presents 
an astronomical number of access 
combination s. 

Full 100% Disclosure 

Since The Activator is protected by our 
pa1en1 we ililly disclose how it works. 
Once you understand it , endle method 
of protection become evidcn1. 

Ju st as no two 
nowtlakes are the 
ame. no two im 

plementations of 
The Activator are 
identical. And like 
the nowflake the 
simplicity of The 
Activator i. its 
greatest beau ty. 

We never cramp your programming style 
or ingenuity. Make it as simple or compli 
cated as you de ' ire. 

Let us help safeguard what' rightfully 
yours. Plea e call today for additional 
infomrntion or a demo unit. I r's 011/y 
narural ro prorecryour softv. are." 

1-800-333-0407 
In Connect icut 203-329-8870 

Fax 203·329-7428 

S/tw.ore
.5.i._curiflJInc. 
870 High Ridge Road 
Stamford CT 06905 

Unlimited Copies • Programmable • Small Size • Fast • Patented • Data Protection 
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COMMUNICATION 

Synchronous/ Asynchronous 


RS422. RS232, 

RS485. Current Loop 


DATA ACQUISITION 
Analog 1/ 0 : 8.12.14 bit A/O. 

D/ A, 72 Olgllal 1/0 

.. . . 

. ·.. ~ - -~~ ~·}·~ 
. ~·· 

WAVE FORM 
SYNTHESIZER 

Dlgltol 1/0. Power Control GPIB (IEEE-488) Arbllrary Waveform 
CONTROLLER Generatio n 

--GlUA TECH 478 E. Exchange St., Akron, Ohio 44304 
(2161434-3154 TLX: 5101012726 

---  INC ORPORA TED 1-800-553-1170 FAX: (2161 434-1409 
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DOS MEETS UNIX 

Memory-mapped displ ays re quire 
transferring a larger amount of data than 
is possible with a serial link. (In its high
resolution monochrome mode, an IBM 
CGA has a resolution of640 by 200 , or a 
total of 128,000 pixels . At 9600 bits per 
second, it would take more than 13 sec
onds to paint the screen.) 

To achieve high data transfer rates , 
you must connect the PC console directly 
to the processor and memory by a high
speed bus. Sun River's bit-mapped ter
minal was designed specifically for run
ning DOS graphics applications on a 
multiuser machine. It is connected to the 
system with a high-speed fiber-optic link 
rather than an RS-232 cable . 

One 80386-based system designed to 
support graphics applications is Sun 
Microsystem ' s Sun386i work station . 
Running its own enhanced version of 
VP/ix, called DOS Windows , it supports 
monochrome and color graph ics display 
adapters and monitors with resolutions of 
up to 1152 by 900 pixels. Software emu
lates monochrome, Hercules, and color 
graphics modes. Enhanced graphics 
display adapters are available for EGA 
and VGA graphics support. A DOS ap
plication runs on the Sun386i in its own 
fixed-size window, which is a portion of 
the full-size monitor (up to 19 inches di
agonally). You can , for demonstration 
purposes anyway , have multiple win
dows running Flight Simulator or Auto
CAD at the same time . 

The Sun386i will also supply a driver 
for Microsoft Windows . Applications 
running under it can use the full screen 
size of a Sun386i monitor. 

The Call of Unix 
The DOS capabilities provided by the 
Intel 80386 chip and supported by Merge 
386 and VP/ix are meant to entice DOS 
users and encourage them to migrate to 
Unix and settle in . But for this to work, 
DOS users must be convinced of Unix 's 
value and its Jong-term usefulness. 

What's really needed is a DOS-to
Unix bridge; running applications that 
are targeted for PCs on Unix systems 
isn ' t the ideal solution from a design per
spective. However , if DOS developers 
see that users are willing to cross over 
perhaps they'll be encouraged to develop 
DOS-compatible applications that are 
targeted for Unix . • 

Dale Dougherty is marketing manager 
and Tim O'Reilly is president ofO'Reilly 
& Associates, Inc. in Newton , Massachu
setts. They are coauthors ofrhe Nutshell 
Handbook DOS Meets UNIX. They can 
be reached on B/X clo "editors . " 



New diskdoubler'" 

doubles the storage capaci(y

doubles the storage capacity


ofyour haril disk 


for$189 

Upgrade the disk drive in your PC the easy way! 

Datran 's new DiskDoubler dd2000 is a 
short card that simply fits into any avail
able slot on an IBM, PC, XT, AT, 386 or 
compatible, DOS 2.0 or greater. 

Upgrade a 20 MB disk into a 40 MB. 
The DiskDouble r lets you double th e 
storage capacity of any hard disk 
without loss of perfon11a11ce. No matter 
what size hard disk you have, the Disk
Doubler will double it. 

Works With All Data. The DiskDouble r 
compresses data stored on a hard disk, 
including application programs, pro
gram files, COM and EXE files . You will 
appreciate the doubling of capacity for 
word processing, spreadsheets, and 
database files . 

Powerful dBASE Capacity. The Disk
Doubler is especially powerful when 
handing dBASE II, Ill and lII Plus files, 
storing on the average tliree times 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. ft works equally well for any 
size hard disk ... and for only $189.00. 

Principle of Operation. At th e heart of 
the DiskDoubler is a new, powerful 
high-speed data compression micro
processor that incorporates Datran's 
state-of-the-art data compression 
technology, which represents years of 
research and development. 

Totally Transparent Operation. Dntran's 
high speed data compression technol
ogy coupled with our extensive operat
ing software allows the DiskDoubler to 
process data at speeds compatible with 
disk operating speeds. It looks as though 
you've added a disk drive of double th e 
capacity to your PC. 

Breaks 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 special software. 

Simple Installation. Once the simple, 
fast installation is complete, the Disk
Doubler ope rates in the background 
and is comple tely use r transparent. The 
dd2000 works with yours existing hard 
disk controller. 

No Formatting Required as is necessary 
with RLL controllers. DiskDoubler will 
even double the capacity of a drive 
already using RLL technology. 

Low Power Consumption. The 1/ 2 watt 
DiskDoubler eliminates the need for 
upgrading your power supply, as would 
be needed if an additional disk drive 
were added pulling 15 to 30 watts. 

Long Life Performance. With a long 
three-year limited warranty, DiskDou
bler is a simple, inexpensive and rel iable 
way to double your disk storage. 

Satisfaction Guaranteed. Datran backs 
the DiskDoubler with s 30-day no ques
tions asked money back guarantee. 

~ FOR THE DEALER NEAREST YOU OR 

..., TO ORDER DIRECT BY PHONE: 

:::: 1-800-332-0456 

·· ·}~11~nl{J· .. 67\TRJ\N 
Leaderslr il' i11 Data Compr<'ssio11 1rc11110/ogy 

Doiron Corporalion/2505 Foothill Blvd./La Crescenla/CA 91 214/Phone (818) 248-8 780/ FAX (818) 248-8 788/Telex 4932115/TurboCom (818) 248-8 789 

IBM PC. Al AND DBASC 11. Ill AND Ill PLUS ME THE ffiADEMAllKS Of THE RESPEC IM OWN ERS. 
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A complete, integrated macro assembler development environment for 
the 8086 family of processors under DOS. Including a powerful window
oriented source debugger, syntax checking editor, fast linker, and the 

ASSEMBLER DEVELOPMENT ENVIRONMENT 

ARST INCREMENTAL ASSEMBLER. 
Other assembler development 

cycles look like this: 
.,.,, Edit Program '\I 

Debug 
Assemblel ./

Link Correct 


' Reassemble k'" Syntax Errors 


Cycle 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 the touch of a key.With 
INCRA you go from program entry 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 available at the push of a 
key to trace through the program. If you find a 
mistake, just flip to the editor and correct it, 
then flip 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 for a program to as
semble, only to find you have to do it all over 
because you forgot to put in a comma! INCRA 

1t '!""' dq. ~~ 

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 INCRA 
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! If theres 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. INCRA's ease of use will make it exciting 
and fun I 

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 ... $18QOO
Efficient .. .FUN! 	 u.s. 

-	 4t atf,, ,, 
1~ u ~~ta "4e. 

SYSTEM REOUIAEMENTSo 18M 'PC OR COMPATIBLEWllH !SGK 

lncra Features: 
Incremental Assembler 
.,-, Complete macro assemb ler 
,._,, Supports 8086188. 80186, 

80286, 8087, 80287 
:.'< Also operates in batch mode 

(faster than MASM 5.0) 
:.'r Compatible with MASM 5.0 

(will assemble most MASM 
5.0 programs without changes! 

Editor 
·;'r Full Screen, fully featured 
·~·, Syntax checking 
·;'< Automatic INCREMENTAL 

assembly 
".'< Customizable Options 
·~'r Unique lino buffer for moving 

and re ·ordering lines 
·:, Super fast search and page 
:.'c Instantly generates .exe and 

.obj files 
:.'< Template program files 
:.'< Lots morel 
Debugger 
:.'< Window-oriented - see all 

data. registers. flags, and 
executing source lines (with 
comments) at a glance

.'< Fully symbolic (no need to 
declare publics) 

·,'< 	Single step, multiple 
breakpoints. conditiona l 
breakpoints, check -trace 

:.'< Highlights changes to regis
ters, flags &data at each step 

,._., Powerful symbolic data 
display options 

:.'< Save and restore data display 
definitions 

' " Oissassemble with symbolic 
names 

:.'r Flip to and from your pro· 
gram's display screen 

.'r Lots morel 
Linker 
-._', Faster than MASM 5.0 
»'< Link incra files, regular .obj 

files, and libraries 

Macros 
:.'< Full macro capabilities 
:.'< Macros can be instantly 

expanded in the editor to 
Inspect resulting source 

·: , Full conditional assembly is 
supported 

Calculator 
-:r Available at all times 
-;', Complete set of arithmetic 

and logical operaiions 
:.'< 	 All program constant and 

offset values are available as 
operands 

·;'< 	 Hex, decimal, octal. binary, 
asc ii results and operands 
accepted 

Options
.'< 	 Change environment features 

such as screen colors, cursor 
cype, tabs, processor type, etc. 

·,'r Save options permanently 
Help 
:.'< Pop-up command descriptions 

available at all times 

To order: Call I U.S.A. or Canada I 

1-800-387-8722 
or send check or money order to: 

IS.ijiiiJUJI 

25 Warrender Ave.. Suite 909 

Islington, Ontario Canada 
M9B 5Z4 

(dealer inquiries welcome) 
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IBM SPECIAL ISSUE 


GRAPHICS: 

THE BIG PICTURE 


IBM's open architecture has taken us from monochrome 

to stunning graphics displays-with a few stops in between 


G 
raphics displays are a hot 
issue these days. They're 
used heavily in business 
presentations, desktop 
publishing, scientific 

analysis, some word processors, and an 
operating system (OS/2), as well as in an 
operating environment (Windows). 
Graphics displays have two big advan
tages over character displays: They let 
you put more information on 
the display, and they let you 
draw arbitrary shapes, with 
blended colors (on a color 
monitor) . 

The question is, why aren't 
graphics displays universal? 
They would seem to be the 
logical display device for al
most all uses . However, there 
are two obstacles to universal 
use of graphics displays. One 
is the cost of the controller 
and the display monitor; the 
other is the demands that a 
graphics display puts on the 
host processor. 

These demands come from 
two requirements of graphics: 
The computer has to keep 
each pixel separately in mem
ory, and it has to process and 
display each one. A character 
display requires only l byte (8 
bits) per character, while in a 
graphics display, a character 
in the lowest resolution (a 5

Bill Nicholls 

by 7-pixel array) requires 35 bits of in
formation. If each pixel can have 16 
colors, this requires 4 bits per pixel , 
which results in 140 bits of information 
for one character. In this example, each 
graphics character requires 17 .5 times 
the information that a character display 
would need. 

If you have used graphics on your own 
system, you may have wondered why a 

graphics display :s slower than a charac
ter display . A graphics display takes 
longer to display characters because each 
character represents multiple pixels, 
which are processed one at a time rather 
than as a character unit. Further delays 
occur as there are more CPU writes to 
the display memory, and the memory 
may be busy refreshing the display, add
ing wait states to the CPU write. Thus, 

the advantages of graphics to 
the user also place a burden 
on the system's performance. 

Despite the extra computa
tion involved, the benefits of 
graphics displays generally 
outweigh the costs. The ini
tial solution to the speed prob
lem used to be simple-get a 
faster processor. This worked 
for a while, until programs 
grew to need all the proces
sor ' s time, and the display 
resolutions grew. 

A Graphic History 
The original IBM PC treated 
graphics as an afterthought. 
IBM recommended the 
Monochrome Display Adap
tor (MDA), which had neither 
color or graphics. If you were 
in the (supposed) minority 
who wanted graphics , you 
could get the CGA, with 320 
by 200 pixels in four colors , 

continued 
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or 640 by 200 pixels in two colors . Text 
display was coarse but legible. 

Hercules Computer Technology made 
its mark by quickly offering a text/ 
graphics compromise of good text resolu
tion and 720- by 348-pixel monochrome 
graphics. This became the default stan
dard that the MDA should have been. 
Years later, IBM responded with EGA, 
then a big step forward with 640 by 350 
pixels and 16 colors. But the EGA card 
was expensive. Sooner than expected, 
the clone makers copied the function of 
the EGA, extended its capabilities, and 
got the prices down to competitive levels. 
Now the EGA is considered a basic 
display standard. VGA followed later, 
correcting some EGA weaknesses and 
raising the resolution standard to 640 by 
480 pixels with 16 colors. (Just to con
fuse the issue, there's also the PS/2 's 
CGA-compatible MCGA-Multicolor 
Graphics Array-which has the VGA's 
640 by 480 pixels but can display only 
two simultaneous colors at that resolu
tion.) A standard VGA displays 2.4 times 
as many dots as the original CGA display 
and requires 9.6 times as much memory 

for internal storage. (See photo 1.) 
While the above activity was happen

ing in the IBM PC arena, other compa
nies developed computers that had graph
ics as a basic element of the system. The 
Mac came out with a 512- by 342-pixel 
black-and-white display , with standard 
graphics routines in ROM. The Amiga 
1000 started with 320 by 200 and 640 by 
200 graphics, plus hardware support that 
improved graphics performance. The 
Atari ST machines also included graph
ics at the start, and Atari later added 
hardware supporl. It was clear from 
these events that the need for graphics 
extended beyond just IBM PC users. 

Although the first PC graphics were 
crude by today's standards, they opened 
a window into a new class of applica
tions . However , shortly after the first 
graphics applications became available , 
problems popped up. Speed was less than 
impressive, especially on a 4. 77-MHz 
PC . The limited number of colors and 
low resolution available on CGA seri
ously restricted detail that could be pre
sented and provided limited eye appeal. 

While the EGA overcame the color/ 

resolution limitation , it worsened the 
speed problem. The CGA 's 32K-byte 
video memory became a l 12K-byte 
memory, and the EGA requfred five out 
of six memory cycles to be dedicated to 
display refreshi ng, which reduced the ac
cess speed to display memory . On top of 
that, EGA required that the CPU access 
the four memory planes of display mem
ory one plane at a time. The complication 
required four accesses where one had 
done the job before. 

Problems with Programming 
In addition to speed problems, the EGA 
came with new programming require
ments. Software vendors had to support 
the three major displays (CGA, Hercu
les, and EGA) to sell to the whole mar
ket, and all three required different tech
niques for best speed. Graphics speed is 
critically dependent on code quality, so 
all graphics support was done in assem
bly language, which increased program
ming difficulty still further . 

Some new problem s al so had to be 
handled. The EGA had some registers 
that were write-only. Once set, they 
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could not be read back later to see what 
the status was. This meant that programs 
had to keep (in low memory) information 
that specified what those registers 
contained. But not all software used or 
updated that information, thus creating 
incompatibilities, especially with termi
nate-and-stay-resident (TSR) programs. 
Another problem was the EGA's vertical 
retrace interrupt. Some programs used 
the vertical retrace interrupt to trigger 
actions, only to find out that not all EGA 
implementations handled it correctly , 
because of errors in IBM's published 
specifications. 

While software vendors were tearing 
out their hair, users were demanding 
more speed and resolution. These made 
the display more attractive and useful but 
made the software vendors' job more dif
ficult . Even with an 8-MHz AT , graphics 
displays were far from the instant update 
that a character display could deliver. 
Users wanted both-speed and graphics. 

The Standards Dilemma 
Along with all the other issues, various 
committees and manufacturers were de

veloping standards for writing and dis
playing graphics and, later, standards for 
the interchange of graphics. Instead of 
one or two standards that could have ad
vanced the industry , forces pulled in all 
directions: 

• In order to have a standard, you need 
lots of products to sell the standard. In 
order to have products, you need a 
standard. 
• To efficiently drive CGA, EGA, and 
Hercules, you need standards oriented to 
the hardware. To support programming 
efficiently, you need standards oriented 
to software. 
• By promoting your own standard, you 
could gain a marketing edge, at the cost 
of compatibility and a proliferation of 
standards. If you wanted to support a 
standard , would you wind up supporting 
a competitor? 

The result of these dilemmas was that 
literally dozens of graphics " standards" 
became available , ranging from single
product standards to the IEEE Computer 
Graphics Metafile (CGM) . Only in 1988 

have we seen the beginning of a resolu
tion to the standards dilemma, which 
will likely take until 1990 to become per
vasive . Even then, there will be more 
than one standard, but there should be 
few enough to be manageable . 

Graphics Processors 
As resolution and the number of colors 
increased and users demanded more 
speed, even the faster processor solution 
failed. It wasn't just speed that was the 
problem- good graphics requires a lot of 
programming as well as speed. Fortu
nately, by this time some of the basic 
graphics functions were well estab
lished, and these functions became the 
hardware nucleus of a new class of pro
cessors known as graphics processors . 

GPs take the basic graphics operations 
and implement them in hardware, doing 
in one processor cycle what may have 
taken a software implementation several 
instructions and 20 or more cycles. GPs 
also add certain useful functions, partic
ularly the bit-block transfer , known as 
BitBlt . This operation can take an arbi

continued 

Photo 1: This series ofgraphics, generated on an IBM PS/2 
Model 80 with an 8514 color monitor, shows how far IBM 
graphics have come in a few short years. 

(a) The CGA, capable ofup to 4 colors in 320 by 200 
resolution (here) or 2 colors in 640 by 200 resolution. 

(b) The EGA, displaying 16 colors in 320 by 200 resolution. 

(c) The EGA, displaying 16 colors in 640 by 200 resolution. 

(d) The EGA , displaying 16 colors in 640 by 350 resolution 
(256K bytes ofsystem RAM). 

(e) The Multicolor Graphics Array, capable of256 colors in 
320 by 200 resolution (here) or 2 colors in 640 by 480 
resolution . 

(f) The Video Graphics Array, capable ofup to 16 colors in 
640 by 480 resolution. 
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trary group of bits anywhere in memory 
and move them anywhere else, without 
being restricted by byte or word bound
aries. Since graphics pixels are bit-ori
ented units, BitBlt enabled simple and 
rapid movement of graphics entities on 
the screen. 

Two complementary factors helped 
reduce the cost barrier on graphics dis
plays. On the technical side, mass pro
duction reduced the cost of chips and dis
plays, and increasing semiconductor 
int.egration reduced the number of com
ponents while adding to their function 
and performance. On the human side, a 
number of management studies showed 
that graphics and fast response led to in
creased user productivity. 

The combined cost push and manage
ment pull led to changing the evaluation 
of graphics displays . No longer an expen
sive toy, graphics displays became a key 
productivity tool. This helped fuel a 
rapid evolution in software and hardware 
that continues unabated today. 

Evolution of the GP 
One of the first GPs for PCs was IBM's 
PGA, which used an Intel 8080 proces
sor and provided 640 by 480 resolution 
with 256 colors from a palette of 4096. 
Although the concept was correct, the 
price and performance were poor, and 
the PGA had only limited success. How
ever, the ground was broken, and other 
controllers using a processor were intro
duced. Another early controller used ·the 
Hitachi 7220 chip, which was faster than 
the PGA but was limited in what it could 
do compared to a general-purpose 
processor. 

Along with the extra processor capa
bility came a new requirement. Each 
new GP had a different software inter
face with the host processor. In order for 
the GP to do more than just set single 
dots, applications need a software proto
col between the HP and the GP that en
ables the HP to specify what the GP is to 
do . This means that for the GP to draw a 
line, the HP must pass the start, end, 
color, width, and form of the line in a 
manner that the GP can interpret. This 
forced each graphics application to write 
new code for each display controller that 
used a different interface. 

As GP controllers arrived on the mar
ket, the combination of GPs and CGA, 
EGA, and Hercules caused the software 
problem-to rapidly become too expensive 
for all but the largest software vendors. 
What followed was an explosion of in
compatible products, incompatible soft
ware interfaces, multiple graphics soft
ware "standards," immense confusion 

for the general user, and duplication of 
effort almost everywhere graphics was 
developed or used. 

Recently , however, the graphics envi
ronment has begun to stabilize. Micro
soft Windows 2.0 and OS/2 Presentation 
Manager are establishing a sel of conven
tions for applications to have a single in
terface to a virtual graphics device, with 
the operating system and environment 
dealing with the different interfaces to 
the display controllers, with or without a 
GP. Windows 1.0 was designed without 
taking the capabilities of GPs into ac
count, and, as such, did not show signifi
cant performance increases when a GP 
was used (see "High-Performance 
Graphics Boards," January BYTE). 
Windows 2.0 was changed to make more 
effective use of GPs . 

In addition to those environments, the 
third-party software market has begun to 
organize around a number of well
supported graphics drivers, such as 
Meta Window, and the soft ware tool 
makers have added graphics support to 
products like Turbo Pascal 4.0. Third
party software tool vendors like PMI are 
moving to support the Microsoft Win
dows and other window interfaces as an 
option with their products. The IEEE is 
nearing completion oo a number of 
graphics standards, such as CGM, that 
have broad nonpartisan support. 

All these products and standards rec
ognize, to a greater or lesser degree, the 
need for an effective interface to graph
ics processors. This recognition has 
spread in 1988 so that future products 
will more likely support the GP interface 
effectively. 

Performance 
GPs mean higher performance for the 
user now, and even more in the future . In 
today's systems, a GP will show varying 
performance improvement. This will 
range from little or none while emulating 
current standards, to several times for 
graphics-intensive programs that match 
the GP's interface. CAD and desktop 
publishing have already benefited from 
early use ofGPs. 

Even if you're not a CAD or desktop 
publishing user, there are benefits for 
you. GPs can reduce the load on the host 
processor, making programs run faster 
and letting you increase the screen reso
lution without a corresponding slowdown 
of the host processor. Future displays 
with higher resolutions will let you 
display multiple windows simultane
ously, making it more practical to watch 
and work with more than one program at 
a time. Higher resolutions and GPs also 

make it possible to use higher-quality 
text fonts. These fonts reduce eyestrain 
and improve the working environment, 
factors that are becoming increasingly 
important to everyone. 

What's in It for You? 
Most users today don't use GPs in their 
systems. The reasons for this range from 
cost and availability to need and software 
support. But things are changing rapidly, 
and most users should begin planning for 
the probable use of GPs. 

What needs to be done? First, you 
should be aware of a few trends . The 
price of graphics technology continues to 
go in a downward direction, despite oc
casional glitches. The resolution and 
colors available continue in an upward di
rection. More and more software uses or 
supports a graphics interface. These 
trends are expected to continue, and all 
of them point to more graphics for the 
user. 

If you accept that graphics is the com
ing display environment, what can you do 
to prepare? Start by reviewing what soft
ware you have and whether it operates in 
character mode, graphics mode, or both . 
Find out what resolutions and controllers 
it supports, and look particularly for 
support of graphics processors. Make up 
a list showing these facts and organize 
the list by the time it spends in each 
application. 

Now consider your upgrade options. 
Are graphics versions of your software 
available, or have they been announced? 
Are there other products for this applica
tion that offer better options? Consider 
what other applications you might want 
to add in the future, and what graphics 
options are available for each of these. 
Make a list of the software and environ
ment you would like to evolve to. 

Turning to the hardware side, take a 
similar inventory. If you have an older 
machine, particularly an IBM PC, con
sider a system upgrade to at least a fast 
AT or 80386SX machine. Check your 
display controller and display. If you 're 
running EGA or better, there may be no 
need for an immediate upgrade. If not, 
then budget and timing will determine 
the next step. If your budget can handle 
it, you can upgrade to a new GP control
ler now. If both the budget and time 
frame are short, avoid the EGA even if it 
looks inexpensive. VGA-compatible con
trollers are downward-compatible with 
EGA, without the EGA weaknesses . 
VGA is not a graphics processor, but it 
represents the current best value for non
GP graphics controllers. 

continued 
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Why Paradox 2.0 makes your 

network run like clockwork 


Paradox" runs smooth ly. intell igently 
and so transparently that mu ltiple 
users can access the same data at 
the same time-without being aware 
of each other or getting in each 
other 's way. 

With Paradox news travels fas t 
and it's always accurate 

Paradox auwmaiically updates itselr 
with a screen-refresh that ensures that 
al I the data is up to date and accurate 
al I th e time. Record-locking. Paradox
styl e. safeguards data integrity by 
preventing for example. two different 
users from making changes to the same 
record at the same time. 

How lo mato your mal//u1or n• trrotk rrotk 
To 100 Paradox 2.0 or lhe Paradox Ne~rl Pack oo a nelw<lrk, you need: 

• 	 Novell wllh Novell Advanced Netware versiOll 2.0A or highe1 
• 	 3Com 3Plus with 3Com 3+ opeialilllJ syslem version LO, 1.1 

'"h1ghe1 
• 	 IBM Token Ring or PC NetwOlk wilh IBM PC Local Alea Nelwork 

Prnc1am version I 12 or nioher 
• 	 Torus Iapeslry version IA 5 or higher 
• Al& 1 Slal lan 1·er 5100 I.I OI higher 
• 	 Banyan VINES version 2. 10 
• 	 Olher ne lWOll cooliOtHJlions lhal "' 100% compalibte wilh OOS 

3.1 aM one ol rhe !isled n•lwor s 

Sy11tm R•qutram•n ts tor th• li• IWork MVrkst11/on 

• DOS 3.1 or higher 
• 	 640K RAM 
• 	 Any cornbina1ioo ol l\ard. lloppy. °' no disk dr"es 
• 	 Compaiol>le monoclvome. color, °' EGA mon;Jor wilh ad.ipler 

•Cuslomef s.».iS~tJ0111 S CY rr..ui c~m: ii ,..:Jin 60 dilrs 01 pgtrlllC tl'lis pcodocl 
i)le:$ no1 p.t1 1cimlfl ~cor~t .,;, cu da·~. cit Oii rustomer seiw<:e-~lmerrt. 
.ll'ld ~w.u arr :v-.i~ir~. 

PiiraOO ~ ~ a. r ~llle:I fd IUilefNI ). OI ~ Solt«alt. AA$I is ~ Boll¥1d lri.elmoon.al 
C~iln)' Otrier bi ¥1d ¥Mj pr Ql!Ucl ~ 11e 1eqisld td uMcfN.11.'i ()I g~~ ct 
1i.1r •$ Cll\'1! rioiocu. ~,.rlchl c19aa Sor~ lflli:s nal n:nu Bl 1243 

'' When I saw the record-locking and 
autorefresh in action. I cou ldn 't 
believe it. Here was a true network 
application. a program that can actu
ally take advantage or a network to 
provide more features ancl functions. 
things that can't be done with a stand
alone PC. 

Aaron Brenner, LA Magazine 

With Version 2.0. Paradox becomes a 
sophisticated multiuser product that 
boasts an impressive selection of data 
production features and password 
security levels. 

Rusc l DeMaria . PC Week '' 

Paradox responds instantly to 
"Query-by-Example" 

The method you use to ask questions 
is cal led Query-by-Exampl e. Instead of 
spending time figuring out how to do 
the query. you simply give Paradox an 
example or the results you're looking 
for. Paradox picks up the exampl e and 
automatically seeks Lhe rastest way or 
getting the answer. 

Queries are flexible and interactive. 
And in Paradox. unl ike in other data
bases. it' s just as simple to query more 
than one table a it is to query one. 

'' The program elegantly hand les 
all the chores of a mul tiuser database 
system with little or no effort by 
network users. 

Mark Cook and Steve King. 
Dar.a Based Advisor '' 

'' Paradox . . . has quickly become 
Ll1 e state-of-the-art product among 
PC database managers ... Paradox 
still reigns supreme as the thinking 
user's DBMS. 

Jim Seymour. PC Magazine '' 

You don't have to be agenius 
to use Paradox 

Even if you're a begi nner. Paradox 
is the only relational database manager 
that you can take out of the box and 
begin using right away. 

Because Paradox is driven by the 
very latest in artificial intell igence 
technology. it does almost everything 
for you - except take itself ou t of the 
box. (If you've ever used 1-2-3" or 
dBASE." you already know how to 
use Paradox. It has Lotus-li ke menus. 
and Paradox documentation includes 
"A Quick Guide to Pa radox for Lotus 
Users" and " A Quick Guide to Paradox 
for d BASE users_") Pa rad ox. it makes 
your network work. 

60-Day Money-back Guarantee* 

For a brochure or the dealer nearest you 
Ca ll (800) 543-7543 

I N /ER N A IJQ N A l 
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Given enough lead time, budget for a 
GP-based controller. Plan your software 
upgrades around the goal of graphics 
support that meets your needs, and your 
hardware upgrades to give you the per
formance you want. 

Obvious candidates for GP-based con
trollers are CAD and desktop publishing. 
There are a number ofless obvious candi
dates as well . Consider the high-end 
word processors . Most now support 
graphics preview of the finished page. 
Viewing the page on the screen is a lot 
faster than printing it and then trying to 
change the results. WYSIWYG depends 
in part on what you can see. Good graph
ics support can be a productivity aid for 
almost anything beyond the basic busi
ness letter. 

Business graphics and analysis pro
grams that use graphics as a primary out
put are other applications that can benefit 
from improved graphics capability. A 
column of numbers is harder to interpret 
than a graph and takes longer to read . 
While printing a graph is slow, a spread
sheet displayed as graphics output takes 
best advantage of the human ability to 
spot trends and exceptions . Again, user 

productivity is improved. 
Finally, consider the programmer. 

His or her desk is usually covered with 
paper because he or she can't get enough 
on the screen at one time. With a high
resolution screen and a large display, you 
can open multiple windows at once, 
which facilitates quicker analysis , or 
multiple operations at once in a multi
tasking environment. Both mean greater 
productivity. 

What Is a GP? 
A GP is used to process data from inter
nal form to pixels. It may be a standard 
CPU, a CPU with both standard and 
graphics instructions, or a custom device 
solely for the purpose of transforming 
data to pixels . Some of these might also 
produce a pixel output stream for direct 
transmission to a display unit. 

GPs are oriented toward the pixel, not 
the data byte. Pixels are usually repre
sented as l to 32 bits of information that 
might or might not begin on a byte 
boundary. A general-purpose processor 
must use extra instructions to manipulate 
non-byte-size pixels, and this takes extra 
code and time. 

A window (a defined area on the 
display screen) is a logical element for a 
GP to handle, easing the load on the HP. 
Some GPs, like the Intel 82786, have 
hardware support for window opera
tions, which speeds up the window dis
plays and moves . Other GPs, like the 
Texas Instruments 34010, have no hard
ware support for windows but have spe
cial graphics instructions that speed up 
all graphics processing. 

The earliest GPs were simply standard 
processors that were dedicated to doing 
graphics work. Even though this was a 
simple approach, it was effective be
cause it brought more processing power 
to the system and allowed the HP to pro
ceed while the GP drove the display. The 
GP removed the graphics calculations 
from the host and, in many cases, wrote 
directly to its own memory, avoiding 
other delays . The net effect was a real in
crease in capability. 

Despite the early success in the use of 
a standard processor dedicated to graph
ics, second-generation designs rapidly 
ran into a bottleneck during graphics cal
culations. Even simple line drawing be

cominued 

All the Power ofA 25 MHz 386 

At Half the Price of Compaq or IBM 

Oniega 386/25 43295 386/16 $2!B> 

Complete HJgh Quality 386/25/20/16 Systems 
All systems are rustom assembled andO,,,.ga 38&'25l<0/18 Molhorboard Tao"""' 40!.lt> ~ H.nl Dtlw Test Results,,,.,,_.,.Hetd/Floppy Conlro"-r T MO 1.2Mb Floppy do1ve burned in bi/ OMJ lllchni:al per$0flnel and 

l/O Card (P•rallel, S..lal, Game Por1o) 101 Ker Enlwlood K~rd come with a 1year warranty on pans & 386/215 286/20T- 32 B"· Four 18 Bit. & Two 8 BH ololo 230 Watt Po-• Supply labor. All Prices Subj&d to Change withoutMonoch1ome Graphlca/Ptlntet Ad1p1•t AT Cue Tur1x>'l.-. 5 Oriw Sl<ilo 
1 Mb 80rui Memory (u-dible up lo 16 Mb) P....,d Boll TTL Amber Monitor notice. ISM &Compaq are Trademariu of Norton SI Ver 4.0their respective Corporations.• Ram Cac:l1e 386 ooon avail- • Tower Cue sv•llable 

28.2 'rl.3 

The Fastest 286 Available Landmark Ver .99286/20 $1895286/20/16/12 System Specs 33.6 26.7
Omeea 286120/111/12 Mathor Boatd Tuc 1.2Mb Fiowr Ort.. 
Award BIOS 101 Key Entwie.cl Keyboard 286/16 $1795 Power Meter Ver 1.20H.,d/Floppy eon11oNt11 r: 1 ..,,eirl..... 230 wan P-• SUl>l>lr 
l/O C111d (Parallel. S..lal. Game P0<1o) AT Cue Turbo/Lodi. 5 Ori.., Sloh 
Sf• 18 en s- ' T- 8 BM s1<111 Monochrome GrapMc./Printer Adapttr 286/12 $1495 
1 Mb Memo<y lnotoli.d Pactcard Bell TTL Amber Monttor 

Omega 88/ 10 xr Compatible 
10MHl XT MOlhetboatd (l'-nlr BIOS) 

T..., 3801< Floppy Oriv. 

P•-d Boll nL Amber Monitor 

Flc>Qpy 110 ConlrolJ.< (2F,CLK.PP. SP, GP) 

150 wan P-• S~y 


AT Jr c... Tur1x>'l.ado 

Ko~onlco 101 K., K~ard 


Monochrome Orapl\IC1/Prln1•r Ad.eipter 

8 El<panolon S Ioli 
&<OK M..-y I nolallad $795.00 

E:liD,S:l:I 
Paneeonlc 

10801 $181 
1091 $222 
1092 S361 
1592 $400 
1595 $473 

Ms>dema 
12001 $57 
1200E $95 
24001 $103 
2400E 1182 

B&td Drlvu 
To oMt>a 

40Mt> 2!ime '5<13 
70Mb 2!ime '895 

Mlc:ropolle 
72Mb 28mo Mi10 

Wlnlec:rlbe 
8425 20MI> 65mo 5281 
8'38 20Mb 65mt 5287 
3053 40Mb 2Smt '818 
3085 72Mb 29mo $720 
6085 72Mb 28mo $968 
8128 100Mb 28mo $850 

[IRlllZ!: l2d!n 
Teat 

720!< 3.5' $1 15 
U4M 3.5' 1125 
360!< 5.25" '89 
1.:zt.t s.2s· 5100 

SMSOmtl 
5527 XT RLL S83 
8240 AT MFM 114-4 
510 SCSI S6S 
512 SCSI '80 

3.64Mlps4.25 Ml119 
Olllet produo1Manl,am 
llnH otlortd :S.....ung Whh Mono 1100 


Pactcard Ben Mono l80 
 Vl<leoStY«I 
~Mono 1110 Kort1onlo1 

Ptlnoeton MAX 12 5158 
 Northgate 

n.on.onCGA 5240 
 Arch I.,... 

Mlt1ut>lthl CGA 5269 
 No-well 

Packard a.fl EGA $375 
 AuloDelk 

S-ngEGA $388 
 Epoa> 

Mltoublohl EGA 1408 
 Wtolttn Olgh l 
Mltaubtthl Multl 1528 OTC 

T&ehnlca MulU $443 
 $1wp 

Tatung VGA 5582 
 And Many Mo,.1 

.J~l
Call For More Information Including Complete Product Catalogue Toll Free (800) 346-6527 Hours: 9am-8pm EST 

amEll., mlCflCJ5'1'5tEms anc . In Georgta (404) 429-8862 
Fax: (404) 953-6286 Monday thru Friday 

1029 Franklin Road Suite 4-C Marietta, Georgia 30067 We WR/ GladlyAnswerAny Customer's Technlcal Questions/ 
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MODEL 705 
-Stand alone operation . 

- Programs Motorola 68705 Family MPUs. 

-0~ buUon operation from c~c le power to erlfy, 


at for production . 

MODEL 9800 
- Programs 8 parts at a time. 
- Programs all chips. to one megabit. including 

single chip processors. 
-Operates serial to 56Kbps or stand alone. 
- Programs 2764 in 5 seconds. 
- Ultra fast communications software . 

All GTEK products are manufactured by GTEK in 
the U.S.A., are tully warranted tor 1year and 
offer free tecllnlcal support. 

lnlel 15 a reg1sleoed trademark 011n1e1C<irp 
MMI &PAL 1$ a(eo•slere<J \tadilma• !<'Of f,!MI Corp 
Tl Is a • e~ 1 s1eted irademark ol Texas lns1rumen1s Cor p 
Cypress rs a reg1s1erea uaoemarkol ~oflss Semlton!IL!Clor 
Mo1oro1a 1sareg1s1treo uademark ol Motorola. COrp 
GTE~ Ii aregrs1erec uadl!lflark or OTEK Inc. 

MODEL 9000 
- Fastest programmer on the market . 
-Quick & Intelligent programming algorithms. 
- Programs all ch ips. to one megabit . including 

single chip processors. 
- Programs largest variety of chips incl . Prom 

replacements . Eproms and EEProms. 

MODEL ROMX-2XL EPROM EMULATOR 

) 

-Emulates 2716-27010eproms. $399 

- 256K to 1024Kmemory available. 

- Battery backed up . auto emulate on power-up. 

- Low-cost . pays for Itself on first project. 

- Free 19.2K Serial Communications Software . 


PCSS·BX SERIAL BOARD 
- Eight RS232 ports per card (optional 4 port) 

- All eight ports 100% DOS compati ble . 

- 32 ports may be added to aPC . 

- Opt ional RS422 to 4000 fl . 

-Interrupt driven BIOS Enhancement Software 


inctuded Iree . 

MODEL 7956 
-Programs 8eproms at a time. 
- Programs chip to 5 t 2K. including single 

chip processors. 
- Operates serial or stand alone. 
- Switch selectable part selection. 



GRAPHICS: THE BIG PICTURE 

comes complex when the line style, an
gle, and antialiasing (smoothing the 
stair-step appearance ofangled lines) has 
to be taken into account. 

To effectively support these additional 
capabilities, system designers developed 
custom chips an,d standard processors 
with extended instructions for fast graph
ics processing. The best-known of these 
is the current TI 34010, a general-pur
pose processor with special hardware 
support for graphics operations . (See 
"The TMS34010 Graphics System Pro
cessor" by Carrell R. Killebrew Jr., De
cember 1986 BYTE.) 

A number ofcompanies took the alter
nate approach ofcustom graphics proces
sors. Intel and Hitachi made single 
chips, while AMD and National Semi
conductor developed multiple chip sets. 

The single-chip designs of Intel and 
Hitachi are far apart in terms of concept 
and architecture. Hitachi built a device 
(7220) that can be used alone or in pairs, 
but it still depends on the host for most of 
the graphics work internally, while serv
ing as an interface to the display device. 

Intel put three cooperating processors 
on one chip, with external interfaces to 

the host memory, display memory, and 
the display device, with processing and 
access shared on a priority basis. (See 
"Inside the 82786 Graphics Chip," Au
gust 1987 BYTE.) One processor does 
graphics functions on the display mem
ory (based on commands from the host), 
a second handles memory refresh, and a 
third converts the internal representation 
to an external pixel stream, including 
multiple window support. A fourth com
ponent handles the priority conflicts be
tween host, internal processors, and 
memory, for both system and display. 

Multichip designs offer a more flexi
ble organization and typically higher 
performance than single-chip designs, at 
the cost of a more complex design pro
cess and more board space. AMD's 
Am95C60 and National Semiconduc
tor's DP8500 family are among the 
multichip graphics processors. Both 
these multichip versions preceded the 
Intel and TI single-chip processors. 

While no single chip is representative 
of the whole set, the AMD Am95C, 
known as the Quad Pixel Dataflow Man
ager, is representative of this class ofpro
cessors. As a minimum, the QPDM re

quires commands from the host via 
direct memory access, a video memory 
of four planes per QPDM chip, and a 
color palette. The QPDM processor does 
perform the basic graphics functions in
dependently of the host and runs at a 20
MHz clock rate, providing fast graphics 
performance with up to a 2048 by 2048 
display device. 

The QPDM refreshes the graphics 
memory and the video display, updates 
the graphics memory based on com
mands from the host, and supports a sin
gle hardware window. Its basic com
mands include drawing lines, arcs, and 
circles, all including optional anti
aliasing, block move, filled rectangles, 
and string moves for fast character 
displays. 

Today and Tomorrow 
The current standard display controllers 
are "dumb"; that is, they depend on the 
host to calculate and write every pixel on 
the screen. Some current VGA control
lers support 800 by 600 with 16 or 256 
colors, and even fast systems will spend 
an excessive amount of time updating 

continued 

Protects Your PS/2 and PC Data 

The DataSentry from Rainbow Tuchnologies offers a cost
effective means of protecting files on any IBM PS/ 2, PC/XT/AT, 
or compatible. The DataSentry is a compact, user-installable, 
external hardware security system utilizing DES methodology. 
It is the only protection system of its type that is fully 
compatible with all models of the IBM PS/ 2 system. 

Applications 
• IBM PC/ XT/AT and compatibles 
• IBM PS/2 - aU 'TTWdel.s 
• Laptop computers 

Benefits 
• Secured modem transmissions 
• File privacy on shared computers 
• Department-wide data security 

Features 
• Simple to use and completely user-installable 
• Can protect individual files or whole directories 
• Encrypts files using DES or a fast proprietary algorithm 
• Compresses encrypted files to save disk space 
• Provides master keys for multi-level security systems 
• Optional password protection 

The Data.Sentry System. The Key t.o Safe Files. 

Q RAINBOW TECHNOLOGIES 
18011-A MITCHELL SOUTH IRVINE, CA 92714 USA 
(714) 261 -0228 TELEX: 386078 FAX: (714) 261-0260 
" 1988 lloln!Xlw Tecnnologles. Inc. OotoSentry Is o rrodemorl< OI Rainbow lochnolog& 
IBM 1$ a reg~le<ed trodernorl< ol lntemotklnol Buslness Machines. 

136 Fall 1988 • BYTE IBM Special Edition Circle 186 on Reader Service Card (DEALERS: 187) 



BlaisePasse 

the ScreenTest. 


POWERSCREE 
Best perf onnance in a supporting role. 
Because your time is more valuable then ever, Blaise Computing presents POWER SCREEN!" 
the new high perfom1ance screen management system designed to support your own creative 
programming efforts. 

POWER SCREEN provides reliable, lightning fast data entry screens and 
menus to create your own sophisticated window oriented applications. 
It allows you to design screens exactly as you want them to appear in your 
final application. Screens are efficiently stored in a file so they can be 
used by your application or later modified without program code changes. 
PAINT, the screen painter included with POWER SCREEN, has the 
appearance and performance of the popular integrated programming 
language environments. It lets you design and modify screens, and 
define and format fields. All VGA, EGA and monochrome text modes, 
attributes and colors are supported. 
The POWER SCREEN Runtime Library allows you to construct 
screens in memory, display screens in windows and read and write 
data to fields within the screen. All screens and menus are window
oriented, so they can be stacked removed or moved on the physical 
screen. You can access screens field-by-field or a whole screen at a 
time. POWER SCREEN takes care of field input editing , data and 
range checking, and data formatting. 

POWER SCREEN out-performs the runners-up with a dazzling 
display of capabilities FEATURING: 
+ Virlual screens . Screens that can be larger than the physical 
screen, with just a portion of the screen displayed within a window. 
Write to any screen any time, even if it is not visible . Automatic 
physical screen update. 
+ Context sensith•e help. Create help text on a field-by-field basis 
or for the entire screen with a window-oriented help facility. 
+ lntcrl'cnlion routin e.<> . Install them so your application gains 
control when a field is entered, exited and between keystrokes. 
+ Kange cl1ecl ing. Supported for all standard data types. 
+ Unlimited ~reens . Subject only to the amount of available 
memory. 
+ Definable keys. Fully configurable field ed iting keys. 

POWER SCREEN includes PAINT, the POWER SCREEN 
Runtime Library, as well as other utilities for creating help 
files and maintaining and documenting your screen data· 

base files. Language interfaces with source code are included 
for C, Turbo Pascal 4.0 and Quick.BASIC. 

The package is accompanied by a fully-indexed comprehensive User Reference 
idescribing POWER SCREEN procedures and utilities. Complete example programs 
are supplied on the diskettes. 

POWER SCREEN requires an IBM PC, XT, AT. PS/2 or close compatible and DOS 2.00 
or later. To write POWER SCREEN applications, you need one of the supported com· 

pilers: Turbo C, Microsoft C (4.00 or later). QuickC. Turbo Pascal (4 .0 or later). 
QuickBASIC (4.0 or later). Interfaces for all supported compilers are included 
with POWER SCREEN. 
Blaise Computing: We've passed the screen test so you 
won't have to. 

Complete pr"i.;e: $12'.l. 

Blaise Computing has a full line of support products for both 

Pascal and C. Call today for your free information packet. 


--~--
BLAISE COMPUTING INC. 
2560 Ninth Strc>tl. S11i1c 316 lkikcky, CA 94710 (41S) S40·5441 

Cirrle 28 on ll£ader Ser11ice Card 

Turbo , S 	 $129.00 
· 	lnterrupl driven suppoJ1 for u)' to four CO~ 

pol'tS. VO buffers up to 64K.: -X:ON/ XOPF; 
hardware han.dshakin)l: up 10 19.2K baud:. 
modem conlrol and XMOO.EM file transfer. 
For Tu.rbo Pascal. 

CTOOI ' PL S $129.00 
WiT1dows: menus: ISR.~ : inlervenJion code: 
screen handling and EGA 43·1inC'lcKt.modc 
-su (lporl ~ direct screen access; DOS file. 
handli ng and more. Sp;e iricallydesigned for 
Microsoft C 5.0 anctQuickC. 

CA YNCH $175.00 
Pull fcntUred inlerrupl dri~en supJ?Orl for up 
to four COM por1s. 1/0 buffers up 10 64K: 
XON/ XOFF: ha.rdware handsha king: up 10 
19'2K baud: modem control and'XMODEM 
file- transfer: For MicrosoCt C and Turbo e . 
Tur><> ( 00 $129.00 
Full spectrum or 11eneral service utility run·c
1ions including: windows: menus: memocy 
resident applications: inielYOpt ser\<iee rou· 
tin~; intervention code; and direoi' video 
nee~ fo.r fast screen handling . . For Turlx) C. 

. ~lot 	 $49.95 
•<S~tper-batcfi" program. Crwfe batch f\le.~ 
which ea'n invakeprogramsan,dpiovfdcinput 
101h~O\:.run any prqgf'.lim una1rended; oreate 
dem0n·s1mlion -progr.uns; JWaly;,tj. l)eyooacd 
USlljle. 

. • $9-5.00 
Jlrogram."chaining exccutivc•.Chain.onc: pi:o

gram from -another in different languages; 
• 	~~fy common data areas: less .thiln1K o 
o~rhead. 
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MATHPAK87 High Performance 80x87 Software 

MATHPAX 87 is a set of MATHPAK 87 Timings (IBM XT)
over 130 115semblcr coded 

El:ccution limo for 100.000 Opcr.11t101unumerical routine.s for use 
wit h 80x87 math coproces
sors. These rout ines are J--...,--,------1---.1-l1 •0 s 
highly optimized and run c 

up to 10 time.~ faster than c 

equivalent high-level lan
guage routines. A detailed 
and easy-to-read manual 
(180 p ages) gets you 
started usi ng MATHPAK 
87 in minutes. MATHPAK 
87 routines are fast, con
venient and reliable. 

MATllPAK87 includes: 65 vector/scalar routines (vector add. subtract. ... ); 
24 complex vector/sc<1lar routines ; l I matrix routines (add, sub tract , mul · 
tiply, transpose, etc.); LU decompusition/backsolving rou tines for real and 
complex systems; Gaussian e limination: mat rix inversion; tridiagonal 
equation solver routines; EISPACK eigenvalue/vector routines; statistical 
routines; FFf routines (l -D. 2-D. complex. real, convolut ion): spectral 
analysis rou ti nes (windows: Parzcn, Hamming, .. .); routine~ for numerical 
integration and solution of differen tial equations; and missing fu nctions 
for Modula-2 and Pascal: Lan. Jogl 0, alog I 0, power, si nh , cosh and tan h. 

MATHPAK 87 routinesarelhefa.flest available! On an IBM XT. a lK com
plex FFT takes l.85s (real !.Os): dot product (length 10,000) takes 0.49M 

$99 US for Turbo Pascal 4.0 ~ersion . SJ 19 US for MS Fortran, IBM Pro 
Fortran, Lahey F77L, MS C, Lalticc C. Logitech Modula-2 or ITC 
Modula-2 versions. Plense specify version. Add $5 shipping/handling. 

Precision Plus Software. 1239 Sir David Drive, Oakville, Ontario, 
Canada L6J 6Y9. Telephone: (4 16) 829-151 I. FAX: (416) 829-1742. 

lnternnllon nl Deniers: U.K.: Grc-y M"llcr Lid., · 1~1 : (036>1) 53499; West Germnny: 
SOS Software Service GmbH. Alter P0< 101cg IOI, 8900 Augsburg, lei: 0821/57 1081. 

bff,V OotJ'ttid r.B.~V SirgV SQlc\'S\ 

Routine 

KADAK's 
engineers bring 

years of practical real-time 
experience to this mature 

MUL Tl-TASKING SYSTEM 
(version 2.0) 

for the IBM® PC, PC/XT and PC/AT 
• 	 No royalt ies • Intertask message 
• 	 IBM PC DOS® support passing 
• 	 Clanguagesupport • Dynam ic operations: 
• 	 Preemptive scheduler - task create/delete 
• 	 Time slicing available - task priori t ies 
• 	 Source code of the - memory allocation 

C interface and device • Event Manager 
drivers is included • Semaphore Manager 

AMK86'" operales on any 8086188, 80186188, 80286 system. 

Demo package $25 us KADAK Products Ltd. 
Manual only $75 us 206-1847 W Broadway
AMX 86 system 52195 us Vancouver. B.C.. Canada 
(shopp1ngmandllng extra) V6J 1Y5 

~l Telephone: (604) 734-2796 
Also available 101 8CJ80. ZBO, 68000 --..-- Telex: 04-55670 
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that large a graphics display. Even with 
the performance of an 80386, we've just 
about reached the limit of this approach 
to support fast graphics . New applica
tions will demand more of the host pro
cessor, leaving fewer cycles to drive the 
display without visible slowdown. All ev
idence points to the technology having 
reached a transitjon point. 

What comes next should be obvious
display controllers driven by their own 
graphics processor. IBM has revealed in 
advance that its next display controller 
will have a graphics processor built in. 
The 8514/A controller for the PS/2s al
ready has some processing built in, but 
its capability is limited. The interface is 
totally software defined, and hardware 
specifications are not even available . 
This prevents software vendors from by
passing the software interface in search 
of short-term gains at the expense of 
long-term compatibility . 

As we enter the era of GP-driven con
trollers with megabytes of display mem
ory, the old technique of driving the 
hardware directly is obsolete and coun
terproductive. New displays will require 
processing well beyond what current sys
tems have available. By 1990, most, if 
not all, display controllers will have a 
graphics processor or two to provide ca
pabilities we can only dream of today. 
We can expect these future controllers to 
have multiple windows, three-dimen
sional displays , rotating displays, 
hidden-line removal , and shading of 
objects. 

In all this discussion about graphics 
processors, let's not forget about the 
final key in the display chain: the display 
monitor itsel f. While the pace of monitor 
improvement does not match that of the 
semiconductor industry, displays have 
come a Jong way. The $700 CGA display 
of 1984 has given way to the $600 EGA 
display of 1986, which has given way to 
the $500 VGA display of 1988. This 
trend should contjnue as GPs and new 
software provide the push for even high
er-resolution displays, at mass market 
prices. Today's $2000 1280 by 1024 
color display will be I989's $1500 display 
and 1990's $1000 display, with even better 
displays entering at the $2000 level. 

The acceptance of the graphics proces
sor as a standard component of computer 
systems will change the way we view and 
use these systems in the years that lie 
ahead.• 

Bill Nicholls is an author and compurer 
consultant with BGW Systems, Inc., in 
Puyallup, Washington. He can be 
reached as "billn" on BIX. 



The 
Tandy 
4000LX 

Get the power 
and performance 

of Intel's 80386 
...at 20 MHz. 

To complete business tasks on 
schedule, tum to the Tandy 4000 LX. 
With its 32-bit Intel® 80386 micro
processor operating at 20 MHz, the 
4000 LX delivers a new level of per
formance to sophisticated database 
management and spreadsheet analysis. 

Two megabytes of zero wait-state 
memory make the 4000 LX ready to 
use with MS® OS/2 , as well as MS
DOS® software. With this much 
memory standard, the Tandy 4000 LX 
is also ready to use as the hub of a 
powerful multiuser office system run
ning SCO® XENIX® software. And as 

a network file server in a 3Com® 
workgroup, the 4000 LX provides 20 
MHz performance for exceptionally 
high-speed data transfer. 

The Tandy 4000 LX i highly ex
pandable. Three from-panel device 
slots and eight expansion slots give 
power users the flexibility needed in 
configuring the optimum system. 

And for entry-level 386"' power, we 
offer the original Tandy 4000. Using 
an 80386 processor that operates at 
16 MHz, the lMB Tandy 4000 is the 
perfect low-cost choice for the heavy 
power user. 

The new generation Tandy 4000 
LX. From the best-selling family of 

PC compatibles made in America . 


Send me a1989 RSC-20 I
I computer catalog.·-------· 

I 
 Mall 10: Raolo Shack. Dept 89·A·103 
 I 

300 One Tandy Center. Fort Wo11h. TX 76102 

II IName 

Company _________ 


I IAddress 

I ICl!y State __ 

• ZIP Phone • -------·
Tandy Computers: Because there is no better value~ ltad1e lhaeK 
Intel/Reg. TM and 3861TM Intel Corp, MS. MS·OOS and XENIX/Reg. TM Mlcrosofi Corp. SCO/Reg. TM The 
Santa Cruz Oper.lllon. 3Com/Reg. TM 3Com Corp. COMPUTER CENTERS 

A DIVISION OF TANDY CORPORATION 
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THE CREATIVE SIDE OF PAGEMAKER. 

There's only one desktop publishing program 

that's equally adept at producing stunning graphic 

design and powerful business reports. 

It's Aldus PageMaker. And it means desktop 

publishing to more people around the world than 

any other program. 

For creative professionals, PageMaker offers 

powerful features for precise page composition, 

document formatting, spot color, and text handling. 

All in a friendly, intuitive way. 

For business professionals, PageMaker offers 

features like built-in templates and comprehensive 

support for long documents. It's the first desktop 

publishing program to run on both Macintosh ® 

and PC computers. And it's compatible with more 

business software and peripherals than any other 
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THE BUSINESS SIDE OF PAGEMAKER. 

desktop publishing program available today. a colorful videotape demonstration for just $9.95. 

Which explains why over 200,000 creative In Washington state call (206) 628-2375. * 

and business professionals around the world have 

chosen Aldus PageMaker. 

To get a closer look at the creative and busi
411 First Avenue South, Seattle, WA 98104 (206) 622-5500.ness sides of PageMaker, visit your authorized 
~?~crA~~i~~-~~~i~~:. ~~ ~~~sit:i';:,~d~~;!~~L;";~i~~~~~i~~h0S12Krn~~~~~~~A 
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Aldus dealer, or call 1-800-33-ALDUS to order a 

$4.95 self-running demo disk. Or you can order ~L~i~ l~~:.:~~;;·~~,~~~~~1:~,~:i~~~~j~,~~~l~~~~~~.r:n: 1~ :98s~:~1c~~~\:~,~1~~h~~~.~ 
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TECHNIQUES 

IBM SPECIAL ISSUE 

LIFE AFTER DOS 

Outgrown MS-DOS? Here are six programs that bring 


multitasking features to 80386 computers without resorting to OS/2 


1 
n April 1987, IBM an
nounced a new operating 
system, OS/2. Microsoft 
and IBM had collaborat
ed in developing this new 

operating system, which caters to the 
80286. The 80286 chip is found in the 
many IBM PC ATs and compatibles. 
OS/2 introduced new features, such as 
multitasking, task scheduling, and pip
ing between different processes, just to 
namea few. 

To the end user, OS/2 exhibits rather 
limited multitasking support for applica
tions written for standard MS-DOS. This 
feature is attributable to the architecture 
of the 80286 chip. The limitations have 
been overcome by the more powerful 
80386 and its virtual real mode, which is 
not available in the 80286. In real mode, 
one operating system and one program 
run at a time. Using the virtual real 
mode, the 80386 is able to execute multi
ple 8086 programs as though each were 
running on a separate machine. 

In addition, the 80386 chip has virtual 
memory management and memory pag
ing, and it handles memory segments that 
are larger than the 64K bytes of the 
80286. These 80386 features let pro
grammers create environments that sup
port multitasking DOS applications, im
plement virtual 8086 machines, and 
break the 640K-byte memory barrier (by 
using extended memory to simulate ex
panded memory for memory paging) . 
(Also see "High-Speed Memory Boards 

Namir Clement Shammas 

for ATs" by Barry Nance in the Decem
ber 1987 BYTE and "It' s a Natural" by 
Bud E. Smith in the July BYTE.) 

The 80386-based concurrent-DOS en
vironments bring multitasking and the 
use of all available memory into play. 
Now that these capabilities are actually 
at hand , programmers and end users 
must ask themselves how to put them to 
work. Two general ways to use such envi
ronments are as follows : 

• Using the multitasking environment 
to quickly and frequently switch two or 
more applications . The emphasis is more 
on the ability to navigate among various 
applications or multiple instances of the 
same application. Performing back
ground work is at a minimum or not used 
at all. If your interest is mainly in this 
type of application management, then 
80386 environments are by no means the 
unique providers for such requirements . 

• Using the multitasking environment 
to focus on one main application that re
quires rather extensive human interac
tion while running other programs in the 
background. Programs that function in 
the background must be able to run unat
tended for at least the duration of certain 
tasks. In this category, you have, for 
example, bulletin boards; print spoolers; 
archiving utilities; large spreadsheet 
recalculations; extensive and time-con
suming number-crunching engineering, 
scientific, and statistical programs; and 
extensive database sorting or indexing. 

Bulletin boards represent a special class 
of background tasks that suddenly need 
the attention of the CPU. Most 80386
based environments have catered to that 
need. 

Personality Profiles 
In this article, I will look at six 80386
based environments that support concur
rent DOS . They include Windows/386 
from Microsoft; VM/386 from IGC ; 
DESQview 2.01 from Quarterdeck Of
fice Systems; Omniview from Sunny 
Hill Software ; Concurrent DOS 386 
from Digital Research; and PC-MOS 
from The Software Link. Keep in mind 
that each package was designed to ex
press a product personality reflecting the 
philosophy and intent of its developers . 

Windows/386 is a graphics-based en
vironment complete with pull-down 
menus, windows, and icons. Its interface 
is very similar to that of the OS/2 Presen
tation Manager, and it also provides file 
management facilities for single users. 

VM/386 is a text-based environment 
for multiple virtual 8086-based PCs. 
The VM/386 emphasis is on defining 
virtual machines and spawning them as 
either background or foreground tasks. 
Any of the virtual machines can crash, 
and you can reboot them without affect
ing the others . VM/386 can run on 
IBM's Token Ring Network. 

DESQview 2. 01 has evolved from ear
lier versions that were designed to run 

continued 
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with the 8086 and 80286 chips. Version 
2.01 , tailored toward the 80386, delivers 
a combination of text-based windows 
able to display different tasks , a family of 
well-designed pop-up menus, and multi
tasking capabilities. DESQview also 
runs on networks. 

Omniview is an interesting product 
that really stands out for its flexible and 
modest hardware and software require
ments, and it gives you the multitasking 
capability you seek. This program works 
with most networks. 

Concurrent DOS 386 is an environ
ment that attempts to bring an 80386 ver
sion of CP/M-86 to PC-DOS. Conceived 
by the company that developed the Z80
based CP/M, this product comes across 
like a cat with nine lives. From my com
parison of this package with the other en
vironments, I believe that Digital Re
search did not develop the package from 
the ground up. Instead, the company re
lied on upgrading previous versions. As a 
result, the product has design limitations 
inherited from previous (non-80386) ver
sions. Concurrent DOS 386 does offer a 
superset of DOS commands, multitask
ing, and multiuser suppor.t with some 
practical limitations. 

The PC-MOS environment is very dif
ferent from the rest of the lot. It is an op
erating system that can be seen as a 
superset of PC-DOS implemented for the 
80386 machines. It provides its own sys
tem file , its own command.processor, in
ternal and external MOS commands, a 
task manager, a text editor, a debugger, 
and multiuser support. PC-MOS em
ploys many commands that are available 
in standard DOS and adds a few good 
new ones. Table I shows the system re
quirements of the six packages. 

Setting Up the Environments 
How hard is it to install these multitask
ing DOS environments? And once you've 
got them installed, how hard is it to alter
nate between sessions that use the stan
dard DOS and the concurrent environ
ment? 

To set up Windows/386, you use the 
SETUP.EXE program located on the 
distribution disks . The steps involve· se
lecting the type of computer, display 
adapter, keyboard, and country. The set
up process is very smooth. However, you 
may need to alter your CONFIG.SYS 
file so that it doesn't install RAM disks, 
and change the AUTOEXEC.BAT to 
avoid loading RAM-reside.nt programs. 
You may elect to create a special boot 
disk with the customized versions of the 
AUTOEXEC .BAT and CONFIG.SYS 
files. With this process, you can run 

Table 1: System requirements for the six packages. Note that DESQview and 
Omniview can operaJe with two 360K-byte floppy disk drives or one 360K-byte 
floppy disk drive and one hard disk drive. 

Wlndows/388 VM/386 DESQvlew 

2.01Version run 2.1 1.1 

DOS version 3.1 , 3.2, or 3.3 3.0 or higher 2.0to3.3 

Drives 	 1 .2-megabyte floppy 1.2·megabyte floppy Two 360K·byte 
disk and a hard disk disk and a hard disk floppy disks or one 
(2·megabyte space) (2-megabyte space) 360K·byte floppy 

RAM (megabytes) 
Minimum 1 
Recommend 2 

Video CGA, EGA, VGA 

Modem Optional 

Can run with 
80286 No 
8086/88 No 

Windows/386 only when you need it ; 
otherwise, you use standard DOS. 

Installing the VM/386 environment is 
straightforward. First, you make copies 
of your current AUTOEXEC .BAT and 
CONFIG.SYS files because the system 
setup uWity modifies them. Then you 
need to remove all RAM-resident util
ities installed by the AUTOEXEC.BAT. 
The SETUP.EXE utility queries you 
about the compatibility level of your sys
tem. You may create a special boot disk 
to run VM/386 at your discretion and al
ternate with standard DOS. 

The DESQview environment is very 
simple to install on a hard disk drive, a 
high-density floppy disk drive, or two 
360K-byte floppy disk drives. While 
DESQview also runs under the 8088, 
8086, and 80286, only the 80386 version 
offers concurrency utilizing a single 
CPU. 

Installing DESQview for the 80386 
involves two steps: You install DESQ
view itself, and then you install Quarter
decks ' s Expanded Memory Manager 
386. The QEMM-386 is a driver that 
permits the use of extended memory in a 
manner similar to expanded memory 
(compatible with Expanded Memory 
Specifications [EMS] 3.2 and 4.0). Once 
installed, the QEMM-386 permits 
DESQview to swiftly swap concurrently 
running tasks between the extended 
memory and the first 640K bytes of 

disk and one hard disk 

2 0.64 
2+ Not specified 

MDA, Hercules, (Optional) CGA, 
CGA, EGA, VGA Hercules. EGA 

No (Optional) Hayes 
or compatible 

No Yes 
No Yes 

RAM space. I was able to install DESQ
view on a high-density floppy disk drive 
after modifying my CONFIG.SYS and 
AUTOEXEC.BAT files . 

When setting up Omni view, you will 
see that the program has incredibly mod
est requirements that don't compromise 
its very flexible nature. In other words, 
Omniview is a very resourceful package. 
The environment can be installed on 
either floppy or hard disks. It is worth 
pointing out that the CONFIG.SYS and 
AUTOEXEC.BAT need not be changed. 
In fact, I first installed Omniview on a 
360K-byte floppy disk and was able lo 
run it from the floppy disk. A better ar
rangement, though, was to copy the files 
of the installed disk lo my RAM disk and 
run Omniview from there, after setting 
the swap DOS-environment variable to 
the RAM disk. 

Omniview is able to take advantage of 
extended memory, expanded memory, 
enhanced expanded memory. RAM disk 
space, or hard disk space to overcome 
DOS's 640K-byte limitations. In order to 
use the extended memory, you must use 
separate drivers. Regarding expanded 
memory, Omni view supports the drivers 
for EMS 3.2 and 4.0. 

You install Concurrent DOS 386 by 
booting from the first distribution disk. 
A setup program creates two new direc
tories on the hard disk and modifies the 
AUTOEXEC.BAT. You will most likely 
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Omnlvlew Concurrent DOS 386 PC-MOS 

2.0to3.4 

Two 360K·byte floppy 
dis~ or one 360K-byte 

floppy disk and one 
hard disk 

0.256 

Expanded memory 


MDA, CGA, EGA, 

VGA 


No 


No 

No 


2.0 

3.0to3.3 

One floppy disk 

(for setup), 


plus one hard disk 

for operation 


0.512 

Expanded memory 


CGA, EGA, VGA 

No 

No 
No 

2.1 

Installs MOS 

over MS·/PC·DOS 


One floppy disk 

(for setup), 


plus one hard disk 

for operation 


1+ 


MDA. CGA, EGA 


No 


No 

No 


need to further modify your AUTO
EXEC.BAT, copy your CONFIG.SYS 
file as CCONFIG.SYS, rename CON
FIG.SYS, and edit the device drivers in 
CCONFIG.SYS. When you reboot, the 
AUTOEXEC.BAT prompts you to decide 
whether or not to run Concurrent DOS 
386. This is a welcome choice not found 
in the other packages. While memory re
quirement is modest, Concurrent DOS 
386 does not make any provisions to uti
lize extended memory-onJy expanded 
memory. 

Setting up PC-MOS is slightly more 
elaborate than setting up the other envi
ronments because this program sets up 
its own operating system. As a result, the 
setup process involves new system files , 
a new CONFIG. SYS file, and a new 
AUTOEXEC.BAT file . 

To avoid alienating the user, PC-MOS 
supports several of the declarations fa
miliar to PC-DOS CONFIG.SYS files, 
such as DEVICE, BUFFERS, COUNTRY, and 
SHELL. Other declarations enable you to 
reassign the default time-slice period; 
declare the size of a PC-MOS's RAM 
disk, the amount of disk cache, and EMS 
memory size; and allocate the various 
types of memory parameters. 

You should only install PC-MOS on 
your hard disk if you intend to become a 
dedicated PC-MOS user. Alternating be
tween DOS and PC-MOS requires not 
only restoring your original AUTO

EXEC.BAT and CONFIG.SYS files, but 
also removing the PC-MOS system files 
and making sure that your DOS system 
files are present. Handling system files , 
with hidden attributes , requires the use 
of special utilities. 

User Interfaces 
Windows/386 is a graphics-based inter
face that fosters the use of the mouse, al
though you can also use the keyboard. 
The MS-DOS Executive window ap
pears when Windows/386 begins to run. 
An application can possess one of three 
display levels: entire screen, window, or 
icon. Windows/386 can display standard 
DOS applications in any of these three 
display levels. 

The MS-DOS Executive window is the 
launching point for many applications. It 
displays the names of the files and sub
directories of the current directory. Sub
directory names are displayed first using 
bold characters, while the list of sorted 
filenames is shown using normal charac
ters. The current file or subdirectory se
lection appears in reverse video. 

Since you do not have access to a com
mand-line processor, everything is per
formed using pull-down menus. The 
MS-DOS Executive window has three 
menu options: fi le, view, and special . 
With the file menu, you can perform 
many internal DOS commands, such as 
rename, copy, and del ete files , as well 

as load and run programs. These options 
work only on the highlighted file. 

You can use MS-DOS Executive to 
mark multiple files for collective copy
ing or deletion. With the file option, you 
can run an application and its related data 
file by simply loading the data file. For 
example, if you load a data file created 
by a database written for Windows/386, 
you produce a special icon. Clicking on 
that icon invokes the database and loads 
the accompanying data file. 

The View menu enables you to view 
files in either short fonnat (i.e., only the 
filename) , or long format (which in
cludes file size and date/time stamps). 
You can also elect to display all or some 
of the files, or just programs. You can 
use MS-DOS Executive to display the 
filenames sorted by name, date, size, or 
time. The Special option offers more im
portant commands that you don 't use as 
often. With these options, you can create 
a directory, change the current direc
tory, format a disk, create a system disk, 
and set the disk volume name. 

When an application is in either full 
screen or windows, the upper screen line 
displays the control-menu box, a title bar, 
and the maximize/minimize boxes. Via 
the latter boxes, you can alternate be
tween a full-screen, a window, and an 
icon display. Windows/386 applications 
utilize the second line to display their 
menu bars. You can access the boxes in 
the top line or the menu options in the 
second line by using either a mouse or 
key combinations. 

You can use the control box of any a~ 
plication to manipulate the related win
dow in the following ways: move, resize, 
manipulate the display status (i.e. , maxi
mize or minimize), close, or restore. At 
that point, you can tell which options 
aren't available to you, because they are 
displayed in blurred characters or faded 
colors. You can use the close command 
to end the window applications. With 
standard applications, you need to exit 
using their own particular commands 
first, and then close their windows. 

VM/386 basically offers a transparent 
control center that manages multiple vir
tual 8086-based PCs. VM/386 employs 
menus enclosed in text-based windows. 
For the DOS-related management of pro
grams and files with VM/386, you load a 
copy of DOS and perform the required 
chores. Once you have defined your vir
tual machines, the VM/386 user inter
face becomes more or less transparent. 

Each application occupies ·the entire 
screen, and you can't split the screen be
tween two tasks. Pressing the Alt-Sys
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Req keys pops up VM/386's main menu, 
so you have the option of invoking the 
VM/386 Manager or selecting any 0th.er 
loaded task. 

The DESQview user interface em
ploys a series of text-based pop-up 
menus. You can select from the menu 
using the cursor-control keys, typing in 
the hot keys (which appear only when the 
option is available), or using a mouse 
(which enhances the speed of menu se
lection). DESQview's main menu is in 
voked by simply pressing the Alt key. 
The DESQview menus are characterized 
by being short; some option categories 
are broken into two menus to avoid long 
menus. 

It is interesting to note that DESQview 
does not employ one-line pull-down 
menus like those found in Windows/386. 
The main DESQview menu offers op
tions that fall into four categories: task 
management, window management, data 
transfer, and help/exit options. 

With the task management options, 
you can open a new window to run a new 
task, switch between tasks, and close a 
window removing its inactive task. Via 
the task management submenu, you can 
run a copy of DOS, invoke the DOS ser
vices, or spawn a task from the task list. 
Other task management options enable 
you to add, change, and delete tasks from 
the task list. 

Using the window management op
tions, you can rearrange a window's 
size, position, color, and visibility. and 
zoom in on a task, making it occupy the 
entire screen. DESQview does not hide 
(or temporarily suppress) the screen out
put of a background task that runs as a 
full-screen application under standard 
DOS. · 

Omniview provides two types of user 
interfaces: pop-up menus and command
line oriented. You can invoke the pop-up 
menu by pressing the Shift-Ctrl-1 keys . 
The main menu options essentially focus 
on managing multitasldng, and they per
mit you to run a task from the applica
tions list, switch between tasks, and add, 
delete, and change an applicat ion• s 
specification from the current applica
tions list. 

The applications list includes a small 
DOS (128K bytes), a big DOS (400K 
bytes to 600K bytes), Omniview's task 
status utility, and any other programs 
you may add. When you add the name of 
a program to the applications list, you 
specify a program title that begins with a 
two-letter hot key. For example, WS -
WordStar is a title that also specifies the 
letters WS as the hot key. You can choose 
to run WordStar by simply typing WS 

Items 

Discussed 


Concur~nt DOS 386 2.0 
for 3 users .. ......... ...........$395 
for 10 users..... ... . ... ... ... . .. $495 

Digital Research 
BoxDRI 
Monterey , CA 93942 
(408) 649-3896 
Inquiry 887. 

DESQvlew 2.01. .............$129.95 
Quarterdeck Office Systems 
150 Pico Blvd. 
Santa Monica, CA 90405 
(213) 392-9851 
Inquiry 885. 

Omnivlew 4.0 ... .... .. .. .. ... . $79.95 
Sunny Hill Software 
P.O. Box 55278 
Seattle, WA 98155 
(206) 367-0650 
Inquiry 886. 

PC-MOS2.l 
for I user ..... ... . . ......... . ... $195 
for Susers .... .. . ..... .. . .. ... . . $595 
for 25 users .....................$995 

The Software Link 
3577 Parkway Lane 
Norcross, GA 30092 
(404) 448-5465 
Inquiry 888. 

VM/3861.1 ... . ..... .... ........ . $245 
IGC 
4800 Great America Pkwy. 
Santa Clara, CA 95054 
(408) 986-8373 
Inquiry 884. 

Wlndows/386 2.1 ...............$195 
Microsoft Corp. 
16011 Northeast 36th Way 
P.O. Box 97017 
Redmond, WA 98073 
(206) 882-8080 
Inquiry 883. 

when Omni view displays the applications 
list pop-up menu. Of course, you can 
also employ the cursor-control keys to 
select the applications you want to run. 

The Om.niview status option maps the 
presently loaded tasks and reports the 
memory size, base priority, c;:urrent pri
ority, and time slice for ea.ch task. Using 
a copy of DOS, I was able to locate the. 

virtual files on my RAM disk where 
some of the applications are swapped. In 
addition, you can obtain a report from 
the system that shows you the amount of 
free memory , available vi.rtual memory , 
and unused expanded memory. 

Omniview 's command-line version 
consists of five commands, one of which 
invokes the Omniview shell discussed 
above. With the other commands, you 
can start a task and run it in background 
mode; run a process with the option of 
switching it into the background; switch 
between processes; and display the status 
of the tasks and the amount of various 
types of free memory. 

Concurrent DOS 386 supports up to 
four tasks . Each task starts with its own 
command-line prompt and occupies the 
entire screen. You can switch between 
tasks by pressing the Control and the 1, 
2 , 3, or 4 keys . Concurrent DOS 386 in
cludes a file manager application that 
provides a DOS shell. The shell supports 
both DOS and CP/M-86 utilities. Con
current DOS 386 adds new DOS com
mands related to file/directory deleting 
and copying. The file manager contains 
several windows of information: direc
tory information, file information, a list 
of commands, and a map for the key
board function keys . 

When in the sheU , you can use the file 
manager to navigate easily between 
drives and paths and perform various 
DOS functions , including running a 
program within that task. WhiJe Concur
rent DOS 386 allows tasks to run concur
rently. the screen output of background 
tasks overlays with the screen of the cur
rently viewed task. This overlaid output 
severely limits the usefulness of Concur
rent DOS 386 as a flexible multitasking 
environment to that of only a fast pro
gram switcher. To continue using the 
multitasking feature , you must program 
background tasks to beep and attract 
your attention. 

Concurrent DOS 386 does not imple
ment the various tasks as virtual pro
tected machines. While I was running 
multiple applications , one of them 
crashed and caused my entire system to 
hang. 

PC-MOS is a PC-DOS superset oper
ating system that takes special advantage 
of the architecture of the 80386 chip. 
Thus, PC-MOS takes complete control 
and defines its ruJes from the ground up. 
For example, you start PC-MOS com
mands with a dot, although you can tell 
the system to absolve you from having to 
type the dot. When multitasking, you 
can use additional commands to launch, 

continued 

146 Fall 1988 • B Y T E IBM Special Edition 



TrueVista™ Videographics Adapters 

\lejustMade ChoosingYour 
Graphi~Card 

As EasyAs 1,2,4. 
You'Ve probably seen ourTrueVista products, m video to digital pre-press to 
or you've heard about their powerful features sing. So now, whether your choice 
like the real-time frame capture, on-board s platform or the Macintosh® II, 
Tl 34010 coprocessor, large frame buffer, eed one source for your graphics 
NTSC/PAL compatibility and more. Recently, he TrueVista series. The chart below 
we announced several new products in the es several key differences in the 
series, each with unique potential for your cts. 

TrueVista Series 
FEATURES f \ ":"· • !~~·,• ~ r ~·~:~~~~I.~~':~~~ 
BUS , .' ~: : ',. I - : •, ~ • ; 41 

MAXIMUM 32 bits/pixel 512x512 1024 x 512 1024x 1024 1024x512 1024x 1024 
ADDRESSABLE 16 bits/pixel 1024x512 1024x1024 2048x 1024 1024x 1024 2048x 1024 
RESOLUTIONS 8 bits/pixel 1024x1024 2048x 1024 2048x2048 2048x 1024 2048x2048 

VMX EXPANSION 2-10Mbytes 2-10Mbytes 2-10Mbytes TBA TBA 

PRICE $2995. $4250. $5995. $4250. $5995. 

Now There's SoftwareYou Can Count On, Too. 
To complete the equation, add in STAGE •M, With the new members of the TrueVista family 
our comprehensive graphics environment for and the release of STAGE, you now have 
the 34010. Since STAGE is host-independent, it everything you need to develop exciting new 
allows you to access the coprocessor directly, products for the next generation of computer 
regardless of the bus. So your program on the graphics. And many applications are already 
AT can be quickly ported to the Macintosh II. appearing to assist you in your immediate 
Customers will not be tied to one platform needs. Contact us to learn more about our 
either, as files and programs will be compatible products or our third-party developer program 
across both hosts. STAGE is currently available and the support available to you. You'll soon 
for the AT Vista series, and will be available see how you can count on Truevision to 
soon for the NuVlsta as well. provide all your graphics solutions. 

TRUEVISION:C. 

7351 Shadeland Station, Suite 100, Indianapolis, IN 46256 800/858-TRUE 


INTERNATIONAL: Canada 416/499-9400 France 33·13·952-6253 Italy 39-2-242-4551 Switzerland 41-1-825-0949 

U.K. 44-1 -991 -0121 West Germany 49-89-612-0010 Other 617/229-6900 
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LIFE AFTER DOS 

Table 2: Task specificalions available in the 80386-based environments (• =yes,· 0 =no). 

Wlndowa/388 VM/386 DESQvlew Omnlvlew Concurrent DOS PC-MOS 

User-defined title 
EXE file 0 0• • • • 

0 0 

Subdirectory • • • • 0 0 

Program parameters 0 0 
Must invoke 

by a batch file only 0 0 0 0 0 • 
Memory allocation 

Required 
Desired 0 0 0 
Expanded memory 0 0 
Extended memory 0 •• •0' 0• •

0 0' 

Execution control 
Full screen 
Background 
Exclusive 

Screen exchange 

Graphics/text 
Text 

• • • • • • 
Display options 

Window 0 0 0 0 
Full screen 

Task execution 
Suspend 0 
Resume 0 
Terminate 
Reboot (single task) 0 0 0 0 0• 

Set priority 0 0 0 
Set time slice 0 0 0 

'Extended memO<Y IS rtandled as expanded memOfY by special drivers. 
'Used by tlie MOS task manager ilSell. 

remove, and manage a task. Every task 
launched has a task ID associated with it 
that acts as a handle. To switch between 
tasks, you hold down the Alt key while 
typing the digits of the task's ID. Each 
task occupies the entire screen. The main 
task has an ID of zero. 

Table 2 compares the task-control fea
tures of the six packages. It reveals that 
most of these features are found in all 
these environments. Note that Win
dows/386, DESQview, and Concurrent 
DOS 386 do not let you assign priority 
levels and time-slice allocation to each 
task. VM/386 offers the most sophisti
cated task-control features; they go be
yond simply assigning values for the time 
slice and task priority. 

Windows/386 employs a special algo
rithm regarding the allocation of time 
slices to multiple tasks: Initially, the 
main task slows down when secondary 
tasks are launched. When the total num
ber of tasks reaches a critical limit, more 
time is assigned to the main task, while 
the secondary ones slow down. From the 
DOS level of Concurrent DOS 386, you 
can simply flag whether a task can run in 

the background or not. Each running 
task is given a time slice in sixtieths of a 
second. You are not able to alter the time
slice value or assign task priorities. 

Perks Included 
Microsoft has included a number of ap
plications with Windows/386 (the same 
ones included with the other Windows 
versions) to promote the environment 
use. Two major applications bundled 
with Windows/386 are Write-a scaled
down version of Word-and Paint, a 
mini-version that is similar to MacPaint. 
The Windows manual dedicates an ade
quate number ofpages to illustrating how 
these applications are used. Other appli
cations included are a notepad, a card
file, a calendar, a calculator, a clock, a 
terminal emulator, and the Reversi 
game. These applications were devel
oped to take advantage of Win
dows/386's style of user interface. 

The VM/386 package does not include 
any special utilities, but this is not a 
detriment since the design philosphy 
of the product seems to let users keep 
employing their own utilities in the vari

ous virtual machines. 
DESQview comes with an auto-dialer 

for Hayes-compatible modems and a key
board macro utility. Both are accessed 
through the hierarchy of menus. Using 
the auto-dialer, you can make local 
phone calls or long-distance calls via 
AT&T, MCI, and Sprint. You can select 
the phone number either manually or 
from a list of numbers. 

The Omniview package includes 
Super Macs, a keyboard macro utility 
program written in Turbo Pascal 4.0. 

Concurrent DOS 386 includes the file
manager DOS shell, a cardfile applica
tion, and the EDIX text editor. The file 
manager is similar to XTree, a very nice 
DOS-shell product, and it employs a 
good user interface. The cardfile appli
cation is characterized by a visibly poor 
interface but good functionality. 

The designers ofPC-MOS have sought 
to make it an independent 80386-based 
operating system. Consequently, it sup
ports batch-file programming and offers 
its own text editor and debugger (with 
commands similar to those of DEBUG). 

continued 

148 Fall 1988 • BYTE IBM Special Edition Circle 106 on Reader Service Card (DEALERS: 107) 





• • 
• 

• 
• 
• 

• • • • • • • • 

• • • 
• • • • 

LIFE AFfER DOS 

Table 3: The 80386-based environments at a glance (e =yes; 0 =no). 

WlndoW8/386 VM/386 DESOvlew Omnlvlew 

Graphics-based 0 0 0•
Uses mouse 0 0 
Uses extended memory 
Pop-up control center 0 
Offers file/direct management 0 0 
Provides significant 

extension to DOS 0 0 0• replacement to DOS 0 0 0 0 
Easily alternates 

between environment 
and standard DOS 

Viev.is concurrent tasks 
in multiple window.s 0 0 

Suppons multiple users 0 o· o· • 
API available 0 Some 

' Planned IQ< Mure releases. 

Concurrent DOS PC-MOS 

0 0 
0 

•
0 

0 
0

• •
0 

•
0 

•
0 

0 0 

0 0 

0 0 

Running Multiple Applications 
The ability to run multiple applications is 
dependent on memory availability 
(basic, extended, and expanded), the en
vironment's ability to manage the tasks' 
time slice and priority, and video output 
management. Regarding the availability 
of memory, I highly recommend that you 
install 1 to 2 megabytes of RAM (the 
more the better, but of course you have to 
consider the cost) . Adequate available 
memory is half the solution. 

The other half of the solution is deal
ing with the limitations you encounter 
when using memory-hungry applications. 
Two specific examples are language de
velopment environments such as Turbo 
Pascal and Turbo C. If you assign insuf
ficient memory to these tasks, you may 
be able to load the environment and a 
program file, but you may not be able to 
compile. On the other hand, ifyou allocate 
a generous amount of memory to these 
language environments, you may limit 
the memory that permits you to run other 
applications, such as word processors. 

If you plan to harness the power of 
multitasking to the fullest, then the task 
management capabilities of the environ
ments become vital. With environments 
that offer little or no control for, at least, 
the time-slice and task-priority param
eters, you have little control over task 
management. VM/386 and PC-MOS are 
in the forefront of the packages that de
liver extensive task-control features. You 
can assign distinct values for the various 
concurrency-control parameters . The 
values of the task-control parameters de
pend on the number of concurrent tasks, 
their functional nature, and your need 

(or lack thereof) for certain tasks to 
quickly achieve their goals . 

There is another aspect of running 
concurrent tasks that may seem trivial: 
video output control. Neither DESQview 
nor Concurrent DOS 386 stops full
screen applications running in the back
ground from also sending screen output. 
You may find this situation a source of 
annoyance for many applications. 

In these two programs, there are a few 
cases where a full-screen application
for instance, one that you might write or 
have a programmer customize-can run 
in the background. For example, the ap
plication may beep to signal the termina
tion of a number-crunching phase. An
other solution is to have the application 
display a status in a specific location of 
the screen. Alternatively, you may have 
the background applications send their 
status information to the printer or a text 
file- each message is accompanied by a 
task ID. 

David versus Goliath 
History seems to repeat itself. Consider 
the battle between the young, slim David 
and the huge Goliath, and the outcome 
that upset the odds: the Goliath of OS/2 
against the David (or Davids) of the 
80386-environments. Like the David of 
old, these new Davids have the 80386 
chip to sling at the face of the modem 
Goliath. The various 80386-based envi
ronments (see table 3) should appeal to 
different groups of DOS users. 

When it comes to setup requirements, 
the most flexible environments are 
Omniview and DESQview. Windows/ 
386, VM/386, and PC-MOS require 

slightly more hardware. While Concur
rent DOS 386 is able to run with 512K 
bytes, its inability to use extended mem
ory (only expanded memory is em
ployed) imposes very severe functional 
restrictions in the area ofsupporting con
current tasks. 

Ifyou are looking for a graphics-based 
environment, then Windows/386 could 
meet your needs. Its resemblance to the 
OS/2 Presentation Manager may be re
garded as an additional bonus if you also 
plan to use machines that run OS/2. 
VM/386, DESQview, and Omniview are 
environments that support virtual PCs. 
VM/386 provides you with sophisticated 
task control- a valuable feature if you 
plan to run concurrent tasks frequently 
and would like to fine-tune their execu
tion speed. [Editor's note: Al press time, 
JGC had announced version 1. 2 of 
VM/386, with support for DOS 4. 0, ad
ditional networks, and printer sharing.] 

PC-MOS offers an alternative to the 
new OS/2 and to staying with standard 
DOS. As such, PC-MOS will most likely 
appeal to those who have highly special
ized applications installed on corporate 
micros. If you have used earlier versions 
of Concurrent DOS and would like to 
continue with the 80386 version, then 
Concurrent DOS 386 meets your needs. 
The power of such environments suc
ceeds in extending the longevity of stan
dard DOS. • 

Namir Clement Shammas is a columnist 
for several computer magazines and a 
freelance writer living in Glen Allen, 
Virginia. He can be reached on BIX as 
''nshammas. '' 
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Upright Case 
Add $300 
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ME V2~- 64 i.liO~bl~OK)

3 ci~fdr'rve Monochrome gra~ ard Monochrome monitor 
' Keyboard Complete system ... $499.00 

" Solid f)erfi 
and low 
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ME 386-20 
20 MHz 80386-20 processor Microsoft 
OS/2 and DOS compatible 1 I MB 32-bit 
RAM running at "O" wait state ( upgradable 
to 8 MB) Socket for 80387/ 80287 math 
co-processor High performance NCL 
floppy/ hard disk controller 1.2 MB 
floppy disk drive CMOS clock / cal
endar with battery back-up "' Enhanced 

$2350 

ME Roadrunner 
12 MHz 80286 processor Socket for 
80287 math co-processor 640K memory 
( I MB option) New Super-Twist LCD 
with Backlit and Reverse; 640 x 200 dots 
( 640 x 400 option) ; 80 char. x 25 lines 

Monochrome/ Color graphics card for 
external monitor 6 expansion slots 

Floppy/ hard disk controller Serial/
parallel/clock-calendar 1.2 MB floppy 
disk drive 20 MB hard disk (30, 40, or 
60 MB optional) 12-function AT style 
keyboard l 10/ 220V auto-switchable 

20 pounds $}799 

ME 386-18 
18 MHz 80386 processor Microsoft 
OS/2 and DOS compatible 512K 32-bit 
memory on board Two 32-bit expansion 
slots r Socket for 80387 math co
processor _ High-performance NCL 
floppy/ hard disk controller 1.2 MB 
floppy disk drive CMOS clock/ calendar 

r Enhanced AT keyboard $} 799 

Roadrunner Plus (386) 
Intel 80387 processor 6/ 16 MHz clock 
speed I MB of memory Socket for 
math co-processor Floppy/ hard disk 
controller ' 1.2 MB high capacity floppy 
disk drive 42 MB fast access hard disk 
(60 MB optional) Serial/parallel ports 
~ Color/mono display card for external 
monitor New Super-Twist LCD with 
Backlit and Reverse; 640 x 400 dots; 
80 characters x 25 lines 6 expansion 

· 	slots 12-function keyboard I 10/ 220V 
auto-switchable 20 pounds

$3399 
Circle 138 on &ader Service Cam (DEALERS: 139) 

ME 286-12 
8/ 12 MHz 80286 processor 512K 
memory ( upgradable to 1 MB on board) 

"O" wait state option (s.i. 15.3) Micro
soft OS/ 2 and DOS compatible 8 1/0 
expansion slots High-performance NCL 
floppy/ hard disk controller 1.2 MB 
floppy disk drive CMOS clock/ calendar 

Enhanced keyboard $899 
The Network Solution 
ELS Network for two-to-four users. 
Increase your company's productivity 
wi thout making a big increase in expen
ditures. Complete software ... $499 

Call for all Novell ProduclS 

Prices aml avai labili ty 
subject to change 
wi1hou1 1i<Nice. 

CAJ..L TO~FREE 

(800) MICR0-21 

in Calif. (714) 662-1973 

1'"7 MICRO
l l'J::J EXPRESS 
21 14 South Grand Avenue 
Santa Ana, Cali fornia 92705 
Fax: (714) 662-1258 - Telex: 910 240 3029 

Come See Us At COMDEX Booth #C607 
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COMMUNICATIONS 


OS2COMM, a simple OS/2 communications program, proves that 
going on-line with OS/2 isn 't necessarily that hard 

I 
fyou listen to people talk 
about the advantages of a 
multitasking environ
ment like OS/2, you will 
invariably hear them 

give the example of downloading a file 
from a remote source while using a word 
processor, spreadsheet, or database. Of 
course, in order to do that, you need a 
communications program that runs 
under OS/2. If you can't find 
one, then you have to write 
your own. 

Now, writing software that 
takes advantage ofOS/2's ad
vanced features is not a trivial 
task (see "Making the Move 
to OS/2," August BYTE) . 
The sheer mass of the docu
mentation for OS/2 is over
whelming; the OS/2 Techni
cal Reference itself comprises 
some 1500 pages of text. For 
obvious reasons, many have 
concluded that programming 
under OS/2 will be a complex 
task. 

Writing communications 
software under OS/2, then, 
would seem to be a doubly dif
ficult assignment. Even with 
MS-DOS, developing com
munications software is 
tricky. The programmer must 
have intricate knowledge of 
the communications hardware 
and write code that not only 

Jim Gilliland 

interfaces to the communications port, 
but also works with the interrupt mecha
nisms of the CPU and its support cir
cuits . If writing MS-DOS communica
tions software is that hard, is it any 
wonder that many programmers expect 
writing communications software for 
OS/2 to be an enormously difficult job? 

Yet nothing could be further from the 
truth . Writing asynchronous communi

cations software under OS/2 is actually 
much easier than it was under MS-DOS. 
There are two reasons for this. First, the 
OS/2 COM device driver provides much 
better support for communications th.an 
was available under DOS. Second , the 
asynchronous communications process 
fits OS/2's multithread model very well. 

Before I talk about communications 
with OS/2, let's take a look at how such 

things are done under MS
DOS . 

DOS Talk: 
Interrupt-Driven 
MS-DOS and BIOS offer 
some support for serial com
munications, but neither is 
very useful. Both are based 
on a simple polling mecha
nism that is completely 
unsuitable for high-speed 
communications. The DOS 
functions support only send
ing and receiving characters 
to and from the serial port. 
The BIOS adds functions for 
parameter setting and error 
checking. These routines can 
support communications at up 
to around 1200 bits per sec
ond, and no faster. If you 
need higher data transfer 
rates , you must use interrupt
driven communications, and 
that means you must write 

continued 
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code that talks directly to the hardware. 
The first step in writing an interrupt

driven routine is to initialize the transfer 
rate and other parameters within the uni
versal asynchronous receiver/transmit
ter, the chip that directly supports the 
COM port. The UART used in the IBM 
family of microcomputers is the Intel 
8250 and its successors, the 8250A, 
16450, and 16550. There is a BIOS rou
tine that you can use to initialize the 
UART, but on some machines it is bug
ridden, so most designers write directly 
to the relevant 1/0 ports instead. 

After initializing the UART, you must 
put in an interrupt-service routine (ISR). 
This requires manipulating several bits 
in several control registers in both the 
UART and the 8259 Interrupt Controller 
chip. You must be careful setting these 
registers, as other processes can be af
fected if you change the wrong bits. The 
8259 is especially vulnerable in this re
gard, because it handles every interrupt 
in the system. 

To support high transfer rates, you 
must keep the ISR short. The incoming 
data should be placed in a circular buffer 
for later use by the main processing logic 
of the program, and the ISR should per
form Jittle additional work. Both the ISR 
and the main program must contain logic 
to deal with the data buffer. 

As you can see, communications pro
gramming under DOS is a complex pro
cess. I haven't even mentioned the diffi
culties of the transmit logic, or 
XON/XOFF processing, or the various 
other issues just waiting to complicate an 
MS-DOS communications program. 

The Privileges of OS/2 

Under OS/2, the picture changes radi

cally. It is just as necessary to use inter

rupt-driven code to provide high transfer 

rates under OS/2 as it is under DOS. But 

under OS/2, application code cannot ser

vice interrupts. 


The OS/2 system uses several different 
levels of privilege for the code that runs 
under it. These different levels are re
ferred to as "rings," with ring 3 having 
the lowest privilege and ring 0 having the 
highest. Ring 3, where almost all user 
code is executed, has no direct 110 
access. Ring 2, which can be made avail
able to user code under special condi
tions, can execute In and Out instruc
tions but cannot service interrupts. And 
ring l is not used at all under OS/2. 

This leaves ring 0 as the only privilege 
level capable of servicing interrupts. 
Only OS/2's kernel and the device 
drivers run at ring 0. But the design phi
losophy of OS/2 requires that the kernel 

contain no device-specific code, thereby 
keeping it consistent in all the various 
OS/2 implementations. Thus, the device 
driver is the only valid place for an inter
rupt handler. 

OS/2 needs device drivers for all the 
hardware devices with which it is ex
pected to work. OS/2 provides device 
drivers that support all the basic compo
nents of most desktop computer systems: 
keyboard, screen, clock, printer, disk 
drives, serial ports, and mouse. New 
drivers will be produced as needed for 
new peripherals, by either the system 
vendor or the peripheral vendor. 

For communications, OS/2 comes 
with two COM drivers. One of them, 
COMOI.SYS, supports COM! and 
COM2 on the AT and the XT/286. The 
other, COM02.SYS, supports COM!, 
COM2, and COM3 on PS/2 systems. If 
you intend to run communications soft
ware under OS/2, you must specify the 
appropriate driver in your CONFIG.SYS 
file. From the point of view of the appli
cation, though, the two drivers are iden
tical, so I won't differentiate between 
them from here on. 

The OS/2 COM device driver is a 
well-designed and complete interface to 
the COM ports under OS/2. It is far more 
powerful than the ..corresponding COM 
support under MS-DOS. The Applica
tion Program Interface (API) to the 
driver uses the same set of system calls 
that would be used to read and write a 
file, plus one more that is used to set up 
communications parameters. 

The device driver provides for all nec
essary hardware, including both the 
COM port hardware and the interrupt 
mechanism. It also services the device 
interrupt and provides support for the 
necessary character buffers. The driver 
handles both sides of the buffering pro
cess, leaving the application completely 
unaware ofthe buffering. The driver also 
supports XON/XOFF processing and of
fers a number ofdifferent ways to control 
and react to the various modem control 
signals. The driver provides full status 
reporting ofboth hardware and software. 

Using the OS/2 COM driver elimi
nates almost all the complexity of deal
ing with the serial 1/0 hardware, since 
the device driver supplies all the hard
ware interface requirements that, under 
MS-DOS, have to be coded into the ap
plication. Thanks to the COM driver, 
you can develop a simple communica
tions program using very little code. 

Using the COM Driver 
Using the COM device driver in an appli
cation program is remarkably easy. All 

you need are five OS/2 function calls, 
which are used as follows: 

1. Use DosOpen to open the COM port. 
2. Use DosDevIOCtl to set the relevant 
communications parameters. 
3. Use DosRead to receive characters 
from the COM port. 
4. Use DosWrl te to transmit characters 
via the COM port. 
5. Use DosClose to close the COM port 
when finished . 

Let's look at each of these functions in a 
little more detaiJ. 

DosOpen opens the COM port. The ac
tual name of the port (COM 1, for exam
ple) is passed as the filename; other pa
rameters should specify a normal, 
existing, read/write file being opened for 
exclusive access. The Open call will re
turn a file "handle," which is then used 
to identify this device to the 110 Control, 
Read, Write, and Close calls. (In Gordon 
Letwin's book Inside OS/2, he calls this 
handle a "magic cookie," which means 
that it is a value that you simply accept 
from the system and give back when re
quested. You never need to care what the 
actual value is.) 

DosDevIOCtl allows an application to 
send control information to a device 
driver. The Standard Edition 1. 0 ofOS/2 
defines 11 categories of 1/0 Control 
(IOCtl) calls, including floppy disk con
trol, serial 1/0 control, printer control, 
and so on. Each of these categories is as
sociated with a particular OS/2 device 
driver, and each has a set of functions 
and codes defined for that driver. 

The functions for the COM driver fall 
under I/O Control category 1. These 
functions control communications pa
rameters such as transfer rate and data 
bits, as well as various time-out param
eters, whether XON/XOFF should be 
used, and how the RS-232C hardware 
signals should be used. 

After all the necessary settings have 
been made via DosDevIOCtl, the COM 
port can be processed just like a file. 
DosRead retrieves data from the port, 
either a character at a time or a bufferfull 
at a time. You can use Dos'Wrlte in the 
same fashion-processing as many char
acters at a time as necessary. The Dos
Close function is the simplest of them 
all, requiring only the COM handle as a 
parameter. 

For more information on the DosDev
IOCtl functions and their parameters, 
you should consult the IBM Technical 
Reference for OS/2. While there are 
other books available that cover the tech

continiud 
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Tomorrow's LAN Solutions - Today. 

EtherLAN Plus™/The Affordable Ethernet Solution 

In today's LAN world, every new Even better yet, you can use • Low memory requirements. 
LAN manufacturer seems to have a standard DOS commands to 

• NETBIOS compatible. new idea of what a network should control your network, so you are 
be. Standards for the industry are not stuck spending hours to learn a • Everything you need is included 
few and far between, but are there new set of commands. The at one low price. 
if you want to pay for them. operating system functions 
Wouldn't it be nice if for once you transparently, so you won't even 
could buy a LAN system, at a price know you're on a network. The best news of all is 
you can afford, and be fully 
compatible with the ethernet 
standard? Well now you can! 

Turn Key Ethernet 

EtherLAN is here to give 
you everything you need to 
set up an ethernet LAN 
system. You'll receive the 
EtherLAN ni:~twork adapter, 
25 feet of thinwire ethernet 
coax cable, T connector 
and easy to understand 
Installation and User's 
Guides, all for one low 
price. In addition to this, 
you 'll also receive 

the price. 
Features You Can Rely On. 

At only $699.95 per node, you 
• Fully ethernet and cheapernet get all hardware, software, cabling 

compatible (IEEE 802.3). and manuals needed. 

• Fast - a full 10,000,000 bit per 
second. Introductory Offer 

EtherLAN 6 Node Comparison 

Read and W11te 

Ether LAN 
3Com 

11 and 10 seconds 

14 and 12 seconds 

Novell SFT 10 and 9 seconds 

'Figures from PC Magazine. 

$4199 

$5670* 

$8265* 

NETBIOS software and also a 1-714-529-8850 (in CA) as a shell above DOS. complete network operating system 
to make using your new EtherLAN • Easy to use DOS type - VISA. MIC. coo. or • 
system even easier. ..=.. Prepaid orders accepted. ·· · ·commands or ~ menus. 

See us at COMDEX Booth #81540• Share disks, subdirectories, 
SimpleWARE'" Makes printers and plotters. Simple Net Systems, Inc. 
EtherLAN Unbeatable 545 W. Lambert Rd., Suite A • DOS file and record locking. 

Brea, CA 92621 
The operating system you'll get • Up to 5 printers per server. FAX: (714) 529-2413 

works as a shell above DOS, so all Requires IBM PCI XT I AT or compatible. running DOS 3. to 01• Time and Date sharing. 
highe1. EtherLAN ,. a registered tradema.rk of Simple Net your normal DOS programs will run 
Systems. Inc.Other brand and producl names are trademarks 

on EtherLAN as well as locally. • Electronic Message System. of their 1espectlve holders. 
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complete software needed to get • NO dedicated servers are 
your new EtherLAN system up and required. 
running quickly. You 'll get 

• Transparent operation -operates 

Four Node Kit for only 
$2499.00. Save over 
$300.00. 

With features like 
these, and an 
affordable price 
per node, how can 
you lose? 

Call Toll Free 

1-800-262-8010 
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Listing 1: OS2COMM. C version 1.2 is a simple communications program thaJ runs under OS/2. 

ctdst a ck malloc(STK SIZE); 
idef i ne INCL BASE 
!Ide fi ne LINT_ARGS 

ktcs t ack = ma l loc(STK=SIZE); 
l def i ne INCL DOSDEVICES 
I inc l ude <os2:-h> i f (ctdstack • • NULL I I ktcstack == NULL) 
#inc l ude <stdio.h> { puts ("Unable to allocate s t acks"); 
H nclude <con i o.h> exit (2): l 
#include <process.h> 
H nc l ude <malloc.h> I* Create rece i ve and display thread : */ 
lldefine STK SIZE 1024 if (DosCreateThread(comtodsp, &ctd i d, 

ctdstack+STK SIZE)) 
vo i d ma i n(int, char**, char**); puts("Can't create COM rece i~e thread"); 
i n t initcomm(int, char, int, int); ex i t (l); 
voi d far keytocom(void); 
vo i d far comtodsp(void); I* Set semaphore to b l ock ma i n thread: */ 
i n t parsarg(char*, char•, int*, DosSemSet(,main_ sem); 

char*, int*, int*); 
uns i gned short com, cfile: I* Create transmi t thread: */ 
uns i gned int cflag, ktcid, ctdid; if (DosCreateThread(keytocom, &ktc i d, 
uns i gned l ong far main_sem, far ctd_sem; ktcstack+STK SI ZE)) 

puts("Can't create COM trans;i t thread"); 
cha r *usage • "\nOS2Comm - usage is:\r\n" exit(l); ) 
"\n\t0S2COMM COMx:baudrate,parity," 

"dat.abits,stopbits" puts("Alt-X will end this program"); 
" \n\twhere:" 
"\n\t\t COMx • COMl, COM2, or COM3" I* Set high pri or i ty for COM t h r eads */ 
"\n\t\t baudrate • 300,1200,2400, 0 DosSetPrty(2,3,0,ktcid); /*time-critical*/ 

"4800,9600, or 19200" DosSetPrty(2,3,l,ctdid); /* time-crit +l */ 
"\n \ t \t parit y • N,0,E,M, or s• 
"\n\t\t databits = 5,6,7, or 8" /* Wait for clear semaphore (see keytocom) */ 
"\n\t\t stopbits - 1 or 2\r\n•; DosSemWait(&main_sem, -lL); 

vo i d ma i n(argc, argv, envp) /* Su spend the other threads before ending •/ 
i nt argc; DosSuspendThread{ktcid); 
char **argv, **envp; DosSuspendThread(ctdid); 
{ 

char far *ctdstack, far *ktcstack; /* Close com driver and capture f ile: */ 

RESULTCODES retcodes: 
 DosC l ose{com); 

unsigned i nt act, baud, dbits, sbi t s; 
 i f {cflag•-1 ) DosClose(cfile); 

char par i ty, comport[8]; 


DosExit(l,0); / * Exit: end all threads*/ 

put s("OS2Comm.c version 1 .2"); 
 ) 

pu t s ("Copyright 1988 by Jim Gilliland"); 1•••··························**************/ 
void far comtodsp() 


{ puts(usage); 

i f (argc < 2 I I argc > 3) 

I* This routine i s run as a separate· thread •/ 
exit (l); ( 

char comchar[512]; 

i f (parsarg(argv[l], comport, &baud, 
 unsigned int bytes, readerr, cnt; 

&par i ty, &dbits, &shits)) 
puts(usage); while (-1) I* Do forever : */ 

exit (l); ) 
 { 


I* read character(s) from COMport: */ 

I* Ope n com dev i ce driver: */ 
 readerr - DosRead(com,comchar,5 12,&bytes); 
if (DosOpen(comport, &com, &act, if (readerr) continue; 

OL, 0, OxOl, Ox0012, OL)) i f (bytes -· 0) continue; 

fprintf(stderr,"\nEr r o r open i ng port"); 

exit (1): ) 
 I* Write character(s) to screen: •/ 

VioWrtTTy(comchar,bytes,0); 

/* Initialize com dev i ce driver: */ 

i f (initcomm(baud, par i ty, dbits, sbits)) 
 /* wr i te character(s) to capture file: */ 

( fprintf(stderr,"\nPort setup error"); if (cflag 1)= Q 

e x it (1); ) DosWr i te(cf i le,comchar,bytes,&cnt); 
) 

) 


if (a r gc > 2) 

I* Open capture f i le, i f specif i ed: */ 

/*******************************************/ 
i f (Dos0pen(argv[2], &cfile, &act, 

OL, 0, Oxl2, Ox0022, OL)) void far keytocom() 

( fprintf(stderr,"\nErr: %s\n",argv[2]); 
 /* This routine is run as a separate thread */ 

exit (1); ) { 


el s e cflag = l; 
 KBDKEYINFO keyinfo; 

else cflag - O; 
 int written; 

char cha r code, sca ncode ; 
/* allocate stack for threads: * / COTllimteiJ 
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4800 A-E 

Features that say value ... 
Economical: $1,000 less than other large format 

plotters. 

Compatible: Operates with all popular CAD 

software supporting DM/PL. '" 

Multiple Media Sizes as small as 81/2" x 11" or as 

large as 36" x 48" eliminates the need for a second 

plotter. 


P ractical speed you can really use: 10" per 

second assures good drawing throughput while 

optimizing the speed at which most plotter pens 

can draw without skipping. 


Repeatability and Resolution : .004 assures qual

ity suitable for the most demanding applications 

including PCB artwork. 


Unique: X& Y rescaling allows calibration to 
one part in 10,000. Ideal for applications where 
scale is critical. 

CALL NOW AND WE'LL SEND YOU 
A FREE SAMPLE PLOT. 

(415) 490-8380 Fax (415) 490-3906 

Dealer inquiries invited. 

ZERICOIV 

40491 Encyclopedia Circle 
Fremont, California 94538 

Vacuum Paper Hold Down guarantees perfect 
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while <-ll I* Do forever: */ 
( 

KbdCharin ('keyinfo, 0, 0); 

charcode - keyinfo.chChar; 

scancode • keyinfo.chscan; 


/* Alt-x indicates End-of-Processing: */ 
if (charcode •• OxOO '' scancode •• Ox2Dl 

( 
/'* Clear Main semaphore: •/ 
DosSemClear(,main_sem); 
continue; 
) 

/* skip Alt-keys ' F-Keys: */ 

if (charcode •• OxOO) continue; 


I* Write character(s) to com port: •/ 
DosWrite(com, 'charcode, l, 'written); 

} 
} 

1···········································1 
int initcomm(baud,parity,dbits,sbits) 

char parity; 

int baud. dbits, shits; 


I* this routine used by main thread •/ 
( 
struct ( 

unsigned char databits, parity, stopbits; 
} linechar; 

struct ( 
unsiqned char onmask, offmask; 
} modemctrl; 

struct ( 
unsigned int wtime, rtime; 
unsigned char flagsl, flags2, flags3; 
unsiqned char errchar, brkchar; 
unsigned char xonchar, xoffchar; 
} deb; 

int comerr, act; 

/'* Set bitrate: */ 

if (DosDevIOCtl( NULL, (char •),baud, 


Ox41, 01, com)) 
fprintf(stderr,•\nBitrate error•); 
return (1): ) 

/* Set databits, stopbits, parity: •/ 

i f (parity 'N') linechar.parity • O; 

if (parity 'O') linechar.parity • l; 

if (parity 'E') linechar.parity • 2; 

if (parity 'M') linechar.parity • 3; 

i f (parity 'S') linechar.parity • 4; 

if (shits •• 2) linechar.stopbits • 2; 

if (shits =- 1) linechar . stopbits • O; 

linechar.databits • dbits; 

if (DosDevIOCtl( NULL, (char *),linechar, 


Ox42, 01, com)) 
puts(•Line characteristics error•); 
return (1): } 

/* Set modem control signals: */ 
modemctrl.onmask • Ox03; /* DTR ' RTS on */ 
modemctrl.offmask - Oxff; /* nothing off */ 
if (DosDevIOCtl( (char *),comerr, 

(char •),modemctrl, Ox46, 01, com)) 
puts(•Modem control error"); 
return(l); 

/* Set com device processing parameters: */ 
dcb . wtime • 100; /* lsec transmit timeout */ 
dcb.rtime - 100; /* lsec receive timeout */ 
dcb.flaqsl - OxOl; /* enable DTR, */ 
dcb.flags2 • Ox43; /* RTS, XON/XOFF */ 
dcb.flags3 c Ox04; /* recv timeout mode */ 
dcb.errchar • OxOO; /* no error translate */ 
dcb.brkchar • OxOO; /* no break translate */ 
dcb.xonchar • Oxll; /* standard XON */ 
dcb.xoffchar • Oxl3; /* standard XOFF */ 
if (DosDevIOCtl ( NULL, (char •)'deb, 

Ox53, 01, com)) 
putsc•oevice control block error•); 
return (1); } 

return (0): 

} 


int parsarq(arg,port,baud,parity,dbits,sbits) 

char *arg, *port; 

char *parity; 

int *baud, '*dbits, *sbits; 


/* this routine used by main thread */ 

int strptr; 

char strhold(8J; 

strupr(arg); /* cvt to uppercase */ 


/* Parse cmdline for COM port: */ 

if ((strptr • strcspn(arg, 0 

:")) 0) 

return(l); 

if (strptr > 8) return(l); 
strncpy(port, arg, strptr); 
*(port+strptrl • '\0'; 
arg • arg+strptr+l; 

/* Parse for cmdline baudrate: */ 

if ((strptr • strcspn(arg,",")) 0) 


return (2): 
strncpy(strhold, arg, strptr); 
*(strhold+strptr) • '\0'; 
*baud• atoi(strhold); 
if !*baud I• 300 '' *baud !• 1200 '' 


*baud I• 2400 '' *baud I• 4800 '' 

*baud I• 9600 '' *baud !• 19200) 


return(2); 
arq • arg+atrptr+l; 

I* Parse cmdline for parity: */ 

if ((strptr • strcspn(arg,•,•J) - - Ol 


return (3); 
*parity• *(arg+strptr-1); 
if (*parity l• 'N' '' *parity ! - '0' '' 

*parity !• 'E' '' *parity I • 'M' '' 
*parity I• 'S') return (3); 

arq • arq+strptr+l; 

I* Parse cmdline for databits : */ 
if ((strptr • strcspn(arg,•,•11 0) 

return(4); 
*dbits • *(arg+strptr-1) - '0'; 
if (*dbits !• 5 '' *dbits !• 6 '' 


*dbita !• 1 '' *dbits !• 8) 

return{4); 


arg • arg+strptr+l; 

/* Parse for atopbit value: •/ 

if ((strptr • strcspn(arg,•,")) •• 0) 


return(S); 
*sbite • *(arq+strptr-1) - '0'; 
if (*abits I• l ' ' *sbits ! • 2) returnCSJ; 

return (0): 
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Why build a printer that 
can print standing on its head 
when all you want is 
outstanding letter quality? 
The answer 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 built in a patented optical sensor and linked it 
with a unique rack and pinion printhead drive. 

So you get more accurate printhead positioning. And 
that means outstanding letter quality. 

All in a printer so stable it works upside down. 

But even right side up, you get 
letter quality printing this good. 

Our engineers call this "championship specs." More 
than 3 million loyal users call it rugged reliability. And 
it shows in the quality and performance of every 
printer and modem we make. 

Call 1-800-0KIDATA for the dealer nearest you. 

Circle 157 on Reader Service Card 

OK I DATA i5 a rcgistcrcd lradcmark of Oki Amcric.;i, Inc. 
Marque dCp0sCc de Oki America, Inc. We put business on paper. 



OS/2 COMMUNICATIONS 

File Transfer with OS2COMM 

A t present, OS2COMM merely 

allows you to establish a link be
tween an OS/2 system and another com
puter. In Older to make the program 
most useful, a file-transfer enhance
ment wouJ4 be desirable. One way to 
add this feature is to build the transfer 
protocol into a separate program. 

Here's how the technique works. The 
parent process uses the DosDupHandle 
function to associate the COM port wi.th 
both STDIN (file handle 0) and STDOUT 
(file handle l). It then uses DosExecPgm 
to initiate the transfer program as a 
child process. 

Since a child inherits its parent's 
open files, the STDIN and STDOU'l' han
dles wi.11 be pointing to the COM port 
when the child protocol program re. 
ceives control. The child process needs 
to open only the file to be sent or re
ceived (the name can be passed as a 
command-line parameter), and to pro
cess the tra.nsfer via the STDIN and 
STDOUT handles. 

nical details ofOS/2, I have not seen any 
that discuss this particular topic in ade
quate depth . 

Triple-Thread Communications 
The OS/2 multitasking model offers sev
eral methods for concurrent processing 
of multiple tasks. The simplest multi
tasking method uses OS/2 threads, units 
of work that together make up the OS/2 
process. Using threads is the most appro
priate method for implementing multi
tasking in serial com.m.unications . This is 
because the basic communications pro
cess is made up of two inherently asyn
chronous processes: getting keystrokes 
from the keyboard and sending them to 
the COM port, and getting characters 
from the COM port and sending them to 
the display. Since th.e program has no 
way to tell when the user might press a 
key, nor when the COM port may receive 
a character, a simple design approach is 
to set up a separate thread for each pro
cess and let the OS/2 dispatcher control 
which thread 'runs at any given time. 

I've written a simple telecommunica
tions program, OS2COMM .C, which 
works in exactly this manner (see listing 
1). The program doesn't have any fancy 
features like automatic dialing, file 
transfer, and so on, but it does let you 
emulate a simple terminal and establish a 
link with another computer. 

The beauty of this technique is that 
you can build the child process as a sim
ple program that opens just one file and 
uses the standard 110 handles for the ac
tual transfer of data and the relaled 
ACK/NACK blocks. It doesn't even 
have to realize that it 's reading from and 
writing to a COM port. 

For further discussion of this tech
nique, see chapter 4 of Gordon Letwin • s 
Inside OS/2. 

Ofcourse, other possibilities exist. It 
should be fairly straightforward (if less 
flexible) to build the transfer protocols 
into the main program. Also, it would 
be feasible to build the protocols into a 
dynamic-link library, allowing more 
than one application program to use 
them. It's not obvious, however, that 
this would provide any more flexibility 
than the DosDupHa.ndle approach. 

Since I have not (yet) tried any of 
these techniques, I will not presume to 
know which one of them is best in a 
given situation. 

OS2COMM.C version 1.2 is written 
in C and uses both C library functions 
and OS/2 function calls. You can com
pile it using either the IBM C/2 compiler 
or the Microsoft C 5.1 compiler. It uses 
OS/2 multitasking features, so it will not 
run under MS-DOS or OS/2 ' s DOS 
mode . After you've compiled OS
2COMM, you invoke it as follows: 

OS2COMMCOMx:baudrate,parity, 
databits, stopbits capture

filename 

The capture-filename is optional, but 
the other arguments are required and 
shouldn't have any blanks between them. 

How OS2COMM Works 
I designed OS2COMM for simplicity, to 
demonstrate bow easy it is to use OS/2 • s 
COM driver. The program uses three 
threads (see figure 1). The first thread, 
main, does.all the housekeeping and then 
creates the two threads that perform the 
actual communications processing. 

One of these threads, comtodsp, sim
ply reads the COM device for characters 
received and then displays them on the 
screen. The other thread, keytocom, 
reads the keyboard and sends the charac
ters to the COM port. 

Each of these threads has some note
worthy features . The main thread parses 

the command arguments (using the 
parsarg( ) function) to determine th.e 
communications parameters. The main 
thread then DosOpens the COM port and 
uses the initcomm ( ) function to per
form the DosDevIOCtl function calls de
scribed earlier. 

The main thread then opens the "cap
ture" file, allocates stack memory for 
the other threads, and creates them 
(using DosCreateThread). Then it 
places the other threads into the time
critical priority class. Next, it sets a 
semaphore and blocks on it, waiting for 
the keytocom thread to clear it. It will 
wait in this state until you are ready to 
end the program. After being released by 
keytocom, the main thread will close the 
COM port, close the capture file, and 
force all threads to exit (using DosExit) . 

The comtodsp thread, though quite 
short, also contains some items worth 
discussing. First, note that the DosRead 
function will never block completely on 
the COM port. After some amount of 
time (the time-out value set in initcomm) 
with no character received, it will return 
with a count of 0 bytes read . The pro
gram must test for this possibility and re
act accordingly. Also, note that this rou
tine contains code to write the received 
characters to the disk-capture file . 

The only special feature of the keyto
com thread is that it clears the main sema
phore when the user types Alt-X (scan
code 2Dh) . This semaphore blocks the 
main thread , and clearing it here allows 
the main thread to resume execution. 
The main thread then terminates, taking 
the other two with it, and the program 
ends. 

OS2COMM uses " Wait for some
thing" read-time-out processing. This 
allows it to use a relatively large (I-sec
ond) read time-out, and still echo key
strokes quickly. Keystrokes are echoed 
to the screen only after they have been re
ceived by the device at the other end of 
the communications line and have been 
echoed back as incoming data. OS2
COMM does not have a "local echo" ca
pability (though it would be easy to add 
one). 

Be.Us and Whistles 
OS2COMM is about as simple as it could 
possibly be while still performing a use
ful communications function. The pro
gram contains none of the amenities you 
would usually expect in a PC communi
cations program. I designed it to provide 
a clear view of the process necessary to 
make communications work. Within its 
limited function, the program works re

conlin.u.ed 
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OS/2 COMMUNICATIONS 

liably. Clearly, though, there is much 
room for enhancement. 

Arguably the most important en
hancement, though perhaps not the most 
obvious, is error detection. OS2COMM 
contains almostr no error checking. Al
most all the OS/2 API calls can return an 
error code, and these are largely ignored 
within this program. If you were to use 
OS2COMM (or a program like it) in a 

Parse 
command line 

Set communications 
parameters 

commercial product, then you would 
need to include code to test for return 
codes on all the OS/2 calls used . You can 
also use DosDevIOCtl to check for spe
cific communications errors . 

Features like parameter-setting dia
logues, dialing directories, and script 
languages would also be useful additions 
to OS2COMM. Certain other features 
(such as editors, file browsers, and the 

ability to exit to the operating system) 
don't make sense in the OS/2 environ
ment; since OS/2 lets you perform these 
functions with a separate application 
while the communications program con
tinues in the background, there is really 
no point in building them into your 
program. 

File-transfer protocols would be an
continued 

Open COM 
pon 

Set main 
semaphore 

Create 

Receive thread 


Create 

Transmit thread 


Block; 

Wait for 


main semaphore 


Close 

COM port 


Exit all 
threads 

Receive 
character Display 

from character 
COM port 

Receive and dlaplay character thread 

~--------------

Clear main 
semaphore 

Transmit 

keystroke 


via 

COM port 


Main thread Keystroke tranamlt thread 

Figure 1: The main thread ofOS2COMM cremes two additional threads thal do the actual communications processing: 
comtodsp receives characters from the COM port and displays them on the screen, and keytocom reads keystrokes from the 
keyboard and sends them to the COM port. 
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Animation too ls 
that "far outshine 

those of other popular 
graphics presentation 

packages." 
- PC Resource 

Program in the 
4th Dimension ... 

ANIMATE! 
Get unlimited action and interaction with 

the most powerful PC animation system 
available, by calling Grasp routines from 
your programs in C, Pascal, Basic, and 

other languages. 


Or develop your graphics applications 
directly in Grasp! Take advantage of 
• 74 animation & effects commands 

• 25 predefined fades 
• single-command animation 

• all major graphics modes 
• 	 screen capture and graphics 

printing utilities 

Includes Pictor, a full-featured 
paint program, completely in 

tegrated with Grasp for fast 
development and editing of 

programs and graphics. 

GRASP 3.1 
$149 
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OS/2 COMMUNICATIONS 

With TH~f\O' you can go from this equation: 

5"COS(X* (1/X) )+(1 O* EXP(SI N(X)) )-(X3 )=F(X) 


-12.78286 26. 772 
To this graph: - 2 

~ .9375~~-i-~~-+-~~~~~~_.. 
I 
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In just 5 min. 

or less! 


(On an IBM XT, Including setup time.) 
TH•Pia· is a computer language created lor science and mathematics which 
includes integrated functions for. 

• SOLVING EQUATIONS 
• GRAPHING FUNCTIONS. THEIR DERfVATIVES AND INTEGRALS 
• WORKING WITH COMPLEX NUMBERS 
• READ AND CONTROL LABORATORY INSTRUMENTS 
• COMMUNICATING WITH OTHER COMPUTERS 

PLUS 
YOU CAN EASILY CUSTOM IZE TO YOUR OWN APPLICATIONS 
Working demo diskette (specify 3.5" or 5.25") SS. VISA. MC 
Min. hardware requiromenu1: IBM PC or Comp., 256K, (2) :360 disk drives. CGA. Dos 2.2. 
Also for IBM PS/2 and IBM RT/ PC. 

TR~lC TA~LDB'llTE INC. 
~ 596 Abolicl6n St., Hato Rey, P.R. 00918 I TEL. (809) 767-1839 
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shift, so you must reset the CPU to get 
back to real mode. This mechanism has 
been described as "turning off the engine 
to change gears," and it is a remarkably 
clever solution to this particular 80286 
shortcoming. Nevertheless, it poses a 
problem for communications software. 

The problem is that this shift takes a 
relatively long time-up to a millisec
ond, according to Gordon Letwin-dur
ing which time interrupts are disabled. 
The COM port hardware can retain one 
character that it receives during this peri
od, as long as a second character does not 
arrive before interrupts are serviced 
again. Thus, one character arriving dur
ing the transition causes no problems, 
but the second one has a chance ofgetting 
lost. 

I've taken a good look at the transfer 
rates you can use in an OS/2 multitasking 
environment. I ran a series of tests be
tween an IBM PS/2 Model 80 (16-MHz 
80386) and an IBM PC AT Model 339 (8
MHz 80286), both running OS2COMM 
at transfer rates of2400, 4800, 9600, and 
19,200 bps. (I used a Rolm CBX, with no 
modems, to connect the systems. Both 
machines were running under OS/2 ver
sion 1.0, with maxwait set to its default 
of3 in the CONFIG.SYS file.) 

The tests involved sending a 20K-byte 
file between the two systems. I ran each 
test in both directions , from the PS/2 to 
the AT and vice versa, so I could see the 
differences between 80286 and 80386 
performance. In each test, the transmit
ting computer ran only OS2COMM. 
During some tests , I had the receiving 
system run a compile-and-link task con
currently with the communications task. 
This created a realistic multitasking situ
ation, since a compiler alternates be
tween being CPU-bound and 1/0-bound 
and uses both 1/0 and CPU resources 
heavily. 

Even before examining th.e test results , 
we can estimate what results we should 
expect by looking at the actual times 
necessary to transmit a character at 
either 9600 or 19,200 bps. Let's assume 
an 8-bit character with no parity, one 
start bit, and one stop bit, for a total of 10 
bits transmitted per character. (10 bits 
per character also applies to 7-bit data 
with parity.) So at 9600 bps, you can 
transmit a maximum of 960 characters 
per second. Taking the reciprocal, single 
characters should arrive no more fre 
quently than one every 1.04 ms. 

Similar arithmetic for 19,200 bps sug
gests that characters will arrive at a max
imum frequency of one every 0.52 ms. 
Assuming that the mode-switch time of 1 

continued 

other very useful enhancement. They 
could be implemented in several differ
ent ways. One approach is to build the 
transfer protocols into a set of separate 
programs. (See the text box "File Trans
fer with OS2COMM " on page 160.) 

There is one other point you should 
consider before attempting to add any 
new features, though. The design I've 
presented here uses three threads-one is 
for general housekeeping; the other two 
have very specific purposes. You must 
consider the program design carefully 
before adding new features . Take, for ex
ample, script processing. A script lan
guage requires access to both the trans
mit and receive data streams . Since these 
are processed in different threads, imple
menting script processing is awkward. 
Several solutions to this dilemma are 
possible, but the point you should not 
miss is that a multitasking design intro
duces a whole new way of looking at pro
gram-design issues. 

Another multitasking concern is 
brought up by the current generation of 
language tools . The C compilers for 
OS/2 from Microsoft and IBM are excel
lent products, but the library functions 

supplied with them are not fully reen

trant, which means that only one thread 

can use a given function at a time. A 

multithread program design requires 

careful attention to the possibility of one 

thread entering a library function while 

that function is in use by another thread. 

Version 5.1 of the Microsoft compiler 

provides an awkward method for dealing 

with the reentrancy problems, but I hope 

the next version of the compiler will pro

vide libraries that are fully reentrant. 


What Price Performance? 

The topic of OS/2 performance has been 

widely discussed in the computer press, 

though much of the discussion bas been 

based on speculation. Performance is an 

important issue with any computer sys

tem , and it bas significant effects on 

communications processing. 


One problem unique to the 80286 pro
cessor makes communications perfor
mance an even more important issue 
under OS/2. OS/2 uses the 80286 in pro
tected mode, but it must shift back to real 
mode when processing DOS-mode appli
cations. Unfortunately, the 80286 does 
not provide any easy mechanism for this 
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OS/2 COMMUNICATIONS 

Table 1: The results oftests run on an IBM PS/2 Model 80 (16-MHz) and an IBM PC ATModel 339 (8-MHz), 
transmitting a 20K-byte file using OS2COMM. The transmitting PC had no additional tasks running. Multitasking was 
performed only on the receiving PC. Note that the communications task actually ran/aster in the background (compare 
tests 6 and 7), since it did not have to place characters on the screen as it was receiving them. 

Test Tranafer Receiving Background Foreground Characters Tranemit ,.,. PC taaka taaka dropped time (mln:aec) 

1a 2400 AT None Communications None 1:24 
1b 2400 PS/280 None Communications None 1 :24 

2a 4800 AT None Communications None 0:42 
2b 4800 PS/280 None Communications None 0:42 

3a 9600 AT None Communications None 0:21 
3b 9600 PS/280 None Communications None 0:21 

4a 9600 AT Communications Compile None 0;21 
4b 9600 PS/280 Communications Compile None 0:21 

5a 9600 AT Comm. & compile DOS"TREE" None 0:21 
5b 9600 PS/2 80 Comm. & compile DOS"TREE" None 0:21 

Sa 19200 AT None Communications None 0:17 
6b 19200 PS/280 None Communications None 0:12 

7a 19200 AT Communications None None 0:11 
7b 19200 PS/280 Communications None None 0:11 

Sa 19200 AT Communications Compile None 0:11 
8b 19200 PS/2 80 Communications Compile None 0:11 

9a 19200 AT Comm. & compile DOS"TREE" 6 0:11 
9b 19200 PS/2 80 Comm. &compile DOS"TREE" None 0:11 

ms is accurate, then we would expect that 
9600 bps would be achievable on an 
80286, but that 19,200 would not. 

That is exactly what the actual testing 
showed (see table 1) . Overall, I found a 
number of interesting results. 

The tests showed that the PC AT was 
capable of communicating at up to 9600 
bps without losing any data, even with 
several additional tasks running. Tests at 
19,200 bps were successful only when 
there was no DOS-mode activity on the 
AT. 

This result would indicate that on an 8
MHz 80286, mode switching will cause 
communications failures at 19,200 bps, 
but not at 9600 bps and below, which 
confirms our estimated calculations. 

The PS/2 Model 80 handled transfer 
rates ofup to 19,200 without difficulty. 

The results of tests 6 and 7 were inter
esting. ln both tests, OS2COMM was the 
only task running. In test 6, when I ran 
OS2COMM in the foreground, the re
ceiving system (even on the PS/2) had to 
use XOFFs to keep the incoming data 
from overflowing its buffer. In test 7, I 
ran OS2COMM in the background (with 
the OS/2 Program Selector displayed on 
the screen), and data was transferred at 

the full 19,200-bps bandwidth. The only 
difference between these tests is that 
OS/2 had less work to do when OS
2COMM was in the background. Since 
the program did not have to actually 
display the characters it received, it was 
able to support the higher transfer rat.e. 

In this regard, it's also interesting to 
compare tests 6 and 8. In test 6, both re
ceiving systems had to use XON/XOFF 
processing to avoid losing data. In test 8, 
however, neither system had to use 
XON/XOFF, even though there was an
other major task executing. The differ
ence is that in test 6, the OS2COMM's 
display and communications threads 
were both running at high priority and 
were conflicting with each other. In test 
8, the conflicting task was running at a 
standard priority, and only OS2
COMM 's communications th.read ran at 
a time-critical priority (the display 
thread was not needed). As you can see, 
a communications program must make 
judicious use of the time-critical threads 
so that it does not compete with itself for 
CPU resources. 

Note that using transfer rates of 9600 
bps and higher on either machine caused 
the other tasks to come almost to a com

plete halt. This is the result of running 
OS2COMM at a time-critical priority. 

Sophisticated Software, Design 
Dilemmas 
OS/2 provides all the mechanisms neces
sary to write excellent serial communica
tions software without requiring that 
programmers deal directly with the com
munications hardware. However, along 
with this sophistication come new design 
issues, which we have not had to deal 
with before. Fortunately, OS/2 offers 
many different techniques to resolve 
these issues, and the resulting flexibility 
will allow for the creation of full-fea
tured communications software that no 
longer has to sneak behind the operating 
system to get its job done. • 

Editor's note: The C source code for ver
sions 1.2and1.3 of0S2COMM (1 .3 pro
vides a plain-ASCII file-transfer capabil
ity) is available in a variety offormats. 
See page 3 for further details. 

Jim Gilliland is manager of systems for 
the corporate tax department of BP 
America in CU!veland, Ohio. He can be 
reached on BIXas "jgilliland. " 
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TECHNIQUES 

IBM SPECIAL ISSUE 

KEEP YOUR PC 

HEALTHY 


A few simple tricks, practiced regularly, can add 

II things age, including 
your computer system. 
The older the system, the 
more likely it is that 
something is going to go 

wrong with it . You can't stop the ravages 
of time, but you can slow them down 
while also reducing or preventing com
mon problems. 

The most common problems, espe
cially with older computers 
I ike the IBM PC and XT, are 
mechanical in nature . A disk 
drive door might break off; 
the keys might "clog" or even 
break; the power switch 
might wear out; a cable or 
other wire might break; a 
contact or even the read/write 
heads of the floppy disk drive 
might corrode or become 
coated with a contaminant. 

There is little involved in 
proper maintenance. Most of 
it is simple common sense and 
cleanliness. (For further in
formation, see my book How 
to Repair and Maintain Your 
IBM PC.) 

Preventive Maintenance 
Preventing a problem is better 
than having to fix it after it 
has happened. This is where 
cleanliness and proper oper
ating procedures come into 
play. 

to your computer's life span 


Gene B. Williams 

All computer systems have three pri
mary enemies: dust and other contami
nants; excessive heat and cold; and static 
electricity, power-line surges, and 
spikes . These enemies become even 
more significant as your computer ages. 

The key to preventing malfunctions is 
to eliminate or at least reduce those fac
tors . For example , keep your work area 
clean. Vacuum or use a slightly damp 

cloth to remove dust, so it gets picked up 
and not just moved around . A dry cloth 
tends to kick the dust into the air, which 
actually increases the amount of dust that 
will find its way inside the computer. 

Other contaminants should be kept 
away from the work area. If you smoke, 
either give it up or take breaks well away 
from the computer . The tars and smoke 
particles are virtually guaranteed to 

eventually gum up everything 
they shouldn't. 

Airflow is critical for 
proper operation. All the 
electronic and electrical com
ponents in your computer pro
duce heat when in operation. 
This is particularly true for 
older PCs that have been 
packed with expansion 
boards . These boards require 
cool air to prevent a deadly 
heat build-up. Be sure that all 
cooling vents in the front or 
sides of the computer are open 
and that air circulation is 
good . Check the clearance at 
the back of the computer; 
make sure the fan is not 
blocked by cables or papers. 
Don't push your computer 
flush against the wall; leave it 
some breathing space. Heat 
can destroy computer chips. 

Conversely, cold tempera
tures can also affect a com

continued 
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KEEP YOUR PC HEALTHY 

puter. Cold can slow down disk drive 
motors and change the critical position
ing of the read/write heads. This can 
make your computer impossible to boot. 

Because all PCs are air-cooled, dust 
can enter your system through the venti
lation slots. At least once a year , take the 
cover off your computer and vacuum the 
interior to remove accumulated dust. Use 
a brush attachment on the vacuum and 
carefully go over all exposed parts . If 
you are feeling energetic and have expe
rience with add-in boards, remove all the 
expansion boards so you have access to 
the motherboard. You can use a can of 
compressed air (available at photo
graphic supply stores) to blow out the 
dust in areas that the vacuum can't reach. 
Clean or replace aJI clogged filters. 

Power surges, spikes, and static elec
tricity are great "killers" of computers. 
A standard computer power supply is de
signed to work reliably with 110 volts of 
60 Hz AC . Spikes, sometimes caused by 
lightning strikes on power lines, or 
power surges caused by heavy-duty elec
trical equipment can terminally increase 
the voltage to your computer and literally 
fry a power supply or other circuits in the 

computer. Static electricity , generated 
by simply walking across a carpeted 
floor on a dry day, can range up to sev
eral thousand volts. 

The first line ofdefense is a commonly 
available surge suppressor/spike filter . 
This inexpensive option is available in 
forms ranging from a simple one-switch 
power strip to fancy desktop power-con
trol centers. 

If you use telecommunications ser
vices like BIX, don't ignore your phone 
lines as a potential source of trouble. 
Phone-line surge suppressors are avail
able t.hat will prevent your modem from 
" taking a hit" due to surges on the phone 
lines. Another solution is to invest in an 
uninterruptible power supply. The UPS 
will isolate your computer from most of 
the trouble on the power lines and, in 
case of a power failure, give you time to 
shut down your computer without losing 
data. However, even a surge suppressor 
or a UPS can have its problems. (See 
Mark Waller's two-part series on PC 
power in the October and November 
issues of BYTE.) 

Static electricity problems can be 
eliminated by using antistatic sprays on 

carpeting, by placing antistatic mats un
derneath your chair, or with a desktop 
antistatic mat beneath your keyboard . 

Disk Drives 
Because floppy disk drives are largely 
mechanical devices , they are prone to a 
variety of malfunctions. They are also 
critical in the overall function of a com
puter system-especially if your system 
doesn ' t have a hard disk drive . 

On many older , full -height floppy 
disk drives, the drive door and hinge as
sembly are made of plastic. This assem
bly is held in place by two screws, which 
do a fine job of holding it in place but 
create another weak spot. 

To prevent breaking the door or hinge, 
use your thumb and finger . The idea is to 
get the thumb pushing inward to prevent 
the door from snapping open. The too
common practice of flipping the door 
from the bottom is a sure way to break 
the door. 

A sneakier situation is when one side 
of the hinge is cracked. The door will 
seem to operate, but the spindle inside 
the drive won 't be able to clamp prop
erly. You'll get nothing but read/write 

- ------------------------------, errors. Replace the door assembly. 
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Fortunately , replacing the drive door 
assembly on full-height drives is easy 
(once you locate a new door assembly). 
Remove the computer case, and you '11 
have easy access to the two screws that 
hold the door in place. To realign the 
new door (or to realign one that has 
slipped), simply make sure that the front 
of the door, when closed, is flush with 
the front of the drive. 

Cleaning the drive heads is still a mat
ter of controversy. Some people say they 
should be cleaned on a regular basis, 
while others swear that it 's not only un
necessary but damaging. However, if the 
choice is between cleaning the heads or 
having to replace the drive, you have 
nothing to lose. 

Hard disk drives require little mainte
nance because they are sealed units. The 
best procedure is to back up your files 
onto floppy disks at regular intervals. 

In everyday operation, DOS stores 
files in any available sector on the hard 
disk. Eventually, all your files are frag
mented into sectors all over your hard 
disk. DOS has to search all over the hard 
disk, switching from track to track and 
sector to sector, in order to access a large 
file or program. 

To renew hard disk performance, you 
can use a defragger program, like the 
Disk Optimizer from Solution Systems 
or the Speed Disk program that is part of 

continued 
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plotter sharing, file transfer, electronic mail, 
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Table 1: Common IBM POSTaudible error codes and screen codes for the 
IBMPC. 

POST error responses 

Indication 

Nothing happens 
Continuous beep 
Repeating short beeps 
1 long, 1 short 
1 long, 2 short 
1 short, no display 
1 short, BASIC on-screen 

Common code errors 

Problem 

Power 
Power 
Power 
System board 
Monitor 
Monitor 
Disk drive 

your computer is completely dead, start 
with the AC power outlet. If you're get
ting read/write errors from the disk 
drive, begin by examining the drive 
door. Don't forget the disk. 

Symptoms the computer exhibits will 
help you in the elimination process. For 
example, if the computer seems to be 
functioning but the monitor is dead, 
there's no need to test the disk drives. 
You should first check the power light on 
the monitor to see that it's getting power. 
If the monitor is powered up, the problem 
is isolated to one of three places: the 
monitor circuitry, the video cable, or the 
video board in the computer. You can test 
the cable with an ohmmeter to see if any 
wires are broken or short-circuited. You 
can test the monitor and video board by 
substituting another component that you 
know is good. If the problem goes away 
after the substitution, you've isolated the 
defective component. 

You already have a tool that will help 
you diagnose your computer: the built-in 
power-on self-test your computer per
forms every time you tum it on. This 
POST puts the computer through a quick 
"once-over." The test covers the system 
board, RAM, video board, keyboard, 
and floppy disk and hard disk drives . If 
an error occurs, the computer should re
spond with audible signals and error 
codes on the screen. Error codes vary on 
different computers. Common codes for 
the IBM PC are shown in table 1. 

The POST diagnostics will tell you, 
for example, which RAM chip has failed 
(see table 2) . The error code will be 
xxxx201, with the x's being digits. The 
first two indicate the bank; the second 
two indicate the bit chip. (The 201 is the 
code for RAM problems.) The RAM 
chips are highly sensitive to static elec
tricity and transient voltages, and they 
can become more sensitive with age (es
pecially if the computer has overheated). 

You can do a more thorough check by 
using the diagnostics program or disk 
sold with most computers. This performs 
a more thorough test of every system, in
cluding a read/write test of the floppy 
disk and hard disk drives (see table 3). 
An even more exhaustive set of tests is 
available in the IBM Advanced Diagnos
tics disk or the Disk Technician package 
from Prime Solutions. These programs 
will generate detailed reports to indicate 
the source of the trouble. 

The fastest way of checking suspected 
circuit boards and components is by sub
stitution with a good one. If the substi
tuted part works in your computer sys
tem, you have isolated the bad part. You 

continued 

Code 

101 , 131 
201 , xxxx201 
Parity Check x 
301 , xx301 
601 
1701 

Problem 

System board 
Memory 
Power 
Keyboard 
Floppy disk drive 
Hard disk drive 

Table 2: The POST diagnostics error code will identify which RAM chip has 
failed. The error code will be xxxx201, with the first two x 's indicating the 
bank and the second two x's indicating the bit chip. For example, a RAM 
error code ofOC40 would mean that the bit 6 chip on bank 3 has failed. A 
code of0220 would mean that the bit 5 chip on bank 2 needs to be replaced. 

IBM system board RAM error codes 

The first two digits indicate the bank. 

Older: 16K to 64K Newer: 64K to 256K 

Banko 
Bank 1 
Bank2 
Bank3 

00 
01 
02 
03 

00 
04 
08 
oc 

The last two digits indicate the bit chip. 

Parity bit 
Sit o 
Bit 1 
Bit2 
Bit3 

00 
01 
02 
04 
08 

Bit4 
BitS 
Bit6 
Bit7 

10 
20 
40 
80 

The Norton Utilities Advanced Edition. 
A defragger speeds up disk operation by 
rearranging files into contiguous sec
tors . This reduces the time DOS requires 
to access your files and can reduce wear 
and tear on the drive . 

Because hard disks are critically im
portant in most computer systems, you 
may want to invest in the SpinRite pack
age from Gibson Research. SpinRite per
forms an analysis on a hard disk and can 
do a low-level, nondestructive reformat 
of the disk if it detects any problems. It is 

useful in correcting hard disk problems 
before they become serious. 

Basic Troubleshooting 
You don't need a degree in engineering to 
diagnose and repair the most common 
malfunctions. Troubleshooting is noth
ing more than a process of elimination. 
The problem can be in just so many 
places. Find out where it's not, and 
you'll know where it is . Always begin 
with the simplest and most obvious 
source of the problem. For example, if 
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A hardware purchase of$4995 or more Is required 
to recehJe the SW.A 386 System FREE. 

• QMS PS 800II Postscript Laser Printer $5995 
• QMS PS 810 Postscript Laser Printer $4995 
• CDC WREN IV 300MB SCSI $2595 

Hard drive with Controller 
• CDC WREN Ill 155MB SCSI $1795 

Hard drive with Controller 
• CDC WREN II 86MB ST506 $ 895 

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 Professional $ 895 

·~~~ nm 
• SCO Foxbase Plus $ 995 
• SCO VP/ IX $ 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 SWA 386 System. Mix and match to meet 
your needs! 

Prices are for Industry Standard 80386-based Computers. 

For all other systems and items please call: 


1-800-252-4212 


VNS America Corp. 
Suite 270, 910 Boston Post Road 
Marlboro, Massachusetts 01752 U.S.A. 
In Massachusetts 508-460-0016 
FAX: 508-481-2218 

•offer good until December 31, 1988. 



• li'reeCompnlieasive CUsaomer Support 
• Tnlnlna 
• 2 year warranty 
• 30 day money back panmtee 

Call for Free Catalog 
(800)531-4742 • (512)250-9119 

'7==.n1* 
~;..~,....,_.. 
12109 Technology Blvd. 
Austin, Texas 78727-6204 

...,_ 1 tO..lJ7 l'tl.1 • Ft1111ttll).& MJJ70 
!;olct<IK"""""'""'Ol ·~l'-'"41 .w..,_, ol'll9ll07081 

ll.al) JQ.2-~41'1071·2·-'·~ ·~..... 11070-9'>6."60 

KEEP YOUR PC HEALTHY 

Table 3: This is a list ofIBM diagnostics disk error codes. If the last 1wo 
digits are 0, the system is operating correctly. 

IBM diagnostics disk enor codes 

Code 

02x 
1xx 
20x, xxxx, xx20x 
30x, xx30x 
4xx 
5xx 
6xx 
7xx 
9xx 
11xx, 12xx 
13xx 
14xx 
15xx 
17xx 
18xx 

can also test the suspected bad part in an

other system to verify that it is defective. 


Hit's Dead 

It's relatively rare for a computer to fail 

completely . If this does happen, the 

problem is almost certain to be in one of 

two places. Either the wall outlet is dead, 

or the power supply has failed. As al

ways, begin with the easiest. Check the 

outlet to be sure it' s supplying power. 

(You can eliminate the outlet immedi

ately if the cooling fan is operating.) 


Then, you can use a volt ohmmeter to 
perform a number of simple tests. A 
cable can be eliminated as the possible 
cause of trouble by using the VOM to 
check for continuity. You can also use il 
to probe for the presence of voltage. A 
suspected power supply can be checked 
easily for DC voltage output in the 5-V 
and 12-V ranges at the four pins bringing 
power to the floppy disk drives. The lo
cation of the pins can vary depending on 
the type of drive you have. On older PCs, 
these are located at the left rear of the 
drive, with the pin closest to the edge be
ing pin 1. The two pins in the center are 
ground. If you find 11 .5 to 12.6 V DC 
between pins 1 and 3, and 4.8 to 5.2 V 
DC between pins 2 and 4, the power sup
ply is probably doing its job, and some
thing else is wrong. 

Other Troubleshooting 

Even while sining in their slots and sock

ets, the components in your computer are 

subject to the ubiquitous effects of corro

sion and oxidation. Even gold-plated 

contacts are no guarantee against oxida

tion. The chips themselves have a ten

dency to creep out of their sockets due to 


Problem 

Power 
System board 
Memory 
Keyboard 
Monochrome monitor 
Color monitor 
Floppy disk drive 
8087 coprocessor 
Printer adapter 
Async communications 
Game adapter 
Printer 
SDLC communications adapter 
Hard disk drive 
Expansion unit 

thermal expansion and contraction. 
A simple troubleshooting method is 

what I call the " laying on ofhands" tech
nique. This involves simply op~ning up 
your computer, pressing down on every 
socketed chlp, and gently pulling apart 
and reseating every cable connection. 
This will displace any oxidized metal 
and reestablish a good electrical connec
tion. Removing and reseatiug expansion 
boards is also wise. A surprising number 
of sick or dead computers spring back to 
health after this treatment. 

For persistent or recurring oxidation 
problems , you can use Cramolin R2 
spray. This is an antioxidizing lubricant 
that cleans metal surfaces and forms a 
protective layer to maintain electrical 
conductivity. It is useful for parallel, 
serial , and expansion board connections. 
(Cramolin R2 is available from Craig 
Laboratories, Inc ., 1175-0 Industrial 
Ave. , P.O. BoxJ, Escondido, CA 92025, 
(619) 743-7143.) 

HPain Persists 
Sometimes, despite every diagnostic 
technique, the cause of a problem may 
still elude you. That's the time to call in 
the professional computer repair techni
cian. Afte.r going through all the mainte
nance tests and procedures, you'll be 
able to tell the technician where the prob
lem is not located. 

But if you follow these simple mainte
nance procedures, your PC can live a 
long and productive life- rather than die 
an early death due to neglect. • 

Gene B. Williams is an Arizona-based 
author. He can be reached on BIX c/o 
"editors. " 



NEC Mulllspeed •.. . ••.•. ..• •• $1348.64 
NEC Multlspeed El ••••••.••••• 1499.76 
NEC Mulllspeed HO w/20 Meg .•• 2365.n 
NEC Powermate 2, 40 Meg •. .. ••• NEW 
NEC Powermate 2, 66 Meg • ••.•. LOWER 
NEC Powermate 386 , 66 Meg . • . .. NEC 
NEC Powermale 386, 130 Meg ... PRICES 

WHY PAY 
RETAIL? 

3100 w/20 Meo .• •sme.so 
1000 . ............ .. nut 
1200 ••••.••••••.•• 2237,$5 
1200, 2 Floppy .•• •. 1612.35 
3200 .••••....8'ECIAL BUY 
5100 . ......... NEW llODEL 

SAMSUNG s.300 4/8 MHz, 512K , 6 Slob S/P/C, 

AT&T The right choice 
saoo wGs ...••... • ..••.. s1099.42 
6312 WGS ..... ... ........ 1692.12 
6386 WGS .• ••• •. . . ••••..• 3187.78 
Model 63 .................4995.85 
Model 64 . ....... .. . . ... .. saao.10 
Model 75 . .•• . ...•.••••.••8920.35 
All WGS Models Come with Keyboard 

No/Jody $eUs 
For /.e11 

COMPUTERS 
ASr 

MOL 70 . ..• .$1335.20 MOL 170 ..... $2998.311 
MOL ao .• ' .•.1&39.ro MDL 300 .... .3490.40 
MOL 90 ..... .. 1936.15 MDL 340 •...•39-15.65 
MDL 120 •.•• . 2280.05 MOL 390 .. ••.5589.40 
MOL 140 •.••.2649.55 

IBM PS2 
MOL 30. 2 dr •. $12n.20 MOl.502, 30M.~ S2943.50 
MDL 30. 20 ~ .1725.17 MOI. 502. 60 Meg .NEW 
MDL 60. 40 Meg 3340.16 Mill 70. Al MalS. . • PS2s 
MDL 60. 70 Meg .3567.50 MOI. 80. 40 Meg .44!17.67 
MOL 80. 111 Meg 5995.80 MDL 80. 70 Meg •5330.30 

t:DmPrUJ •• 
286. M-O<lel 1. .. $1868.SS 31&. Model 300 51995.20 
286. 40 Meg ••..2495. 20 l'Oll. II . MC I 2 . , .1896.10 
286. 70 Meg ..•. 2798.20 POil. llf Mdl 4 ••. 27!17.00 
386. Modtl 60 . •. 5'85.30 l'Oll. II. Mdl 20 .3495.85 
386. Model 130 .• 6945.92 Port, Ill, Mdl 40 .4095.35 
386$, Model 20 •... $AVE Port. 386 Mdl 40 5426.24 
3l&S. Mod1t 40 .muo POil. 386Mdl100.ti689.74 

TOSHIBA 
1'3100, 20 Meg .$2998MI T1200 ....••.$2237.SS 

Rf: ::::::::~~ rn~ ~- ~'. 0?.~. ~~fz 
~lt:AROBlll 

PB88 (Xl Turbo) •.•.••.•••..•.••.••.$645.64 
PBSI w/1 llopll'I, 20 Meg ••••••••••.•95&.aO 
Vl286. 10 MHz ••..••..•..• . .••.••.•1249.36 
VT286, 12 MHz .....................13"9.36 
VT286 w / 20 Meg .•.•••.••• . ••.••.•• 1573.50 
VT286 w/40 Meg ...................1n4.10 
VT386 ....•••.. ••• ..•.•••••••.NEW MODEL 

WYSE 
MOL 2108 . . •• $1170.50 MOL 2214 ••. .$1!1711.30 
MDL 2112 •..•• 1739.20 MOL 3216 •.• • . 2749.05 

7IP1" Wt ..... 
Supe~port Model 2 .....• • .• , . ALL ZENITH 
Supe<Sporl Model 20. •. . •• . •.... . MODELS 
Supe<Spon 286 Model 20•••.•.• .. IN Sl1lCK 

Other Compu ters Avallable Upon ReQuest 
l ·l ;JrlJjll 1J J j l :t! ;l·I;t.1;1·(1 

FLOPPIES, DRIVES 6 TAPES 
1/2 height floppy drive ....... ... . . ... .$99.DO 
MINISCRIBE 20 Meo 112 height W/cont. .329.14 
MINISCRIBE 30 Meo 112 height w/RLL .•345..95 
SEAGATE 20 Meg 112 h1lght hlrd drive .289.69 
SEAGATE 30 Meg 1/2 height w/RLL. ••. .309.n 
SEAGATE 40 Meo 112 height .•.••• .• •• • 399.50 
GENOA 60 Meo Int. tape / IXL llpc••734.scJ/ 895.10 
GENOA 150 Meo int. tape ..•. •••• .•.• •1078..85 
IOMEGA 20+ 20 External S'/• . . ........ 1795.73 
IRWIN 20 M/ 40 M lntemal Taoe.••399.101 539.20 
MINISCRIBE 40 Meg 28ms ..•..••.•••.• 619.40 
MINISCRIBE ao Mtg 21m1 ••....••.•. .795.45 
MOUNTAIN 4440 Int./ p t.. , . . •.. 385.80 / 557.75 
PLUS Passport 20 .•...•...•..•..• ..••479.10 
PLUS Passport 40 ....................599.88 
PLUS 20 & 40 System Kit ....... . ... .. 489.75 
PLUS PS2 MC Svstem Kil ••..••.•..•••585.58 
PRIAM 40 MeQ/ 60 Mtg ..... • .. 669.551 749.95 
PRIAM 130 Meg h1rd disk • • ........1510.40 
SEAGATE 30 Meg/ 40 Mio ' •.• • . 479.801 558.91 
SEAGATE 4096 80 Meo hard disk ••...••645.10 

HARDCARDS 
PLUS DEVELOPMENT 20 Meg .• • .• • .. .S569.55 
PLUS DEVELOPMENT 40 Meo .. . .. • ••• 749.80 
WESTERN DIGITAL 30 Meg • ••• .. . . . •• .416..30 

PRINTERS 

H·P Laser Jcl Model ..••.•.•.•.. . • $1699.40 
AST Turbolaser P/S ................ IN STilCK 

net ~~3) i.i:i90'::: .: :: .. : 198Z:44/3~9i8 
PANAWNIC Laser .•.•• .. .• . . •••. •. •. 1599.35 
lOSHIBA Pagelaser •..•.•• ..•.. .••• .2530.20 

I fj!JIJi 

INSTRUMENTS 
HI OMP-42 

HI OMP-52 / 52MP 
HI OMP·56A 

HI OMP·61 /62 
S& 

PAPER SHREDDERS 
SHARP F0300 $1199.10 lOSHIBA 3010 .$1314.44 
SHARP F0·420 .1399.95 GBC.1656 ••. •• 1459.80 
SHARP f0·500 . 1599.95 GBC-1236$ . •• •. 91 5.44 

NOVELL NET WORKING 
SANTA CLARA Diskless Workstation ••••$640.40 

SOFTWARE 6 STARTER KITS 
WESTERN DIGITAL 3 Node LAN kit 

w/Western Digital software . .. ••. •. •. S7211.3' 
Enlly·level 286 Starter Kil. 4 Use<S •.. ••. 489.90 
EnllY·level 286 Starter Kit. 8 Users •••••••SAVE 
NOVELL 286 Software V. 2.11 .• • .. ••.. 1678.34 
NOVELL SFT Netware Level I ••.•••••••2148.66 
NOVELL SFT Netware Level II V2.1 .....2757.60 

INTERFACE CARDS 
ARCNET PC110 LANboard PS2 . ••. ..•.$539.40 
AACNET PC110 LANBoard •• . .•. . .•. • . • 188.27 
ARCNET PC210 LANBoard .............235.50 
ETHE RNET lnlerface Connector •••••••••329.80 
ETHE RNET Plus Board (for 286) •..•• .. •698.74 
G-NET Interface Card wI cable •••••••••• 2116.52 
WESTERN DIGITAL Ethernet cards •••••.•269.10 

ACCESSORIES 
ARCNET Passive Hub ••.••• ' .... ' •••••$79.00 
AACNET Active Hub •• . •••.•••..••.. , .427.98 
Ethemel TenTlinalors • ..••. ••.•.••. .••..39.60 
NOYell Keycard 2.11 •...••..•. . •. •••• .•. 78.40 

Novell llllned i nd 1u1horized sales 1nd support
tin cow for an new Softwm Y111lon1. 

AST 525111 Plus ••.••.•••..••.•.•..• $619.IW 
EVEREX 12008 I 24008 . .•...••.• 109.90 I 19UO 
!AMA 'J'DB/79 . ••. .••.. ••..•••••.•• . . 695.17 
~ BELL 2400 lnl/ 2.100 Ext •. 169.95 1 199.22 

~ 
HAYES 1200 . . • $2811.60 24006 ........S379.65 
12008 ..... .. .289.20 2400PS2 ... ....399.15 
2400 •••• . •••. 424.68 

rJ!,'flOOotlclj 
12008 . .. . . .. .$108.45 24006 ..••••••$199.70 
1200 Eitemml •• 129.10 9800 HST ..... 865.20 

It!/~ 

1200 Im . . • . •• $194.50 2400 Int. .••• .$299.10 
1200 Plus ...... 22&.88 2400 Ell. . .... 389.44 

BATTERY BAC KUP & SURGE 
PEAMA POWE R 6 Outlet Suroe Supp• •.•. $29.411 

TRIPPUTE 
Bc-450 . . . • $41 9.78 4 oullet •••.••S 44.25 
BC-1200 .•..••.765.55 l.C-1200 ......• 159.85 
BC-2000 .•.• • • 1179.80 l.C-1800 .••••.• 189.85 

DATASHIELD 
500 wan .....SS&O.D5 1200 Wan ....$994.75 
800 wan ......638.50 6 Ouue1 Suroe .•. 27.85 

:;! f:Al?Coifi"fj•l ;II 'f 
A-B Switching Box (Pat or serial) • ... •• . . $44.95 
BASF 5 Pack al 10 OS/DD w/cate , .•... .49.00 
KENSINGTO N Masterpiece ..• . ..... •• .. •• 99.99 
KENSINGTON Masterpiece Plus ••..•••..• 123.40 
KEYTRONICS 5151 IBM or AT&T •...•...•154.95 
KEYTRONICS 101 ....................107.65 
Printer cable (IBM lo Centronlcs) 6 h . ••••• 19.99 
XT Powtr Supply 150 Wilt .............69.95 

Monograph lcs boaid. OOS. Keyboard 
S-300 . 1 Floppy •.•••..•..•• .$749.50 
S·300 , 20 Meg ........ ....... 989.95 
S-300, 40 Meg .... •.. . • ..••. 1117.82 
5-500 AT Compatible 8110 MHz, 8 Slol$, 
S/P/C, Monographlcs Board, DOS , Keyboard 
S·500, 1.2M Floppy .........$1095.45 
S·500 , 20 Meg ••.••......••. 1469.80 
S·500 , 40 Meg ...• ••••.••••. 1624.45 

MONITOR INTERFACE CARDS 
COW'u color caid ••. . •••.•..•.•..•..S 99.00 
cowru monog«phics taro w/p .•••...•• 99.00 
GENOA Spectrum (color monographk wlp) 168.75 
HERCULES color card w/p • ... ••••.•.•. 146.16 
HERCULES monographlcs plus ' ' IP .•...• 179.11.l 
TAXAN MONOGRAPHIC w/p ...... . ... ..99.00 

MONOCHROME MONITORS 

AT&T Monochrome Monitor •...•.•..•.. $189.40 
AMOEK 310A I 410A , .••..•. • .•. 119.991 149.99 
AMOEK 1280 .••. . • . .••.•.•••..• •• . .•679.78 
COMPAO monochrome monitor , .•••..•. 194.46 
COMPAO VGA Mono •..•.•.••.•.••..•. 193.10 
IBM PS2 8503 ..•..•.••• . .•••••. . .••• 209.95 
NEC Mulll$Ync GS •• • , • • • • • .. .. • • • 194.52 
NEC Monograph .•••... •. ....••••..•• 1297.25 
PGS MAX 12E. .. .. . . . . ... .... , • • .. • 139.40 
PACKARD BELL Green or Amber •••••..•. 89.95 
TAXAN 123 Green / 12• Ambrr .•. 119.501 124.05 

COLOR GRAPHIC MONITORS 
AMOEK color SOOT / 722 .. . . ...S349.24/ 44.U9 
IBM PS2 8512 Color •••.....••..••.•..438.40 
IBM PS2 8513 Enhanced Co lor .... . ....519.20 
SAMSUN GROB Com p • • • • . . • . • . • 248.60 
PGS HX·12 Plus ... . ....... .. .........417.15 
TAXAN 650 / na. ..... ......... 469.90 / 299.10 
MAGNAVOX 8i62 .. . ....••..••.•.•.•• . 259.05 

VGA & EGA PRODUCTS 

ez...... . .. ... . ........ 5 
LOGITECH C7 / Bu s•.. ... ... , ... ,89.951 109.06 
LOGITECH Lognnouse C7 wI publisher •. . 124.85 
MICROSOFT Mouse <Bus Ve1Sion1 . ••. ... 109.34 
MICROSOFT Mouse fSorl•I Vtrslon l • .• . 117.25 
MOUSE SYSTEMS (Serial Version) ..•. •. .. 99.55 
MOUSE SYSTEMS (Bus Ve<S ionl ..••.••• 108.n 
MOUSE SYSTEM S Omnlmous. • • . 59.71) 

MOST ORDERS SHIPPED 
WITHIN 48 HOURS. 

HIGH VOLUME BIDS INVITED 
730 Anlhony Trail , Northbrook, IL 60062 FAX-A-BID (312) 291 ·1737 

If you find a better price 
call us before you buy. 

WORlll'ERIECl ~ 0 ~··•/JV. . . . .. R19 91122190 
~ 111 • 51 , 13y, 399 OO/U4 00 
LOTUS 1 2 3 511.131'1 305 OOl327 00 
Parade• Vm1on 2 O. . .424 00 
Ventura Sorrwaro Venion 1 I 499 00 
MICROSOfl WOla v ~hc!I ..... . •. 2'3.501319 30 

CHARTER MEMBER 

MMC 
MI CROCOMPUTER 
M ARKETING COUNCI~ 
"\llCl~f-~~~ 

MEM BER 9 E101B 



...ABOUT ANALVZINGViQUR D1 .tT ,t You might be spreading your
1 1 Rift. spreadsheet a little too thin. Or 
maybe you're starting from scratch. But if you're serious 
about data analysis, you're ready for SPSS/PC+~ - a full 
software family that brings you eight high-p01Nered ways 
to complete any data analysis task. 

Enter it. SPSS Data Entry 11- is a fully integrated data 
entry, cleaning and editing tool. 

Analyze it. The SPSS/PC+ base package provides a 
powerful array of statistical and reporting procedures. 

Picture it. SPSS/PC+ Graph-in-the-Box- featuring Nevv 
England Software's Graph-in-the-Box·· offers ful l color 
"snapshot" graphics. 

Examine it. SPSS/PC+ Advanced Statistics·· lets you 
get more serious with your data. 

Predict it. SPSS/PC+ Trends'"- our latest option- is the 
complete time series analysis/forecasting tool. 

Table it. SPSS/PC+ Tables- produces presentation
ready tables instantly. 

Chart it. SPSS/PC+ Graphics- featuring Microsoft• 
Chart creates show-stopping graphs and charts. 

Map it. SPSS/PC+ Mapping- featuring MAP-MASTER
creates maps where vast amounts of data can be sum
marized and presented in one, simple picture. 

SPSS/PC+ products are being put to productive use 
by serious fact finders in business, government and edu
cation. For countless purposes such as market research. 
Wage and salary studies. Survey analysis. And quality 
control. Plus each product is superbly documented and 
supported by SPSS Inc., a leader in statistical software 
for nearly 20 years. While specially tailored customer 
support is available through the VALUE Plus- plan. And 
SPSS now offers a SPSS/PC+ version for Novell LANs. 

So if you're serious about data analysis, step up to 
SPSS/PC+. For details, contact our Marketing 

Department. CALL 1/312/329-3315 
a'QC! •11 . . 444:'.::No:rth::M:ich:ig:an::"A:~:n~ue:"':su:it:'e3000=~-~C:hicago=~.:::lll1101=s':606;::11~------------i1=~a.;;:i-S:;P~s:s':1nc:'~ . i · 
~~ ft.Ill In Europe: SPSS Europe BV. •P.O. Box 115 • 4200 AC Gorinchem, The Netherlands• Teleplmne: +31183036711 • lWX: 21019 

SPSS/PC+ runs on IBM PC/XT/ATs with hard disk. Cortac1 SPSS Inc. lor compalible microcx>mputer.;. SPSS/PC+ . SPSS Data Entry II, SPSS/PC+ Graph·irHlie-Box, SPSS/PC+ A<Mlnced Stalistics. 
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M 
ost programmers under
stand the necessity for 
high-quality graphics in 
their applications, and 
the advanced features of 

OS/2 make the need for clear, precise 
graphics displays even greater . When 
writing graphics applications to run 
under OS/2, you can take a number of ap
proaches, from writing directly to the 
hardware, to using a standard 
windowing environment, to 
using device-independent 
graphics drivers. 

Writing OS/2 graphics ap
plications directly to the 
display hardware involves a 
number of challenges, and it 
requires that you understand 
some OS/2-specific program
ming issues, such as 80286 
protected-mode program
ming rules ; OS/2 privilege 
levels; OS/2 multitasking fea
tures; specific implications of 
multitasking for graphics pro
gramming; supporting mouse 
devices; and National Lan
guage Support. 

It is important to realize 
that OS/2 does allow graphics 
programmers to address 
display hardware directly. 
Just as in DOS, you can obtain 
a pointer to the display buffer 
and program the adapter's 
registers. Although the DOS 

INT 2Ih (hexadecimal) function inter
face and the DOS INT lOh video inter
face have been replaced by a much richer 
set of function calls, the overall ap
proach behind direct-to-hardware graph
ics programming in OS/2 is much the 
same as in DOS. The main difference is 
the set of considerations that the pro
tected-mode multitasking nature of the 
environment int.roduces . 

80286 Protected-Mode 
Programming Rules 
Every protected-mode program in OS/2 
must adhere to 80286 protected-mode 
programming rules. The first rule is that 
segment registers (ES, DS, and SS) can 
be used only for valid selectors (which 
are analogous to segment base addresses 
in real-mode DOS programming). Load
ing any one of these registers with 

something that is not a valid 
selector initiates a General 
Protection Fault (GPF), and 
your program will be abort
ed. The practical result of this 
rule is that segment registers 
cannot be used as scratch 
pads, as they can in DOS. 

The second protected 
mode programming rule is 
that your program cannot ac
cess memory that it doesn't 
own (as DOS programs can) 
unless the owner gives per
mission. In addition, memory 
segments have defined upper 
and lower bounds. Thus, it 
can no longer be assumed that 
every segment will be 64K 
bytes in size. Each segment's 
upper limjt is defined when it 
is created (the lower limit be
ing 0) . Addressing beyond 
either of these limits will 
cause your program to abort 
with a GPF . This feature 

continued 
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might seem like a limitation at first, but 

you will begin to appreciate it when you 

discover how 'Nell it enables you to find 

errant pointer bugs. 


OS/2 Privilege Levels 

In addition to 80286 hardware consider

ations, direct-to-hardware graphics pro

gra1WDers must be aware of some rules 

that OS/2 itself imposes. These rules 

stem from the fact that the 80286 pro

tected-mode architecture lets OS/2 parti 

tion its running environment into four 

rings of privilege levels (see figure 1). 


The operating system employs privi
lege levels 3, 2, and 0 (0 being the highest 
level). Most of the code you write will 
run at privilege level 3 (PL3). This level 
provides access to all system services, 
such as memory management, file 1/0, 
keyboard and mouse input, and text
mode video 1/0. You can read from and 
write to the display buffer at PL3, but the 
code that programs the video hardware 
registers must run at PL2. 

The 80286 ha.rdware lets the operating 
system specify the privilege level at 
which access to hardware registers will 
be permitted. OS/2 restricts this access 
to PL2, although very early prerelease 
versions of the operating system allowed 
register access at PL3 . OOS system ser
vices, however, cannot be called from 
PL2 (although it would be technically 
feasible to relax this restriction in future 
versions of the operating system). 

These restrictions mean that your di
rect-to-hardware graphics programs will 
need to move between PL3 and PL2. To 
move to PL2, your program has to pass 

through a call gate. Call gates provide 
the mechanism that permits your pro
gram to move from a lower privilege 
level to a higher one. 

During a privilege-level transition, 
various access rights are checked to 
make sure that you are allowed into PL2, 
and you are given a different stack on 
which to run. If you passed any param
eters to your code at PL2, they are copied 
to your new stack as part of the call-gate 
transition. 

A lot more goes on during a call to a 
higher privilege level than you may be 
used to seeing during an intersegment 
(far) call. (By the way, call gates look 
like far calls when you disassemble 
them.) Call-gate transitions are at least 
four times slower, depending on the 
number ofparameters passed, than inter
segment calls at the same privilege level. 
Thus, you want to minimize the number 
of call-gate transitions that your applica
tion makes. 

Although the INT lOh DOS video in
terface has been replaced by a rich set of 
video function calls in OS/2, those func
tion calls apply only to text-mode func
tions and some limited support for CGA 
graphics modes. The only graphically 
oriented system service that OS/2 pro
vides is the ability to change the display 
mode. All other aspects touching the 
graphics display must be done either by 
the application itself or by using external 
graphics routines. The one system ser
vice that OS/2 provides is useful because 
changing the display to a graphics mode 
involves more than programming the 
display-adapter registers; it also involves 

• Applicatlon code 
• System services 
• Access to video buffer 

• Access to video buffer 
• Access to dlsplay registers 

.Not used 

• Kernel-level OS code 
• System-level device drivers 
• No application code 

Figure I: The 80286 protected-rrwde architecture allows OS/2 to partition its 
running environment into privilege levels, which specify the access to system services 
and hardware registers. A similar drawing ofreal-mode DOS programming would 
show only on£ circle. 
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coordinating with the mouse driver and 
the operating system. 

OS/2 Multitasking Features 
So far, we have concentrated on the 
issues you would face in a single-tasking 
protected-mode environment. However, 
OS/2' s multitasking features lead to a 
series of considerations based on bow 
your program will cooperate with the 
system in sharing "serially reusable re
sources" (e.g., the keyboard, the mouse, 
and the display screen). 

Several applications may want to use 
these resources at unpredictable inter
vals, yet only one application can use 
them at a time. In addition, OS/2 occa
sionally needs to take ownership of the 
screen to display pop-up windows to no
tify the user of error conditions. OS/2 
provides a series of interrelated mecha
nisms to resolve these potential resource 
conflicts. 

Two key concepts on which OS/2 is 
based are processes and threads. Pro
cesses are units of ownership; for exam
ple, a process owns its own file handles 
and its own portions of memory . 
Threads, on the other hand, are units of 
execution. Every process owns at least 
one thread, and all threads owned by a 
process have equal access to everything 
else the process owns. When a process's 
last thread terminates, the process termi
nates with it. 

Figure 2a shows a simple nongrapbics 
(alphanumeric) application with three 
th.reads, each accessing input and display 
devices through system services. Figure 
2b shows a graphics application with 
three required threads (explained below) 
that use system services to access the 
keyboard and mouse but that must use ex
ternal graphics routines to access a (non
CGA) graphics display. 

A thread can request permission to 
write to the screen, and prevent other 
threads from writing to the screen until it 
is done , through screen locking. Screen 
locking is necessary if your application 
has several threads, because any number 
of them might want to write to the screen 
at the same time. When one thread is 
done writing, it unlocks the screen so an
other thread can write to the screen. Al
though a thread can attempt to write to 
the screen without requesting permission 
(via screen locking), the result will be a 
screen full of "garbage." 

Another important reason for a thread 
to lock the screen before writing to it is to 
coordinate screen swapping . Screen 
swapping operates on screen groups , 
which are simply entities that can own 
the screen, keyboard, and mouse. Each 
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screen group can consist of multiple ap
plications (e .g., under control of a win
dow manager) or a single application. 
Screen swapping switches the foreground 
screen group (i. e. , the application that 
owns the screen, keyboard, and mouse) 
into the background and simultaneously 
switches a background screen group into 
the foreground (see figure 3) . Screen 
swapping can happen at any time when 
the screen is not locked; thus, coordina
tion via screen locking is important. 

You can also use screen locking to co
ordinate your application with unpredict
able pop-up window displays. OS/2 uses 
pop-up windows to communicate errors 
to the user without destroying the con
tents of the user 's display screen; back
ground screen groups also use them to 
communicate messages to the user. Pop
up windows can be displayed at any time, 
with one exception: They will never be 
displayed when the screen is locked. 

Pop-up windows are displayed in text 
mode, and they take up the entire screen. 
When a pop-up is taken down, OS/2 re
places the bits in the video buffer that 
were overwritten by the pop-up. This 
happens even if the display was in graph

ics mode before the pop-up was dis
played. Incidentally, this is another rea
son to use OS/2 • s mode-setting service 
(so the operating system can properly 
save and restore the screen bits before 
·and after a pop-up window is displayed). 

Although screen locking prevents 
screen swapping and pop-up window dis
plays, there is a limit to its power: If a 
screen swap or pop-up window display is 
pending, a thread has 30 seconds to un
lock the screen from the time it was 
locked. After 30 seconds, the process 
that owns the thread holding the screen 
lock is suspended and swapped to the 
background. 

Implications of Multitasking 
Soon after your application is loaded and 
the main thread begins to execute, your 
application will need to create two addi
tional threads. The first is called the 
save/redraw wait thread, and the second 
is .called the mode-restore thread. The 
save/redraw wait thread handles screen 
swapping, and the mode-restore thread 
handles display-mode restoration after 
pop-up windows are taken down (see fig
ure 4). Each screen group can have only 

one save/redraw wait thread and one 
mode-restore thread. 

These threads are required in graphics 
applications because your application 
knows best what format to use for an off
screen bit map, where the screen bits are 
stored when the application is swapped to 
the background . Furthermore, at any 
given time, your application knows what 
state the hardware should be in after a 
pop-up window is taken down. 

Some of your application's end users 
may be using IBM PC AT-compatible 
machines with EGA boards. Remember 
that EGA registers cannot be read; they 
are write-only. Although OS/2 can re
store most of the EGA registers when it 
returns the display to graphics mode 
after taking down the pop-up window, it 
cannot restore them all. The mode-re
store thread must restore the remaining 
registers. 

The save/redraw wait thread interacts 
with OS/2 via the function called Vio
SavRedrawWait . Whenever this func
tion is called, the calling thread is sus
pended until a screen swap is initiated on 
the thread's screen group. A screen swap 

continued 

Nongraphlcs screen group Graphics screen group 

Process A 

Thread Thread Thread 
1 2 3 

~ 'f 

OS/2 system services 

i t 1 

Figure 2a: In a nongraphics (alphanumeric) OS/2 
applica1ion, a process 's threads access input and display 
devices through system services. 

Process A 

Thread 1 

Thread 2 

- Thread3 -

' ~ ,' ~ " 
I Gating mechanism 

OS/2 system services I 

I Graphics device driver 

i ~ i 

Figure 2b: An OS/2 graphics application needs three 
required threads , which use system services to access the 
keyboard and mouse but must use external graphics 
routines to access the graphics display. 
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in progress is signaled by the return from 
V1oSavRedrawWait . A flag indicates if 
your screen group is being swapped to 
the background or to the foreground . 

When it's being swapped to the back
ground, the save/redraw wait thread 
must save the current screen image by 
whatever means are appropriate. If the 
screen group consists of a single graphics 

User initiates 
screen swap 

SaveRedrawWalt 

thread is notified 


to swap screen group 

to background 


Allocate full-screen 
graphics bit map 

Copy screen 
to bit map 

Notify OS that swap 

to background 


ls complete 


SaveRedrawWalt 

thread ls notified 


to swap screen group 

to foreground 


application, then your save/redraw wait 
thread should probably create an off
screen bit map large enough to hold t.he 
entire contents of the display buffer. This 
off-screen bit map can be created in a for
mat that lets the application continue exe
cuting while it is in the background. 
Nothing in OS/2 precludes a graphics ap
plication from running in the back-

Set display 
hardware to 

graphics mode 

End 

Copy off-screen 
graphics bit map to 

physical screen 

Delete off-screen 
graphics bit map 

Notify OS that swap 

to foreground 

is complete 


ground. However, given the complexities 
of redirecting output to the background 
video buffer, some programmers may 
decide to suspend the application when it 
is in the background. 

Once the screen image is safely tucked 
away into an off-screen bit map (also 
known as a Logical Video Buffer, or an 
LVB, in graphics mode), the save/re
draw wait thread notifies OS/2 that its 
job is complete. This is done by again 
calling VioSavRedrawWa1t. Now the 
screen group is truly in the background 
(either still running or suspended while 
waiting to be swapped to the foreground). 

The save/redraw wait thread is also re
sponsible for handling the screen swap to 
the foreground . This operation is almost 
a mirror image of what took place during 
the swap to the background. The bits in 
the off-screen bit map (LVB) are copied 
into the display buffer. However, before 
that can happen, the display adapter must 
be set to the appropriate graphics mode. 

While swapping your application to 
the foreground , your save/redraw wait 
thread must make no assumptions about 
the state of the display hardware. It can
not assume that the previous screen 
group left the display adapter in a pre
determined mode after it was swapped to 
the background. Your save/redraw wait 
thread should first set the display hard
ware and then copy the saved off-screen 
image into the display buffer. 

Another subtle complexity of screen 
swapping involves the interaction of the 
save/redraw wait thread with other appli
cation threads that write to the display 
buffer. When a screen group is running 
in the foreground, screen locking is used 
to gate access to the display buffer. The 
screen Jock will be unavailable whenever 
another thread has it-for example, dur
ing a screen swap or during the display of 
a pop-up window. 

When a thread requests the screen 
lock (by calling VioScrLock), the thread 
has two options: 1) It can request to be 
blocked until the lock is available (if the 
Jock is already available, the thread 
won't be blocked at all); or 2) it can re
quest an immediate return without block
ing, even if the screen lock is unavail
able. In the latter case, VioScrLock will 
return a flag indicating whether the lock 
was obtained or not, and the requesting 
thread can then determine the proper 
course of action . 

When your screen group is running in 
the foreground , you will probably want 
V1oScrLock to gate access to the display 
buffer . However , when your screen 
group is running in the background, you 
must use the second V1oScrLock option. 

Lock off-screen 
bit map 

Figure 3: The left-hand portion ofthe flowchart i/lustraJes the first part 
ofa screen swap, where the foreground screen group is put into the background. 
The right-hand portion shows the second part ofa screen swap, where the 
background screen group is put into the foreground. 
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Ifyou do not, OS/2 will suspend the call
ing thread because the screen lock is un
available to background screen groups. 

If you use the second ("no lock") Vio
ScrLock option to enable your applica
tion to run in the background, you must 
make sure that you do not leave your off
screen bit map (now acting as the display 
buffer) open to being written into by 
multiple threads simultaneously-this 
would raise havoc with the bits. You also 
need to make sure that, during a swap to 
the foreground, you do not allow threads 

( System initiates 
pop-up ) 

+ 

System locks 

screen for pop-up 

+ 

System saves 

overwritten bits 

i 
Pop-up window 

is displayed 

+ 

Eventually, application 

wants to display to 
screen 

+ 

Application fails to get 
screen lock because 

of pop-up window 

+ 

Application determines 

it was put into back
ground by a pop-up 

+ 

Graphics operations in 
current thread are sus

pended by device-driver 
gating mechanism 

I 


to write into your off-screen bit map 
while it is being copied into the physical 
display buffer. 

To prevent those problems, you need 
to create your own gating mechanism for 
use while running in the background and 
during screen swaps. OS/2 provides sev
eral methods for interthread and inter
process communication. An in-depth 
discussion of these is beyond the scope of 
this article, but the basic concept is to 
allow only one thread at a time to have 

continued 

i 

Pop-up window 

Is taken down 


! 

System restores 

display to 
graphics mode 

+ 

Mode-restore thread 

restores hardware registers 
that system's mode 

change didn't 

i 

Suspended graphics 


operations are reactivated 

and compete for 

access to screen 


! 

Return to normal 

foreground operation 

! 

( End ) 

Figure 4: The left-hand portion ofthe flowchart illustrates the display of 
a pop-up window and what the foreground application does in response to the 
event. The right-hand portion shows what happens when the pop-up is taken down. 
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access to the video buffer (whether it is 
the physical clisplay buffer or the off
screen clisplay buffer) . We suggest that 
you look first at semaphores (RAM 
semaphores or semaphores of your own 
creation) as indicators of whether the 
video buffer is available or not. 

The other thread required of graphics 
applications is the mode-restore thread. 
This thread is responsible for restoring 
the mode of the display adapter after a 
pop-up window is taken down. It must 

know what mode the application thought 
it was in before the pop-up window was 
clisplayed, but it does not have to know 
much else. OS/2 restores the bits in the 
display buffer that it overwrote with the 
pop-up window, so your thread does not 
have to deal with that. 

Soon after the mode-restore thread is 
created, it must call an OS/2 system 
function called Vi oModeWai t . As with 
the call to VioSavRedrawWai t in the 
save/redraw wait thread, the thread call-
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ing VioModeWait is blocked until the oc
currence ofan event-in this case, the re
moval of a pop-up window from the 
screen. Notification is given by the re
turn from the function . After the return , 
the thread restores the mode of the 
display adapter and then calls Vi oMode
Wai t again, being blocked until the next 
time a pop-up window is taken down. 

Like screen swapping, mode restora
tion has its subtle complexit ies . The 
mode-restore thread must cooperate with 
all the other threads of the screen group 
that want to write to the display buffer 
from time to time. Your screen group is 
never swapped to the background with
out the save/redraw wait thread being no
tified , except when a pop-up window is 
displayed . This doesn ' t present a prob
lem if you are using VioScr Lock to gate 
access to the physical display buffer. But 
doing that means your application will be 
blocked and, thus , unable to run in the 
background . 

Alternatively , your application can 
run in the background if you use your 
own gating mechanism (you can do so in 
the foreground as well as in the back
ground) . You must still call VioScrLock 
10 coordinate with the screen swapping 
and the pop-up window mechanisms 
(these events won't occur when the 
screen is locked)-but you might be call
ing VioScrLock with the "don't block if 
you can't lock" option. In this case, you 
won 't get the lock because there 's a pop
up window on the screen. 

Your application must be very careful 
in interpreting why it didn ' t get the 
screen lock. It would be only panly cor
rect if it assumed it didn 't get the lock be
cause it was swapped to the background. 
It was swapped to the background , but 
not in the normal way: The save/ redraw 
wait thread was never started, and an off
screen bit map was not set up to save the 
screen . Thus, your application could end 
up in a state of limbo. To avoid this un
desirable situation, when a pop-up swaps 
your application to the background, the 
application should go into a loop that 
calls VioScrLock until it gets the lock. 
Although your application's background 
execution would halt when a pop-up win
dow is displayed, your application could 
still run in the background at other 
times , such as when the user swaps it out 
of the foreground . 

Supporting Mouse Devices 
Another issue to consider when writing 
di rect-to-hardware OS/2 graphics appli
cations is the mouse. OS/2's designers 
integrated the mouse into the system so 

cominued 
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that programmers would not have to 
write mouse drivers. But there is a prob
lem when the display is in graphics 
mode. 

The mouse driver knows the resolution 
of the screen at all times because OS/2 
coordinates its mode-setting actions with 
the mouse driver, but it cannot display its 
pointer in graphics modes. It is up to 
your application to display the pointer at 
the appropriate position on the screen. 
For your application to control when and 

how the pointer is diawn, you should dis
able the mouse driver from doing any
thing other than return position reports. 

National Language Support 
One final consideration is working with 
IBM's National Language Support stan
dard. NLS is IBM's method of using the 
correct character sets for various lan
guages throughout the world . Germans, 
for example, have different key caps on 
their keyboards than do the French, and 
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each would expect your application to 
display the appropriate character set for 
their keyboards. 

OS/2 provides the means to support 
NLS through code pages (IBM's termin
ology for different character sets), but 
your graphics application must handle 
them correctly. It has to note the current 
code page and behave appropriately. For 
example, if you intend to support 
printers with your application, you must 
create images for every character in each 
of the five supported code pages . That 
sounds worse than it really is-most of 
the characters are duplicated in each 
code page-but you should be aware of 
this requirement. 

A Variety of Approaches 
We've attempted to provide some insight 
into the issues and challenges associated 
with writing direct-to-hardware graphics 
programs for OS/2. Clearly, it can be 
done-and sometimes must be done. 

When you don't want to write directly 
to the hardware, you can use the graphics 
support found in high-level languages. 
At present, however, the high-level lan
guages running under OS/2 generally of
fer limited graphics support, perhaps as 
a result of the rush to release OS/2 ver
sions. This will undoubtedly change in 
the months to come. 

There are also two device-independent 
approaches to OS/2 graphics application 
development. The first approach is pro
gramming with a software tool (such as 
the GSS Graphics Development Toolkit) 
that provides a library ofdevice-indepen
den t graphics functions that work 
through prewritten device drivers. The 
second is programming to a window 
manager (such as the Presentation Man
ager) that includes prewritten drivers, 
graphics functions, and higher-level 
window/icon functions that allow your 
application to conform to a standard 
"look and feel." 

Each method of writing graphics 
under OS/2 has its advantages and disad
vantages. There are times when you will 
want to go directly to the hardware, 
times when you want to support a stan
dard window-manager environment, and 
times when you want to make use of a de
vice-independent graphics toolkit. • 

Mitchell M. Mclain is a senior graphics 
software engineer responsible for manag
ing OS/2-based software development aJ 

Graphic Software Systems, Inc. (GSS). 
Timothy E. Stevenson, director of Entry 
Systems Engineering, is a cofounder of 
GSS. They can be contacted on BIX c/o 
"editors." 
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Complete control ofIBM's VGA system 

T 
he VGA is the video sub
system built into IBM's 
PS/2 Models 50, 60, and 
80 . It is also widely 
available as an adapter 

for the IBM PC XT and AT. In terms of 
capability and performance, the VGA is 
essentially a mildly improved version of 
the EGA. Surprisingly, however, the 
VGA is much more flexible than the EGA 
in terms of the resolution of 
the video modes that it can 
display, particularly when 
you use it with a variable-fre
quency video monitor. 

Like the EGA, the VGA has 
several programmable control 
components, including a CRT 
controller (CRTC), a se
quencer, an attribute control
ler, and a graphics controller. 
You can program each to 
modify essential timing sig
nals and addressing modes 
within the video subsystem. 
The VGA's ROM BIOS con
tains a set of routines, invoked 
through interrupt 10 hexadec
imal function 0, that program 
the VGA controllers into any 
of 24 different configurations 
(video modes) . 

Each of the VGA 's control
lers has a number of registers 
whose contents control their 
function. The VGA ROM 
BIOS contains tables of ap-

Richard Wilton 

propriate register values for each sup
ported video mode, so most program
mers call the ROM BIOS to select video 
modes instead of updating the registers 
directly. If, however, you want to create 
video modes unsupported by the video 
BIOS, you need to know what values to 
store in these registers to obtain the video 
configuration you want. 

Why take the trouble to create your 

own video modes? The usual reason is to 
obtain higher-resolution graph ics or 
more displayed text than the usual ROM 
BIOS video modes can provide. Some 
widely used commercial applications , in
cluding Microsoft Word and Lotus 1-2-3 , 
can do this for you . If you want higher 
resolution in your own applications, how
ever, you need to do some extra pro
gramming yourself. 

Video Mode Control 

You can differentiate video 

modes from each other in sev

eral ways: 


• Vertical resolution: number 
of rows of pixels (scan lines) 
displayed on the screen. 
• Horizontal resolution: num
ber of characters or pixels per 
row. 
• Data representation in the 
video buffer. 
• Attribute decoding: colors, 
blinking, and so on. 

When you program the 
VGA, you have a great deal of 
control over vertical and hori 
zontal resolution . You have 
much less flexibility in regard 
to data representation and at
tribute decoding because of 
the VGA's hardware design. 
For this reason, the easiest 

continued 
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70 times per second, depending on the 
video mode. 

As each scan line of pixels is dis
played, the electron beam's intensity is 
modulated by signals generated by the 
VGA. (In a color monitor, there are three 
adjacent electron beams, one for each 
primary color, but for the purposes of 
video display timing, they can be re
garded as a single beam.) The monitor 
moves the beam from left to right at a 
constant rate across each scan line and 
downward from scan line to scan line. 
The VGA generates a horizontal sync 
signal that controls when the monitor de
flects the beam from the rightmost end 
of one scan line to the start of the next 
scan line (horizontal retrace). There is 
also a vertical sync signal that controls 
the deflection of the beam from the bot
tom of the screen back to the upper left 
comer (vertical retrace). 

The VGA is always programmed so 
that the amount of time required to 
display data from the video buffer is less 
than the total amount of time it takes to 
sweep the electron beam horizontally 
and vertically. The extra time is spent in 
horizontal and vertical overscan. You 
can assign a color to the overscan area 
(also known as the border area) of the 
screen to provide a visual frame for the 
displayed video data, but that area's 
basic purpose is to center the displayed 
image on the screen. 

You can control the horizontal timing 
signals generated by the VGA • s CRT 
controller by updating the appropriate 
CRTC registers. The timing values that 
you store in these registers are measured 
in "character clocks." A character clock 
corresponds to 8 pixels in VGA graphics 
modes and either 8 or 9 pixels in alpha· 
numeric modes. You might want to think 
ofa character clock as a unit of time (i.e. , 
the time required to display one charac
ter's worth of data on the screen). 

The key parameters that control hori
zontal timing are as follows: 

• Horizontal total. The total amount of 
time spent in displaying each scan line, 
including the time required for horizon
tal retrace. 
• Horizontal displayed. The number of 
character clocks of data displayed from 
the video buffer in each scan line. The 
difference between the horizontal total 
and the hori.zontal displayed parameters 
describes the amount of horizontal 
overscan. 
• Horizomal sync. The character clock 
at which the horizontal sync pulse 
begins. 

continued 

way to set up alternative VGA video 
modes is to use the ROM BIOS mode-set 
routines to establish a baseline video 
mode, and then modify the horizontal 
and vertical resolution to produce a new 
video mode. 

Video Display Timing 
Controlling the resolution of the dis
played image is-like many other activi

ties in life-a matter of timing. Both 
horizontal and vertical resolution are re
lated to the timing of the VGA' s output 
signals that control the electron beam in 
the video monitor. The image on the 
video screen is not static, of course. It is 
produced by the cyclic sweep of the mon
itor's electron beam across and down the 
screen (see figure 1). The screen image 
is completely refreshed between 50 and 

• + 

96 0 

Figure 1: On a video screen, the electron beam 's scan cycle starts with the first 
pixel ofthe displayed video buffer data near the upper left comer ofthe screen. Scan 
lines are traced horizontally. left to right, then retraced down and across, rig/u to 
left. In one scan line ofa 640- by 480-pV:el 16-color graphics mode, the horizontal 
total (100) specifies the duration ofone complete horizontal scan cycle. Horizontal 
displayed (80) specifU!s the amount ofdisplayed data. Horizontal sync starts at 
character clock 84 and lasts for 12 character clocks, so there are 4 characters of 
overscan at each end ofthe scan line. The vertical displayed (480) specifies the 
number ofscan lines ofdisplayed data. Vertical sync starts at scan line 503 and 
lasts for 2 scan lines, so there is a total of42 scan lines ofvertical overscan above 
and below the screen image. 
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VGA VIDEO MODES 

Table l: Tolerances ofa few VGA-compatible monitors. 

Monitor Dot rate Maximum vertlcal Horlzontal 
(MHz) scan rate (kHz) scan rate (Hz) 

IBM 8503 (monochrome) 28 31 .5 50-70 
IBM 8513 (color) 28 31 .5 50-70 
NEC MultiSync 30 35 56-65 

NEC MultiSync Plus 30 45 56-80 
Electrohome ECM 1310 30 34 47-85 
Sony Multiscan CPD 1302 25 34 50- 100 
Princeton Ultrasync 30 35 45- 120 

Table 2: 110 ports used for VGA control. 


Port Function Ac:ceu 


3CO Attribute controller Read/write 

3C2 Miscellaneous output Write only 
3C4/3C5 Sequencer Read/write 

3CC Miscellaneous output Read only 
3CE/3CF Graphics controller Read/write 
304/305' CRT controller Read/write 

364/365 in mOdes 7 and OFh. 

The timing parameters that control the 
vertical size and on-screen location of the 
displayed image are analogous to those 
that control horizontal timing. Vertical 
timing parameters are usually specified 
in terms of number of scan lines. As with 
character clocks, you might want to con
sider a scan line to be a unit of time (i.e., 
the amount of time it takes to draw one 
scan line on the screen and return the 
electron beam to the beginning of the 
next scan line). 

Here are the vertical timing param
eters you need to consider when you es
tablish a VGA video mode: 

• Vertical total . The total number of scan 
lines in one complete refresh cycle. 
• Vertical displayed. The number of scan 
lines of data displayed on the screen. The 
difference between the vertical total and 
the vertical displayed parameters deter
mines the amount of vertical overscan. 
• Vertical sync. The scan line in which 
the vertical sync pulse begins. 

VGA Timing Constraints 
In order to use these general timing pa
rameters to program the VGA, you need 
to know the basic timing frequencies 
used by the VGA and by your video 
monitor. There are three different con
trol-signal frequencies or rates to con
sider: The rate at which pixels are dis
played, the rate at which the electron 

beam sweeps across the scan lines, and 
the rate at which the entire screen image 
is refreshed. These three rates are com
monly called the dot rate, the horizontal 
scan rate, and the vertical scan rate. 

• Dot rate. The rate at which the video 
subsystem displays pixels is called its dot 
rate; this frequency is also known as the 
pixel rate or the video bandwidth. This 
rate is established by a high-frequency 
crystal oscillator called the dot clock. 
You can program the VGA to use one of 
several dot clocks with different fre
quencies. Two different crystal oscilla
tors are built into the VGA with frequen
cies of 25 .175 MHz and 28.322 MHz; 
you can select a third oscillator from the 
auxiliary video connector on the system 
board of a PS/2 Model 50, 60, or 80. 
• Horiwntal scan rare. The horizontal 
scan rate is the number of scan lines dis
played per second. When you program 
the VGA, you indirectly specify a hori
zontal scan rate by specifying the total 
number of pixels contained in each scan 
line. Ifyou divide the dot-dock frequen
cy by the total number of pixels per scan 
line, you get the horizontal scan rate. 
• Vertical scan rate. The vertical scan 
rate (also called the refresh rate or frame 
rate) is the number of times per second 
that the screen is refreshed. You deter
mine the vertical scan rate by program
ming the VGA to display a specified 

number of scan lines during each refresh 
cycle. You can calculate the vertical scan 
rate by dividing the horizontal scan rare 
by the number of scan lines per frame. 

The key to establishing alternalive 
VGA video modes Lies in programming 
the VGA to produce timing signals that 
fall within the limitations of your moni 
tor. When you sel up a video mode by 
programming the VGA, you must select a 
dot rate, horizontal scan rate, and ver
tical scan rate that lie within the toler
ances of the monitor you're using. I've 
listed the tolerances of a few VGA-com
patible monitors in table l . 

For example, consider the default 
ROM BIOS video mode l2h- that is, 
640- by 480-pixel 16-color graphics 
mode. This mode is designed to work 
with IBM's PS/2-compatible monitors, 
which expect a horizontal scan rate of 
31.5 KHz . The BIOS uses the VGA's 
25.175-MHz dot clock in this video 
mode, so you can easily determine the 
relevant timing constraints. 

To compute the horizontal lotal, you 
divide the dot rate by the horizontal scan 
rate to obtain the number of pixels per 
scan line. Then you divide this value by 8 
(the number of pixels per character 
clock) to determine the number of char
acter clocks per scan line: 

Horizontal total 	= (25175000/31500)/8 
= 100 character clocks 

Since each scan line contains 640 
pixels of data, the horizontal displayed 
parameter is 640 divided by 8, or 80. The 
extra 20 character clocks represent the 
time spent in horizontal overscan and in 
horizontal retrace. To center the dis
played pixel data , the horizontal sync 
signal starts at the eighty-fourth charac
ter clock, and the horizontal sync pulse 
lasts for 12 character clocks. The result 
is a scan line with 4 character clocks of 
overscan at each end. 

The ROM BIOS relies on similar cal 
culations to determine the vertical tim
ing parameters. The BIOS sets up this 
video mode so that 60 frames are dis
played per second. This vertical scan 
rate lies in the middle of the tolerance 
range of IBM's PS/2 video monitors. 
The vertical total, measured in scan 
lines , is the quotient of the actual hori
zontal scan rate (scan lines per second) 
and the desired vertical scan rate of 60 
frames per second: 

Vertical total = (25175000/(100 x 8)) I 60 
= 524 scan lines 

continued 
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VGA VIDEO MODES 

Table 3: VGA CRT controller registers used for video-mode programming. 

Reglater Name Contents 
number 

0 Horizontal total [Horizontal total) - 5 
Horizontal display enable [Number of character clocks 

end of displayed data] - 1 
2 Start horizontal blank Character clock at which horizontal blanking 

begins 
3 End horizontal blank End of horizontal blanking pulse (bits 4-0 

only) 
4 Start horizontal retrace Character clock at which horizontal sync 

begins 
5 End horizontal retrace End of horizontal sync pulse (bits 4-0 only) 
6 Vertical total Vertical total (bits 7-0 of a 10-bit value) 
7 Overflow Bit 0: vertical total bit 8 

Bit 1: vertical display enable end bit 8 
Bit 2: start vertical retrace bit 8 
Bit 3: start vertical blank bit 8 
Bit 5: vertical total bit 9 
Bit 6: vertical display enable end bit 9 
Bit 7: vertical retrace start bit 9 

9 Maximum scan line Bits 4-0: [scan lines per character)- 1 
Bit 5: start vertical blank bit 9 

10h Start vertical retrace Scan line at which vertical sync pulse starts 
(bits 7--0 of a 10-blt value) 

11h End vertical retrace Bit 7: write-protect CRTC registers 0-7 
Bits 3-0: scan line at which vertical sync ends 

12h Vertical display enable end Number of scan lines of displayed video data 
(bits 7-0 of a 10-bit value) 

13h Ottset Logical line width of video buffer data in 
words 

15h Start vertical blank [Scan line at which vertical blanking be
gins) - 1 (bits 7-0 of a 10-bit value) 

16h End vertical blank Scan line at which vertical blanking ends 
(bits 7-0) 

The vertical displayed parameter is 
480, the number of rows ofpixel data that 
are displayed in this video mode. The re
maining 44 scan lines represent vertical 
overscan plus the time required for verti
cal retrace. The BIOS starts vertical re
trace after 503 scan lines and specifies 
the duration of the vertical sync pulse to 
be 2 scan lines. Thus, the 480 scan lines 
of video data are displayed with a total of 
42 (524-480-2) scan lines of vertical 
overscan above and below. 

Video-Mode Programming 
Once you decide what the horizontal and 
vertical timing parameters will be for a 
video mode, you can program the VGA 
to display it. There are five tasks you 
must perform to coordinate the different 
components of the VGA subsystem: 

• Program the CRTC. 
• Program the sequencer. 
• Select a dot-clock frequency . 
• Specify the displayed character height. 
• Update relevant ROM BIOS variables. 

You program the VGA's controllers 
through a set of 1/0 ports (see table 2). 
You must access these ports with either 
assembly language IN and OUT instruc
tions or their high-level-language equiv
alents . To access the ROM BIOS, you 
need to execute interrupt lOh, either di
rectly in assembly language or through a 
high-level-language construct such as the 
1nt86() function in Microsoft C. 

Most of the VGA' s control over the 
horizontal and vertical timing param
eters is obtained through the CRTC. The 
CRTC controls the duration of the hori
zontal and vertical timing signals sent to 
the monitor. It also synchronizes the tim
ing signals with the rate that data is ex
tracted from the video buffer and pro
cessed by the display circuitry . You 
control these functions by updating the 
appropriate CRTC registers (see table 3). 

To update a CRTC register. you must 
write a register number to 1/0 port 3D4h 
and then write the register's new value to 
port 3D5h (see listing 1). 

There are a couple of tricks to CRTC 
programming on the VGA. First, you can 
use a single 16-bit port write to obtain the 
same results : 

; AL = register number 
mov al,RegNwnber 

; AH =new register value 
mov ah,RegValue 
mov d.x,JD4h 

; Write to port JD4h/JD5h 
out d.x,ax 

continued 

Listing I: Updating a CRTC register. 

c l i ; d i s able i n terrup ts 
mov a l, RegNumber ; AL - r egister nu mbe r 
mov dx,3D4h 
out d x,a l ; wri t e to port 3D4H 
mov al ,RegVa l ue ; AL - ne w reg iste r va l ue 
i nc dx 
out dx , a l ; wr i te to port JOSH 
st i ; enable inte r r upts 

Listing 2: Unlike previous graphics adapters, the VGA 's control registers 
can be read as well as written. 

c l i ; d isabl e in terrupts 
mov a l ,RegNumber AL - regi ste r numbe r 
mov dx , 3D4h 
ou t dx,a l ; wri te to po r t 304H 
i nc dx 
i n a l ,dx ; AL - regis ter va l ue 
st i ; enable interrupt s 
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PS/2 PS/TOO 

FAST HARD DISCS 


l e 

IN SIZES FROM 20 Mbytes TO 120 Mbytes 

With CMS Enhancements products and 


~Seagate* technology, 

you have the right team for the PS/2~* 


You too can give your PS/2 customers all the 
advantages of superior &Y' Seagate technology 
when you choose CMS Enhancements. We 
have a wide range of internal hard disk subsys
tems for the PS/2. And with them comes lighten

055>seagate 
~ e I) ENHANCEMENTS, INC. 

ing fast average access speeds of 28 to 35 
milliseconds. So act fast and call or write today 1372 Valencia Avenue . Tustin, California 92680 
for complete information. (714) 259-9555 

We can enhance every advance. 

CMS Enhancements. Inc. is a publ ic company. NASDAQ symbol: ACMS 


·Registered trademark of Seagate Technology, Inc . 

..Registered trademark of International Business Machines Corporation 


Come see us at COMDEX, Booth #570. 
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VGA VIDEO MODES 

Ifyou don't use 8-bit port accesses , be 
sure to clear the interrupts. Otherwise, a 
hardware interrupt may occur between 
the port writes and disrupt your program 
by transferring control to a service rou
tine that does its own CRTC program
ming. 

Also, if you're programming in ROM 
BIOS modes 7 or OFh, use ports 3B4h 
and 3B5h instead of 3D4h and 3D5h. 
These port addresses mimic those that 
are used in the Monochrome Display 
Adapter; they let you operate both a VGA 
and another color video subsystem in the 
same computer. 

Unlike the control registers in previous 
IBM video subsystems, you can perform 
both reads and writes to the VGA's con
tml registers (see listing 2). This is par
ticularly convenient because it lets you 
save the current state of the CRTC regis

ters before you modify them. 
The VGA sequencer has several inter

related functions, including synchroni
zation of the video subsystem's character 
clock with the dot clock. The character 
clock determines the rate at which bytes 
of data from the video buffer are dis
played. You can set the character clock so 
that one character is displayed every 8 or 
9 ticks of the dot clock. In other words, 
each byte of data in the video buffer may 
be displayed as either 8 or 9 horizontal 
pixels, depending on how you program 
the sequencer. 

lo default VGA alphanumeric modes, 
the VGA displays 9 pixels for each char
acter on the screen. In EGA-compatible 
350-Iine alphanumeric modes and in 
graphics modes, the system programs 
the sequencer to display 8 pixels per 
character. The extra (ninth) pixel in-

Table 4: VGA sequencer registers used/or video-mode programming. 

Register number Name Contents 

O Reset 

Clocking mode 
Bit 1: synchronous reset 

Bit 0: 1 =8 pixels per character 
O=o9 pixels per character 

Table S: VGA dot-clock selection through the miscellaneous output register 
(110 port 3C2h). 

Bit 3 Blt2 Dot-etock frequency 

0 0 25.1 75 MHz 

0 28.322 MHz 

Listing 3: Programming the VGA 's sequencer to produce 8 pixels per 
character. 

cli ; d isable i nterrupts 
mov dx,3C4h 
mov ax,OlOOh : AH= value for Reset register: 

bit 1 = O; b it 0 = 1 
out dx,ax Sequencer synchronous reset 

mo v al,l ; AL ~ Clocking Mode reg number 
out dx,al 
inc dx 
in al,dx ; AL = Clock ing Mode reg value 
dee dx 

or al,l set bit 1 
_,mov ah, al AH new Clock ing Mode reg value 

mov a l,l 
out dx,ax update Clocking Mode register 

mov ax,0300h ; AH = value for Reset register: 
bit 1 = 1; bit 0 = 1 

out dx,ax 
st i 

creases the sharpness of displayed text, 
but omitting the extra pixel allows you to 
display more characters across the 
screen. 

You would access sequencer registers 
through 1/0 ports 3C4h and 3C5h (see 
table 4). The same programming t.ech
niques I've shown to access the CRTC 
will work for accessing the sequencer 
registers, but there is a catch: When you 
select a new dot clock or change the num
ber of pixels per character, you must 
temporarily reset the sequencer by tog
gling bit l of its reset register . An exam
ple of this is in listing 3, which programs 
the sequencer to generate 8 pixels per 
character. 

Bits 2 and 3 of the VGA's miscella
neous output register specify which dot 
clock frequency to use (see table 5) . You 
can update this register by reading 1/0 
port 3CCh to obtain its current value, 
masking bits 2 and 3, and then writing 
port 3C2h. When you do this, however, 
you should temporarily reset the se
quencer, as in the previous program 
example. 

In default alphanumeric modes, the 
video BIOS configures the VGA to 
display 25 rows of characters. For exam
ple, in 400-line alphanumeric modes (the 
power-on default), each character is 16 
scan lines high. You can modify any al
phanumeric mode to display more than 
25 rows of characters simply by using 
shorter characters that are displayed in 
fewer scan lines. 

Bits 0 through 4 of CRTC register 09h, 
the maximum scan-line register, control 
the displayed height of alphanumeric 
characters. The value in this bit field is 
one less than the character height in scan 
lines. Thus, in default alphanumeric 
modes, the value in bits 0 through 4 is 
01111 binary (OFh). If, for example, you 
change this value to 00111 binary (07h), 
the CRTC would display only 8 scan lines 
per character, so you would have a video 
mode that consisted of 50 character rows 
instead of 25. 

Although you can update the maxi
mum scan-line register directly, it is usu
ally better to use the ROM BIOS to do the 
work for you. The ROM BIOS provides 
considerable flexibility in setting the dis
played height of alphanumeric-mode 
characters because it lets you select an 
appropriate character set at the same 
time. For example, 

;AH= llh (ROM BIOS function 
number) 

;AL= 12h (subfunction number) 
mov ax,1112h 

continued 
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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 key 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 soft 
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 products. 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. 
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mov bl,O 
; Call the video BIOS 
int lOh 

This sequence calls the video BIOS to 
display a cbaracter set in which each 
character is only eight scan lines high. 
The BIOS loads the character set into the 
hardware character generator, programs 
the CRTC appropriately, and updates its 
global data area with the new number of 
character rows displayed. 

Two Examples 
I've created two programs that automate 
the process of calculating the CRTC reg
ister values for different video modes . (I 
used Microsoft C 5 .0 to compile these 
programs. If you use another vendor's C 
compiler, you may need to rewrite the 
references to the int86 ( ) library call 
that invokes interrupt lOh.) The alphanu
meric-mode program, AVMODE, lets 
you specify the number of displayed 
character columns, the size of the dis
played character matrix, and an optional 
horizontal adjustment factor that helps to 
center the screen image. For example, 
you can create a 90-<:olumn mode that 
uses 8 by 8 characters by running the 
program with this command: 

AVMODE90 8 8 

If the resulting image is not centered 
horizontally, you can also specify an ad
justment to the horizontal sync position. 
For instance, you could shift the image 
one character position rightward by exe
cuting the program with the following: 

AVMODE 90 8 8-1 

The program uses the video BIOS 
character-generator interface to give the 
CRTC the specified height of the charac
ter matrix. It then programs the sequenc
er to display characters that are either 8 
or 9 pixels wide . The rest of the program 
sets up the CRTC with borizontal timing 
parameters appropriate for the number of 
characters to be displayed . 

For simplicity , AVMODE.C performs 
all its sequencer and CRTC programming 
in high-level subroutines. In practice, 
however, you should probably use assem
bly language to do this. The reason is that 
the C functions i np() and outp() com
pile as subroutine calls instead of in-line 
IN and OUT instructions . Thi s means that 
subroutines that call inp() and outp( ) 
(e.g. , SetSeqReg( ) and SetCRTCReg( )) 
are somewhat lengthy and too susceptible 
to interference from hardware interrupts 
to be thoroughly reliable . 

You will find that an IBM VGA (in a 
PS/2 Model 50, 60, or 80) or IBM VGA 
adapter can produce an alphanumeric 
mode with about 96 8-pixel characters 
per row using an IBM PS/2 monitor . 
Higher resolutions exceed the tolerances 
of IBM 's monitors . 

If you use a variable-frequency moni
tor, you can push the VGA up to 132 
characters per row . (Of course, the char
acters are pretty tiny when you squeeze 
132 in a row .) You will probably have to 
adjust the vertical hold control on your 
monitor, because the vertical scan rate 
with a 132-character alphanumeric mode 
is only 51.5 Hz. Also, you may notice 
that the screen image flickers when you 
display a large, bright field of color; this, 
too, is a consequence of the low vertical 
scan rate. 

Use the PC-DOS CLS command with 
caution if you use AVMODE to change 
the number of displayed character rows. 
The video BIOS keeps track of the num
ber of character rows in a byte in its glob
al data area at address 0040:0084h, but 
PC-DOS ignores this value and assumes 
that there are always 25 rows of data to 
clear . If you program the CRTC to 
display 50 lines of data , CLS clears only 
the top half of the screen. To avoid th is 
problem , you could write your own 
screen-clear command (see listing 4), 
using interrupt lOh function 6. 

GVMODE, the graphics-mode exam
ple , requires you to specify the number 
of pixels to be displayed horizontally and 
vertically. For example, to set up a 720
by 480-pixel 16-color graphics mode , 
you execute GVMODE as follows : 

GVMODE 720 480 

The program uses the desired resolu
tion to select which of the VGA's dot 
clocks to activate. This lets GVMODE 
produce a wider range of video modes 
than it could if it relied on just one dot
clock frequency . Apart from these small 
differences, however, GVMODE's oper
ation is similar to that of AVMODE. 

With an off-the-shelf IBM VGA and 
PS/2-compatible monitor. you can use 
GVMODE to produce a graphics mode 
with about 720- by 512-pixel resolution , 
although displaying this many pixels 
pushes IBM's analog monitors to their 
limits. However, 800- by 600-pixel reso
lution is well within the tolerances of a 
non-IBM variable-frequency monitor. 

Again, higher resolutions imply lower 
vertical scan rates. You may find that the 
resolutfon you want to use in your pro
grams is limited by the amount of per

conrinued 
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Are poor quality diskettes ruining your reputation?

Introducing 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 qual ity can vary from lot to lot
from supplier to supplier. 

Now there's a low cost easy-to
use tool to test 3112" and 51/4" floppy 
disks during incoming inspection and 
quality assurance that goes even beyond 
your own specifications. 

The AT based ML5000 is the cer
tif ier chosen by OEMs because it was 
developed specifically for them. Up to 
fou r 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 certi 
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 capabil ities go 
•American National Standards Institu te 
''European Computer Manufacturers Association 

AT is aregistered trademark of IBM Corp. 

beyond what you'd expect. Under
standing what's available could make 
asignificant impact on your future 
media handling 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 gening 
burned on rejected and returned disks. 

More than a floppy disk tester 
• When you add a 311211 or 51/4" 
autoloader to the system you have a 
volume incoming inspection tester
capable of meeting the many require
ments of your customers. 

• With aspin 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 ferr ite media
the MLSOOO can do it all. 

Medialogic offers many more 
options for companies who stake their 
reputation on the qual ity of the media 
they select- once we know what 
you're looking for. Whether you're 

runnin_g quality assurance programs 
or adding your label to diskenes 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 
headquarters: 

Represen tatives: 

U.S.A. 

International 

Japan 

Medialogic Inc., 
310 South Street, 
P.O. Box 2258, 

Plainville, MA 02762, U.S.A. 

(508) 695 2006 

WM ESystems, 
Westlake Village, CA 
(8181706 0845 

Media Service Internati onal, 
France 
(33-1) 30.66.12.95 

Jastam Corporati on, 
Japan 
(03) 558 2411 

MEDIALOGIC 
The most logical choice for 
media manufacturers and OEMs 
of quality certification 
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VGA VIDEO MODES 

Li.sting 4: A custom screen-clear program. 

Name: vgacls.asm 

Function: clearscreen routine for 

alternative VGA video modes 

Notes: Build executable file by 


assembling and linking, e.g. 

MASM VGACLS; 

LINK VGACLS; 


CodeSeg 	SEGMENT byte 
ASSUME cs:CodeSeg,ss:StackSeg 

VGAcls 	 PROC far 
mov ah,OFh ; AH= INT lOH function number 
int ! Oh ; Get video status: 

AH now - displayed char. columns 
A.L now = video mode 
BH now = current video page 

push bx save BX and AX on stack 
push ax 
mov ax,1130h AH= llH (INT lOH function number) 

AL = 30H (subfunct ion number) 
int !Oh Get character generator info: 

DL = [displayed character rows)-1 
pop ax restore AX 
mov dh,dl DH = last row on screen 
mov dl, ah 
dee dl DL last column on screen 
sub ex, ex CH m 0 (first row on screen) 

CL = 0 (first column on screen) 
mov bh,7 BH - default alphanumeric attribute 
cmp al,7 
jle LOl jump if alphanumeric mode 
xor bh,bh BH • default graphics attribute 

LOl: 	 mov ax,0600h AH = 6 ( INT lOH function number) 
AL = 0 (number of lines to scroll) 

int lOh Scroll up (clea r screen) 
pop bx BH = current v ideo page 
xor dx,dx DH,DL = 0 (new cursor l ocation) 
mov ah,2 
int !Oh Set cursor l ocat i on to upper left 
mov ax,4C00h 
int 2lh call DOS to terminate program 

VGAcls ENDP 
CodeSeg ENDS 

StackSeg SEGMENT stack 
DB 800h dup(?) 

StackSeg ENDS 
END VGAcls 

ceptible flicker on the screen at lower 
vertical scan rates. [Editor's note: The 
source code for AVMODE.C and GV
MODE. C is available in a variety offor
mats. Seepage3fordetails.J 

VGA Clones 
The ICs that IBM used in the VGA sub
system are proprietary. IBM's competi
tors have been forced to reverse-engineer 
the VGA hardware to produce the same 
capabilities in their own products . This 
means that a VGA clone may not neces
sarily be hardware-compatible with an 

IBM VGA. Two ways the clones may dif
fer are in the values stored in the control 
registers and in the dot-clock frequencies 
you can use. 

The register-programming techniques 
I've described are not applicable to all 
VGA subsystems because not all VGA 
clone makers have designed their CRT 
controllers to use the same register 
values as IBM's. For example, when you 
try to program the CRTC on Video Sev
en's VEGA VGA, you'll discover that 
many of the CRTC registers require dif
ferent values than they do with a true
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blue IBM VGA. Other adapters, includ
ing the Paradise VGA Plus, expect the 
same register values as an IBM VGA, so 
programming these clones is much 
easier. 

Manufacturers of VGA clones gener
ally implement higher-resolution, non
IBM video modes using a higher-fre
quency dot clock. For example, the 
Paradise VGA Plus uses a 36.000-MHz 
dot clock in 132-column alphanumeric 
modes and in 800- by 600-pixel graphics 
modes. With the higher dot-clock rate, 
the resulting horizontal and vertical scan 
rates in these modes are higher than they 
are when you use a true-blue VGA' s 
28.322-MHz dot clock. The scan rates 
are much closer to the middle of the toler
ance range of most monitors, and the in
creased vertical scan rate results in less 
flicker . 

Alternative Video Modes 
Clearly, these alternative VGA video 
modes are not for everybody. Using them 
requires some understanding of how the 
video subsystem works. However , if 
you're writing a program that does full
screen text or graphics output , you 
should be able to incorporate support for 
alternative video modes without too 
much anguish. 

On the other hand, alternative video 
modes are rarely supported by off-the· 
shelf software. Making your favorite 
spreadsheet or word processor run in an 
alternative video mode might require 
you to customize the program's installa
tion process . Ifyou use a VGA clone with 
a BIOS that supports non-IBM video 
modes, you might be able to include spe
cial drivers provided by the clone's 
manufacturer when you install your soft
ware. Otherwise, you may need to patch 
an existing driver or write your own 
driver in order to exploit an alternative 
video mode. 

Nevertheless, there is a reasonable 
amount of support in the VGA hardware 
and video BIOS for alternative video 
modes . If you program the hardware 
carefully and exploit the services offered 
in the ROM BIOS, you can run applica
tions with higher resolution or more 
characters than the usual ROM BIOS 
video modes provide. • 

Richard Wilton is the awhor of Program
mer's Guide to PC and PS/2 Video Sys
tems and coauthor of The New Peter 
Norton Programmer's Guide to the PC 
and PS/2, both published by Microsoft 
Press. He lives in Los Angeles, Califor
nia, and he can be reached on BlX clo 
"editors." 



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 leu. Our software 
updates them on your VGA board at a rate of up to 10 
images per second. OCULUS"' -10 gives you full 
freedom for: 

• Digitizing Images of live subjects 
• Framing 
• Focuuing 
• Selecting 8Cef1N from video recordings 

lmagn can be taved in formats compatible with mat 
electronic publishing and graphlcl 10ftware packages. 

OCULUS"' - 10I A half-size add-on board for IBM
compatlble micro-computers: PC, XT. AT. 388. and 
PS/ 2 models 26 and 30. The price 7 An unbelievable ACTUAL U · RETOUCHED PHOTOGRAPHS OF IMAGES 

GllABBED BY OCUWS"'-10 

GCl6C\ Tr.•n'. (\JntJciJ Hi!JI v.av 
Untl 11 s 111 L:1ur ... nt 011A • I r n til 

H41 IVH 

Please rush me an OCULUS '" - 10 board. w ith ut ili ty software and 
Coreco·s 3 months warranty. for S495 (US currency) plus S 15 for 

shipping. 


NAME: .. .. . . .. . . .. . . . .. . .. .. .. ... . . . . ... . .. .. ... . .... . . . ..... . .. .. . ..... . 


ADDRESS· ......... .................. . ... ............. . ............ . 

SrREET CITY 


STATE ZIP 


PHONE: ... .. . . .. . . ... ....... .. . . ... . . . ....... . .. ... .. . .. . . ........ . ..• 


0 VISA 0 MASTER CARO EXP. . .. . . . . . . .. . .. . .. . .. . 


CARD R ... .. .. . .. ....... . .. . . . .. .... .. . . .. ... . .. . . ..... ..... .. . . . . .... . . . 


SIGNATURE : .. .. ....... ... .. .. . . .. .. ........ .. .. . ....................... .. 
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How fast is Fast ? 

Ten Times Faster' .,,,,,,,,..--

KONAN's TenTime™Intelligent Caching Disk Controller 

*Ten times faster 
than standard AT 16 bit 
controller cards 

Waiting for 

your disk? 


The TenTime™ Controller • IOX Faster Access Speed* 
eliminates disk bottlenecks. • 3X - lOX Faster Throughput 

• 4Mb/sec Transfer Rate+ 
• Zero Latency Time • 16 Bit AT Controller 
• 1 to I Interleave • On-board Cache Ram 
• Elevator Seeks • DOS/Unix Compatible 
• Automatic Preread • Intelligent Cache Routine 
• Optional Floppy Control +data transfer from controller 10 PC 

See us at (goggles not included) 0 (©>im~~~~llfall '88 
November 14-18, 1988 Available for IBM AT, Tandy AT and compatibles 
Sally's Las Vegas 
Las Vegas, Nevada Circle 124 on Reader Service Card 
Booth 1137 (DEALERS: 125) Leading Innovator Since 1918 

1829 West Drake Drive, Suite 103, Tempe, Arizona 85283, FAX 602-345-2829, (602) 345-1300 

(602) 345-1300 



TECHN I QUES 

IBM SPECIAL ISSUE 

EXPLORING OS/2 

WITH A LISP 


INTERPRETER 

Extensions to XLisp provide a convenient way 

rogrammers who want to 
master OS /2 's many 
functions have to write 
programs that exercise 
those functions. These 

folks may find , as I did , that the C com
piler and the linker packaged with the 
OS/2 Software Development Kit (SDK) 
don't support the kind of interaction with 
OS/2 that helps novices ascend the long 
learning curve. Ideally, you want some
thing like a pocket calculator with keys 
labeled DOSS LEEP, VIOPOPUP, 
KBDSTRINGIN, and so on; then you could 
compose expressions using these keys 
and instantly see the results. 

A Lisp interpreter works like that, so 
I've extended XLisp (David Betz's im
plementation of Lisp; see"An XLisp Tu
torial" in the March 1985 BYTE) to 
create OS2XLisp, a version of XLisp that 
runs under OS/2. OS2XLisp is an educa
tional tool that you can use to try out indi
vidual OS/2 functions and interactively 
develop small OS/2 programs. 

As its name implies, OS2XLisp re
quires an OS/2-capable machine and 
OS/2. Since OS2XLisp is not a bound ex
ecutable (an .EXE, created by the BIND 
utility, that can run in both protected and 
real modes), it won't run in the DOS 
compatibility box. 

Hello OS/2 World 
At the core of all Lisps, you'll find a 
read-evaluate-print loop. The interpreter 
reads each expression that you type, eval

to experiment with OS/2 


Andrew Schulman 

uates it, and prints the value of the ex
pression. Since the first program that you 
write in any language is the one that 
prints the phrase "Hello world," let's do 
that program in OS2XLisp. (Note that 
I'll give the expressions that you type in , 
followed by OS2XLisp's responses .) 

The first version is trivially easy: 

>"Hello world" 
"Hello world" 

The expression "Hello world" is a 
string. The OS2XLisp evaluator applies 
the rule that strings (like characters and 
numbers) evaluate to themselves and 
simply returns the string. 

Now let's use OS2XLisp with an OS/2 
function to print the string "Hello 
world." You start with loadmodule, an 
OS2XLisp function that returns a handle 
for a named dynlink (dynamic-link) 
library. 

>(define viocalls (loadmodule 
"viocalls")) 

1360 

When you type parenthetical expressions 
like this one, Lisp treats the first object 
after each left parenthesis as a function 
call and the rest of the objects as argu
ments to the function. Every expression 
returns a value that an enclosing expres
sion can use; Lisp evaluates complex ex
pressions from the inside out. Here , 
loadmodule returns the library handle 

1360 to the enclosing define expression. 
The define expression creates the vari
able viocalls, assigns the handle to it, 
and returns the handle as the value of the 
whole expression. OS2XLisp then prints 
the value. 

Using the handle, you can retrieve the 
address of an OS/2 function. 

>(define vio-wrt-tty 
(getprocaddr viocalls 

"VIOWRTTTY")) 
15142831 

The OS2XLisp function getprocaddr 
takes a dynlink handle and the name of a 
function and then returns the function 's 
address. Now you can use call, OS2
XLisp's gateway to OS/2, to invoke the 
function. According to the OS/2 Pro
grammer's Reference, the function re
quires a string, a word specifying the 
length of the string, and a video handle (a 
word that is, for now , reserved as zero) . 

>(define hello "Hello world\r\n") 
"Hello world\r\n" 

>(call vio-wrt-tty hello 
(word (length hello)) (word 0) ) 

Hello world 
0 

When given a string argument, length 
returns the number of characters in the 
string. OS2XLisp prefers 4-byte longs, 

continued 
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but vio-wrt-tty requires 2-byte words, 
so you use the OS2XI..isp function word 
to cast the arguments to the appropriate 
size. 

The outputs shown come from two dif
ferent sources. The text comes from 
OS/2; from Lisp's perspective, it's 
merely a side effect of the evaluation of 
the expression. Lisp itself printed the 0, 

which is 0Sf2's return code indicating 
success. 

Now you can refine this example by 
hiding the details inside a Lisp function. 
Let's define a function prlnt-str that 
prints any string that is supplied as its 
argument: 

>(define (prlnt-str str) 

(call vio-wrt-tty str 

(word (length str) ) 

(word 0))) 


PRINT-STR 

>(prlnt-str "Hello world \r\n") 
Hello world 
0 

contirwed 

Llstlng 1: The OS2XLisp dir function. 

(dir) An OS2XLISP file-listing function. 

usage: (dir [match-strlext-sym] [print- flag]) 
defaults: match-str is "*. *", print-flag is t 

examples: 
os2xlisp os/2 equivalent 

(dir) c:>dir *·* 

(dir "*. lsp" ) c:>dir *.lsp 

(dir 'lsp) c:>dir *.lsp 

(dir "* . lsp" nil ) none (returns list) 


get handles for OS/2 system calls 

(define doscalls (loadmodule "OOSCALLS'')) 
(define DOSFINDFIRST 

(getprocaddr doscalls "DOSFINDFIRST")) 
(define DOSFINDNEXT 

(getprocaddr doscalls "DOSFINDNEXT")) 
(define DOSFINDCLOSE 

(getprocaddr doscalls "OOSFINDCLOSE")) 

get handle for C run-time library call 

(define crtlib (loadmodule "CRTLIB")) 
(define printf (getprocaddr crtlih "_printf")) 

; package printf for convenient use 

(defmacro printf (mask 'rest args) 

' (c-ca ll printf ,mask ,@args)) 


; OS/2 file-search structure 

;struct FileFindBuf ( 
unsigned c reate date; 
unsigned create-time; 
unsigned access-date; 
unsigned access- time; 
unsigned write date; 
unsigned write- time; 
unsigned long file_size; 
unsigned long falloc_size; 
unsigned attributes; 
unsigned char string_len; 
char file_name[l3]; 
); 

equivalent OS2XLISP structure 

(define FileFindBuf 
'((word create date) 


(word create-time) 

(word access-date) 

(word access-time) 

(word wr ite_date) 


(word write time) 

(long file size) 

(long falloc size) 

(word attributes) 

(byte string_len) 

((char 13) file_name))J 


print selected elements 

(define (print- dir filelist) 
(dotimes (i (length filelist)) 

(printf "\-20s \Blu\n" 
(cadr 

(assoc 'file_name (nth i filelist))) 
(cadr 

(assoc 'file size (nth i filelist)))))) 

directory r outine 

(define (dir &opt ional filespec (print-flag t)) 

(if (null filespec) 
(setf filespec "*·*")) 

(if (not (equal 'STRING (type-of filespec))) 
(setf filespec 

(format nil "*. ~A" (symbol-name filespec)))) 

(let* 
( (filelist nil) 

(hdir (word -1)) 


(attr (word 6)) 


(buf (make-struct FileFindBuf)) 

(buflen (word (length buf))l 

(find-count (word 1))) 


(if (zer op (call DOSFINDFIRST 

"filespec 

"hdir 

attr 

"buf 

buflen 

"find-count 

0)) 


(progn 
(set f file list 

(list (unpack-struct FileFindBuf "buf))) 
(while (zerop (call DOSFINDNEXT 

hdir "buf buflen "find-count)) 
(nconc filelist 

(list 
(unpack-struct FileFindBuf "buf)))))) 

(call OOSFINDCLOSE hdir) 

(if print-flag (pri nt-dir filelist) filelist))) 
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Of course, you've gone to a lot of trouble 
to echo a string-something OS2XLisp 
does quite simply-but it illustrates the 
method that you use to call any OS/2 
function . 

A Directory Program 
In addition to the command-line-oriented 
interactions we've seen so far, OS2
XLisp supports a file-oriented mode. 
You can use a text editor to create a file 
containing definitions of variables and 
functions. When you start OS2XLisp 
from the operating system's command 
line, you can supply the name of such a 
file; OS2XLisp reads and evaluates the 
definitions. Or you can load definitions 
from within .the interpreter by using the 
load function . 

When you want to explore OS/2 func
tions that require complicated lists of ar
guments and to combine those functions 
algorithmically, you'll prefer text files to 
typing in definitions at the OS2XLisp 
prompt. Listing l presents one such file, 
DIR.LSP, which defines the file-listing 
function dir. 

The define expressions create dyn
link handles and , using those handles, 
addresses for the functions that dir will 
need. The functions come from two dif
ferent dynlink libraries : OS/2's own 
DOSCALLS.DLL, and the C run-time 
library provided with Microsoft C 5. 1 
(CRTLIB.DLL) . Although I've been 
emphasizing that OS2XLisp can call 
OS/2 functions, you can use it to call any 
function exported by a (commercial or 
homegrown) dynlink library. There's a 
nice synergy here between Lisp's ability 
to load functions at run time and OS/2's 
dynamic linking facility. 

The defmacro expression encapsu
lates the function printf, exported from 
the C run-time libra.ry, as an OS2XLisp 
function . From the Lisp perspective, to 
the symbol printf's function slot (as 
distinct from its value slot, which retains 
the address of _printf in 
CRTLIB.DLL) you're binding a function 
that takes one required argument (the 
mask, or format string) and a list of sub
sequent arguments . The body of the 
function uses the OS2XLisp primitive c
call to invoke the compiled function, 
passing the mask and argument list. (The 
,@ directive splices together the mask 
and arguments to create a single list.) 
From the OS/2 perspective, note that 
you're using c-call rather than call. 
That's necessary to distinguish between 
the C calling convention used by the C 
run-time library and the Pascal calling 
convention that OS/2 uses. 

The struct F1leF1ndBuf expression 

shown in comments (Lisp comments be
gin with a semicolon) illustrates the C 
definition of the structure used by the 
functions DOSFINDFIRST and DOSFIND
NEXT. The next define expression 
creates a similar definition in OS2XLisp. 
In a C program, you'd declare an in
stance of the structure like this: 

struct FileFindBuf dirEntry; 

After a call to DOSFINDFIRST or DOS
FINDNEXT, you'd retrieve values with ex

OS2XLisp 
can call any function 

exported by a 
dynlink library. 

pressions like dirEntry. file_n!lllle. 
In the OS2XLisp dir function, you 

use me.ke-struct, a function that ana
lyzes the definition of a structure and 
creates an object of the appropriate size. 
On the output end, you use unpack
struct to convert the structure into a 
Lisp association list (a collection of 
name-value pairs) and assoc to convert 
names to corresponding values. The file 
STRUCT.LSP, distributed with OS2X
Lisp, defines the functions make-struct 
and unpack-struct. 

The calls to DOSFINDFIRST and DOS
FINDNEXT use the A macro to take the ad
dress of objects, in those cases where 
OS/2 requires an address. In the case of 
the strings filespec and buf (me.ke
struct stores the structure that it creates 
in a string), the address macro is not 
strictly necessary, since call converts 
strings to their addresses, but it helps to 
document the kind of arguments that 
OS/2 expects. 

The Lisp function progn groups ex
pressions for serial evaluation. The list 
filelist, set to the value retumed by 
DOSFINDFIRST (unpacked by unpack
struct), grows by destructive concat
enation as nconc appends to it the results 
of each call to DOSFINDNEXT. When 
zerop ("is-it-zero?") returns false, DOS
FINDNEXT has failed; DOSFINDCLOSE 
closes the search handle . If print-flag 
is true (as it is by default), print-dir 
uses dotimes to iterate over the list, as
soc to retrieve values from sublists, and 

printf to display them. Voila! OS2
XLlsp prints a list of files in the current 
directory. 

Allocating Huge Memory 

One of OS/2's more intriguing functions 

is DOSALLOCHUGE, which allocates a se

quence of64K-byte segments and returns 

a pointer to the first segment's selector. 

Let's allocate a megabyte of memory. 


>(define first 0) 
0 

>(call 
(getprocaddr doscalls 

"DOSALLOCHUGE") 
(word 16) (word 0) ~first 
(wordO) (word 0)) 

; the disk light flashes now 
0 

>first 
86J 

Ignoring the other parameters to DOS
ALLOCHUGE, you asked OS/2 to allocate 
16 64K-byte segments and place the 
number of the first segment in the vari
able first . The 0 returned indicates that 
DOSALLOCHUGE succeeded, the disk ac
tivity indicates that OS/2 did some swap
ping to satisfy your request, and first 
now has the value 863. 

You can use OS2XLisp's lsl function 
to verify that first refers to a 64K-byte 
segment. This function corresponds to 
the 80286 protected-mode instruction 
I.SL; it returns the last legal offset within 
a memory segment: 

>(lsl first) 
65535 

So, first contains a selector for a 64K
byte segment. What about the other 15 
segments that make up your 1-megabyte 
huge object? The difference between one 
segment selector and the next is l, 
shifted left by the value that DOSGET
HUGESHIFT returns. 

>(define shift 0) 
0 

>(call (getprocaddr doscalls 
"DOSGETHUGESHIFT") Ashift) 

0 

>shift 
4 

>(shl 1 shift) 
16 

colllinued 
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NEW BOOKS on OS/2"' 
OS/2 '" Programming: An Introduction by Herbert Schildt 

Provides a sol id loundation in OS/2 programming including an introduction lo the Presentation Manager graphical interface. 

$21.95, ISBN: 0-07-881427-8. 500 pp. 


Assembly Language Programming Under OS/2'" by William H. Murray, Ill and Chris H. Pappas 
For beginners and pros alike, here's a practical nuts-and-bolts guide to assembly language programming. Fea1ures over 100 complele Real and 

Prolecled mode programs -a greal resource. 

$24.95, ISBN: 0·07·881412-X, 700 pp. 


OS/2 '" API: The Pocket Reference by Kris Jamsa 

Ahandy lillle book Iha! conlains all 300 Appl icat ion Program Interface (API) routines from OS/2. 

$5.95, ISBN: 0-07-881456-1. 128 pp. 


Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our Toll-Free Number 800-227·0900 
(Mon. -Fri. 8:30 A.M. - 4:30 P. M. PST) 
Use Your Visa, MasterCard, or Amer ican Express 
Available In Cana~a 1hrough Mt Graw-H1ll Ryerson. LI~. Phone 416·293· 1911 

According to Bill Gates "Ed 
Iacobucci was a key architect 
. . . one of the few individuals 
who can explain the foundation 
that OS/2 will provide for the 
industry . .. what you will read 
here represents the real ideas 
behind the operating system 
and what can be done with ii." 
From tho Fo1c word of 
OS /2 • Programmer 's Gulde 

l' ~ L N. 

DS/2™ Programmer's Guide 

by Ed lacobuccl , 

Leader ol the IBMS/2 Design Team 


IForeword by Biii Gates I 
Here are lhe lechniques and insights on OS/2 version 1.0 that 
ser ious programmers need. Iacobucci discusses 

• Dynamic linking and the System API 
• Memory management in a protected envi ronment 
• OS/2 mul ti-lasking 
• Advanced inter-process communications facilities 
• The System 1/0 capabililies 
• Session management. user interface, utilit ies, and 

more. 
$29.95, ISBN: 0-07-881300, 1100 pages 

Using OS/2™ 

By Kris Jamsa, 
Author ol the Nalfonal Bestseller 
DOS: Tiie Complete Reference 

You 'll get up to speed on OS/2 with Jamsa·s expertise. This 
quick-paced guide covers fundamental tir advanced concepts, 
illustrated with numerous examples and screen displays. 
You'll find details on 

• Redirection of 1/0 
• System configuration 
• Multi-tasking 
• Similarilies between DOS and OS/2 
• Acomplete command reference with syntax char ls 

that are unavailable elsewhere 
$19.95, ISBN: 0-07·881306-9. 758 pages 

~'!~ OsborneMcGrow·+lill
r!nri 2600 TENTH STR EET 

BERKELEY. CALIFORNIA 94710 
frarJema1ks· IBM Is a reoistered lrademark ol lnternalional Busions Machines. Inc_ OSJ2 is a lrademark ol lnte rnalional Business Machines. Inc 
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EXPLORING OS/2 WITH A LISP INTERPRETER 

llitJng 2: Using OS2XLisp to allocate huge meTTWry. 

(define (alloc-huge seg.'I &optional (rem 0) (opt 0) 
'aux (seg 0) (shift 0) (1st nil)) 

(if (not (zerop (call 
(getprocaddr doscalls "DOSALLOCHUGE") 

(word segs) 

(word rem) 

"seg 

(word 0) 

(word opt)))) 


nil 
(progn 
(call 

(getprocaddr doscalls "DOSGETHUGESHIFT") 
"shift) 


(setf shift (.'lhl 1 shift)) 

(setf 1st (list seg)) 

(dotimes 


(i (if (zerop rem) (l- segs) segs) l 

(nconc 1st 


(list (+ seg ('* (l+ i) shift))))) 

1st))) 


Thus, the next segment in the huge object 
is: 

>(+first 16) 
879 

>(lsl 879) 
65535 

and so on, for all the segments that make 
up the huge object . 

All this can be packaged into a func
tion that allocates a huge object and re
turns a list of its segment selectors (sec 
listing 2). The first (and only required) 
argument to a1loc-huge is the number of 
segments to allocate. You can easily allo
cate 512K bytes. 

>(define big (alloc-huge 8)) 
(863 879 895 911 927 943 959 975) 

OS2XLisp returns a list of eight segment 
selectors . However, 64000K bytes is too 
much to ask for: 

>(define impossible 
(alloc-huge 1000) ) 

NIL 

The NIL return signals OS/2's failure to 
satisfy the request. 

One of the optional arguments permits 
you to allocate a huge object whose final 
segment isn't a full 64K bytes. For ex
ample, you can allocate a huge object 
made up of four 64K-byte segments and a 
fifth lK-byte segment. 

>(define l.k:-bigger 

(alloc-huge 4 1024)) 
(1927 1943 1959 1975 1991) 

>(lsl 1991) 
1023 

The last segment, as lsl shows, is indeed 
a lK-byte segment. 

It's easy to traverse the entire huge ob
ject in one operation. In the directory ex
ample, you used dot1mes and nth to iter
ate over a list. Here you'll use lambda to 
create a temporary function that pokes a 
string into a segment, and you 'II use map
ear to apply that function to each ele
ment of the list Uc-bigger. 

>(mapcar 
(lambda (seg) 

(poke 
(mk-fp seg 0) 
(format nil "-A" seg) 
'str)) 

Uc-bigger) 

The mk-fp function manufactures a far 
pointer from a segment and an offset; 
format (a Lisp printf analog) builds a 
string containing the segment selector; 
'str specifies that the object being 
poked is a string; poke puts the string 
into the segment. 

The following verifies that you have 
really poked data into the object: 

>(mapcar 
(lambda (seg) 

(peek 

(mk-f'p seg 0) 

'str)) 


Uc-bigger) 
("1927" "1943" "1959" "1975" 
"1991") 

Last, you need a function to release a 
huge object. You can let it work on the 
entire list or just the first segment. 

>(define (free-huge seg) 
( zerop (call 

(getprocaddr doscalls 
"DOSFREESEG") 

(word (if (listp seg) 
(car seg) seg) ) ) ) ) 

FREE-HUGE 

After you free a segment, its size be
comes zero. If you then try to read or 
write into the segment, you'll see what's 
meant by "protected mode": 

>big 

(863 879 895 911927943 959 975) 


>(lsl 86J) 
65535 

>(free-huge big) 
T 

>(lsl 863) 
0 

>(poke (mk-fp 863 O) "Hello, big?") 
break: Segmentation Violation 

The segmentation violation doesn't trig
ger a return to OS/2, by the way, as it 
would in most OS/2 applications. OS2
Xl..isp keeps control, and you can proceed. 

An OS/2 Laboratory 
If you're running OS/2 but don't have 
Microsoft's SDK, OS2XLisp can give 
you a preview of what it's like to program 
under OS/2. Ifyou already own the SDK, 
OS2XLisp can still be an alternative to 
compiling and linking C programs. 

Lisp's interactive style makes it easy 
to try out OS/2 functions singly or in 
combination. The OS/2 dynlink facility 
merges nicely with Lisp; you can write 
Lisp functions that make calls to OS/2 
functions, to functions in the C run-time 
library, or to functions in any . DLL file 
that you create under OS/2. • 

Editor's note: Source code and documen
tation for OS2XLisp are available in a va
riety offormats. See page 3 for details. 

Andrew Schulman is a software engineer 
al Meta Software in Cambridge, Massa
chusetts. He can be reached on BIX c/o 
"editors." 
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UJitll IM pun:/ul6e of12995++ 
ofaolt&oare or 14995++ of 
lllllrluJtn. 

Standard 386 Featara: 
• 32-bit Intel 80386-16 CPU. 
• lMB of 32-bit RAM on board. 

System expandable to 16MB. 
• 8/ 16/ 20 MHz Keyboard 

selectable. 
• ST-251-1 Seagate 40MB 

Formatted 28 ms high speed, 
with ultra high speed 
Controller 1:1 interleave. 

• l.2MB High Capacity 
Floppy Drive. 

• Super deluxe heavy duty 
tower case with 6 half-height 
drive openin~. 

•High-resolution 12" Non.Clare 
Amber Display. Tilt and 
Swivel base, Hercules
compabole Adapter. 

• 101 Key Enhanced Keyboard, 
Pleasant "Thctile/ Click" Feel. 

• 80287/ '387 Math
Coprocessors optional. 

• Fully compatible with 
virtually all XTI AT and 
386 software. 

Upgrades for gour FREE 
386Sgstan: 
•VGA Color Upgrade 

add only $495. 
• 20 MHz CPU Upgrade 

add only $195. 
• Call for all other options 

and upgrades. 

-- ~ - -- - - - - - -· -- 

A hardware purchase of$4995 or more is required 
to receive the S.WA 386 System FREE. 

• QMS PS 800II Postscript Laser Printer $5995 
• QMS PS 810 Postscript Laser Printer $4995 
• CDC WREN IV 300MB SCSI $2595 

Hard drive with Controller 
• CDC WREN ill 155MB SCSI $1795 

Hard drive with Controller 

• CDC WREN II 86MB ST506 $ 895 
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 Professional $ 895 
• SCO Jntegra $1295 
• SCO Foxbase Plus $ 995 

• SCO VP/IX $ 495 
(integrated DOS environment  two users) 

• Language & Development Tools CALL 
• Networking & Communication Packages CALL 
A soflware purchase of$2995 or more is required to receive 
your FREE SIVA 386 System. Mix and match to meet 
your needs! 

Prices are for Industry Standard 80386-based Computers. 
For all other systems and items please call: 

1-800-252-4212 


VNS America Corp. 

Suite 270, 910 Boston Post Road 
Marlboro, Massachusetts 01752 U.S.A. 
In Massachusetts 508-460-0016 
FAX:508-481-2218 

•Offer good until December 31, 1988. 
Cirde 248 on IWukr Suvice Card 

• SCO ~ a b1M1ta1ai1i of~Satlta Cnra °""'11UOn. Int- • XEHIXIf - , ;.~'ff, ...<; : .•. : .•~.~ •.. ~ ~--L .' ·... · -. .. :~. :- _-.-.. ~.-.~f ~_,
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BYTE's Subscriber Benefits 

Program 


Your BYTE subscription brings 
you a complete menu of the larest 
in microcompurer rechnology every 
30 days. The kind of broad-based 
objective coverage you read in 
every issue. In addition , your 
subscription carries a wealth of 
other benefits. Check the check 
list: 

BONUSES 

Annual Separate Issues: In 
addition to BYTE's 12 monthly 
issues, subscribers also receive 
our annual IBM PC issue free 
of charge, as well as any other 
annual issues BYTE may 
produce. 

BYTE Deck: Subscribers 
receive five BYTE posteard 
deck mail.in~ each year-a 
direct response sysrem for you 
to obtain information on 
advertised products through 
return mail. 

Reader Serva: For 
information on products adver
tised in BYTE, circle the 
numbers on the Reader Service 
card enclosed in each issue that 
correspond to the numbers for 
the advertisers you select. Drop 
the post-paid card in the mail 
and we'll get your inquiries to 
the advertisers. 

TIPS: BYTE's relephone 
Inquiry Sysrem is available to 
subscribers who need fast 
response from advertisers. After 
obtaining your Subscriber l.D. 
Card, dial TIPS and enter your 
inquiries. You'll save as much 
as ten days over the response to 
Reader Service cards. 

Frtt Programs Via BYTEnet: 

1 
• I~ I ......._... ...... .·--

modem, valuable program 
listin~. There is no connect 
charge for this service. 

Subscription Service: If you 
have a problem with, or a 
question about your subscrip
tion, you may call our service 
department toll-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Eastern 
Time). You can also use 
Subscription Service to obtain 
back issues. Should you care to 
correspond, use the following 
address: P.O. Box 6821, 
Piscataway, N.J. 08855. 

&litorial Indices: Available 
through our customer service 
department P.O. Box 328, 
Hancock, New Hampshire 
03449. 

PAID SERVICES 

BIX: BYTE's Information 
Exchange puts you on-Line 24 

sign up is a microcompurer, a 
modem, and t.elecomm soft
ware. For further information 
and cost, call 1-800-227-BYTE. 

Program Listings: Lisrin~ of 
programs that accompany 
BYTE articles are now avail
able on BIX, on disks or in 
quarterly prinred supplements 
(see reply cards in this issue for 
cost information), or call 
1-800-258-5485. 

Microform: BYTE is available 
in microform from University 
Microfilm International in the 
U.S. and Europe. See Contents 
page for cost information . 

DISCOUNTS 

One-year subscription at $22.95 

Two-year subscription at $39.95 

Three-year subscription at 
$55.95 

One-year group subscription for 
ten or more at $18.95 each. 
(Call or wrire for details. ) 

TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE· 

Subscriptions & Back Issues: 

1-800-423-8272 

(in N.J. ,1-800-367-0218 ) 


BIX: 1-800-227-BYTE 

Pr:ogram Listings Orders: 
1-800-258-5485 

11'1TE 
It's indispensable. 

You get access to the BYTEnet hours a day with your peers 
Bulletin Board Service, which via computer conferencing and 
allows you to downJoad, via eJectronic mail. ALI you need to 



TECHNIQUES 

IBM SPECIAL ISSUE 

BESTOFBIX 


Comments, cures, comfort, and assistance 
for users ofIBM and compatible systems 

S 
everal of the hundreds of conferences on BIX 
(the BYTE Information Exchange) deal with 
IBM computers and the software that runs on 
them. We've culled the following messages 
from recent discussions in the IBM PC AT, 

MS-DOS, PS/2, and OS/2 conferences of BIX. The topics 
range from installing hardware and using application programs 
to in-depth discussions of technical tricks and traps. 

IBM PCAT 

INTERNAL/EXTERNAL MODEMS 

lbm.aUhardware #3032, from jlrlckson (John Frickson) . 

I have two questions I hope some of you BIXen can answer for me . 

1. I recently 1nher1ted a Hayes 1.nternal 1200-bps modem . The 
catch 1s, I have no manual. So, could someone explai.n the 
settings? There is a sw i tch block with three switches, a three
posi tion Jumper, and a two-posl tlon Jumper . llhat do they all do? 
2. I also have a multifunction card that came with my computer 
(a Quantus AT clone). The documentation for this card that was 
sent w1 th the computer is the wrong documentation. I/hen I 
recently tried to contact the manuf acturer, I was tol d they were 
out of bus 1.ness (so much for my J-year warranty I ) . Any;iay, the 
card appears to be a DTK 286 Courier I / 0 II card 111th two serial 
ports and a game port. 

I have been using COMl, which is a DB-9 connector, for some ti.me 
now, but I have been unable to ge t COM2 to 11ork. There are half a 
dozen Jumpers on the card, but no configuration I try gets COM2 
to work. Does anyone know anything about this card? 

lbm.aUhardware #3038, from jlleming (Jon Fleming). A comment 
to message 3032. 

Did you ever have COM2 11orking on this card? Mos t cards that 
include provisions for two serial ports come w1th an empty DIP 
socket into wh ich you must plug an 8250 UART to get COM2 to do 
its thing-although for an AT you might want a 16450 or 16550A. 
Perhaps some more hardware-oriented type can come up with more 
suggestions. 

lbm.aUhardware #3040, from jlrlckson. A comment to message 
3038. 

The card has 80 8250 plugged into a socket (it 11as ordered with 
two COM ports) . But when I connect my modemup to the COM2 port, 
the lights look f'unny . I don't remember offhand, but I think 
carrier detect Md another light were on, llhichever they were, 
it didn 1 t look normal and the modem wouldn't respond. The 
lights on the modem changed when I tr ied different jumper 
configurations, but I could never get the th1ng to 11ork right . 

ibm.aUhardware #3042, from bredd (Brandt Redd). A comment to 
message 3040. 

\lhat does the socket for the second port look 11.ke? Often on 
cards like that, the bracket contains a male DB-9 connecter, 
which is COMl, end a female DB-25 connecter, which is a parallel 
printer port. The second serial cable is usually obtained on a 
male DB-25 connecter, which has a short r ibbon cable connecting 
to p1.ns on the card. If t his i s really a parallel port, it 11oul d 
explain t he f'"Unny light pattern on the modem. 

ibm.aUhardware #3050, from jlrickson. A comment to message 
3042. 

The bracket for this card has a mal e DB-9 connector and a female 
DB-25 connector. There is also s second bracket wi th a femal e DB
15 connected to a pin connector on the card ( I think this is a 

continued 
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game port). Also on the car d is a 10-pin connecter, but I received 
nothing to attach to th i s. Could this be the connector for COM2? 

As 1 believe I mentioned earlier, the board seems to have all 
the parts necessary for two COM port s. It has an 8250 in a socket. 
Also in sockets are two chips l abeled : 

NC1488N VEJ21 
+18J17 DS1489N NC1489P 

So, am I right 1n assuming that the card has everything 
necessary for two serial ports, but that I need a 10-pin- to-DB- 25 
ribbon cabl e? If so, where can I get suoh a cable? 

lbm.at/hardware #3052, from lrae (Ira Emus). A comment to 
message 3050. 

The DB-9 i s probably COMl. The DB-25 is a printer port, and the 
DB-15 is almost certainly a game port, which leaves that 10-pin 
connector as COM2 : You will need a header to DB-9, although in 
mine, l use a DB-15 and Just ignore the extra six pins. Ugly, but 
it works. 

lbm.at/hardware #3058, from bredd. A comment to message 
3052. 

That sounds right. I assume that there i s another 8250 that is 
sol dered in. In any case, if there are two serial ports, there 
will be two 8250s. I would guess that you ' 11 need to contact 
your distributor about the 10-pin-to-DB-25 (or DB-9) connector 
or find someone to build it for you . (pause) I Jus t took a look 
at ours, and the cable swaps pins as follows : 

10-pin DB-25 
1 8 
2 3 
J 2 
4 20 
5 7 
6 6 
7 4 
8 5 
9 21 

This is on a machine from PC ' s Limited. Your pin-out may vary. 
Incidentally, the pin numbers on the 10-pln end correspond 
exactly with the pin numbers on a DB-9, which would imply that 
you could connect a DB-9 to one end of a ribbon cable and the 10
pin connector to the other. There is only one problem with this
the pins are numbered differently: 

DB-9 10-pin 
1 2 3 4 5 1 3 5 7 9 
6 7 8 9 2 4 6 8 10 

ibm.allhardware #3061, from jfrickson. A comment to message 
3052. 

I hooked up my printer to the DB-25, and guess llhat? It's LPT2 I 
So 1 t l ooks like I got a second parallel port I dldn ' t ask for 
(though I won't compl ain about it : ->) and a second serial port 
1f I can figure out hO\I to connect it up. 

ibm.at/hardware #3062, from jfrickson. A comment to message 
3058. 

I don't recall seeing another 8250. J flaming mentioned earlier 
(msg . JOJS) 16450or16550A chips. The 8250 is socketed, so I 
assume it's for COM2. There ere several chips soldered in, one 
of llhich could be either an 8250 or a 16x50. I' 11 check 1 t out for 

sure when I get a chance. But it appears that I have two serial 
ports (one connector there, and one I have tow ire up) and a 
parallel port. 

USING EXTRA MEMORY 

lbm.at/hardware #3063, from dhudes (Dana Hudes). 

We got some ATs in at work. They are co1U1ected via ARCnet and 
Novell SIT 2 .1 to an 80J86 server. The ATs have 1 megabyte of 
physical RAM. \Hth DOS J .J and Novell, we end up with about 460K 
bytes of RAM left. Is there a way to make any use of the memory we 
have above 640K bytes? ARAM disk isn't terribly usefu l since 
these machines have 40-megabyte hard disk drives and the server 
has 140 megabytes . I doubt it would be a large-enough RAM disk 
for the temporary files from a C compile (lie have Microsoft C5. l 
and Archimedes C-8051) . 

How can lie get back or otherwise increase the free RAM while 
maintaining our network connection (I can get Just under lOOK 
bytes beck by removing the TSRs that handl e the network)? 

I t is my understanding that EMS memory can only be used by 
software written to take advantage of it. Is this correct? Al so, 
I thought someone had a board that expanded your memory to 720K 
bytes or something like that. These ATs have only Hercules 
(clone) cards for displ ay adapters . That frees up the rest of 
t he memory reserved for display adapters. 

I realize that various portions of the region from 640K bytes to 
l megabyte are reserved for various things, most of which I 
suspect we don't have. 

ibm.at/hardware #3064, from rbrukardt (Randall Brukardt). A 
comment to message 3063. 

I t ls possible to get boards that allow the use of 704K bytes in 
DOS. These boards map memory into the unused ( if you are using 
MDA, Hercules, or CCA) AOOO bank of memory. There is a public 
domain program called 704K that allows that 64K bytes to be added 
to DOS. Several very old memory boards have that capability, 
and that is what I've been using on our machines (mainly our old 
Seattle Computer PC memory boards). The only new board I •ve 
been ab l e to dig up that does that is the JRAM-J board. But there 
must be others. (We don't like our JRAM- J much . ) 

ibm.at/hardware #3065, from feenberg (Daniel Feenberg). A 
comment to message 3064. 

MAXIT and HiCard are two memory cards that ello\I 704K bytes of 
DOS- usable memory in an XT or AT with a Hercules or monochrome 
card. You get 7J6K bytes w1th a CCA and no extra ll i th an EGA. 
Even lli th an EGA, they do all ow TSRs to run •above• the display 
adapter, llhich can be nice. There is a thread in this conference 
(beginning with msg . 827) that discusses these cards . 

ibm.at/hardware #3066, from dnanlan (David Nanlan). A comment 
to message 3065. 

You can do it with a RAMpage board, too. You just map the memory 
there and write a small interrupt handler that removes those 
page- frame areas fromthe mapping table. 

80287 COPROCESSORS 

lbm.at/hardware #3070, from rgrenader (Robert Grenader). 

I 'm confused. I've got an AT c l one that runs at 12. 5 MHz. \lhich 
80287 ls requ i red? The 10-MHz, or 8, or what? 

conrinued 
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l_QFTWARE 

I 

s 
Pagemaker 3.0 .00 
AMHICAN SMALL • USINISS 
Design Cad 159.00 
Design Cad JD 159.00 
ASHTON TA Tl 
Mull1ma1e II 279.00 
Dbase Ill Plus 395.00 
Rapidfile 195.00 
Framework II 429.00 
Chartmasler 229.00 
Mamo Graphics 299.00 
ASK SAM SYSTIM 
Ask Sam 235.00 
AUTODISll 
Au1oske1ch Enhanced 65.00 
ILO< DIVILOPMINT 
Form1001 WIGrea1est Hils 59.00 
IOllNO COMPUTH SIRVICH 
Boeing Graphics (30 Color) 209.00 
IOALA.ND 
Sprinl 125.00 
S1ae~ck 55.00 
Sidekick Plus 125.00 
Eureka 99.00 
Ouanro 149.00 
Turbe Database Toolbox 62.00 
Turbo Graphix 62.00 
The Oeve1oper'S Library 235.00 
Turbo Lightning 62 .00 
Reflex 90.00 
Superkey 62 .00 
Tu rbo Pro1og 62.00 
Turbo Basic 62 .00 
Turbo C 62.00 
Paiadox V 2.0 429 .00 
Turbo Pascal 4.0 62.00 
Turbo Tulor 4.0 45.00 
lllAllTHROUOM 
Timeline v 3 339.00 
llODHIUND 
Print Shop 35.00 
Memory Male 45.00 
IUTTONWAH 
PC File + 45.00 
UNTRAL POINT 
Copy II PC 25.00 

109.00~gpt.!:i~~~~n Brd DI• 39.00 
CO"'PUTlll ASSOCIATIS 
Supercalc IV 299.00 
Superproject Expen 445.00 
ACCPAC BPI 275.00 
Sliverado 99.00 
CONCINTRIC DATA SYSTIMS 
A &A Aela1ional Report 109.00 
CORI INTllNATIONAL 
Corelast 89.00 
DAC 
Easy Accounl in8 3.0 59.00 
Easy Payroll 3 59.00 
Bonus Pack 3.O 115.00 

UTIUTllS 
Or&Plus 59.00 
I ·r PL US 55.00 
Duet 49.00 
Direct Access 55.00 
Grammalik Ill 55.00 
X Tree 37.00 
X Tree Pro 69.00 
Sideways 40.00 
Mox Think 45.00 
Tornado 59.00 
Graph -In·The-Box 55.00 
Mace UliOlies 55.00 
Norton Uhlilies 50.00 
Norton Utlli1ies Advanced 79.00 
Norton Commander 49.00 
Disk Technician 59.00 
Disk Technician Plus 79.00 
Copywrile/Zerodisk CALL 
Oesqview 2.01 75.00 
Aighrwriter 59.00 
Mirror II 35.00 
Flash 5.6 49.00 
0 & A 3.0 1119.00 
Laplink Plus 85.00 
No!e·ll·Plus 49.00 
SOZ Plus 59.00 
Cambridge Spreadsheet Analyst 89.00 
The Oocumentor 179.00 
dflow 89.00 

A DVANTAGES 
•Orders placed belore 3 p.m (PSn shipped 

same day


•We welcome corporate accounts 
• lmmeoiale replacemenl of delectove goods 
•Bulk chscounls 

DATASTOIMProcomm Plus 
Da rAn 
Dblasl 
DIGITAL HHAR<M 
Gem Desktop 
Gem Draw Plus 
Gem 1sl Word Plus 
Gem Word Cnan 
P1esen1a1i o11 Team 
Desktop Publisher 
DIGITAL• 
Smalllalk v 
Smalllalk v 286 
flnM GINIRATI ON 
Fastback 
Fastback Plus 
fOX SOfTWARI 
Fo•base Plus 
fo•base Multi-user 
Fo•base Runlime Unlimiled 
11.NIRIC SOfTWAAI 
Generic Cad 3.0 
Dot Plol 
Auto Convert 
Auto Dimension 
30 Solid Modeling/Rendenng 
GllSON TICHNOLOOY 
Sprnwme 
GOLDIN •ow 
V Feaiure Oelu>e 
V Cache 
HAVINTHI 
lnleractive Easyflow
HAYIS 
Smancom Ill 
HILGRAIVI 
Hyper Access 
llM 
Displaywrite IV 
DOS 3.3 
LATTICI 
Lanice C Compiler 
LIADINO IDGI 
Word Processor W/SpelVMerge 
Word Processo1 Vl.5 
LIV ING VIDIOTIXT 
Grandview 
LOTUS DIVILOPMINT 
AL L PRODUCTS 
MATHSOfT 
Mathcad 2.0 
MICA 
Managin9 Your Money 4.0 
MHIDIA.N TICHNOLOOY 
Carbon Copy Plus 
MICAOORAU 
Designer 
MICAOLYTICS 
Gofer 
MlCAOPRO 
Wordslar Professional 
wordsw 2000 Plus 
MICRORIM 
Rbase ror Dos 
MICAOSOfT 
Pageview 
Quick C 
Word 
Ouickbaslc 
C Comp!ler 
Fonran Complier 
Cobol Compiler 
Macro Assembler 
Learn i n~ DOS 
Fligh1S mulator 
Excel 
Windows 386 
PC Works 
MIUOSTUf 
Crosstalk XVI 
Cross1alk Mark 4 
MlGINT 
Ability Plus 
NANTUClllT 
Clipper 
NASH08A 
NulShell Plus 
NORTH IDGl SOJTWAH 
T1meslips Ill 
rAPHIACll SOfTWAH 
VP lnlo 
VP Planner 
VP Planner PIUS 

52.00 

62.00 

32.00 
179.00 
115.00 
115.00 
285.00 
179.00 

75.00 
145.00 

79.00 
99.00 

199.00 
299.00 
265.00 

55.00 
27.00 
27.00 
27.00 

179.00 

55.00 

125.00 
45.00 

129.00 

149.00 

89.00 

299.00 
95.00 

229.00 

59.00 
89.00 

159.00 

CAU 

225.00 

125.00 

11 5.00 

465.00 

42.00 

249.00 
239.00 

475.00 

35.00 
67.00 

225.00 
67.00 

299.00 
299.00 
599.00 
99.00 
35.00 
35.00 

309.00 
129.00 
129.00 

99.00 
125.00 

145.00 

439.00 

159.00 

115.00 

65.00 
55.00 
95.00 

•lmmed1ale shipment on purchase orders 
from quahlied msUlut1ons (schools and 
unrversities included) 

•No h1oden charges. 

TERMS: 
All onc es are sub;ttl 10 ~ "'rlloul notice We 

PATTON A PATTON 
Flowcharting II Plus 
P< SUPPOaT GROUP 

t~c~~38 v 2.0 
PIACMTHI 
Complele Accounlmg II 
PllSOn 
Smanerm 240 
Aeleree 
SA.NTA CRUl OPIRATION 
Xen" 286 Opera1ing Sys 
Xenix 286 Oevelopemenl Sys 
Xenix 386 Opera1mg Sys 
Xenix 386 Oevelopemenl Sys 
SCITOR 
Projecl Scheduler Nelwork 
SIMON A SCHUSTIA 
New World Wriler II 
Typing Tutor IV 
sonLOOI< SOLUTIONS 
Disk Optimizer 
Cubit 
Double DOS 
@ Liberty
Magic Mirror 
SOfTWAAI rUILISMINO 
PFS First Publisher 
Prolessional Write 
ProfesSJonal File 
PFS Prolessional Plan 
PFS First Choice 
Harvard To1 a1 Project II 
Harvard Graphics 
STOIAOI DIMINSIONS 
Speedster 
TIANSIC SYSTIMS 
Mas1erkey Unlock 
dAnalyst 
TUHO POWU 
TO.bug 
Turbo Proless1onal 
UNISON WOILD 
Printmaster Plus 
Art Gallery I & II &Ill (Each) 
Newsmasler II 
WIHWAAI 
Prime Time 
WOID Plllfl<T <Oll'OllATION 
Word Per1ect 5.0 
Word Perfect Network Server 
Word Per1ect Network Add-On 
Plan Perlect 
Daia Perlect 
Word Per1ect Executive 
Word Perlect Library 
WORD TICM 
OBXL Diamond 
Quicksi lver Diamond 
XIROX 
Ventura Publisher 1.1 

HARDWARE 
URAY TICMNOLOOllS (ATI) 
VIP VGA 
EGAWonder 
AST HSIAICH 
Advan1a9e Premium 512K 
Six Pack Plus 384K 
Six Pack Premium 256K 
Rampage AT 512K 
AST 5251/11 Enhanced 
Hot Shot 286 
ATD lUClllR 
Monographics Short Card 
Memory Expansion 38AK 
Modular 1/0 Bare PIS/Clock 
Clock Board Standalone 
1200 Baud Internal Modem 
ClflllN 
1200 
MSP 40 
MSP 15E 
MSP SO 
COMPUTla A((ISSOAllS 
PIS Power Director 
I VHIX 
EV 1800 8MHZ A1 Syslem 

WE WELCOME INTERNATIONAL ORDERS 

145.00 

55.00 
89.00 

159.00 

209 .00 
45.00 

439. 00 
439 .00 
509 .00 
509 .00 

365.00 

99 .00 
32.00 

42 .00 
42 .00 
42 .00 

115.00 
59.00 

79.00 
119. 00 
179.00 
59.00 
89.00 

379 .00 
299 .00 

49 .00 

109.00 
135.00 

35.00 
65.00 

32.00 
19.00 
49.00 

65.00 

239.00 
349.00 

75.00 
195.00 
299 .00 
125.00 
65.00 

11 5.00 
345 .00 

51 9.00 

279.00 
189.00 

379.00 
269.00 
269.00 
439.00 
579.00 
395.00 

79.00 
219.00 
75.00 
35.00 
85.00 

159.00 
349.00 
359.00 
445.00 

99.00 

985.00 
EV 1800 IOMHZ AT 0 Walt 1249.00 
Evercom II 1200 Modern 75.00 
Evercom Ill 2400 lnl Mooem 155.00 
Magic 110 For AT 59.00 
RAM 3000 EMS Expansion 99.00 

do not guaranlee compa~ 1y lo surcharge lor VISA 
or Mas1ert:ard . 2% surcharge AmeflCan Express. No 
rel\Jlf\S ~~llool RM SllOn sr.pmems mus1 De 
notllieo •n .:S nours 1~ restoc~ non· 
aere<:h'' goorls S3 50 C0.0 charge S4 50 
minimum~ ~em. less on Ou!k orders Is.'! 50 Blue 
label ) (H1ghtr lor some solMio or har dware 11ems I 

1 818 705-4885 FAX 

.............. 

rtJTH GINllATION 
Logical Connection 256K 379.00 
HAYIS 
SmartmO!lem 1200 299.00 
SmartmO!lem 12006 W/So!tware 299.00 
Smartmodem 2400 465.00 
Smanmodem 24008 W/So!twa1e 465.00 
HHCULIS 
Hercules Monochrome Plus 189 .00 
MIWLITT PA(llARD 
Laser1e1 II 1849.00 
FomSICanridges lor Laser1e1 11 CALL 
INTU 
Above Board PC 64K 269.00 
Above Board 286 Wl512K 369 .00 
8087-3 (5MHZ~ 109 .00 
8087·2 18 MH ) 159.00 
80287 (6 MHZ) 175.00 
80827 (8 MH Z) 250 .00 
80287 110 MHZ) 319.00 
Inboard 386 PC or 386 AT 1099.00 
1 MB E•P lor 386 Inboard 675.00 
INTIANATIONAL IAnlRY 
AT Replacement 8a1tery 19.50 
AS I 5,. Pack Banery 3.50 
IAWIN MAGNITICS 
120 XT 20M8 lniernal 339.00 
125 AT 20 MB 1n1ernal 339.00 
lllNSINGTON 
Masierpiece 89.00 
Mas1erplece Plus 105.00 
Masterpiece Remore 115.00 
LOOITICH 
Logimouse C7 75.00 
Logimouse Hi Rez 99.00 
Logimouse Cl + Painlbrush 95.00 
L::grmouse W/Cad/Paint 125.00 
Pu lisher Mouse 125.00 
MICROSOFT 
BUS Mouse W/PainlDrush 109.00 
BUS Mouse W/Wondows 145.00 
Serial Mouse W/Painlbrush 109.00 
Seri31Mouse WIW1noows 145.00 
MICROSPllD 
Fas1 Trap 95.00 
MIGINT 
Pockel Modem 115.00 
MOUSI SYSTIMS 
PC Mouse BUS Plus 95.00 
PC Mouse Serial Plus 95.00 
NIC NOMI ILICTRONICS 
Mullisync II 62'1.00 
NIC INfOAMATION SHTIMS 
P 2200 eo COL 379.00 
P5200 589.00 
P5300 769.00 
PANASONIC 
KX-Pt0911 209.00 
KX-Pt595 419.00 
KX·P1524 649.00 
KX-10921 :!OS.DO 
PAllADISI 
Autosw11cn 48-0 169. 00 
VGA Plus 279.00 
PLUS DIVILOPMINT 
Hardcard 20 MB 589.00 
Hardcord 40 MB 709.00 
POLAROID 
Polaroid Pale lle 1499.00 
Po1ar0id Paleue Plus 2399.00 
PllA<Tl<AL PHIPHIRALS 
Practical Modem 1200 Internal 69.00 
Practical Modem 1200 SA 109.00 
Practical Mooem 2400 INT 155.00 
Practical Modem 2400 SA 185.00 
SAMSUNG 
Amber Momlor 85.00 
SIAGATI TICHNOLOOY 
ST 25 t 40MB No Con~oller 389 .00 
ST 225 20MB W/Con1roller 2'15.00 
ST 238 30MB W/Controller 319.00 
ST 25 t·1 No Con1ro11er 445.00 
SUMMAGRArHICS 
Summasketch 1201 Plus 389.00 
SYSGIN 
Exl 51'4" Drive 289.00 
TOU( HaAH 
Worldport 2400 Modem 269.00 
worldport 1200 MOdem 159.00 
TOSM llA 
T 1000 LaplOP 875.00 
T 311)1).20 Laptop 3415.00 
P32 I SL Prln1er 549 .00 
P341 SL 759 .00 
P351 SX 1175.00 

1:111 !or prices lor "I sollwan! ilemool Included in 
lbl1pricell11. 
Ord er desk &1echnic.al support open 
8 ; m 10 6 p m Monday-I~ 
IOam I02pm Sa11Hola)' ( IJ 
P.O. IOX uee 

6934 Canb')' Sl . Su<te •1119-1 tO 

Resedo. CA 91335 

T<lu m4 15CO,..,U UR/ Fu 818-70H88S 
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BEST OF BIX 

lbm.atfhardware #3071, from blaszczak (Michael Blaszczak). A 
comment to message 3070. 

I/hen you drop any 80x87 chip into your system, that math 
processor must only be rated at •two-thirds* the speed of the 
CPU . 

Since I have an 8-M1111 PC's Lim1ted, I need a 6-MH11 80287. 

Since you have a 12. 5-MH11 CPU, you'd need an 8. 33-MHz 80287. I 
would bet that you could get by with an 8-MHz part. 

Be wary of dealers who tell you otherwise I 

MS-DOS 

DOS4.0 

ms.dos/other #1309, from sfulk (Steven Fulk). 

Today, IBM vecy quietly introduced DOS 4. 0 and OS/2 Extended 
Edition 1.0. The highlights, according to the literature, are as 
follows: 

DOS 4. 0 supports all members of the IBM PS/2 and PC families 
(except PCJr, XT/370, and AT/370) and is upward-compatible with 
DOS 3.30. 

DOS 4. 0 provides a new program warranty with defect service for 
1 year. 

DOS 4. 0 supports large hard disk files greater than 32 
megabytes in a nonpartitioned manner. The new addressing format 
of 32-bit versus 16-bit removes the limitation of 32-megabyte 
DASO partitions. However, 1t can install on and utilize 
currently formatted hard drives. 

The DOS 4.0 shell provides program, file, and directory 
services as user-friendly alternatives to the command line. This 
shell is similar in appearance to the OS/2 Presentation 
Manager. Apparently, any user actions are accomplished from 
selection from a menu with mouse or keyboard. The installation 
of this shell is optional. 

DOS 4. 0 provides support for LIM/EMS 4. 0. Expanded memory is 
addressed through a combination of an EMS device driver and an 
IBM adapter capable of expanded memory. 

Afull-screen installation utility, called SELECT, ls provided 
to simplify the installation of DOS 4 .O. AUTOEXEC and CONFIG.SYS 
files are automatically generated. 

DOS 4 .o provides support for a text-mode (versus graphics) 
command-line display interface when not using the shell. DOS 4. 0 
supports greater than 25 lines of text on those EGA and VGA 
displays with that capability. The GRAPHICS and GRAFTABL 
commands have been enhanced. 

Many of the other DOS commands, such as ANSI.SYS, APPEND, 
BACKUP, BUFFERS, CHKDSK, COUNTRY, DEBUG, DISPLAY .SYS, ERASE, 
FASTOPEN, FDISK, FORMAT, KEYB, MEM, MODE, PRINTER.SYS, REM, 
REPLACE, SYS, TREE, andVDISK, have been enhanced. 0054.0will 
list for $150. 

ms.dos/other #1311, from Jfachlni (John Fachini). A comment to 
message 1309. 

Oh yes. Any chance (even small?) of upgrades? Upgrades-we don't 
give no stinkin' upgrades I 

ms.dos/other #1312, from cosby (Steve Cosby). Acomment to 
message 1309. 

So, ls 1t worth buying to run on a non-IBM clone? Or has IBM 
1.nstalled enough IBM specifics to thwart that? 

ms.dos/other #1313, from jbc.tangram (James Casler). A 
comment to message 1311. 

>Upgrades 

You can get an upgrade to IBM PC-DOS (not MS-DOS) through one of 
two means. If you bought it st a computer store, ask your dealer 
!'or the upgrade form. You have to mail it to IBM in Connecticut. 
Or, 1f you got it through an IBM branch, you can send the form to 
them. Upgrades for DOS 4. 0w111 be $90 (I think) . lots of other 
IBM PC-DOS programs have been upgradable this way, but I don't 
think dealers explain this. lie get our info from IBM 
electronically via our branch, and the announcements always have 
upgrade info in them. 

ms.dos/other #1314, from rduncan (Ray Duncan). A comment to 
message 1309. 

>1n a nonpart1t1oned manner 

\lell, not exactly. MS-DOS 4 .0 defines a new type of partition. A 
driver that knows how to read/write that partition uses 32-bit 
sector numbers in the request headers from the kernel for read 
and write operations. Also, the BPB (BIOS Parameter Block) for 
such psrtltions ls extended, and Int 25h and 26h operations 
directed to the logical units represented by the new partition 
type use a different parameter-passing scheme. 

In other words, you can SYS MS-DOS 4.0 onto an existing hard 
disk, and nothing special will happen. To take advantage of the 
new partition type, you'd have to back up your hard disk, delete 
the old partitions, declare a new "huge" partition, then restore 
the files into the ne11 partition. Or you could leave your 
existing primary partition alone, delete the DOS 3. 3-style 
"extended partition" containing multiple logical drives, and 
replace the extended partition with a new huge partition . 

MS-DOS 4. 0 uses EMS for the disk cache (BUFFERS=) and for the 
FASTOPEN name/extent cache. It does this via the Int 67h 
interface of the EMS memory manager. There is no change in the 
definition of the EMS interface to application software, and MS
DOS 4. 0 doesn 1 t add anything in the way of new EMS capabilities. 

ms.dos/other #1315, from jfachlnl. A comment to message 1313. 

This thing's gonna run on my ALR 386, right? 

ms.dos/other #1316, from jbc.tangram. A comment to message 
1315. 

It certainly might. \11th PC-DOS 1t mostly matters how 
compatib l e to "blue" your BIOS i s . I could believe th8t the IBM 
EMS may not, but the new large disk partitions and the character 
shell should work. 

r;ontinued 
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THE COMPUTER CHRONICLES 

MAKES KEEPING UP WITH THE INFORMATION AGE EASY 


Stewart Cheifet and Gary Kildall are your co-hosts for a 
weekly half-hour television program aimed at computer 
users. owners. educators and computer industry' pro
fessionals. If you're looking for help in finding out 
what's new and what's news. tune in toTHECOMPl TER 
CH RO:\ICLES every week on your local public television 
s~ttion. 

Regular commcnt;ttors arc Jan Lewis. President of 
Lewis Research Corporation and publisher/ editor of 

JA.'i LEWIS GEORGE MORROW 

The Compurer Chronicles is funded in parr by McGraw-Hill 's ll\IJ( 
magazine. The Compwer Chronicles is a co-production of WITFI 
Harrisbtng and KCSM / San Mateo . 

HypcrAgc magazine. and George ~orrow. founder of 
Morrow Designs. 

Topics this season include: CD ROMS - Shareware 
- Multitasking - Business (~raphics - Investment 
Software - PC lma~in~ - PC ~etworks - Decision 
Support Software - Laser Printers - I lypercarcl 
Input Devices - and 'n CH "IORE. 

Each week Tl IE COM Pl TER CHRO~ICLES looks 
at the top stories of the week in Random Access. u news 
segment designed to keep you infonned about the lmest 
developmenL" in the computer industry'. 

TllE COMPl TER CllRO~ICLES. a weekly half
hour of public television that just might be the help you 
need. 

THE COMPUTER CHRONICLES 

IS NOW ON BIX 


Bix. the Byte Information Exchange. now has a conference 
for the Computer Chronicles. 

Now you can communicate directly with the staff of the 
Computer Chronicles to suggest topics for future shows or to 
request information or details on past shows. 

Once on Six. just type "join comp.chron" at the colon (:) 
prompt. 
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Dara and sysrcm inte9ri1y And simple rneans.fasr! Applications In 
use instead or in de,·elopment. Applita · 
t ions completecl when other ystem 
dcv loper. are still gelling started. 

QSET Is Ll1e most productive approach 

~uu can take to 1/0 applications. Easy lo 

learn . fast. and nexible. Combines the 

power or UNIX. Xenix. C. and any 3CI. you 

choose ror powerful. por<ablc applicallons. 

Support - relational. hierarchical. and net · 

\\'Ork database structures. 


Built ·in program logic Insures data and 

system integrity: you can·1 build a bad 

application using QSET. 


Find out more. Call 800-727-2072. A 'k 

for our product brochure and our very 

all raclive introductory pricing offer. 
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BEST OF BIX 

ms.dos/other # 1317, lrom jflemlng (Jon Fleming). A comment 10 

message 1314. 

>use a different parameter-passing scheme 

11111 this "break" existing programs that use Int 25h or 26h? 

ms.dos/other #1 318, from rduncan . A comment to message 1317. 

No, because Int 25h and Int 26h work the "old" ways on the "old" 
types of partitions, However, a lot of Norton Utilities-type 
things won't work on the new huge partitions. 

ms.dos/other #1319, from ronleplne (Ronald Lepine). A comment 
to message 1318. 

>However, a lot of Norton Utilities-type things won't work 
>on the ne11 huge partitioos. 

lie had that problemwith large partitions in PC-MOS/386 . I know 
I also tried smaller partitions, but I'm not sure that completel y 
solved all problems. I know it solved some because I decided to 
leave it that 11ay. Isn't it nice-some multiuser, multitasking 
DOS 11orkal1kes may be more compatible and have more features 
t han PC-DOS 4 .O . 

Here ' s some real questions, though. 

1 . \/ill it work with older 8088 machines as well as the 80286 
PS/2 series? 
2. If it does work, will there be some restricted cal s? 
J. Will enough people upgrade to it (there are a l ot of PCs out 
there) to make support for it required? Or 11ill only people with 
huge databases s11itch? \/ill only those 11ith database-type 
products support 1t? 
4 . llouldn' t those 111th large databases already have moved to 
faster processors/other operating systems, and wouldn't those 
trying to move dollT\ to PCs decide on OS/2 or another 
alternative? 
5. Iii th multitasking/multiuser alternatives that can run DOS 
programs and have more features, should you really consider 
going to another single- user/single-task operating system? If 
you have need for the large disks, I'd think 1t's11.kely you need 
more processor than an older PC bas . 

ms.dos/other #1320, from rduncan. A comment to message 1319. 

From my understanding, it 11111 run on any IBM PC , and there are 
no restricted calls . 

ms.dos/other #1321 , from billbourn (Bill Bourn). A comment 10 

message 1309. 

The IBM announcement letter is nowin the listings area as file 
dos40. ark. Note that PKXARC is required to unsquash 1 t . I call 
the files that require the PK-series" .ark" to avoid grief 
later. Let me kno11 if you have trouble 111th the format . 

TSR HANDLE PROBLEM 

ms.dos/secrets.2 #15, from dmick (Dan Mick). 

Apparently, if you redirect stdout for a TSR program, you 
permanently lose one handle from your FILES= number. This 
happens with DOS J. J and J . 2, at least. Try running a 11ttle 
program that opens as many files as it can simultaneously and see 
ho11 many you get. Then do some MARK >NULs and see the number go 
dollT\. lleird, eh? 
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BEST OF BIX 

ms.dos/secrets.2 #16, from billbourn. A comment to message 15. 

Just as speculation, if you redirect a TSR' s stdout, does a 
handle have to be used to do that? Alld since the TSR he.an' tended, 
the handle isn't released yet, so the avallable nll!!lber is 
decreased until the TSR ends. This has implications for those 
neatniks 11ho redirect their batch AUTOEXECs. The unavallable 
handles might stay that 11e.y for the 11hole IPL? 

ms.dos/secrets.2 #17, from twagner (Thomas Wagner). A 
comment to message 15. 

Not so weird. If you redirect stdout and the progra.m that "owns" 
this file terminates and stays resident, the file must remain 
open for the TSR to use it. Only if the TSR explicitly closes the 
file does the handle become available again. I t 's different vith 
the normal standard handles, because they are all mapped to one 
internal handle. NUL, apparently, is not such a special handle . 

ms.dos/secrets.2 #18, from rkrten (Robert Krten). A comment to 
message 16. 

I usually redirect messy progra.ms, like "print /d : prn >nul," 
but surely you cannot redirect the 11hole AUTOEXEC .BAT? 
(Actually, 1f you *can*, I could really get right into that.) 

This raises tbe question: Does my redirecting the output of 
PRINT. COM to NUL che11 up a file handle? Or does only part of the 
PRINT . COM program fork off and become resident? 

ms.dos/secrets.2 #19, from dmick. A comment to message 18. 

If you have C, try th is program to find out. Do it be fore the 
"print>nul" and after: 

/* eathand.c */ 
#include <stdio.h> 

main() 

FILE *fd [30); 
char f'n [iO); 
inti; 
int c; 

for (i=O; i<JO; i++) { 

strcpy( fn, "FILE"); 

c=i+'A'; 

strcat(f'n,(char *)&c); 

fd[i) : fopen ( fn, "11"); 

if (fd[i) : s (FILE •)NULL) break; 

prl.ntf( "%s : %d\n" , f'n, fileno(fd[i))); 


ms.dos/secrets.2 #20, from dmlck. A comment to message 17. 

Ah, I think I see 11hat you mean. The "normal handles" are mapped 
to internal handles Oto 2, actually, but for in/out/err it's ell 
O, and those never get closed at all. However, yes, NUL must be 
created as another entry (just thought of a way I can find out, 
actually) and then not closed because TSR is different from 
TERMINATE. Hmm. Anyllay, it certainly has dire consequences for 
redirecting output from a TSR; you' 11 have fewer handles than 
you expect (and may not notice for a while) . Nevs, 1 f not odd. 

continued 

Circle 207 on Reader Servi.ct Cord 

No more drudgery. 
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BEST OF BIX 

IBM PS/2 

MODEL 80 MEMORY EXPANSION 

ibm.ps/model.80 #846, from rim (Richard MacAllister). 

I have a Model 80-041 wi th only 1 me gabyte (minimal 
configuration) . Now t hat memory- exp!llls i on boards seem to 
finally be ava ilable, does anyone know if I can put in extra 
memory on the MCA bus without putting i n the ot her 1-megabyte 
"system board" (actually a little daughterc e.rd) memor y from 
I BM? Are t here any gray mar ke t ers selling the IBM memory 
expansions a t a di scount ? 

ibm.ps/model.80 #849 , from jgotwals (John Gotwals). A comment 
to message 846. 

Si nce the memory "daughter card" that plugs into the system 
boa rd is f aster than memory added vi a the MCA, why 11ould you want 
to add MCAmemory before adding the second memory card? 

ibm.ps/model.80 #860, from rim . A comment to message 849. 

Because memory not by IBM is likely to be Much Cheaper, at least 
when t he current RAM crunch goes away . 

WHEN IS 4 MEGABYTES NOT 4 MEGABYTES? 

ibm.ps/model.80 #851 , from ereno (Edward Reno). 

I finally got my 80- 111, and I had i t deliver ed with supposedly 
4 megabyt es installed. I/hen I boot up, bo11ever, it clicks of'f to 
only 3986 (or some t h ing close to t hat-I don 1 t have the mach 1.ne 
here right now) . I immediately called my supplier, and he gave me 
a story that sounded , well, unbelievable . 

He says t hat IBM's been hav i ng t r ouble fabr i cat i ng true 1
megabi t chips and that this is reflected in the i r 2-megabyte 
expansion card , which doesn 1 t quite make it to I, megabytes 
(i.e., or1g1.nal 2 Mb+ expansion-card 2 Mb) . I have the authentic 
IBM expansion card . 

Is he right, or am I being sol d a bill of goods? 

Also, I "llant to go to 8 megabytes. He 1 s suggesting an Everex 
card that he *thin.ks* wpl work. Wants to send i t to me with 1 
megabyte on it to try 1t out . H it works , he 1 11 s end me the 
other J megabytes. Should I? Also, shoul d I be s pecifi c as to the 
nanosecond r ating of the chips on the Everex board? The IBM 
chips ar e supposedly 80 ns. 

The point of all this memor y is that I want to use J86MAX to turn 
it all into expanded memory so I can build g1.gunda spreadsheets 
in 1-2-J . I assume t hat J86MAX 11111 letme do this ? 

lbm.ps/model.80 #852, from billbourn (Bill Bourn). A comment to 
message 851 . 

You might try your Everex question on the folks in the ecsd 
(Everex ) conference . 

ibm.ps/model.80 #853, from mpeppler (Michael Peppler). A 
comment to message 851 . 

I believe that the ROMs are copied to RAM at boot time, and that 
it is reflected in the RAM byte count . On our Model 80-llls with 2 

Circle 137 on Reader Service Card 

http:ibm.ps/model.80
http:lbm.ps/model.80
http:mach1.ne
http:ibm.ps/model.80
http:ibm.ps/model.80
http:ibm.ps/model.80
http:daughterce.rd
http:ibm.ps/model.80


Circle 3 on Reader Service Card 

BEST OF BIX 

megabytes, 11e get 1920K bytes instead of 2048. The difference 
(128K bytes) is equa l to the ROM size . 

In any case, checking the system 11ith the installation disk 
sho11s that 11e have 2 megabytes physically installed but only 1.9 
usable (and there is no 11ay to change i t). 

lbm.ps/model.80 #854, from matt.trask (Matt Trask). A comment 
to message 853. 

Some MCA adapters (I believe that the ESDI controller is one of 
the guilty) 11ill grab memory off the top of 640K bytes at boot 
time, but I guess that doesn't explain 11her e 128K bytes from the 
top of memory goes. 

lbm .ps/model.80 #858, from suer (Sue Rosenberg). A comment to 
message 851 . 

Tllo points. About the memory: You should get all the advertised 
memory . Take the card back. But you still might not be able to 
access all 4 megabytes 111th your 1-2-J spreadsheets. Version · 
2 . 01 stores pointers to that 4 megabytes of memory in the 
(in) famous 640K-byte region. If your spreadsheets have lots of 
equations , you' 11 have too many pointers to flt 11ithin the 640K 
barrier, so you' 11 end up 11i th a couple of unused megabytes of 
memory up there and an incomplete spreadsheet. 

lbm.ps/model.80 #859, from cpapoudaris (Christos Papoudaris). 
A comment to message 851. 

80-111 Shado11 BIOS : The highest 128K bytes of memory are used as 
Shadow BIOS (BIOS copied to RAM) for faster access. 

AT KEYBOARDS FOR PS/2s 

lbm.ps/model.80 #856, from rbrukardt (Randall Brukardt). 

I s there any place that we can get real AT-style keyboards for 
our PS/2s? Our progTammers hat e the so- called "Enhanced" 
keyboards to the point 11here no one 11ill use the PS/2 Mode l 80 
for anythlng but testing . I suspect that this is partially 
because of the editor 11e 're using (11h1ch 11ill delete lines 11hen 
you try to change windows 1f you reach a bit far and h i t the 
function keys instead of the number keys), but in any case, I'd 
like to make the machine usable. 

lbm.ps/model.80 #856, from jfachlnl (John Fachlni). A comment to 
message 855. 

Sounds llke time to get a better editor, not keyboard . 

lbm.ps/model.80 #861, from rbrukardt. A comment to message 
856. 

Better programmers , too!? I 'm not thrill ed at having t110 
different keyboar d layouts around here again. (I just got rid of 
all the oddball non-AT layouts ). Different layouts make 1t very 
hard to move from machi ne to mach i ne . lie ' r e t r yi ng a Northgate 
keyboard t o see if tha t will do the tr i ck. 

2-MEGABYTE MEMORY LIMIT? 

ibm.ps/the.bus #126, from awright (Alexander Wright). 

Arecent article 1n PC Week said that the Micro Channel spec was 
somehow fla11ed (or incomplete) so that designers coul dn't figure 
out ho11 to make a memory card larger than 2 megabytes . I can't 
see anything in the spec that would restrict a card to 2 
megabytes. Anyone else out there see someth t ng I don't? ,

continued 

9-TRACK MAG. TAPE SUBSYSTEM* 
FOR THE IBM PC/XTIAT AND... 
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"State Of The Art" 3.5" floppy disk technology! The Model 
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ibm.ps/the.bus #128, from curtf (Curt Franklin). A comment to 
message 126. 

I've heard rumors about this, too, but I've got an 8-megabyte 
board sitting in a Model 50 here, and 1t works fine. For those who 
are interested in more info on Micro Channel memory boards, a 
review of seven boards will be posted on BIX (probably in the 
ibm. ps conference} sometime 1n the next couple of weeks. 

OTHER MCA MACHINES? 

ibm.pshhe.bus #130, from awright. 

I was looking through the Model 80 Technical Reference today 
and noticed e.n interesting comment. On the page following the 
default cycle timing, it shows a small diagram of the RTN 
signals. Note 2 about CHRDYRTN says something like, "this signal 
is a positive AND of all the CD CHRDY signal s. Note that this is 
a change from other machines using the Micro Channel 
architecture. " 

Checked the Model 50/60 Technical Reference·. Se.me diagram, but 
the note is different. However, the lfritten description of 
CHRDYRTN says (in both manual s) t hat it is a positive AND, etc . 
Now what other machines used the Micro Channel arch!tecture? 
Hmmm ••• 

lbm.pshhe.bus #132, from rfm . A comment to message 130. 

IBM execs are on record stating that there will be Micro Channel 
RTs . However, I woul dn ' t read too much into this. They very well 
might have designed t he 50/60 bus, documented it, done the 80 
bus, discovered that this is what the l ine ought to do, changed 
the 80 bus and put the note in since they didn ' t think they ' d 
have time to change the 50/60 bus, found that they *did* have time 
to change t he 50/60 bus, changed the 50/60 bus, but ran out of 
time and didn 't get the note taken out of the Mode l 80 
d.ocument ation. All this is pure speculation on my part, but i t 
does sound 11.ke The \ole.y Thi.ngs \olork, doesn't it? 

lbm.ps/lhe.bus #133, from awrlght. A comment to message 132. 

Yes, it does. Discovered the same note in the seminar 
proceedings. Could be the original (or different ) Micro Channel 
used a "11ir e-ored" Ready line, l ike most buses do . 

HELP WITH UNDOCUMENTED SYSTEM ERRORS 

lbm.ps/the.bus #134, from jursery (Jesse Ursery). 

Help I I am trying to figure out what is going wrong with an 
interface card that we designed to work on the Micro Channel. The 
card seems to behave properly on our Mode l 50 when the automatic 
configuration program is run. But when the systemis rebooted, we 
get a long beep follo11ed by two short beeps, then either system 
error 101 or system error 108. These are systemboard or power 
supply er rors, in general, but we need to know specif'ical ly 
what the errors indicate because \fe are virtually certain that 
the problem is associated with our interface card. Can anyone 
tell me whet these errors mean? 

For reference, the card is a clone of one of our PC-bus cards, 
which looks like 64K bytes of memory and a single 8-bit I/0 port 
(no DMA and no interrupts). The card is actually a shar ed
memory interface to a microprocessor-based instrument. \ole have 
analyzed the card's bus interface logic, and it appears to work 
j ust like the Technical Reference describes. \ole can enable the 
card 111th Debug, and the card fUnctions correctly with our 

soft ware, but we can't get past the power-on self test ui th our 
card in pl ace . 

ibm.ps/the.bus #135, from mslater (Michael Slater). A comment to 
message 134. 

Does your card stay off the bus until COEN is set (POS[l) bit O, 
I think)? 

ibm.ps/the.bus #136, from jursery. A comment to message 135. 

Yes. From CHRESET witil COEN, ue are complet e ly i solated f rom 
the bus. Any other ideas? 

lbm.ps/the.bus #137, from chips (Mark Garetz). A comment to 
message 134. 

You *do* have an Adapter Description File for it, don ' t you? If 
not , can you tell if the systemaborts before or after your card 
is initialized? 

ibm.ps/the.bus #141, from jursery. A comment to message 137. 

Yes, we have an ADF, and the system seems to initialize the card 
correctly . The problemis that when we reboot after configurillg 
t he card, we get nothing but the undocumented syst em errors . 
Any other ideas? 

MCA ENHANCEMENTS? 

ibm.ps/the.bus #138, from mramsden (Mike Ramsden). 

A buddy of mine (unenlightened re: BIX) is bugging me to find 
out if there is any info floe.ting arowid on SI X about poss i ble 
extenaions or enhancements to the Micro Channel (32-bit 
version) . The president of one of the local hardware shops here 
in Toronto tells him that there are rumors floating around to 
the effect that the MCA will have new features added this year. 
I ' m 11onder1.ng 1f these are simply extensions for the RT PS/2 
machine ; my buddy is concerned about buying a Model 80 because he 
thinks it might be made obsolete quickly 1f there is indeed a 
"fixed" 32-bit HCA bus . Anyone hear any interest ing rumors ? 

ibm.ps/the.bus #139, from chips. A comment to message 138. 

IBM has essentially implied that it will increase the transfer 
rate to 20 megabytes per second as the first enhancement. Reading 
through the lines, this means 32-bit OMA. Note that the 
erchitectural spec for the Micro Channel doesn't precl ude t his 
now, just the system implementation. f BM also doesn't say when. 
It *will* mean a new machine and new controllers to take 
advantage of it . Hy guess is not soon-maybe a year. 

Al so note this i nteresting tidbit gleaned f romIBM J ust 
yesterday: The matched memory cycle ( I BM's way of "violating" 
i t s own spec) i s intended to be defined from a timing standpoint 
on a machine-by-machine basis. Those who have assumed that the 
187. 5-ns timing in the Technical Reference is the upper limit 
for a matcbed memory cycle are Yrong. 

Another note: IBM says it 1s working on a solution to the 2
megabyte memory problem (other than requiring a ROH on each 
memory card) and 11111 announce it within a mont h or so. It is 
currently evaluating several options and hasn't decided which 
one to go 111th yet. As I see 1t, the options are : 

1. Replace everybody 's BIOS ROMs . 
2. PatchOS/2. 
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J . Do both (well, start shipping machines 11ith fixed BIOSes and 
patch OS/2 to take care of machines already shipped) . 

ibm.pslthe.bus #140, from jrichter (Jake Richter). A comment to 
message 139. 

From the PC \leek article about the MCA evolving over the next 
few years , it seemed that an updated bus design might be in the 
works . This seems kind of t i ed in wi th the previous message . My 
concern i s that yet another generation of hardware boards will 
have to be designed for the new bus- i . e. , rendering the up- and
coming PS/2 MCA boards useless for the enhanced design. Any 
comments? 

lbm.pslthe.bus #142, from mslater. A comment to message 140. 

I' d be surpr ised if IBM enhanced the bus in such a way that ol d 
cards woul dn ' t work on the new bus . It's more likely that t hey' 11 
add features and high- speed matched-memor y cycles that will be 
transparent to older cards. Existing memory cards may well not 
work at run speed in new machines. 

ibm.ps/the.bus #1 43, from cjackson (Craig Jackson). A comment 
to message 142. 

IBM is unlikely to enhance its own cards into incompatibility . 
However , the cards were most likely designed to a sl1ghtly 
different spec than the spec publicly distributed. One that has 
more information about ruture directions. 

OS/2 

os.2/kernel #887, from abrunner (Andy Brunner). 

I wrote an F.o.P I appl1cation that drives the IRMA J27x board 
directl y through In/Out instructions in C. I n PC-DOS and the DOS 
mode of OS/2, everything works fine . I now tried to set up IOPL 
for the C segment , wh i ch does nothing else than inp(xx) and 
outp(xx). Before calling this IOPL Csegment, I also did the 
necessary DosPortAccess. But I get a TRAP OD exception at entry 
to my IOPL segment. I am pass i ng a parameter to the IOPL segment 
(the value to be sent to the I/O port). 

1. Is 1t possible to use a C function as an IOPL segment? 
2 . If the ans11er to (1) is yes, ls i t possible to pass a 
parameter to it? 
3. If ( l) and (2) are yes, what did I do wrong? 

os.2/kernel #888, from barryn (Barry Nance). A comment to 
message 887. 

This is a dumb question, but I have to ask 1t : Do you have 
IOPL=Yes 1n your Conflg.Sys file? 

os.2/kernel #889, from abrunner. A comment to message 888. 

There is no dumb question . .. But yes, IOPL is enabled . Strangely 
enough, when I r emove the par ameter passing to the IOPL segment 
and add a dynamic link l1brary call (such as DOS .. . .o.PI call) , I 
r eceive an error message, tell i ng me that dynall.n.k calls are not 
allowed fromring 2. This is true-therefore I *am* at IOPL level 
2. So I suspect that the problem is with the' parameter passing on 
the stack, which mi ght be on a wrong r ing authorizat i on l evel. 
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os.2/kernel #890, from rduncan (Ray Duncan). A comment to 
message 889. 

I don't know anything about writing IOPL routines in Cyet, but 
the symptom you are having sounds like the problem I had when I 
failed to clear the parameters from the stack properly with a 
"RET n" to exit from the routine in the IOPL segment. Maybe you 
need to declare the IOPL routine as FAR PASCAL or something? 

os.2lkernel #895, from cyco.netherlan (Cyco Automatiserlng). A 
comment to message 890. 

On IOPL segments: 

You can have IOPL segments, but there are some strange things 
about them. First, the DosPortAccess makes no sense (and you can 
indeed forget about calling this f\lnct1on) because when you 
have IOPL:Yes, an IOPL segment can access any port, anyhow, and 
if you don't, a program with an IOPL segment won't even start. 
The special problem is to pass parameters to a function. The IOPL 
function will have its own stack. So, forget about DS::SS as 
normal in C programs. 

If you pass parameters via the stack, you should copy the part 
of the stack you want from the old stack to the new one. (Note that 
OS is your old SS. I can't remember how to get the old SP, but I'm 
pretty sure that it can be found.) 

Most strange, I think, is that you can tell the processor 
(through some info 1n your descriptor) that it should 
automatically copy an area from the old stack onto the new one. 
But I can't find any reference in the manual on how to put this in 
the .DEF file (wher e I think this belongs). I did look in the 
link. exe file to see if some text coul d be found that reminded me 
of copy or stack copy or so, but no luck. So I think it really 
isn 't there. Further, remember that you can •never* call a non
IOPL function from an IOPL function. This should automatically 
be clear to you if you understand what privileges are all about. 

os.21kemel #897, from rduncan. A comment to message 895. 

True, DosPortAccess doesn't "do" anything 1n the current 
version, but you should follow the rules and make the appropriate 
calls to it 1n your program er.yway. In the 80J86 version, the 
kernel will be able to control port access on a per-process 
basis, and DosPortAccess will be necessary. Presumably, "old" 
16-bit protected-mode applications that are running under the 
J2-bi t version of the operating system and don't call 
DosPortAccess will fault and terminate. 

The parameters are copied from the ring J stack to the ring 2 
( IOPL) segment stack automatically. Each IOPL routine must be 
specified with an EXPORT segment in your .DEF file, and the 
argument for the EXPORT segment is the number of stack cells to 
be copied. The EXPORT statement puts somethlng into the file 
header that causes e call gate to be built for the routine at run 
time . 

In OS/2 1.1, they have changed things a 11 ttle bit. Many of' the 
DOSx:xx routines are now "conforming," which means they can be 
called from the IOPL segment. There is also a new AP! called 
DosCallBack, which lets a ring 2 routine call any ring J routine 
in the same process. 

FOREGROUND AND BACKGROUND 

os.21kernel #883, from ddoman (Daniel Doman). 

It turns out that Microsoft has some funny ideas about 
"foreground" and "background . " My appl1cetion needed to kno1.1 

if it 1.1as running in the foreground or the background. The 
LocalSeg structure ForeGround flag is only set •after• keyboard 
I/0. Once you have read from the keyboard, you can reliably cell 
DosGetinfoSeg and test the foreground flag in the LocalSeg 
structure. If you DosExec, however, the keyboard focus is lost, 
and the flag cannot be used •until• you read from the keyboard 
again. 

I submitted a TAR to Microsoft, and they said, "Yeah, so?" So I 
think 1t IS e bug, 

os.21kemel #893, from greenber (Ross Greenberg). A comment to 
message 883. 

Take a look at the hack in my DLL article in MSJ. 

Bes ically, if gdt- > ground_process= :ldt->parent_pid, then 
you' re in OK shape. 

os.21kerne1 #900, from ddoman. A comment to message 893. 

I did try comparing gdt->foreground_process to ldt
>parent_pld and did not find the results consistent. According 
to Microsoft, the foreground process is the last process to 
have had the keyboard focus. That's not my understanding of the 
1.1ord ForeGround. I'm a mere mortal, but I have always thought of 
the foreground process as the guy in the foreground •now•. 

os.21kerne1 #901, from rduncan. A comment to message 900. 

The foreground process is the lest process to cell KbdGetFocus 
or KbdCherln. 

os.2lkernel #902, from greenber. A comment to message 901 . 

Interesting. I found the results to be consistent across l.O. 
I'll have to play some more with 1.1. 

Hmmmm. 

OS/2 ON TANDY 3000 

os.2/kernel #894, from rkrten (Robert Krten). 

Does OS/2 run on the Tandy .'.lOOO series of computers? I would 
like to kno1.1 for all the various HD, HL, etc., configurations. 

os.21kernel #903, from mnlce (Mike Nice). A comment to message 
894. 

Beware of trying to run the Microsoft SDK version of OS/2 on the 
Tandy JOOOHL. After trying a ROM upgrade, i t still didn't even 
begin to boot-some sort of incompatib111ty in the bootst~ap 
code. I finally ended up trading 1.11 th someone else for an IBM PC 
AT. I heard that the JOOOHD can run Microsoft's OS/2 1.1i th the 
proper ROM. In any case, both should be able to run Tandy's 
version of 05/2, possibly with ROM upgrades. 

DISK GEOMETRY 

os.2Jkernel #896, from bkliewer (Bradley Kliewer). 

I realize OS/2 doesn't use the BIOS for disk support, but 1.1hat 
about the drive geometry? I have a Seagate ST4096, llhich has nine 
heeds and 102J(?) cylinders. I'm considering getting a PROM 
that extends the drive table. My question is, will OS/2 reed the 
PROM, or does it have its own internal table (and if so, could I 
modify one of the unused entries)? 
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Asecond (unr elated) question: OS/2 always hangs when I boot 
(IBM PC AT, but with an Inboard J86/AT) . I suspect the Inboard is 
causing problems , but I should note that I didn't fill back t he 
640K bytes (I only have 512K for DOS). Does OS/2 need a full 640K 
bytes in the first megabyte of address space? 

os.2/kernel #898, from glass (Brett Glass). A comment to 
message 896. 

I recommend patching your ROMs or getting an extension PROM. 

The problem with the Inboard, as best I can tell , is not related 
to memory size. Inte l supposedly has a fix for it; call PCEO i n 
Oregon . 

os.2/kernel #899, from bkllewer. A comment to message 898. 

This is a new (OS/2-compatible) I nboard. Intel says it should 
work. I was Just wondering whether anyone e lse has had problems 
with it. 

PHYSICAL MEMORY MANAGEMENT 

os.2/kernel #904, from Intel (Cliff Purklser). 

Is there a mechanismto free an area of physical memory away 
from use by OS/2? The purpose would be to use a specific area of 
physical memory for a device driver. \olhen the device d.river is 
not in use , i t would be advantageous to let the OS/2 kerne l use 
it. 

Example: 

An add-in card for a special graph i cs printer has 4 megabytes of 
memory on it. The memory is dual-ported, such that it can be 
accessible from the AT' s CPU or from the printer 1 s dedicated 
CPU . \olhen the printer i s not in use , the memory is used as l!l'lY 
other normal extended memory. 

\olhen the pr1nter is used, the printer's device driver signals 
the 05/2 kernel to free that 4 megabytes of memory . The kernel 
frees that area of memory and continues, ignoring the existence 
of that area of memory. Later, when the printer is finished, it 
can signal the OS/2 kernel that the 4 megabytes of memory is 
again usable. 

~ideas of whet OS/2 calls would allow such operations? 

os.2/ktirnel #905, from glass. A comment to message 904. 

Yes, there is one , but 1t' s a DevHl p, not an AP! call, which 
means it can only be celled by a device driver . It 1 s celled 
AllocPhys. 

os.2/kernel #906, from rduncan . A comment to message 905. 

Not really . AllocPhys doesn't let you choose the address of the 
memory that the driver will use. It Just a llocates some "fixed" 
(nonswappable, nonmovable) memory and returns the linear 
address of that memory. 

os.2/kernel #909, from rnelson (Ross Nelson). A comment to 
message 906. 

Yeah, I haven't looked et the code recently, but 11hat 11e do is 
request actual GOT slots and modify them ourselves to get the 
exact descriptor that we wan t . Protected mode? t.lhat protected 
mode? 
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READING CONTROL-C 

os.2/kernel #907, from lelfur (Leifur Hekanarson). 

In msg. 499, someone s.sked for info on res.ding Ctrl-C. He ws.s 
referred to the SDK. Well, I hs.ve the Programmer's Development 
Toolkit , 11hich does ttnot* docwnent ho11 to do this. Could 
someone explain how (perhaps by mes.ns of s. progrM fragment)? 

It seems to me that by ms.rketing •two• development 
environments, Microsoft has cs.used no end of confusion, 11hs.t 
11ith different spelling of library calls, etc. 

os.2/kernel #908, from rduncan. A comment to message 907. 

If you put the keybos.rd into binary mode 11ith KbdSetStatus, you 
cs.n read Ctrl-C s.nd the other fUnny keys (like Ctrl-S) 11ith the 
usual KbdChs.rin s.nd KbdStringin. 

If you do not really ws.nt to read Ctrl-C and Ctrl-Break, but 
instead 11ant to prevent your program from being terminated by 
these keys, you need to registers. signal hs.ndler for them 11ith 
DosSetSigHs.ndler. 

WHAT SCREENS FOR OS/2 PM? 

os.2/windows #149, from cyco.netherlan. 

Does anyone know 11hat kind of screens might be supported for the 
Presentation Manager? llill there be non-memory-mapped screens, 
s.nd 1f there are, how should their states be saved? lie think 
these screens are extremely important and *must* be supported in 
some way. BTW, for those of you who have the PM already, what's 
it like? lie' re burning to know, but Microsoft is very slow 
shipping its products to Europe (even slower than the PM 
release in the States). 

os.2/windows #150, from gshapiro (Geoffrey Shapiro). A 
comment to message 149. 

I ams. bit confused by what you mes.n by "whet kind of screens 
will be supported by the Presentation Manager." PM supports its 
particular brand of API (a la llindo11s and IBM's GDOM/SAA) to 
bit-mapped cUsplays, printers, etc. In addition, PM supports a 
large subset of the OS/2 VIO API for character-oriented output. 

Is either of the above two what you had in mind? If not, please 
clarify your original queries. 

os.2/wlndows #151, from mlavelle (Mark Lavelle). A comment to 
message 150. 

And 1n the question related to video modes, don't expect to see 
support for anything other than IBM MDA, CGA, EGA, and VGA for 
quite s. while. 

os.2/windows #152, from cyco.netherlan. A comment to message 
151. 

>11hs.t kind of screens 

You (Geoff) selected a special kind of screen yourself: bit
ms.pped displays. There are, however, screens that are not 
memory-mapped. Is it possible (and 1f it 1s, 111ll 1tbe done) to 
use these screens as 11el111ith the PM? The problems I expect are 
with the saving/restoring with session switches. Microsoft 
keeps saying that the PM is just one session under the session 
manager. I can't believe it, but they say so and they should 
kno11. How (if there ls no memory map of the screen) could the 

screen be saved/restored 111 thout s. memory ms.p of 1ts contents? 

Think of this: You are using AutoCAD with a very special screen 
(hardware zoom s.nd pan, 200-inch screen with a lOOOOOOOx 1000000 
resolution). Can you expect to sees. PM version of AutoCAD 
someday where this big-bucks screen is used, or is this 
impossible? If you can't, then what is the value of the PM? Does 
anyone hs.ve any idea how difficult it 11111 be for s. screen 
manufacturer to produce the drivers needed for his or her 
screen to be used on every OS/2 version? 

os.2/windows #153, from cjackson (Craig Jackson). A comment to 
message 152. 

I suppose that the manufacturer of such s. screen would need to 
provide at leasts. replacement for the VIC subsystem. You'd have 
to be an OS/2 OEM to do ths.t, I suspect. 

os.2/windows #154, from rduncan. A comment to message 152. 

The PM is certs.inly just one session under the session manager. 
You cs.n have other sessions going, too, that contain "old-style" 
chs.racter-bs.sed APPS, or APPS that contain their own graphics 
drivers. 

From 11hat I can see about the way the video subsystem is 
organized, it should bes. fairly straightforward job for the 
manufacturer of a display adapter to supply s. new kernel driver 
(.SYS) and subsystem driver ( .DLL?) to use with that adapter
ps.rticuls.rly 1f the system will s.lso contain one of the 
"stands.rd" adapters. Then the new subsystem can just register 
itself 111th VIOCALl..S.DLL (the video router) on a per-screen
group basis, and the screen groups it doesn't register for 11111 
still be directed to the stands.rd adapter. 

I don't see any reason why such s. custom video subsystem 11ould 
need to be ms.ints.ined in any more than one version. The different 
OEM versions ms.inly involve hardware customizations of the 
ba~e set of device drivers, d1ff'erent available code page sets, 
and possibly mods of the mode- switching logic to take advantage 
of any special hs.rd11are support. The interface bet11een the 
kernel and the video subsystem and driver should not be 
affected by these things. 

os.2/wlndows #156, from glass. A comment to message 154. 

The question in my mind is: l/hy can't *anY* developer write s. 
screen driver w1th ordinary tools and have the user install 1 t 
11hen the special adepter is installed? l/hy require it to be 
built into the kernel? 

os.2/windows #157, from rduncan. A comment to message 156. 

Nothing in the video driver or subsystem la built into the 
kernel, and it ls all (theorettas.lly) perfectly replaceable in 
the field. The problem is that the video subsystem really has 
three elements: SCREEN. SYS or the equivalent; BVSCALLS. DLL or 
the equivalent, which contains s.n IOPL segment to twiddle the 
hardware; and VIOCAllS, 11hich routes VIOXXJC API calls to 
BVSCALI.S or another subsystem on s. per-screen-group bas is. 

There is also another dynlink library , ANSICALL. DLL, which ls 
called by BVSCALLS to interpret escape sequences embedded in 
VIO\lRTI'TY strings: It calls back to BVSCALLS via VIOCALI.5 using 
things like VIOSETCURPOS. All these elements work together 1n 
11eird s.nd mysterious ways, s.nd the person who wants to 
completely replace the video subsystem has to duplicate all 
entry points and calling conventions (mostly undocumented, or 
vaguely alluded to, in the regular Programmer's Reference) in 
es.ch of the modules. • 
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ACCESSORIES 

Companion and Extender 
Tiie PSl2 COMPANION lots you aaa an """" keyl>Oald 
and monitor up to 150 feet away from your system unit .. 
It c:omos c:omploio with all c:on11ect1ons and suppons 
bolh color and monochrome monitors. Pr!Ces sian at 

S249 10< a zs· unit. 

EXTENDER le!A you mo.e 1ne keyt>ollrd and monitor 

up 10 l!iOIHI from Ille system""~- Pr1ces 5Wt at St49. 


Cvbex Corporation 
2eoo. H Bob Wd.ce Ave•• Hums.VIiie. Al 35805 

20$-534-*11 

Inquiry 576. 

YOUR OWN COMPUTER PAPER 
Put your name and/or department,project, pr<>
posal , or repor1 across the bottom of every final 
presentation page. Send us your copy plus 
name, address. phone number and printer
make and model number and we 'll send you 
FREE SAMPLES. 

FORMSMART INC. 
P.O. Bo• 592, E. Freetown, JA 02717 

Inquiry 577. 

SMART 	PRINTER STAND 
UNDERSTAND 

fs an attractive prinler stand with SWllchable data con· 
version, surge suppreulon & power switch. S.ves 
space & avoids ciu11erl UNDERSTAND-PP: 

5295 (2 parallel In, I parallel O<Jll 
UNDERSTAND-PS: 


S395 (t parellel & I aerial In. I parahel oul) 

MAS Inc. 


15941 s. Hlllom ,.,..... Sul10 333. Tlnl•V Plt!C. IL SOo<n 
(115) •011-4501 

Inquiry 578. 

DUST COVERSITRAVEL CASES 
We manufacture a complete line of quality, custom 
fit, nylon dust covers for all IBM and Apple/Macin
tosh equipment. We also offer custom fit travel 
cases for most Lap Top computer.;, and rho en
tire Apple/Maclntosll line. Both products are hand
made ln Iha U.S. by skllled craftsman. and are 
100% guaranteed. 

SOPRIS SOFTWORKS 
P.O. Box 916, GlenwOQd Springs, CO 81601 

1 • 800-334-6046 
Inquiry 579. 

ARTIFICIAL INTELLIGENCE 

ATHENA 
H19n P1rtom.nce Rule• 8.lnd Eapen Sp1em SNU 
Mifidll;~~N<re ~,.......,,, TtlotrlaMI olnHI llltcn 


"°~-~ 14gr\~,,..o..lb:w\~
ln""'f ltM.~IDmmiam~o.gwolCl.TllPiGly. ..... 
ORilgl].an...trGt~~-""""UC.Af~ 
~~~Hylllilw'IS\)'OUl"•~OU.,,....e_, 
.:i~.na~a«~'~· ~M.-.. 
~r-~~.ldml!oo.~""-"Ct.~.-.'.•. 
'-'.~~ ...... COl"'IMl"08'w:ICO'ltrO'r4fNnlt"Ol:Piet 
~ lil'ML A~ en fl('.IXTlAT. MS-DOS. X..-n., Ul'ilX. o.!Nlo 
mp)' AM(Wltti-lallt)l"_,cq;U31)J~ ,\lll~R1JlfJO 

Horizon Softw•r• Ltd. 

27 [Ul 811HI. W ...ti.r, 1.£1 IN8 U.K. 


Toi (441 533 558550 FAX 14'11 533 470942 


Inquiry 580. 

ARTIFICIAL INTELLIGENCE 

NEW Expert System 
AmEltptll - - S)'Sltm -llO< Ri<llCUIOVSl\l fllSY I"'< 
oxt""'1oly ~ul . No _..,"'II needed. SP89d up 
busillo"-andln~S.-ltansf-IO 
otho< --Arnpkfies''""~An lngonlootprogram tor a Mnudonaf prica.. Many axampla:t lncll,jjjOd_ 

SH can Of write for more wormanon. 

NovaCast Expert Systems 
2530 Benyessa Rd. Suite 6<11. San Jose. CA 95132 

(408) 272-4071 fax; (408) 437·7777 

Inquiry 581. 

BACKUP SYSTEMS 

HD BAC-UP 
'lliE EASIEST & FASTEST BACKUP UTILITY 


FOR PC/XTIATS & COMPATIBLES. 

AFFORDABLE PRICE $3650. 


EASY INSTAUATION & USE - REQUIRES 

NO KNOWLEDGE OF DOS - CWl.Y B'CKUPS RUN 


IN A FRACTION OF 'lliE TIME. 

CALL FOR INFO & DEMO DISK 800-<S7-t313. 


Hl·TEC INDUSTRIES 
1100 S. Foirlp Rd,, Bloomington, IN '7'01 

812-82UOOO 

Inquiry 582. 

BAR CODE 

BAR CODES & BIG TEXT 
On EPSON, IBM, OKI <IOI matrix OI L.a5'1<Jet. Deslgn I/ff IOI· 
tll8l/BWI on ONE euyacr-. 1-t20flllldlllabel. 1310X1sl>as 
10 1· - reaaable at 50 n. AIAG. MIL-sTD. 2 oC s. 128. 
UPC/EAN, Code 39. AIC. Color, -.... Ale lnp111, 
F~la OOlol """ll<XMn bar c:oae p!0!1amS from $49. 
30 day $ back. 

Worthington Data Solutions 
4!M 1nga1s St . Sa"8 C!ui. CA 9!i06Q 

(800) 345-4220 	 In CA: (408) 458-9938 
Seo our ~ od on pogo 22. 

BAR CODE 

COMPLETE LINE 
OF BAR CODE PRODUCTS 
• PrlntBar II • PrlntBar Softfonts 
• PrlntBar I • CodeScan 2000 
FREE BROCHURES {916) 622-4640 

Bear Rock Software Co. 
6069 Enterprise Dr. Ptacervllle, CA 95667 

BAR CODE SOLUTIONS 
We mOl<e l>lt «>Olng ""'Y u.oy ,.;1h our tom~ ~"" oC 
readers. Our PCwaM readots not"NOrk. or WOf1c wM )'Ol.lf 

lrovt>oord or IO<mlnel. or on> wried orouna taking 1"'"'1IOl}I. 

~le<.:-:.-~~~~·~~':'°PC-~s"'~ 
.-m-0<,....print..,,.WO.i.osoll-l""""
Ou' nat<fWlle c.an 'WOflC wi'Ch ne-arty ewry compv1er n 1ne 
world . 

International Technologies & Systems Corp.11 
113&<: Nonh S<!ny SI., e..,a. CA ln621 

(114) ll'JG-1880 	 FAX: 714 ll'JG-2503 RX 6502824134 llCI 

Inquiry 583. 

PC BAR CODE SPECIALISTS 
Bar COde readers designed tor fast , reliable, cost 
affective data entry. Looks )us1 like koyboard dmal 
cnoose lrom SUIJnleSS steel wand Ot laser 1111811000. 
Also, pawer1ul Bar Code and Taxt ?rfnting software. 
Great warr8/lly. Dealer lnqulrles v.vlcome. 

Seagull Scientific Systems 
15127 N.E. 24th, Sulla 333 

Redmond . WA 980521

DATA INPUT DEVICES 
Bar Code & Magnmic Slripe Reader.1 fOf mlcrOClOfTI· 
putera & terminals. lnclud ng IBM PS/2 & othera, DEC, 
AT&T, CT, Wyse. Wang. All reade"' oonnecl on lhe 
kayl>OMd Cal>le & aro 1rnnop419n1 10 Dll SOftoMlla. u... 
cost bar COde print ptograrns & magnetic onoodera are 
also avalllll>le. GSA conlfact fGSOOKB7AGS&346. 

TPS Electronics 
4047 Transport. Palo Aho. CA 94303 

415-856-6833 Telex 371-9097 TPS PLA 

Inquiry 584. 


BBS/PUBLIC DOMAIN 


7,500 + Titles in Download Library 
16 + Special Interest Forum message bases plus 
Real Tlme Conlerenclrog. USA lOOAY Oeclslon
Line News Service. Ouanerly Nl!W!lletter & BBS 
System Users Gulde. PC Pursuit Accessible. Fee: 
Stfl/3 Mo. - $25/Yr 
9 Incoming lines. FREE DEMO MODE 

(503) 761-8100 1212400 N,8,1 
RANDOM ACCESS Information Network 

F!O. Box 16675, Ponland OR 97216 
Volce: !503) 239-8299 

Inquiry 585. 
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BAR 	CODE READERS 
From lhe manufacturer for PCl'JCT/l(f, & PS/2. A:· 
taches as 2nd keyboard , reads as keyed data. Ex
ternal or bus lns1aJI. With s1eel wancf- $399. Also 
Kimtron. Link. Wjse. & RS·232. Pollables. t.asers. 
slOI badge readers, and Ma9Strlpe loo! 

30 daY s back, 
Worthington Data Solutions 

417-A Ing.lo SI . S.... Cruz. CA !IS<l60 
(800) 345-4220 	 ln CA: (40B) 453-9938 

S.. our display od "" ,..gv n. 

PRINT BAR CODES/BIG TEXT 

FROM YOUR PROGRAM 


Aaa Dar coaos ana l>fil grapnlcs text to your program. 
Print from ANY M~S '4nguage. ear COdA$: UPC. 
EAN, 2 OI 5. MSI, COde 39. Ep90/I, Old, IBM do< mnlrix 
text up lo .,,.._ laMrJel up to 2• . Fonl carlridgea not 
required. $15~39. 30 day SS Dack. 

Worthln on Data Solutions 

417-A I SI San> C"-'<. CA ~ 


(BOO) 345-42.20 In CA; (401!) 458-8838 

Seo our Olsplay .., on P"9'I 22. 


http:345-42.20
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CASE 

Affordable CASE 

A new concept in Computer Aided Engineer

ing for developing PC/DOS appllcatlonsl C 

Dispatcher generates last, efficient C code for 

command and menu driven applications. 

Develop, document, and change easily. Many 

features. For many compilers. S295.00 MC/Vfsa 


Amaryllls Inc. 
563 - Rd . Be>.,., . MA 01740 

(617) 365-5456 

Inquiry 586. 

PROTOTYPING TOOL 
Build a working sys111m model of your appllcallon 
with PC-PROTO. Very Fa.st. \mry Flexible. No Pro
gramming Required . Screen Painter. Dala Basa 
Manager. Genorato data drctlonary. source code, 
documentation, programming epecfflcatlons. 
Su/tablo for JAD as wvll. for PC, XT or AT. From 
$149.00. MC/VISA. 

Kartech, Inc. (416) &511-2032 
185 P.- ........ -to. Ontario, Canada M6C 21111 

Inquiry 587. 

CD/ROM 

CD·ROM Drives & Titles 
Largest aelectlon for PC a. M•c. 


Dff\41 rrom SHD. Hrmdtt<b °' titl• ftOm S2l 

Money-back Guarantee. 


MCNISAIAMEX acceplecl. 

Call or write for rroo 88 page ca!lllog. 


Gltl It •II from " The Buruu " 

Bur••u of Electronic Publishing 
121 Norv.ood Ave., Upper Montclair, NJ 0704:f 

(201) 746-3031 

Inquiry 588. 

Publlc Data on CD·ROMs 
• Econ/Swa I - Pncea, Employment 
• Con1u/Sws - BLS/Cen1us 1984 consumer data 
• Agrl/Stei. - Agrlcullural seriH 
• Mll<11 tlblos, OIF, or ASCII 
• $49 Heh, raq MS-DOS 
• CO-AOM publlahlng H M CU 8Y11lllb19 

Hopkins Technology 
421 Hazel Lane. Hopkins. MN s'M43 

(812) 931 -9376 compuHNt 74017,814 

Inquiry 589. 

COMMUNICATIONS 

MULTl·LINE PC·DOS BBS 
Tl'le Brtad Board S)$tOm (TBBS). SBcure. reliable, fu l~ 
i..tured oommen:ial l nlormalion system for IBM 
XT/AT138BIPS2 or compa1lbla. Monu Odltor llllowt 
cuaromlution by nonprogrammera. Kermit. X & Y· 
Modam. High performance allows up 10 32 
simultaneous call•rs. User audit uall . 

30()(1200/2400/9600 bps. 

eSoft, Inc. 
15200 E. Gl•"'ll ,... #2550, """""· CO 800" 

(303) 699-6565 

Inquiry 590. 

IDEAPHONE -TELEPHONE FOR YOUR PC 
NOW ONLY $149 WITH THIS AD 

Full-slot PC bo<ml. wts phone on l<eyboo.rd, FREE MS. 
DOS sollware. Keeps track of ell cells, 1u1odlals from 
any application. outomallGally rings lnoomrng co.Us. 
"°'ks whh any Slanda rd telophone. Ideal lor prola.. 
..,..,. and home olfa u.... P!aroonics $pint II Hoadset 
op1H>n, sm 

IDEATECH, Inc. 
180CI T 51,...,_N.W.. W"""nglan. DC 20009 

12021 667-4559 

Inquiry 591. 
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COMMUNICATIONS 

Bl·Dlrectlonal File X·fers 
Mufti.Com 19f:ec:ommunk:9ziol'll program ontlt. mt fottowlng 
> Simo/fa-. OownlOodlngivploodJnO 
~ 0...llO!o MN- Dll<!nO Ali llanl.... 

• 1~ UM Wi.aticli Ou:ripg Multi-Aloe Tr.na19m 
• U-Ful OuplozADl.C 
• Mca El6i:ietl Than Xtnoaem. kairmit. Ille. 
• SW... Tlme and Cuts Conn.o CO£S 
~& sv.· ~o-. 5S.OO . S311t1 
Program Pl'.Q., l~'" a 5y.• OitJll, tNl'U&I 1"~ • $f. llJ'I 

Multlplex Systems (4121276-3374 u tira. 
P.O. Box !6174, Pittsburgh. PA 15242 

Inquiry 592. 


COMPUTER INSURANCE 


INSURES YOUR COMPUTER 
SAFEWARE p~ lull replacement of hardware, 
media and purchased software. As little as $39 a 
1'9ar provides comprehensive coverage. Blanke1 
coverage; no tfS1 of equipment needeo. One call 
does h all. Call 8 am- 10 pm ET. (Sat. 9 to SJ 

TOLL FREE 1·800·848·3469 
(Local 81"-262.-0S59) 

SAFEWARE, The Insurance Agency Inc. 

Inquiry 593. 


COMPUTER RENTALS 


RENTALS 
WEEKLY MONTHLY YEARLY 

IBM -APPLE 

$189.ER}~=~ 

IBM"~M-1so 800 PC·RENTL 

Inquiry 594. 


COMPUTER SYSTEMS 


IBM 

.....~~ :ii! OIM 
~M:lll. 1 .210 1!'0 ..... 
MOl!'ltt~......_ .... 
l rf'#\l X"I' 66Clll.»l"'ICl"IO .... 
'OMt ,;r St211: '2 aD mD .,............ -·-PC TECHNOLOGIES.... ._.... . 

(312) 43G-2100 

Inquiry 595. 

CROSS ASSEMBLERS 

CROSS ASSEMBLERS 

Universal Linker, librarian 


Targets for 36 Microprocessors 

Hosts: PC/MS DOS. micro VA:X, VAX 8000 


Developed and supported at: 


ENERTEC, INC. 
BOX 1312. Lansdale, PA 19446 

215·362·0966 MC/VISA 

Inquiry 596. 

CROSS ASSEMBLERS 
Macros. PC Compa1ible, Relocatable, Condl

tiona.ls. Fast. Reliable . . . from $150 


also: Disassemblers 

EPROM Programmer Board 


MICROCOMPUTER TOOLS CO• 

Phone (800) 443·0779 


In CA (415) 825-4200 

912 Hastings Dr., Concord, CA 94518 


Inquiry 597~ 

DATA CONVERSIONS 

DATA TRANSLATION 

TIJWl)lok • DJ1k/Ol1k • OCR 


~a:fer dttta 10 CVld ''°'" hundrocb ol lormw . data. 

types, and word proce$SOt1 Quiel< tumaroundl 

• IRS MAGNETIC REPORTING 
• ROIOmlru d•111bu~s 10 your specmcrulons 
• Translate and prinl mal ling H.st.!I 
• ~ wotO {llOCOUOI to loOrO ptOCitUOI' corMrsiOrll 
• SOM L Conversion 

~a!~~~~f!~~~~~~~~f1J.~!~ 
Inquiry 598. 

PEP Your Data to MS-DOSI 
PEP iP~ Emu18110n Pacb9t') 11 a uniqu. oort<Mlre 
produel whlGll makoo your MS-DOS system •PJ>OO/ to 
be "" lntelllgenl se<lal printer. eon....~ 1ng )OU• da111 rrom 
another oPeratlng :system lo oo eooy llO printing It 
Dfskena plus 90 page typeset manual, $64.95 US. (NOi 
copy prOlec1ed.) Specify 5Y• or 3l't inch d1Skette ajze; 
add $5 lot bOlh formats.. 

lntelpro 
13 Sllt1og1 Or.. Klrklano. Outl>O<. C11111d• !-!9H 3J9 

(514) 5114· 11852 

Inquiry 599. 


DATABASE MGMT. SYSTEMS 


FREE TRIAL dBASE Ill CLOI! 
.. , on 1 11 1 programmablt fllltional 08MS 1 on ' • 
311 11 a grnt d11r '°' those who woulcl be glad to t""" o 
dBASE Ill PWS CIOno" 

•• p~ MAGAZINE 5117/88 ••=:.:::r.:! .:r~:::..i:..SAs:~orS:"&"°;,f!::: 
CAN •S4. Ori!« +$10. COM or wr1i.: 

1 on 1 Computer Solutlons 
2e Fl no llV-ood Dr., Trumbull. c;r 06611 203-375.0ll• 

OBASE Ill la a trademark ol Aohlon-TATe 

Inquiry 600. 

SOFTWARE KIT PACKAGING 
OEM GOPPile! to 0118 Of the \\'Orlcfs lafoest coml)Uter 
compruves offers q uality packaging and supplies lot 
your software produas. From d1skeues to primed 
manuals Ouahty products reflectii:ig)'our company's 
Image 1s our ghe$1 pnooty. CaU or wnte. 

COMPUTER LOGICS LIMITED 
4845 TranSlt Road Unrl K-8. Depew. NY 14043 

(716) 633·2610 Fax (716) 633-2813 

Inquiry 601. 

ID_ENTITY RELATIONAL DBMS 
Full relallon1I power without programming. 
Retrieve data In muhlpla Ul.bles eas!ty. Moally table 
structures to speed queries. lmpor1 & E>rpon data 
fast. Report wrlter. ID_ENTITY makes relational 
taskS Olher DBMS's aVOfd EASY. $29!> Reg , For 
llmlted time $99 plus UPS 

Horizons Unlimited & Assocs. 
1786 Michael Lane, Pacific Palosaoes. CA 90272 

(213) 454-4178 

Inquiry 602. 

COMPUTER CONVERSIONS 

Get the Expertise You Need! 
Disk/Disk • Tepe/Disk • OCR 


OYer 1.000 lormais! 3'h . 5v.,0< B tOCl1 disks. 9 track 

l'NllJ 1ape. 10 MB Bernoul~ cartridge. Dala base ar1e1 

word processo! translalton Specialists '" GO\lem· 

roent Sectmly Data. Call for free consultallon 

Computer Conversions, Inc. 
!1580 Biael< Mtn Ad . Ste J. San Diego. CA 92126 

(619) 693·1697 
Inquiry 603. 

http:tiona.ls
http:Mufti.Com
http:l<eyboo.rd
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DATA/DISK CONVERSION 

DISK CONVERSIONS 
Media transler to or from: IBM. Xerox, DEC, WanQ. 
Lanier, CPT, Mk:om, NBI, CT, alSO WP, wS, 
MSIWRO, OW3. MM, Samna. DEC OX. MAS 11, 
Xerox.Writer. ASCII. 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS 
531 Main St.. Ste. 835, El Segundo, CA 90245 

(213) 545-6551 (213) 322·6319 

Inquiry 604. 

DISK & TAPE CONVERSIONS 
AUTOMATICALLY 

SAVE TIME AND MONEY 
Ovm IDOO lormata from Mint Micro M.aintri11m-. Word Pro
ettSO<S. ' Typo<otlOft. 

TAPE Cof'Mniona u ~ u S2100 MB 
DISK c-slons .. ~16.00 por OiSl<'°"' U 

I 
 Call or WflUt TODAY fol • coll saving quotation. 


CREATIVE DATA SERVICES 
1210 w. L.allrnGr Ave.. Campbell. CA 95008 

(•08) 86e-e080 

Inquiry 605. 

IBM PC •to.. Jtf., 
IBM PC 10 HP Fil& Copy allows IBM PCs. PSI:!. com· 
palil>las 10 read, wtlle liles wrtnen by Hew!e!t Packald 
Seri"' 70. BO. 200, 300, 1000, 9000's. Wo offer cu.iom 
v.or1< using our file OOf1I ot~ilies and PIOQratn 1tansla1ors. 
Call [or estimate, catalog, d3Ul s"9e1 

Oswego Software a121s54-3567 
507 North Adams SI. Fax ;l12/554-3573 
Oswego, Illinois 60543 Telex esa.757 

Inquiry 606. 

CONVERSION SERVICES 
CorM?tt any 9 llack magnetic !ape to OI from Oller 

1000 lomiats including 3'12'. 511• '. 8" disk formats & 
'Mlfd procesrors. Disk lo disk cofM!rsions also 
available. Call IOI more info. lnltoducing OCR Scan
ning Servrces 
Pivar Computing Services, Inc. 


165 Arlington Hgls Rd . Dept #B 

Buffalo Grove. IL 60089 (312} 459-6010 


Inquiry 607. 

DESKTOP PUBLISHING 

Desktop PubllsheTS! 
Whan ytMJ need the be8I ··no-nonsense·· lool.5 tor 

Scr-n Capture 8nd lm•9• M•n•gernent 

Collage Display Utilities 
Dvnamic ~.I~ Bf<MS!ng""" cataloging, ond 
m 4.1Ch. m ur;h tnQrft, SupportlJ EGA. VGA, PS/2, CGA. 
~=In, "1MI llDA <Maplaysl 

Suggested Retail price, only $8995 
Inner Media, Inc. <603J '165-3216. .7195 Fax 

Inquiry 60a 

DISK DRIVES 

HARD DISKS 
MN6128 110 MB 28MS $699. 
MN9380E 338 MB 18MS $2399. 
MN6085 71 MB 28MS SS45. 
MC1355 150 MB 23MS $1299. 
MC1335 71 MB 28MS $545. 
ST4096 BOMB 28MS $525. 
ST251 40 MB 40MS $329, 
ST251-1 40 MB 28MS $379. 

CPU INC (714) 870-9033 
Inquiry 609. 

DISK DRIVES 

PS/2 DRIVES FOR PC's AT's 
CompatlKlVPC . $329 

CompatlKiVAT . . .. ... . .. . . . .. •. . . . $269 


Bulll·ln floppy controller.o-no problem. 

Suppons mul1lpla drives nnd formais. Le1S your 

CQfllpuler use IBM PS/2 1.4M dlskelles plus morel 

Call for funher lnforma.tloo or 10 place an order. 


V1$All.ICICCCilCHECK. 

Micro Solutions Computer Products 
132 W UllC<)ln Hwy DeKMI> IL 60115 '151759--3•11 

Inquiry 610. 

ENTERTAINMENT 

WIN THE LOTTERY 
with Artificial Intelligence! 

A. l)OWert\JI O¥PM _.m. lnetudlng a ooUtll no~ lul'0
1.bt, tranliotm1 the winnln; pattorns from !he pm 6TMn;s 
d °"' plclol6 Leno- lroo11111-1otm!Au T1>ooo 
lormulas prfldid the lucky numbet's tor ~ 18M PC.torn
Pfllblos. 25611. Chool<. MO lor JV.pp. $32. c.naoa. Onr4rlo 
ldd 8~ . 

C.D. Recursive Knowledge Inc. 

Oept. Bl. P.O. Box 68l7, S1n. J 


Ottawa, Ontario, Canada K2A 3Z4 


Inquiry 611 . 

**CHESS SPECTACULAR!** 
At ._. a cheu pn>gram dmdgrKtd kif the NIW'VfBPhD "8n
danJ H;gh ""°'"- anlmlllloo brings your EGA lo lllol 
SoMls mldo In 7. HU90 ~ boOk. -- yo<u 
games. Anhnatod 18aching ,,,__ Soleq - · Tol<e 
bacttJChange skin. On SCtOBft ctoctc. MUCH MOREi EGA 
ChooA $(;8Jl6 25Clk EGA/VGA &.ZS" dl&k. VIS>V><C 

CUBE Microsystems 
P.O. Box 26064. 0Yer1and Park. KS 66225 

(913) 649-6747 

Inquiry 612. 

_____..,_.._..._HOOKED ON BLACKJACK? 

(180) -"""' _.,, p .... AU. Cosino - .,,. opdono.
~VlOO_ • _ooolo,,,__ • ...,... URI 
coura. '"°" yOu ~"*••.~ UpgJadl lilillturf. 
UW alow5 VOUR card CXIWl.bl and 'l'OUH ~~ .-. 
~ • IBM/PC oomD•a. (25eK) • PC<>0S VU> or.._ 
• 8l...<Cl<JACK P"'V'"'" =oo ~~ odd t1uo 
(Sj>ocily-tilO) Monoyl>0<>-300.,.--• 
Meb b~ MU cneckar mm.yam.111'..(fL ra.. add Mii) 

IBG SOFTWARE 
P. o. Bez :v-6354. 0op1 a Boca 11-.. n :i:wZ7-11354 

Inquiry 613. 

NEMESIS,. Go Master,. 
Go Is n popular Orienlal game ol ln!ollGCtual com
plexity end elegance. NEMESIS, recognized 
worldwlde as the blls1 Go program. Is an Ideal 
plnyma.to and llJ!Or. Pou/Tlllllo"s game ol the month 
twice: "II you • .,, Interested in Go. buy this pro
gram." BYTE 7lfIT 

Toyogo, Inc. 
7ti Sed!O(<I ~ • sre. ~v. ...,.1ngion. MA 0217.1 I) 

(617) 861-0488 

Inquiry 614. 

FLOW CHARTS 

FLOW CHARTING II+ HELPS YOUI 
Proc!so na...lloning lo "'" and elmplc Wilh Flow Cllllrtlng 
u+ . Draw, OOil _...,. portoa chans: bok! --...... 
26sllal>os - 9S sizes: ,.., 0<11/Y oC .,..,,... bypoooos & ..,,.. 
oecoors: FU! lnser1 Lint: slwink ~ Oi>plO)I> 200<d'""n 
cl>an: olO column odJ1 scroen lo< deWI wor1<. much """1>1 

PATTON & PATTON 
81 (;,".... oa>s BM!-. Siii - °' 9511~ 
1-800-525-0082 (Outside CA) 

408-629-5378 (CA/lnt'I) 

Inquiry 615. 

HARDWARE 

CHIP CHECKER 
• 74154 TTL • CMOS • 8000 Na!. • SJgnotlcs 
• 1414000 CMOS • 9000 m 
• 14-24 Pin cn;ps • .a- • .s· 1c Wldlfts 

"Tesl!llclontifies CM!< 650 dlglTai chips with ANY type 
of ootpUI In secondo.,Alao l8!IU popular RAM dllps. ISM 
compalil>4e - $:159. C128 .. C6ol - $159. 

DUNE SYSTEMS 
~ Wiiia O<. 51. Joooph. Ml •9065 

(616) 983-2352 

Inquiry 616. 

PC CARDS/KITS 
• 8 bit AJO card. 0-SV . . $79 
• 8 bit OIA card , 0-2.SV . • S79 
• Relay driver card. 8 OU!PU1S (3A) .. • $149 
• Olgilal VO (8 TTL input/output) . . . , S79 
• JB XT computer kit wlmonilor $499 

• FREE CATALOG-pan11. ki1s. compulen1 

JS COMPU·TRONIX 

3810 N. -h~ . Whom Rldgo, CO 80033 


(303) 425-9568 

Inquiry 617. 

HARDWARE/ADD-ONS 

640K MotherBoard UPGRADE 
840!< AAM Withoul """9 an "'pan-olot. U~ o!Jaw 
OllOI' -d l!S&Kchfps on -boord. tllghly 111llablo 
duo IO ""'uced '"'"' & chip""""'· IOCl'O comporlble. oo day 
$back gU4rml!M. 2 'f'. wonaniy, COM""O Po<iablo, 1J!nfth 
151, 181! $29 • mornory: IBM )CT, Portahld & 3270:..,$39 ... 
memory; ISM PC: $49 + mornory_Cnll for c.urmnt momory 
pricos.. S4 !lf'h_ Si1e ditooum. dBaSani welcomo. 

Aristo Computers, Inc. 
6700 Sil 105!h IWo.. 0307.0, Be""""'"·OR !l100S 

5031626-63·33 800/3ARISTO 

HARDWARE/COPROCESSORS 

SC/FOX'"PARALLEL COPROCESSOR 
PCIXTIATrJati ptug.ln t>oar<1 with Fonll sottware. 10 
MIPS operation. up lo 50 MIPS burs!. 64K to 1M 
byte memory. Uses Harris RTX 200(}• RISC 
real!ime CPU wi1h 1-cycte multiply, 1-cycle 
14·priority inlerrup!S, rwo 256-Y.<>rd Slllcks, three 
1~it Umer1COun1ers. 16-bll llo bus. Ideal for real· 
time conltol, signal and Image processing and 
multiple board operation. From $1,995. 

SILICON COMPOSERS, INC. !415) 322-11763 
2l0 Calllornla /We. , Suha K, Palo Alto, CA 94306 

Inquiry 618. 

HYPERTEXT 

Can Hypertext Help YOU? 
You be 1he Jud~, 

The Bleck Magic Hypenex1 Word Proc&SSOI' is now 
avallnblo as shareware. Vorsion 1.2 lnc'!udes sup. 
por1 for CGA. EGA, VGA and Hercules graphb 
monitors. We11 send IOU 1he llOltware on 3 d i$ke. 
$15.95. Register for $79.95 end gel prln!ed manual, 
kByboard templales. qu!Ck ref card and 2 upgrades. 

NTERGAID Z•90 - - Tpl<G. Sulr. 337 

Folrliold, Cf 068<0 (203) 368-0632 


LANS · 

Are you about to spend thousands ot dollars lor 

Novell or 3-COM? 

Tho inYl""blt N-_,!he M"'° !Nng. but cost> oolv 

S:.!49 per mac!Wle. 1lue ~ LocllAIN f'I«. 

-""'1h '11gh-speed 1.8 MOpo lnler!ac<! card>, c:able1, 111\C 

M/not""'10ng- -gtNIWilll MUllkM<Ol!ASE. 

Clippo<. OulckSiMtr. ""'1IA.SE• . """1111 OIMr i..n.rlnQ ond
mUl!Hlsot _._ 

Database Specialtles (415) 652-3630 
P.O. Box 2975. Oakland. CA 94618 
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LAP TOP COMPUTERS PROGRAMMERS TOOLS PUBLIC DOMAIN 

2 PC and 2pcLlte 

~~s.20061!:=.:~=~~ 
' lilo~' prhtociliy ' urilYlnalcal*l ' llllo 
- ~ 0119<>rn (to I"""" " !Oii i'"" ,,.,.,- caOltJ) • 3~" 
& SV. " dim. C-pl... · 155 (l.111: UO), wftho.rt - • S... 
2PC Ult:~~-Gi.-C«nl>lolo · $-IO (Uot '60), 

c.- so111 - ry:- Nd!*. kllcl, -. a""""' 
Thompson Computing, 58'lF N.""11u Pat1< Road, 
Suile 306, Newbury Park, CA 9132(), (805) 498-7653. 
VISA/MC add 4%. 

Inquiry 619. 

L AP - LINK 
Thi - -lll<linldng lOl*>l>--any IBM 
........,.._PC 1\S,2C01>1U0--1Nn 

any othO<pmducl _,_No _Ion "°""""'Y· - to... JQil ....... doolgn. lncludoo~ "Ull__
_ 

tn.ooorv-.any""'""'"IJUloB. -orcJ.. - 
11\on • 00$ <OP>' - - Only $129.9H><~ unMl<NI 
-andbolh3"'. -IM·- -andgo" --lnldo 
.. 1or or11y 111us -.,-. 

'n'avellng Software, Inc. 
19310 North C reek Parkway, Bothell WA 98011 

1-800-343-8 0 80 (2 0 6 ) 483-8088 

Inquiry 620. 

MARKETING 

FREE BROCHURE & CATALOG 
If you haw a compu1er product 1ha1 you're 
malltollng . _.or lhlnklng about marketing .•wo 
can help. We1l help you ge1 rree publiclly from com
pulllr magazine Gdi!Ors, user groups and compu ter 
S1ores.. Send for a troe brochure loday. 

DP Directory, Inc. 
525 Goo<lale HOI Road. Sle. 410. ~8$!0!1bury. CT C6033 

(203) 859-1065 

Inquiry 621 . 


MEMORY CHIPS 


MEMORY CHIPS 
412!£!5-12-IO Col 5>000 fl Meg) Cab 
•1&1-15 c.u 51258 lo< ~ 38G.c.n 
4114-12 Call 80tl1-3-2 Call 
•nlll Piggy Bode "" //if ,Col ll0287-U->C _Call 
.,....12 (8'1U•) . Cal 803117 Cao 
4142511 j25eKA4). Cd NEC\f.2G-I Call __.. _

21114,2112~>2 Cal ....,.. Call 

ESSKAY 718·353·3353 

Inquiry 622. 


MONITOR INTERFACE 


DRIVE MULTIPLE MONITORS 
with one PC using our VOPEX vl<leo pon ex
panders. Foaturing no Joss o1 rosolutk>n or color, 
prosenlallons are more dramatic. We have a 
VOPEX for PC, PSf.!, MAC 11 & v.ioncstatlons. Un its 
aru available from 2 to 10 output ports_ 

NETWORK TECHNOLOGIES INC. 
IOCMIGB·TECH or 216-543-1MS MCMSA/AMEX 

19145 Ellzab<lth St., Aurora, OH 44202 

Inquiry 623. 


OPTICAL SCANNING 


STOP TYPING! 
OCR SERVICE BUREN.I - We S..,, EVIAYTHINO 


PntVil:Juoly Printed M
• JrM>l<el • a~ • Oocu""'"'" • P'1one ems 

• OutP\lf to • 3~ ,- • S"', • 8'" • MAC • 

1600 BPI • WOA"! • CO ROM 


Yob eon-t llVl!RYTliJNO. 


"" - Proc:aulng """ O.ta - Supponod. KutzWNU & Pai.ntlr SCannlng 

Photo..,_mng • Prtnlln\J • Doy & NlgOI s.mc. 


DAT ASCAN 

1\'lo'ld lld1 0r SI& 1921. N«.'lnl/Ytmca fn2) -m7 


Inquiry 624. 
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Cor T Pascal Code Instantly 
Complete database In just m fnutes_Draw & Paint 
your screen, show what fields to use tor indexes
That's it- running source code in 6 seconds. 
AutomatJc context sensit"'9 help. programmer docs 
on each program. $389/TPascal vet or S499fTC or 
MS-C ver. 

Call ASCII (800) 227-7681 

Inquiry 625. 

Slmple Screens for C 
New approach IO screen llandting 1n C lets you wrHo 
programs last! IOeOI for Duslness opplk:ations wM 
numelOIJt data en<ry llCtetna. WVSrwYG sa'ffh design 
& mafnlenanoe. Popup wt,,_ & very slmple lunctlon 
calla. A<ltoma1le field valld8llon & dala conversion. SSO 
wtth lree upgrade In '89 to Duyers 1n '88. IBM & c:om
pallbfu. Turt>o C. Microsoft C 

Dannenbera Software 
4362 SE Old Orchard Cl., Milwaukie, OR WW 

SOU59-2808 

Inquiry 626. 

FORTRAN NAMEUST EMULAlOR 
NAMLSI" .-Joe """'Y- Fonrw1 ptOgl1l"'"*1 
w11h 8J1 •-oC NAME~IST 81\d ..-.,od road and 
write rovtinoa. Suppof\S Fot1ran n dala types. 31 character 
nomos. """"oe oC ou\plll llM ~. lab stoPS. ~ing. pr.,. 
loat"'9S 11(11 louncl In compile<> with NMIELIST "'atomonis. 
~Fannin n oompiato. lilotm..., ........,..,_ Price siso. 

•6A1Tli~nway2,~!_~u1f.11~~~~1tam. Al. 35242 

(205) 991-6381 

Inquiry 627. 

PS Tools 
(Postscript Printer Driver) 

~:~;;8J~.~~tt~=J~~i:fp:1'=:.r: 
ensy 10 uso commands whh lllff programming 
language. - d proces80<. or t""I editor. Po<lhion tuxt • 
I nes. boxes, rectanglea, drcio. et<. anywhere wllh lllff 
~~~· ...... 50+ P899S of "m~~·~~ 
Interactive Business Systems_._Inc. 

526 Roblnhood Lane. M<:Murray. PA 1:>;117 
(412) 941-3648 

Inquiry 628. 

Get INSIDE! 
INSIOEI Is a powerlul "°""""9 performanco anolysls 
tool kl< popular PC oompll0ta INSIDE! mensureo tho 
execu110n lime of IMl'Y luncliOn or procedure wftll 
microsecond aC(lt.lmcy or compute5 hC1N often oach 
source line ts execuled . Simply compUe your appllca
llon and tNSJOEI does lhO relll. $75 

Paradigm Systems Inc. 
P.O. Box 152. Millord, MA 01757 

(800) 537-5043 In MA: (508) 478-0499 

Inquiry 629. 

SAVE DEBUGGING TIME! 
WATCIWO Is a popup utility Iha! Shows names and 
todtnlcat Info ot all Illes In usa WATCH·llO aJso 
shows name of tasl me opene<I. current program 
name. and last fil&-nO!·found. 

Only $49.95 + $5 S&H Vlsa/MCICK/MO 

Quantum Publlshlng 
23860 Mtlcs Road. CleYeland. OH 44128 

1-800.342-6237 

Inquiry 630. 

OUTSTANDING IBM SOFTWARE 
ONLY S2.7SIOISK OR LESS 

Our eollDCtiOn cont.a.Ins lhG lelnt ~9 ~ lhid Besl 
ShllJUWafe and Publ.tc Oomllln PJ0j1111ms.. MoQ BJe monu 
drlYlln willt Jul 00Cutn6fllali0n. :150" '°"""is a1'o llV\U!Olllo_ 
Ordera lhppod '""Cius W•hOn 24 hours and~ 

lsgu"'""'8od. l'Ml9 '°' '""' ,,,.,..,,iut61ofi.,,, "'-· • •mp IO" .. disk "1Mlf/W.

A.C.L. (916) 973·1850 
IGZI Fulton .......s..10 135-6. S.C.omoMO. CA 95825" 


lnqul ry 631. 

$3.00 SOFTWARE FOR IBM PC 
Hundreds 10 choose from. wordprocessors, 
Oalabases, spreadsheots, gomos. lotl o, com· 
munlcalions, business, music, bible, art. educatlon, 
langua.ge an<! useful ulilllles tor making Y®• com
J>uter easle to learn Most programs have 
documentatlon on the d isk. 

WRITE FOR YOUR FREE CATALOG TOOAYI 

BEST BITS & BYTES 
P.0 Box 8245, De!ll-B, Van Nurs; CA 91<09 

In CA: (8t8) 791·11976 S00-24S·llYTE 

Inquiry 632. 

RENT SOFTWARE $1/DISK 
Rent ,Public Domain and User SuPPQCl9d Software 
for S1 per d lsklull or wo'll copy. l9M (31'\" also). 
APpte. C-64 , Sanyo 550 and Mac. Sampler $3. 
VISA/MC. 2 4 hr. inloJorder tine. (619) 941·3244 or 
send #10 SASE (speci fy compuler) Money Back 
GuaranteeI 

FutureSystems
Box 3040 (T), Vista, CA 92083 


office: 1().6 PST Mon.sat (619) 941-9761 


Inquiry 633. 

II $4.00 SHAREWARE $4.00 
ISM-PC Compatible Soflw.re 

ll • Over 700 Disks lO Choose from 
• Nol Half Full Like Some Di81rlbu1ors 
• Dozens of Program s in All Categories 

Call or Write for FREE Calalog on Disk 
- Please speci/y 5V4' or 3~· Disk 

The Software Kingdom 
~ Box 555. ~borp, NH 03032-0$5$ 

1·S00-552· DISK (In N.li.) (603) 493-5055 

Inquiry 634. 

SECURITY 

TOTAL PRIVACY $49 
Powerful data protoction tor PC/AT-documents. 
dalabasos, sproadshe<Jts.-o-an)I data. Th9 o;~·s DES 
and Ultra FaSI encryption tceep the curious 001. Menu 
and command lino modes. Comp.-ehonslw Help. Cloar 
manual SIMSyou quiCldy. $49 ln1roduct01Y price, St O 
Demo. VISA/MC/COO. 90 day money back guarantee. 

DIARY 1·800-87-DIARY 
Toll FrtHI Information 24 Hour-s a Day 

Or write, P.O. Box 70443, Bellevue, WA 98007 

Inquiry 635. 

Security Kits • Cust Cables 
PC lock ll80Ures PC. XT. PS2, 6 c1on.._ lncloding ....,_ 

-- kej'l>OOIO. 6 "'°" ?f'f-• a DOOtOI. Anrll<tM 
red .Onyi 8' c:o.ered steel cable& lock Incl. No - req. 
Sbockg"""""""-$4~ + S<a/h. SpoCol ki1solaoavall.J0r 
Mac 6 many ol"""- Any longth ouslom cables connoct any 
dovlc<>S. Std. 8' $2U5. 

Mac Products 
2-0231 San Gabriel Valley Or.. Walnut . CA 91789 

714/ 595-4838 

Inquiry 636. 

http:Soflw.re
http:langua.ge
http:wftho.rt


SECURITY 

COPY PROTECTION
T: ;i:::.,.,-~ =:.,m:;.:u~-~ 
OISl<ETTE i...-)<)UioSUport.ool<"'~<»I>/
,_ lor IBM-PC (llld compet•,,...J '"" Mocln•osn. 
• Hatd dis!< SUllP0'1 • No sourco code changes 
• Cu11orrHted ~ • LAN support 


• - Ul>Qrodes avail
(408) 173-9680 

SOFTGUARO SYSTEMS, INC. 
.,..,~.s..-~~ C4....., 11 

--~~~~~~'""""'",...,"""',.,,.'"'""'......~~~~~~.... _!l 
Inquiry 637. 

SMALL BUSINESS SYSTEMS 

Inquiry 638. 

SOFTWARE/ACCOUNTING 

BILLING+PAYROLL = $199 
ABP combines Ume""plng, billing. and payroll 
function into ono simplo. easy lo uso software 
paci<age. The user simply needs to ontor tlmeshool 
Information. IJlllOices and/of che<:ks are then 
automatically available for ptlnting directly off our 
system . 

ASHLEY SOFTWARE 
5010 Nonh Bridges Drive, Alpharetta, GA 30201 

(404) 475-2930 

Inquiry 639. 

dBASE BUSINESS rooLS 
• General Ledger • Purch Ord/lnvntOty 
• Accounts Rocvbl. • ,Accounts Payable 
• Order Entry • Job Costing 
• Sales Analysla • Job Estimating 
$99 EA. + a&h v.tdBASE 2. 3 0< 3+ SOURCE CODE 

dATAMAR SYSTEMS . Cr. Crd/Chk/COD 
4ll76-B Santa Monica ""9. 
San Diego, CA 92107 (619) 223-3344 

Inquiry 640. 

SOFTWARE/BASIC 

XGRAF DRAWS IN BASIC! 
FlNALLYI XGRAF replaces OulckBASIC"s poor 
drawing commands wit.h 8SSembly language call! 
that worl< on H<HCU/6S. EGA. VGA. CGA 8lld EEGA 
screens. Only $99.00 + $4.00 S&H. Call us al 
1-l!00-423-3-400 (9:00 AM to 8:00 PM EST) 

KOMPUTERWERK, INC. 
651 Parkvlew Blvd •• Pi ttsburgh. PA 1521 5 

For Info.• call (412) 782.()384 

Inquiry 641. 

SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 
~ c,liia ercry"""' f'M>pass~ lor the 
PC/'J(TIAT • PS'2 & ~ loaded mil ~es 
ilce· AulO d;p & Slop "9t1ty bypass. range checks. & 
table lookups. FtJly menu driwrl only $395. 

Cail f<x tree 30 day trial period. 

COMPUTER KEYES 

21929 Makah Rd., Woodwa.;. WA 98020 

(206) 778-6443 1-800-356-0203 

SOFTWARE/BUSINESS 

LPBB-SPREADSHEET LP 

~~·=.n:i1Xit'.!:"'...:.~~=-"': 
IOJO!Wne<-N°"'--Locuo.--. 
u.. 1·2-:llSvmpnony .. a mocruc --°' poa p
M•or cV>o< leauiM lneludioO ll'OO<llCli"" and bo"llcll - rilllon, 
..,._••~ <iallay, OQu8ilOfl p<OCOl$O<. ~ 

lllllCylll. /EN- tait: "Tiie lltXltilily and IOallMM Ol ll'llS l)lO
gram are a botgn.n Of OS low .,...... $1• 9 wdll 8087 "'1lPO'I 
ond 100.pa.oo monulll $29 kl! ,,.,,1o1ng - Md 111"""81 

EASTERN SOFTWARE PRODUCTS, INC. 

--flleOO.Sm----~ 

P.O Boo< 15320. --"' 22::IO!I (700] :M0-7IOO 

Inquiry 642. 

dFELLER lnvento 
S- ...,.,,...OtY programs Wlltlen on 
50t nce code. 

dFEU.ER 1""9nlO>y $150.00 

Requires dllASE II or Ill. PC·DOS'C::PM 


dFRLER PIUS $200.00 

WJ1h HlstOry ond Purchase O<dero 


Requlras dBASE Ill 0< dBASE 111 Plus (For StocJ<toom<) 

Feller Associates 


550 CR PPA. Route 3. ISl1perning. Ml 49849 

(ll08) 488-8024 

Inquiry 643. 

FINANCE MANAGER II 
Easy 10 learn, lully Integrated, menu-drl"8n book
keeping system for small business and personal 
use. IBM PC. XT. AT. PS/2 or compatible. lly before 
you buyl Generel L.edljler evaiuallon COPY for only 
$101 

CALL TODAY! {719) 528-8989 
HOOPER INTERNATIONAL: PO Box 62219, 
ColOrado Springs. Colorado 80962 

Inquiry 644. 

1·2·~ + @RISK = Risk Analysis 
Mallage risk with @RISK 1-2-3 Add-lnl An @RISI< 
slmulalion aulomallcelly rollecis thousands ol 
''whal·lf' scenarios. • vi- full rllllgo of possible 
outcomes • Monte Carlo simulation • Graphs In 
.PIC format • 30 new probability dlS1tlbutlon 
@func!lons N<A¥ required for /JJI HB.1V1Jrd MB4s 

FREE DEMO 
Pall•ade Corporation 

211!9 Elmlni flood, Nliwllald, NY 14W 
(807) 564-9993 

Inquiry 645. 

The Executive Assistant"' 
N.... E·Z!Oltwanl lor ~ secrowies & handl
on ~doing pro-actNe people n«WO<l<lng, Slash 
Glurleel tlmo. Menu-'4 user c!l>la fields-Instant auto 
typed. addr's Sid lelturs. efMtlopfi-tabels, repO<U
note pad, tlcidcro. phone ""rk. m0<ge-MORE. IN· 
TROOUCTORY OFFER-$100 off $249 ptlce.. IBM. 
384K, HO. Send only S149 (0< $20 lor wortclng demo) to: 

Parkside Computer System8(7'14) 938-1838 
124t Landfair, Santa Ana, CA 92711 Visa/MC 

Inquiry 646. 

SOFTWARE/CHURCH 

PowerChurch Plus® 
Fast, friendly, reliable church administration 
system. Full fund accounting, mailing lists, 
membership, oonl1ibulions, attendance, word 
processing. accts. payable, payroll, mulfoser 
support. and much more • all <01 $695 com· 
plete. FREE demo version. 

F1 SOFTWARE 
P.O. Box 3096, Beverly Hills, CA 90212 

(213) 85-MIHS 

Inquiry 647. 

SOFTWARE/ENGINEERING 

PRACTICAL ENGINEERING TOOLS 
Hobbyists- Students-Engineers 

CIRCUIT OESIGN_ Comj)()e1. m<1nu aeleetlons lrom 

basic eleclriclty through circuit designs. 

MATHEMATICS_ CompMath, menu salecllons from 

general meth tllrough statistics. 

ANALYSIS_ CompV-. Fourier Analysfa ol v........iorm. 

and fitters. PC/MSOOS. $49 each. VISA/MC 


BSOFT SOFTWARE (614) 491·0632 
._.. CoilOn Rd •• COlumb"" OH ~ 

Inquiry 648. 

VERSATILE DSP & DISPLAY 
PC DATA MASTER Is a DOS sheU which Integrates a 
full HI ol ,;gnal ptOC9SSlng funalons: ltexlble ~a, 
<181• fllo m<d/I. OSP utilities. au samQllnglgeneratlon. 
and lmuraa"'9 help. SUpport lor CGA. EGA, llGA. H81C 
& AT&T. Add"""'°"' analysi$ O<~ lunctlono ~ 
using your fl!'.'Orlle complleL $135. Toofkit $-'S. Demo 
$10. 

Durham Technlcal Images 
P.O. Box n . !Miiam. New HampWre 03824-007.! 

(603) 888-5774 

Inquiry 649. 

• COMPOSITE ANALYSIS • 
Menu driven program for 

analyzing composite laminates. 
• cmcutm:os fibor stnt:5S8S & sua1ns 
• Grilj)hlcll S1r1ng1n 
• Oo!al>Uo Includes Gf11plllul, ...,,.., & Fi""'91oss 
• SI/US unila: lhtrmlf & moistU111 ottocts 
Send ohtc:k/MO 1or $225 °' $3 1or c1omo dlok lo. 

GS com osltes 
76Z1 E..37th H. l1tle. . KS 67226 

Inquiry 650. 

SIMULATION WITH GPSS/PC,. 
GPSS/PC• Is an IBM pe.-W oompular impl<tmenfa. 
tlon ol tne popular malnlrarne stmulallon language 
GPSS. Graphics. animation and an extremely lntarao
1r.e •""'ronment allow a IOlally new view ol your slmufa. 
tlona. Simulate QOmplO>C <Oal-worid systems wllh lho 
most in1eradMI and visual )'91 economical Wllulation 
S<lllware, 

MINUTEMAN Software 
P.Q Box 1711'1'. Stow. Mamch......., US~ 


(508) 897-5662 ext. 540 (800) 223-1430 axt. 540 

Inquiry 651 . 

FREE ENGINEERING MAGAZINE 
Personlll Englnooring is a monthly magazine sent 
froo of chllfl)O (USA only) to sclenti!ltS/engineors 
who use PCs for tochnlcal applications. lOplcs 
each month Include lnst-umenlatlon • Oala 
Acq/Control • De• l9n Automation . To recoi"8 a 
free sample Issue and quallllcetion lorm ehher cir· 
clo below or send reQuest on letterhead to; 
Personal Engineering Communications 

Box IW. BIOOldonO, MA 021"6 

Inquiry 652. 

SOFTWARE/GENERAL 

* * FREE SOFTWARE CATALOGUE * * 
Mol<llOl'UiM~-· - ·1.otuo. x.... - --u1er 5-'od ond Moto. 10 osroo 6.25llCSK375, OCSKCASE2.49, tOOOlABEl.S <AS. PtJ>ER, RIBBON . 
POST CARDS. ROLOOEX CARDS. •P&H 
Mort catoUll!tS llllOunt ol holM rno<1g<lgO 2'~ 
- Prinls conllnuouo J.$ x tsne label• "5 
Twrlw Tums ~ prln1or 1"'o 1 iypowrltor 9.95 
Pmode Sets I ol 28 lcnts for EPf0<1 & clot m"111x 9.95 

This ISsuo opoclal Pfal>ol. lWrtto. Pmodo 1111 3 for 9.95 

THE SOFTWARE HUT 
P.O. - 611 e.mam. CT' 061SO 

Inquiry 653. 


BYTE IBM Special E<Ution • Fall l 988 227 


http:OCSKCASE2.49
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-----TME BU:YER'S MART--------

SOFTWARE/GEOLOGICAL 

GEOLOGICAL CATALOG 
Geological software for log plotting, grlddlnGfcon· 
touring. hydrology, digitizing. 3-0 solid modelling. 
&ynlhetlc selSn10gram. fracture analyslS, Image 
processing, scout lickel manager. over 50 pro
grams in ca1atog. Macin1osh tool Please call, or 
wri1o. for Froo C4talogl 

RockWare, Inc. 
4251 KJpUng 51., Suho 595. Wheat Rlclgo. CO 80033 USA 

(303) 423-5645 

SOFTWARE/GRAPHICS 

PC TECHNICAL GRAPHICS 
TEKMAR is a graphics library for lhe l!GA or Tecmar 
Graplllcs Mastor. SlmUar 10 PLOT-10. lncludll$ WIN· 
DOW. vtEWPORT, AXIS. Support for HP. HI plot1ers. 
ci.w filling, ~· plOnirlg program. Log, sen»-log. mull-. :i-0, c:onlOufa. Jerry Poumelle (Aug 86 8)-te): 
" NJ good .. any I 11ave evOf seen..... Demo dlsks. 
llle<alure avallbbte. 

Advanced Systems consultants 
21115 Dellonshire SI. 1329. C/\alSWOf'lh, CA 9 1311 

(818) 407·1059 

Inquiry 654. 

TurboGeometry Library 
oYo< 1502&3 dl.,....lcnol routinos. lndudos lnt-'<>ns, 
T1antl01mai1on.1. Equ.atieln.J. HiddenUnes. Petspec:Uvo. 

=.,~~~:;,,,~~~~~ 
Paoool. Tu<l>O C. MSC 6 Tu<l>O Pl.Kol MAC. 4()0 pg.-.
- ·cecodo. $149.115 + S.OOS&H. VISA. MC. Cllk, PO. 30 
Day guarantoo. 

Disk Software, Inc. 
2118 E . Arapaho 11487. AiCllardson. TX 75081 

(21 4) 423-7283 

Inquiry 655. 

S E G S 

5ciEmll'lC & ENGINEERING GRAPHICS S YSTEM 


~~~~~a~!..~:'~: ~~~..~~i;;=;g1~ 
::.~~"!':'&~~~==~ 
Plus muc;;h more C..11 Tod3y 

Edmond Software 
3817 W ln<!ovor Dr1vo 1-405-842-0058 
Edmond. Oklahoma 73013 1-800-992-3425 

Inquiry 656. 

FPLOT PEN PLOTIER EMULATOR 
Use your dot matrix or laser prin1er as an HP pen 
plotter. Fast hf.ms outpul Vaty line wldlh. includes 
VPLOT vtnual plottet utility to capture plotting com
mands. Supports NEC P5/P8, IBM Proprinter, Ep
son LOIMX/FX, HP Laserjet. Uses Horcules. CGA. 
EGA or VGA 10< sueen preview. S64 check 0< m.o. 

FPLOT CORPORATION 
Sale 6'5, Z4-16 Steinway St.• Astoria. NY 11103 

212-418-8469 
Inquiry 657. 

GRAPHICS PRINTER SUPPORT 
AT LAST! Uss the PrtSc key 10 make QU8~tysC8led 
B& W or color reprodUCIJOfls ol your display on any 
do/ malnx. inl'iB/. or laser pnnler. GRAFPLUS sup
pons all ·er~ ol PC or MS-DOS With IBM (incl 
EGA. VGA}. T8Cl1W. anti /-l(l(euieS (Jfll/}hCS bOOtOS 
$49.95. 

Jewell Technologies, Inc. 
4740 441h Ave. 'SN, Seattle, WA 98116 

800-628·2828 x 527(206) 937-1081 
Inquiry 658. 

228 Fall 1988 • B Y T E IBM Special Edition 

SOFTWARE/GRAPHICS 

FORTRAN PROGRAMMER? 
NON you can call 2-0 and 3--0 grapNct 1outln91 whhl., )'OU' 
FORTRAN p<0gram, 

GRAFMATIC: - tabllnes $135. 
Pl.OTMATIC' p&ouer dtMlr 135. 
P!IJNTMATIC: priIUO! di- t3!i. 

R>t I/le IBM PC. XT. /IJ 4 <OmPllllblos. Wo """'°" o
""'°'>' 9' com-.. ll'llphlco bdo . pl«!°"' and pnnt-. 

MICROCOMPATIBLES 
301 PTol\J<lo Dr., Dept. B, $/Mir Spring. MO 20001 USA 

(301) 593.0683 

Inquiry 659. 

35mm SLIDE FROM YOUR PC 
COMPUTER SLIDE EXPRESS convons graphic 
Ries produced on lhe IBM PC inJo brilliant 35mm 
color slides with COior resolution 400% l>ener than 
your monltot. l..OlMl )Out J)l!ntoutS t>ohlnd. Use higll 
rosolution color slides up lo 4000 rrne. 

COMPUTER SLIDE EXPRESS S9/sllde 

VISUAL HORIZONS 
180 Metro Perl<, Aoc~ester. NY 14823 

(716) 424-5300 

Inquiry 660. 

SOFTWARE/HEALTH 

MEDICAL-DENTAL SOFTWARE 
----·1--..iOHioo~s-.-ns ~""'Oita Dav s,.... ($1,495} ... - ., 

===~ie:~=..~~""'°"· m..-r .....ing,, ond lloandng Mllablo - each 
-~o.kcu""'""'°DiloounlPolleylor AMS
odVa1uoAddod-.1 Cola-~0tdomo-AMERICAN MEDICAL SOFTWARE 

f>O. Box 236. Edwardsville. IL 62025 
800-423-8836 6111-692-1300 

Inquiry 661 . 

SOFTWARE/LANGUAGES 

FORTHWITH DAUMA FORTH-83 
_..,., - -....... u- ............ A1tSK1Mly 

..-.-~--~-• NO 64K llmi1. 18 Dlt tpeod to 320K. lt.tb t mtmOf'Y. 
• Ot>lino dO<lgios..ary. lull oos & mo lntot140o. 
• AssomblOt, odllor, iwunplttt. many utlliUos 

IS day uncondillonol Olllll'.,_ F(om $19. S&H $2. V1s.vt.1C 
10M P<:IXTW' & .11 oomp•llt.teo. on... ......._.~ 1nqu1"' 

DRUMA INC. 
&448 Hwy. 290 EHi E103, Auotl<>, TX 7'723 


orn.,., 512-32:i.o.t03 lllloonl: 512..123-2•02 


Inquiry 662. 

SUBPROGRAM LIBRARIES 
FM> ..aurros ol souroo oodo· Mmh, SlmlsJcs. Grl\pl'Ocs. COS 
& BIOS & llO !llllC!IOnl. $pec1IOICOIJY. Up to 96"" ION UI&< 

code wltn our lvlly tested •t>rory Manuals will> "'"""'""• 
_,..._~_lora.r.stc.PrloSCAI. 

..- MS-OOS. Mao-OS. VMS. HP300. Prloos 1W1 $1'5 po< 
YC>lumo. 30 day $ Olek. VlSA/MCIP.Q. 

Scientific LOGICS, Inc. 
21910 AA:azat - .. Cupen.no. CA 9501• 


Pt>.I 4!11446-3515 COm-mt 140rT.IS63 


Inquiry 663. 

SOFTWARE/PACKAGING 

HARD TO FIND COMPUTER SUPPUES FOR 
SOFTWARE DEVELOPERS & POWER USERS 
Clolh bindeni & 81/pcMes like IBM'•. Vinyl binders. 
bOl<OS. nnd IOkl•rs In mrur; &120$. OISk p.l(lOS, 

""""""*'- & - LOw quanlrly """"1ling, &rll< -
EVOtytlllng you noed to !>ting )'lU' sonwaro 10 rrwl<tJ(. 

Dis!< and binder mailftnl. M..ch morel Low Plicesl Fast 
service. Call or writo for • FREE CATALOG. 

Anthropomorphic Systems, Limited 
3111 E, St Chortoo Rd .. l,ombatd. ll 601"8 

1-SOC).OEA\,NOW 312.029-51!!0 

Inquiry 664. 

SOFTWARE/SALES & MKTG. 

FOLLOW-UP 
SOFTWA.RE FOR SALESPEOPLE 

Manage & control all of your sales activities 
on your desk1op or laptop. 

$179.95 
XYCAD GROUP 

1577 St. Clalr - · Cl<M!tancl, OH ..114 
(800) 42M4S7 (210) ~9-5788 In Ohio 

Inquiry 665. 

SOFTWARE/SCANNERS 

OpUcal Character AecognlUon 
Slop relYP<OIJ PC-OCR• sortv.ere wr1 c:co.'911 lypod or 
pmed pages no cdlable <ext lies Ja )l'.U ..ad pnx:esg:x 
v.llrks wrtll HP Scar\Jel. Panasonrc and rt1061 <XllOt scan
ner.>. Supplied w.lh 18 Po(lUaJ forts User 1I8rnab1e you 
can teach PCOCR"' t0 roao Wt~ at?; 1ypcsty1e. ro 
lo<egn lof1S. f>ropo'1ionaltext. ma!IO< prW&' out~ X8m< 
copies OK $385 CllOck/VISA/MCIAmExpCOD 

Essex Publlshlng Co. 
P.O. Box 391, Cedar Grew. NJ 07009 

(201) 783~94-0 

Inquiry 666. 

SOFTWARE/SCIENTIFIC 

DATA ACQUISITION & ANALYSIS ON PC'S 

· :-oa~o,-=--~~_r:=::-:~ 
~m•'lfll.llllNdlr....,~ 
•N06 &E-~-~~~.-:l!An*JO 
eo..... 
·~ ........ ~mlME~fFl~lbtWJ, 

FOlAER PEASP(CTM. I~ IMIW ~~ 
-~m..n ....11at11UllML~~~ 
~°'*"""· ~2 & 3D ~ 

S..""WIW:........ C1980.ltf"TE~1Wll 
LDllt nlCE5" $ • I a;:: W4Hf&D 

ALLIGATOR TECHNOLOGIES 
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Inquiry 667. 

POWERFUL EQN SOLVER 

$99 llSK FREE OffER WITH FREE 'Mlllll PROCESSOR! 


:.;.ro:k~~::1:C·'\::C 
CURVe- • Gnii>li ,_ACAOSS SINGUl..AMES • Chirrgo 
~- • Fii 80Jh ordor CUMJS ID lrnponod cbo 
• OOMP\..EMoal IOOIS • Oill Bl • "*'"""' irllOgrlls • • MS-006. 64()!<, gaphial oord 

Cal lildayl 800'821.()849" 330 

8:30-5:30 l'llmo • \llSNMCWdEXIClleck 


Curve System lntematlonaJ 
7q Monlno M.. LA. CA 90049 

Inquiry 668. 

Chaos/Nonllnear Dynamics 
'IOols tor Sludyrng Ml1.hem$CIJI and Expenmertlli S)<;lems 

· Orclmly and°"""'°'"'""""' E-- · BiUC.._
DooQr.Vn<' 2 ond JD l'IOCong ~~. 

Polnc::arO Seacn!I · Naia M1uorrun I 0 6 Cn:ilJ ,,.,_.
. Pl""'-...,,_ -Coodoons . Scioaral

- OwnlYoano. ~~ 
DSI S250.00 DSJI $35000 

DYNAMICAL SYSTEMS, INC. 
P.O. BoX 35241, Tucson. AZ 85740. 602.a25-t33t 

Inquiry 669. 

IBM PC DATA ACQUISITION 
No PJ09rammlng Aequirodl 


Flexible. imegtated sysiems for 

<lata OOQUiSlliOn, analySiS. control, 


d'igilal fd1e<ing, streaming, and decislol'I making. 

Demo disks upon mquesl. Con!act: 


HEM Data Corporation 
17336 t2 Milo Ad. lf201, Soulhfiokl. Ml 48076 

(313) 559-5607 

Inquiry 670. 

http:DooQr.Vn
http:SOFTWA.RE
http:Cupen.no
http:V1s.vt.1C


-----THE BUYER'S MART----

SOFTWARE/SCIENTIFIC 

FAST FOURIER TRANSFORMS 
• Subroutine for ontegenSats· 1024 l)Oints in 

••mS..C on PS-2/Mod 80. 
• Subroutine for flOallng-polnt data (with 8038n 

t024 Polnta In 220 mS. 
• 	NEW sub!Ollllne for double-precision dats: t024 

points in 157 mSecl 
• Call 	from FORTRAN, C, BASIC. Pascal. 

Check a< PO: $175 ea/$350 all three. 
J.W. Hartwell & Associates 

Route• Box t5'0, Hill-ough. NC27278(919) 732 ·7951 

Inquiry 671 . 

ORDINARY/PARTIAL 

DIFFERENTIAL EQN 


SOLVER 

FOR THE IBM PC & COMPATIBLES 

MICROCOMPATIBLES INC. 
301 Prelude Or., S1lvor Spnng, MO 20901 

(301) 593·0683 

Inquiry 672. 

"powerful and easy to use... " 
Aak for our /f9'1 16 page brochure with complete 
product do:K:riptions and detailed technical ap
plication noles (and lor a brlel description ol two 
ol our products see '"What's New". Byte. page 84. 
July/88). 

MlcroMath Scientific Software 
2034 East 7000 South 


Salt Lake City, Ulah 8412t.J144 

(801) 943-0290 

Inquiry 673. 

Scientific Software 

Scientific CALCULATOR parallel processing & 

grophocs, Sd.NOTEPAO rr-iorm deto management. 

OIALSEARCH lkerature searches. SCl.GRAPHPAO 

and SCl.STATPAO grephleo·wdod data analyui• 

(IOQlaemllOg p!OIS. enor Dars. curve 111. more). From 

$85- °'1 5~ and Jl'z" MS.OOS cllsl<s 30 day S back 

\llSA/MC/P.O. Also see our ad under LANGUAGES. 


Scientific LOGICS Inc. 
21910 ~Ave . Cup0rtln0. CA 95014 

(408) 446-3575 Compuserv 74017.663 

Inquiry 674. 

SOFTWARE/SORT 

OPT-TECH SORT/MERGE 
Extremely last SortlMerge/Selecl uhl1ty Run as an 
MS-DOS command or CALLas a subrou"ne- Sup. 
pOrts mos1 languages and f\lelypes lt1duc>og Bl"""" 
and dBASE Unl1mrtoo fitesrzes. multiple keys an(I 
much morel MS-DOS $149 . XENIX $249. 

(702) 588-3737 
Opt-Tech Data Processing 

P.O. Box 678 - Zephyr Covo, NV 89448 

Inquiry 675 

SOFTWARE/TAX PREP 

FORECAST 1988 TAXES 
Sto1\ Wllh 1997 return, make change:a '°' 1988, compu10 
1988 iotum. Now tax law changes and 19B81ax 1abtes. 228 
- USO< Guido and Tax Role<once M<lnuol. Fot tBWcom
pobtl!e ~_.i computO<a, OOS 2.0 • , :iseK, S.25" doslo.. 
$2US + S3 Sill MA aod SI .25 tax. Cheek. MO. MC. V°'11)'. 

Quallty Business Systems 
P.O. Box 805, Hudson, MA 01749 

1·800..225-5800 

Inquiry 676. 

SOFTWARE/TOOLS 

NATURAL LANGUAGE SOFTWARE 
Use JAKE IO Ct88lo Bfrotll end to )001 daW>aSO, gama. 
a< graphics p<ogramf JAKE uansl&es Engl ish queries 
and cornmnnd9 lnlo C funcllon calls and dAta struetores. 
JAKE oUers oon10X1-sensi1lvo semanllc prooosslng: In· 
1or1aces easll)': <64K mam. 

1495. lliTERACTl\IE OEMO 110 

ENGLISH KNOWLEDGE SYSTEMS. INC. 
$525 Scoots "''tvy 01. 122. Sc..,. v.u.y, CA-~ 

(408) 438-6922 

Inquiry 077. 

SCREEN MANAGER 
MENU. W INOOW, and DATA ENTRY Suppoo IOI 
the Profess1onal Programmer! Interlaces to mosl 
languages. BASIC, C. FORTRAN, COBOL. 
PASCAL. ASSEMBLER, 100 Page Manual. Thl rty 
day money back guarantee. No Roy;iltles. 

from 579. Visa/MC 

The West Chester Group 


P.O. ~ 1304, WOt.t ChoS:Of, PA 19380 
(215) 1144-4206 

CALL FOR FREE DEMO 

Inquiry 678. 

STATISTICS 

STATISTICS CATALOG! 
II you need stallstics for IBM PC or Apple II. call 
us and let our technical advisors he Ip )'OU find the 
statistk:s programs you need. 
Write or call now to get a FREE catalog ot statistics 
and quality control sottwaro. 

HUMAN SYSTEMS DYNAMICS 
9010 Rosoda Blvd.• Sto. 222 

Nonhridge, CA 9t324 

(800) 451-3030 (818) 993-8536 (CA) 

Inquiry 679. 

StatPac Gold!" 
\IJ!e<I Wo<lds Best Stal~ocat & Forecast•ng Pacl<.age 
1n 1987 by PC World Magawie readers. Six limes 
"'°'e votes lhan the """' dosell competitol Mote 
comp,ehensrw & ea..er 10 use than all others Get 
lhe facts. Call now for your FREE brochure. 

1-800-328-4907 
Walonlck Associates, Inc. 

6500 Nicollet Ave. S.. Minneapolis., MN 5542.3 
(612) 866-9022 

Inquiry 680. 


TERMINAL EMULATORS 


Datapoint Termlnal Emulators 
lnclease the USlllulness of l'O<.f IMl<sonal OClllPIM< and oars. 
~ ............... Conne(l l'O<.f PC or PCclono "1th ""1 Oala. 
paint co.mput•'- Full 1a11nlnGI emulation, fil<I u~ ond 
MSIOOS hOI Irey, while uoing 00$ "' RMS. Aequl.-es only 
IBM C""'palibie 81\d ltyTIC comm adaplo<. Full""""'" cod4! 
<mi!oblo.82•2. 8220or :JOOO!ermlnal em~$171l.9Sea 
MCNlsa/COO (206) 391·3725 

LAN Comp Systems 
1'52• l•NQUOl>-Hooan Rd.• 1..,,.,uoh. WMhtngton 00027 

Inquiry 681. 

UTILITIES 

BEAUTY FOR YOUR BEAST 
ELEGANT INTERFACE 10 OOS. Faster more 
powerlul version ot this popular DOS shell. Find, 
C<lP'f, m<M!, de lete tiles In a law keystrokes. 
"lllgging. "Find on namo and text. ·FuU Troe. ·user 
defined commands and more. $39 complote with 
160pp. manual. Unlld. sile lie. $390. MCNISA. 
90-0ay No-Rlak Guarantee. 

BIU WHITE 
PO Box ST. Slill River. MA 01467 

(508) 456-3699 

Inquiry 682. 

UTILITIES 

MATCH PRINTERS TO PC 
FO< IOSS lhan $30 MatchFont and Mmh-a· Prfnter 
are g reat lor fom1gn and sdemtlc wn11ngs. Get all 
the characters you need from most l)fograms and 
primers (Apple t!. E"pson ponters. dalsywheels. etc.) 
Greek . French. Italian. Spanish. German . Swedish. 
Japanese. graphlCS Vou name ill To recetve a 
FREE demo disk use the 1nqu1ry f below or wnte 10· 

MATCH SOFTWARE 
6426 C<>klwaltr canyon, Nonll Holl)'wOOO. C\ 911106·1113 

Inquiry 683. 

COPY AT TO PC 

Tho 1.2mB drivo has !onll boon known ro READ bot NOT 

10l<Allly WRITE on 360k8 f1opp/oa. Wrth "'CP'IADPC"'" 

1.2mB dfflM CAN 11'1io.t>ly WRITE JeOl<B l\Opples ........, a 


""'b · - ,_ .... °' - - "CPl'Al2PC" (NolCcoy ProlOCIOd) Olltrs iho P<Olttllllt SOA\W,RE SOLU
TION ' ONLY $19 ~$4 SM VlSA/MCICOD UPS Ml 

M!CROBRIOGE COMPUTERS 

655 Skyway_San Cilllos. CA 94070 


Order tOlf froo 1..S00.523-11777 

4115-593~ (CA) 212-334·1858 (NV) 

TELEX EZLNK 62117.l089 FAX 415-593-7575 


Inquiry 684. 

The NOVA UTILITIES 
Twetve advanced 005 programs that are on every 
user's wish llSI. Disk editor, tole recovery, poml-ilfld. 
shoot window directory manager. encrypt and com
pross Illes, OOS command line quallflors, find, 
view, delete, mow, copy. morel l.Bs$ rhan $6 per 
program a1 only $69.95 complete with 100+ page 
manual. 

NOVA SOFTWARE, Inc. 
P.O. Box 37-464, AlbuQutrQUO. NM 87176 (5051 136-8400 

Inquiry 685. 

Recover deleted flies fast! 
[)!sk Explo<er "°" ondudes autcwnatlc file 'ec»rer\' You 
iype 111111e dOfetOd t.ros nama Dlsl< E•plOror 1.nos ana 
n!Olores t Disk Expiorer also shew.; v.Ms realy on <Wt. 
YleH, change or create IO<mats. change a file's stalus. 
change data 111 811( seaor MS.DOS $75 U.S CheclciCreOI 
card "'*°"'e. 

QUAID SOFTWARE LIMITED 

45 Charles St. E 3rd Fl. 


Toronto, OntariO, Canada M4Y 1s2 

(416) 961·8243 


WORD PROCESSING 

PC-Write"' Shareware Ver. 2.71 
Fast, fut! fealurec:I word procosSOfnext ed~or for IBM 
PC. With spell check. :K:reen clip, 111allmerge, spilt 
screen. ASCII files. macros. Easy 10 use. Supports 
400 primers . LaserJet+ and PostScript. Software, 
Usot Gulde. and Tutorjal on 2 disks for $18. Try it , 
•hen register with us for only $89 a.nd gel User 
Manual, 1 year 1ere-support , newsle1ter and 2 
upgrades. 9().day guarantee. VISA/MC. 

Qulcksoft 1-800-88S..8088 CALL TOOAYI 
219 Arst N. , #224-BYTC. Seattle, WA 98109 

Inquiry 686. 

Laser Print Envelopes/
The Slat,.. Lile • Laser Envelope Pnnter software pro
duces enveiopes as protoss1ona1 as your cor
rosponden<:a \llrsion 2.0 suppor1S 20+ efMllope Slyles, 
mulliple return addresses and more! Compallble with 
all popular word pmcesslng software and almost any 
laser printer. Requires PC or compatible, IOK mamory. 
S69 + S&H. 

TSG Technical & Systems Group, Inc. 
P.0 Box 95 S!rOOISVlfle, Mlu!sAuga. Co.- L5M <Bl' 

(416) 858-1885 

Inquiry 687. 
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SALE! IBM COMPATIBLE ACCESSORIES NEW! 
Jameco 
IBM PCl'l:r/AT 
Compatible 
Motherboards 

·AMI 
BIOSROMs 
Included JE3005 Pictured 

JE1001 4.77/SMHz (PC/Xl)•• • •• $89.95 
JE1002 4.77110MHz (PC/Xl) •••• $109.95 
JE3005 8/12MHz (An•• •••••• $329.95 

Jameco IBM 
PC/XT/AT 
Compatible 
Computer 
Cases 

JE1010 
JE1011 
JE1014 
JE1018 
JE1019 

JE1019 
Pic:tured 

StandardPCIXTFlip-TopCase $34.95 
Suindard PCll<T $Udo Case •• $39.95 
BabyXTTurbOFllp-fopC..se $69.95 
Baby AT Slide Case ••• • •• $69.95 
Baby AT Flip.Top Cose •.• • $69.95 

JamecolBM 
PC/XT/AT 
Compatible 
Power 
Supplies 

PC/XT(150Wa11); + 5V 4t 15A. - 5V @0.5A. + 12V Cil 
5.5A.  12V fi 0.SA 

AT (200 watt) : +5V 11 20A.  5V @I O.SA. + 12V@ BA. 
- 12V @0.5A 

JE1030 Std.SiiePCt XT $69:% $59.95 
JE1031 Baby PC/XT•••••• ••• • $69.95 
JE1032 Baby AT•••••••••••• $89.95 

Jameco IBM PC/XT/AT 
Compatible Keyboards 

JE10 t GPCetvrOd 


JE1015 Standard AT layoul (XT/Al) •• $59.95 

JE1016 Enhanced llJ1IOUI (XT/Al) • • •• $69.95 


~ LOGITECH 2 and 3 Button Mice 
for IBM PCOCl"/AT 

• Utilizes OPIO
mcchanlcal technology 
• lnctudes driver software 
• Serial or Bus Card Ver
sions available • Fully 
compatible w/ all mouse 
based applicaUons 

MS Pictured 

MS 2·8otton. Soriol Moo...... $49.95 
C7PLUS l •Button. Serlal MO<Jtc• •• • $79.95 
BUS 3·Button. 8o1 Mo;iw••••• $79.95 

RAM, V20 & Intel Math Coprocessors 
"4164· 150 
·•t256-1 00 
"41256-120 
"41258--150 
UP070t08-5 
UP070108-a 

8017•2 

ll028MO 

80387-16 
80387· 20 
~s11000P-10 

6S.S3GXI it50noi•••••••••••••• , • $2.89 
262.144•1 t•OOnsl•••••••••••••• $13.25 
2G2.tU.:1 f120nt).••••••••••••. $1US 
262, 144s.1 C150na) •••• • ••••••••• Sl2.2S 
i5MHV\/20Ctiip (A4!Hc.,8088J ••• $7"9 
(8MHzl\/'20Clllp 
(llOOloco•8088 Ot 8088-2) •• . • . •• $t0.7S 
Malh Copnx;oNOC' PC/XT and 
Compotll>i•• (8MH1) . •.••••• • ••• 5159.95 
M.>in~.-ATatlO 
CompotiblOS J10MH>)•• . •• •• •. •• $309.95 
Main CootOC<IMO< 38G i 16MHz) ••• 547 ..95 
Mall> Coor°"""°' 3a6 (20MH1) ••• $748.95 
l .048.576• 1 1100n11••• • •••••••• S39.95 

IBM ATCampaflble 
fBMffz 80288 NEAT llolhetboatd 

• Expandable to lMB RAM utlng 256K One Year Wam1nty!
ORAMchlpsor4MBuslng 1MBORAMchlps 

• Additional 1MB with 256K ORAM SIP9 or 
4MBwtth 1MBORAM $1Psforelotalof8MB 

• 8112 or 8/16MHz hardware or lcayboard 
Mlloclable 

• Front panel LEO Indicators supported 
• Six 16-blt and two M>ll expansion bus slols 
• AMI BIOS ROM1 inciuded 
• 	Suppons au NEAT functions lno;Judlng 

ahadow RAM. EMS 4.0. RAM re-mapping. 

seleciable wait--· etc.• 80287-1 0 Malh Copiocessor capability 
• Norton SI ~ng of 1 S.6 
• Size: 13" x 8.5" 
• w.lght: 2..25 lbs. Latest 

Technology! 

JE3010 8/12/16MHzATComp. Motherboard $499.95 
IBM COMPATIBLE DISPLAY MONITORS j 

12" Amber Monochrome -
Til. Input High Resolution (PC/XT/AT) 

AMBER. ... .. ..... .. $99.95 

14" RGB Color - CGA Compatible 

Amber /Green / Color Switchable. 640 • 

200 Resolution (f'C/XTtAn 

CTX2410....•••••• $279.95 


14" EGA Color· EGA/CGA Com pat, 720 x 350 Ma><. Resolution (PC/XT/AT) 

TM5154.••. ••...••. • •••.••..•••....••.... $399.95 


14" Multiscan Color • \IGAll'GCIEGA compaUble, 800 x 600 Max. Reso

lution (PC/XT/AT) 

TM5155.• • ..•...•.............. . ......... $549.95 


I EGA/VGA MONITOR AND CARD SPECIALS 
14" EGA Monitor and EGA Card • EGA compatible, 720 x 350 Max. 
Resolution - dlsplays up lo 16 colors (PCIXTIAT) 
JE1059 SAVE $40.001. ...... . .. .......... $519.95 

13" VGA Monitor and VGA Card· VGA compatible, 800 x 560 Ma><. 
Resolution - displays up 10 256 colors (PC/XTIAn 
JEVGA. ..................... . ............ $649.95 

!JAMECO IBM PCIXT/AT COMPATIBLE CARDS! 
. '. . . 

Graphic 
Display - g,. . D 

9'\... ,.;..._ .. '::zil --~Cards 
JE1050 

JE1050 Mono Gmphlcs Card w/Prtnler Port (PCIXTIAT) •• ••• $59.95 
JE1052 Color Gmphics Card w/Printer Port (PCIXT/An ••• • •• $49.95 
JE1055 EGA Card w/256K Video RAM (PCIXT/An $469:95 $159.95 

JE1071 ~n"J1'J~~~~a°p'l,~g.~.,W~: .... ... ........ $119.95 

Multifunction, 1/0 and Expansion Cards 
110 Card wilh Serial. Game. Pamllel Prinler 

JE1060 Port and Real Time Clock (PCIXl)• •• ••••••••• • $59.95 
JE1061 RS232 Serial Hall Card (PC/Xl)•• •• • •• •••••• • $29.95 

110 Card with Serial, Game and 
JE1065 Parallel Prlnler Port IAT)••••• .• •••• •• •• •• •• $59.95 

Expand to 384K (zero-Kon· board) Mullifunc. w/Serlal. $ 
JE1078 Game, Parallel PrlnlerPort &RealTimeClock (PC/Xl) • • 69.95 

2MB ol expanded or extended memory
JE1081 (zero-Kon-board) (An••••••••••••••••••• $119.95 

3MB of expanded °' extanded memory. parallel printer 
p0rt, serial port and game port

JE1082 (zero-Kon-boa rd) (AT)• • •••• • •••••• ••• •• • $169.95 
Floppy and Hard Disk Controller Cards 

JE1040 360KB Floppy Disk Drive Controller Card (PCIXl)• • •• $29.95 
JE1041 20/40MB Hard Disk Conlroller Card (PCIXT) •• •• •• • $79.95 
JE1043 360K/720KJ l.2MBll.44MB Floppy Disk Cont (PClXT/AT) $49.95 

JE1045 ~~\Y:i~~'g~;~'('!3~: ·~~~~ ."'.0~'.'°".n:~·~ ~~·~... .. $149.95 

IBM PC/XT and ATComputer Kits a/so a11Bilable! 

3.5" PCl'l:r/AT Compatible 
Disk Drives 

MF353B 

MF3SSB 

6§> Seagate 
20,30,40 

and 60MB 

Half Height 

Hard Disk 

Drives 


ST225 ZOUB o.+.. only (PC/XT/AT)..• •• $224.95 
ST225XT 20U8 w/ConltOl!et (PC/XT) • •• •• $269.95 
ST225AT 20UB w/Con- (AT). • ••••.. $339.95 
ST238 30U8 om. only (PC/XT/AT).. •• . $249.95 
ST238XT 30118 wtCon- (PCIXT)••••• $299.95 
ST238AT 30U8 w/ Con- (Al)•••• •• •• $389.95 
ST251 OOUB o.+.. only (PCIXT/AT).. • •. $429.95 
ST251 XT OPUS w/ConL Cold (l'CIXT) • •• •• $469.95 
ST251AT OOU8 •/Con-CW lATJ•••• $539.95 
ST251-1 OOMS fell 28ml (om. only)•••. $499.95 
ST277 601l8 om. only (PC/XT/AT).••• . $499.95 
ST277XT t;OUB w/CM- (PC/XT}••••• $549.95 
ST277AT GOMB w/Con-Cotd (AT) .• •• $639.95 

30MB Hard Disk Card 
1or IBM PC/XTI AT 

I 
• 32.SMB fonnatted capacity • Saves space and 
reduces p0wer consumption • Easy inslallailon 
• Pre-tested and low-level lonnalted 
SA30.. .... . . ... $399:95 $379.95 

40MB Tape Back-Up 
lor IBM PCIXT/AT 

• Allows unaheoded 
bock-up of 40MB In 40 
minu1es • Standard OIC 
dota llormal • Easy &o 
vso menu-c:ttNM son· 
~ • FVO.. ""cromenta.1. 
SOIOCSOO. moC11fiOO Of 
dalOcf filO ~UP 
• lncJudOI Of'IO 40M8 lapo 
Qlrt_rid.go [mtr. m3Y' vary) 

DJ10 40MBTapo8ack-UpandTapo $349.95 
TB40 40MB TapoC"'1t~•• ••• • • • ••• •• $24.95 

Jameco 5.25" PCl'l:r 
& AT Compatible tJjllliiill;tl. 
Disk Drives • 

JE1022(--.i) 1 -.-=~----~ 
JE1020 ,__llll.(PC/XT/AT) ••• $ 89.95 
JE1021 360KllelgolbL(PC/XT/AT) ••• $ 89.95 
JE1022 1.2MBBeloelbL(PCIXTIAT) •• $109.95 

2400/1200/300 Modems 
Datatronics , I ' . ... . . ! 
• Hay1t1QJfTlmandcompal• 

lt>IO • 8011 I031212A <Om· iii ' 

D•tlbl6 • Auto-<U•J/aulo

answer • FCC approved 
 -= aao:= •1· )'0Dr weJta.nty • lnctudc~ . . . 
MaxiM1to CommuniQtion 
SOJtwaro (OXC<>Pt 1200PJ 
1200P 1200r.JOO U.ud - -.•••. $ 99.95 
1200H 12001300 U.ud lnlemOI Modem. • •• S 69.95 
2400S 2•0011200/300 "'10mal - · •• . $129.95 
1200C 1200/300 Boud E.<tom.i-... . s 99.95 
2400E 200011200r.100Extoma1- .•• • $169.95 

PARTIAL LISTING •OVER 4000 COMPONENTS AND ACCESSORIU IN STOCKI • CALL FOR QUA1111TY DISCOUNTS•RAM'S 8UB.IECT10 FREQUENT PRICE CHANGES 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ·.WUl~MMC 
Now available...Jameco's NEW 1989 Catalog 

0 0
M, c R c M" u 1 ER 

with 74pages ofComputerPeripherals, Components & More! ~~R~~.:.'.~~--:-~o_u.~c 1 L 

NEW! AMI 80386 MOTHERBOARDS NEW! 


IMKH~Si>eod 
RAM Cootie ----

Keyboon! ..-°""""-------LEX>~ 

BIOS ROOU ---- 
(AT~) 

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 for a variety of applications 
Including Multiuser {Unix. Xenix. PC MOS), Networking (Novell, 
3-Com), CAD applications (Autocad) and Multitasking (Windows, 
OS/2, Desqview). The board features one 8-bit slot, six 16-bit 
slots and one 32-bit slot as well as 80387-20 math co-processor 
capability for 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 of 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) 511 OOOP-1 O 1 Meg chips for an additional 8 Mega
bytes. bringing the total memory of the system to 10 Megabytes. 
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. Description 

One32-8il~ 
(llus)Slol 
Sbt 111-811 &ponslon 
(Dul)Slola 
One&-Bil~ 
(Bui) Slol 

JE3025 Pictured 

RELATIVE PERFORMANCE 

.. 
- IBMP<:IAT - JUOOS· - JElOH 'Soe-1to

CPU P~ EGA Pertornura ...,.p~ 
~ 0...~ IOO't-~ 

Price 

JE3020 16MHz 80386 AT Compatible Motherboard (Zero-KRAM). • • • • • • • • $1399.95 
JE3025 20MHz 80386 AT Compatible Motherboard (Zero-KRAM). • • • • • • •• $1699.95 
JE3030 8 Megabyte Daughterboard lor JE3020 and JE3025 (Zero-KRAM) ••••••••••••••••••••••••• $299.95 

The lollowlng names are registered lredemerks of their respectjve companlea: Unix Is AT&T, Xenix and Windows are Microsoft Corp., PC MOS is The Sof1ware Link Inc_, Novell is Novell Inc. 
3-Com Is 3-Com Inc., Autocad Is Autodesk Inc .. OS/2 Is IBM, Oesqvlew Is Quarterdeck Information SyS1ems 

See opposite page tor RAM and Math Copt0eessors 

U.S. Funds Only $20 Minimum Order Data Sheets - 50¢ each 
Shipping: Add 5% plus $1 .50 Insurance IBM Is. ~ist•<W ''"d•m•rl< al lntom•llonal Bu.in... Mad!lnn Prices Subject to Change
(May vary according lo weight) 

J 
® _ Send$2.00 ,.,,,... '"" 

California Residents: FREE 1989 CATALOG 
Add 6%, 61'2% or 7% 


Sales Tax 
 amec0 VISA® FAX Numbers: 415-592·2503 
.,................................................. or 415-595·2664 

1=>1988 Jame<:<> ElectroniC$ 11188 '-...::==---...::==----' 1i(fiIJiJW?f{':j:1 Telex: 176043 

1355 Shoreway Rd., Belmont, CA 94002 • 24 HR. ORDER HOTLINE 415-592-8097 ·Customer Service (7am-5pm PST) 415-592-8121 
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Circle 76 on Reader Service Card 

31\11 *FREE! Headcleaning Kil 

I ?·l •.•lol!J 
Quantity DiscountsOS-DD Available OS-HO 

.69 .. . 5.25" JM Diskettes 1.45 
1.49 .. . 3.50" JM Diskettes 4.45 
1.99 .. . 8.00" JM Diskettes 2.25 
.85 ... . JM Marl< 0 PC "Formalted" Disks 

.47 ... . JM Highland Box DiSkelles 

.52 ... . 3M No Logo Bulk. wftyvek. labels w/p 
DC-1000 . . .... 12.65 DC·JOOXLP ... .19.45 
DC·2000 . .. . .. 17.05 DC·600A ...... 21 .45 
3M Mag. Tapes 2400' W-T-S .........•••• 12.5D 
3M Mag. Tapes 1200' W·T·S .. .. ... ..• .... 9.25 

Oaia Oelendef 050 Data Oelcndef 070 14 9514 95• For 50 • 31'1" lor 70 • s·~- w/kcys • 

1~ BASF * FREEPlaslic 
~1 M Library Box 

Os-DO Quantity Discounts 
Available 

.59*.. . 5.25" BASF Diskettes 

1.29 ... J.50" BASF Diskettes 

1.7£9 8.00" BASF Diskettes 

OS-HO 

.89 
4.45 

. .. 1.99 
COLOR·COOEO MODULAR 
FILIN GCASEl78 FOR 

- ·~ $595 WITH EACH 
~ u. PURCHASE OF 60. 

BASF 5.25" OS/OD Diskettes! 
BASF Mag. Tapes 2400' W·T-S ....... 11.95 
BASF Mag. Tapes 1200' W-T-S ......•• 7.99 
BASF No·Logo 5.25" DSroo ••••....• : . .42 

M02·0MP M02·HOMP MF2·00Mmaxe11s.2s· OS/OD 5.25" OS/HO 3.SO"OS/00 

"U<l'CA>llCIO' . •72* 1.49* 1.59 
Verbatim s.25" os 1~0 s.2s· osm~ 3.so· osiDo 

- D.lt;JJJ/e - .72 1.30 1.49 
"FREE °"41.ifr.,..,, Of/",,_ 

COLOR DISKS 5.25" DSIDO 3.so· OS/OD 3.50" OS/HD

Ht! .?.~~!CIOJ .59* 3;~9 
s.2s· os100 s.zs· os1tto J.so-os100 

.72 1.49 1.59 

CALL FOR BEST PRICES! 

Box ol TEN 5 25" OS/DD 
with steeves. 14bels and 335 
wlp tab$ • 

Bliek Disks Color Disks 

.29 5.25" DS/H0/48 TPI .39 

.69 . . . . 5.25" DSIHD "AT" . . • . •79 
1.09 ... J.50'" DSIHDl135 TPI ... 1.19 

FREE SLEEVES. LABELS ANO W/P TABS 

RIBBONS STORAGE 
- Please call for information -

TERMS: VISA. Maste1caid0< AMEX. coo Ollly add S3.00. Prepaid 
Olden deducl 2ll. cash disco<ln1 PD's accep1ed J1om 1ecognized 
itistilulions and corporations Oii Ne1 30 Bank dl311. TIT 01 LIC 
acceptable. Shipping: $41100 or lewei diSks. Reduced shipping 
clw~ °" lugor quan1i1ies. Price quo1ed tor case (100 disks) 
quantilies less than a case add 5'!1.. 

WE BEAT ANY PRICE! 
Toll Free Order Line: Information Line: 

1-800-523-9681 1-801-255-0080 
TLX-9102404712 FAX-801-572-3327 

a DISKCOTECH 
DISKCO TECHNOLOGIES, INC. 

213 Cottage Avenue 
P.O. Box 1339 Sandy, Utah 84091 

232 Fall 1988 • B Y T E IBM Special 

Bullet -  Modem 

• Turbo 2400 bps + MNP"' Class 5 
Up to 7200 bps ........ internal $.295 

........ external $395 
• Up to 19,200 bps •. . • . ........ Sl,195 
• 100% Error Free Data 

Circle 81 on Reader Service Card 

wzami 
iectronics 

2.l~S:! 
Commerce 
O..•rllcrDr. 
Su i1e L 
l..!>gun;,Hilh 

A ~~65.1 

Phone: 714-855-0411 

Fax: 714-855-8504 


No 1elund - ei-challQ'I onty - E>chanoe good 10< 30 oays 
un1C$S manul.lelurc1 WlHantios rrlCIWn!lise tOl'<)ef 

Circle 80 on Reader Service Card 

EPROM PROGRAMMER 
$ 3 4 9 

THE EP·l 'S A. GREAT VA.LUE AND HERE"O WHY: 
• READS. PROGRMIS. COPIES OVER :ISO EPllOM mil EEPROMS 

ffiOM :10 MFG"S INCU.JOING 27tG-27Sl3.2004-~701 I 
• READSo'WRITES IHTEl. MOTOR()L.A. STIIAIGHT HEX & BINARY 
• OPTIONAL l-£ADS PAOORAMINTEI. B7<X.S151,87CS1 ,875S 

MENU·DRIVEN C11P sa..ECTION BY MFG & PiN:NO MOOUl.ES 
FAST. SJ.ON. O\JQI. PUlSf PROGRAMMJNG At.GORITHMS 

• SPUTSFILES BY BASE AOOOe$SANO 000/E\IEN (1G& 3;!1111) 
• AU INTEUJGeNCe IN UNT: ZOO MICROPROCESSOR BASED 
• 5. 12.S, 21.2SVP!IOO/W .llNGFOAO.IOS& .... SUfFIXPAA'TS 
• FREE PCOOS SOF'IWARE • RS232 TO Af:N COMPUTER 
o GOlO TEXT()()(_ ZIF SOCKET • 8 BAUD RARES TO 38.4M 
• MONEY BACI( GUAAAMCE • ONE YEAR WAARANTY 
o 2 FREE FlRMWA/11;: uPDA.TES o $AIAE OAY $HI PM ENT 
• CH:Cl<SUMS SUPPOOTEO • UV ERASERS FROM s:J<.95 
CALL TODAY FOR MORE INFORMATION 

800/225· 2102 

BP~ 
10681HAOOINGTON1190, HOUSTON, TX n043 

7131461·9430 n..>C: '1561477 FAX: 713/461-7413 

Circle 38 on Redder Service Card 

ANALOG 1/0 and DSP 
ideal foT PC based 

Measurement/Test, Control, 
Acoustics, and Signal Processing 

PC-12 :~6p~lfe~'.~~~i~fo~1~~~~i:;ir..tb&~g~~1 
12·blt 0 /A, 1/0 Fillers. 8·bit dl9llel 1/0. 
memory mapped 1/0 assisted by timer. 
$650. 

PC-12SC 	 • 12·blt AID & 0/A with VO fillers end 
timer, lor voice 1/0 , IEEE Speech Course, 
etc. $450. 

PC-OMA12• 12·bil AID and D/A lo 100 KHz. dual· 
channel OMA conlrolle• 101 concurren1 
1/0 capability, progf'llmmable H/W timer 
101 ze 10 liming jitler. 1/ 0 llllcrs, p1og1am
mable gain and ottset amplifier. 16·chan· 
nel auto-scan multlplexe•. 8·bit digltal 1/0, 
etc. $1250. 

POOMA 16ofeatures compatible to PC-OMA. bul with 
16·bll AID and dual 16·bit 0 / 1>. S 1595. 

PODSP 22 • 22·blt lloating point DSP board for PC, 
compallble to the above PC-OMA boards 
for RIT DSP. I K complex FFT In 1 Omsec. 

SAMPLE •5/W lor PC-OMA perlorms continuous 
EDITOR hard d isk transfer. sea1ch, audio edl1, e1c. 
01M1 new prQducls Include 1 MHz 12·bil ND and 
DIA.servo mo1orcOt1troller, etc. All prOduCIS suppot1ed 
by S/W driver ond application packages. 

CA#ETICS, Inc. 

PO Box 70549. Pasadena, CA 9 t 107 


(818) 584-0438 

Circle 40 on Reader Service Card 

Circle 51 on Retuler Service Card 

UNIVERSAL LOGIC PROGR.AMMER 
•	 PROGRAMS. 

REAOS. DUPU· 
CATES. TESTS 
ANO 
SECURES 
HUNDREDS 
OF20-AND 
Z4·PIN 
DEV!a:S 

• 23UNIVER 
$Al.PIN 
DRIVERS 

v..THINOE· 

PENDENT 
 fllD.1100 

DAC, ADC& 
SlEWFUNC· 
TIONS PROGRAM ALMOST ANY LOGIC DEVICE 

o MENU DAJVEN OPERATION IS EASV TO LEAAN ANO OUICI< 
TO OPERATE 

• CONNECTS TO ANV IBM COMPATlBl.E COMPUTER VIA 
PARALLEi. PRlmER PORT 

• El)ITS FUSE DATA & TEST veCTORS WITH FUU 
SCREEN EDITOR 

o TESTS v..TH VECTORS & SECURES AFTER PROGRAMMJNG 
oSUPPORTS AU POP\MR PlD DEVEl.OP61ENT SOFTWARE 
• GOl.DTEXTOOl ZIF IC SOCKET • ONUNE HELP FUNCTION 
• MONEY BACK GUAIWITEE • SELF CAUaRAnNG 
o TOLl·FREE TECH SVPPORT • JEDEC FILE INIOUTPUT 
• UPOATA!ll..E VIA flOPPV oONE YEAR WARRANTY 
• EPROM PROGRAMMERS Ai.SO • SAIAE DAY SHIPMENT 

• JUST S798 
CALL FOR FREE DEMO DISK 800/225·2102 

BP~ 
10681 HADDINGTON '190 HOUSTON. TX 77043 
713/46 1 -~ TU<: 1561477 FAX: 713/461 ·7413 

Circle 38 on Retuler Service Card 
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________ _______ _ 

BYTE 
LISTINGS 
YOUR WAY!- ........
It's easy. Now there are 
th ree ways to get source
code listings that go with 
BYTE articles - on disk , 
in print or on line. 

LISTINGS ON 
DISK BYTE listings on 
disk are right fo r you if 
you want to compile or 
run programs quickly. 
A lso included on disk are 
the month's SIX high
lights specific to your 
mach ine format . 

LISTINGS IN 
PRINT This print sup
plement contains source
code listings described in 
the issues of BYTE. 

LISTINGS FROM 

Bii (BYTE Information 
Exchange} By joining 
BIX, you can download 
BYTE source-code 
listings at standard SIX 
rates. See BIX informa 
tional ad listed in Reader 
Service index in this 
issue. 

-;,·: 
FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 

Call: M -F, 8:30 a.m. to 
4:30 p.m. Eastern Time 

1603-924-9281 for New 
Hampshire residents) 

For credit card 
orders only. 

onlh'• lllXON DISK- ·:=;:.~ ToV... 
MlllHiwFannllL 

Disks of listings from December 
1985 to present ere available at the 
prices stated at right. Please mark 
the appropriate format and note 
the issue dale below. If you are 
ordering a subscription. please 
note the issue date on which you 
would like i t to begin . 

Month ------- 

Year -------- 

6% Inch: 

0 IBM PC ' 

0 Apple 11 

0 Kaypro 2 CP/M 

0 MS-DOS 8 Sector ' 

0 Tl Professional 

3% Inch: 

D Apple Macintosh ' 

0 Atari ST ' 

D Amiga' 

0 IBM PS/2 ' 

IN USA: OUTSIDE USA: 
Single Annlllll Single Annual 
Month Sub9criptlon Month aDcilptloi1 

lone disk) (13d19kal lone di91cl (13 dl9ka) 

D $8.95 D S69.95 D .s 10.95 0 $89.96 
!Save $46.40) !Save S52.40J 

D $9.95 0 $79.95 0 	$11 .95 0 $99.95 
!Saw $49.40) !Saw $56.40) 

IN PRINT 
1988 SUpplement Issues 
0 	January through Maich 

$6.96 in USA $7.96 outside USA 

Monthly supplements replace 
quenetly supplements star ung rn 
April. Indicate lhc mon1h you'1 
ordern19 in the space below. 

Monm ------- 

'mar -------- 

$2.50 pe1 rssue 1n USA 
$3. 50 pet ISSIJe OU 1$lde USA 

""'-'~ 
$19.00 1n USA 
S22.00 outSKle USA 

Please note month and ~r you 
would Ii the subscr1pt1on to begin 

Month - - - ---- 

Ye<lr -------- 

COMBINED DISK 
AND PRINT 
SUBSCRIPTION 
Bundled together, 
giving you the 
convenience of disk
based source-code plus 
the ease of reference of 
print. 

If you are ordering a subscription, 
please note the Issue date on 
which you would like It to begin. 

Please comple1e In ,... 

City _________ 

County or Par iSh 

1987 Supplement Issues 
IN USA: 

D January lhrough Mo!Ch 19B7 lor 
only $6.96. 

0 April lhrough June 1987 lor only 
S6.95. Unctudes 1900 lnde!cl. 

0 July mrough Septembef 1007 for 
only $6.95. 

0 October 1hrough December 1987 
for only $6.95. 

0 1007 subscnpuon only $18.00. 

OUTSIDE USA: 
0 January through Mart:h 19B7 for 

only $7.95. 
0 Apnl hrough June 1987 for only 

$7.95. 
D July 1hroug S p1ember 1987 for 

only S7.95. 
0 October through Oecembef 19B7 

for only $7.95 
0 1007 subscrip1lon only $21.00. 

1988 Supplement Issues 
IN USA: 

D January 1hrough June 1986 for 
only SS.95, FOLD

0 July mrough September 1986 for 
HEREonly S6.95. 

0 October through Deccmbei 1006 
for only $6.96. 

D 1006 Annual Subsc11ption for 
only $18.00. 

OUTSIDE USA: 

D January 1hrough June tor only 
$9.95. 

D June lhrough September for 
only S7 96. 

0 October through Decembef for 
only $7.95. 

0 1986 Annual Subscription for 
onl $21.00. 

Credit Card/___________________ 

Exp. Date __ Signature Date ____ 

Please allow 4-6 weeks for delivery. 

INUSA: 
""'-' 9ub•c•4pdon 

OUTSIDE USA: 
Arna Sul.:..lpdon 

6% Inch: 
0 IBM PC 

0 $89.95 
fSave $58.35) 

D sioo.95 
(Save $75.351 

0 Apple II 

0 Kaypro 2 CP/ M FOL[ 

0 M S-DOS 8 Sector HERi 

0 Tl Professional 

3~ Inch: 

0 Apple Macintosh 

D s99.95 
<Save $61.35) 

0 $11 9.95 
(Save $78.35) 

0 Atari ST 

0 Amiga 

0 IBM PS/ 2 

IBM 

s1a1e Zip ______ 

Country 

D Check enclosed 

0 MasterCard 

0 VISA 

0 U.S. F1mds enclosed llf ordering 
from outside the U.S. please rvmu in 
U.S. funds drawn on a U.S. txin . 
Thank you.I 
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The Amazing A-BUS 


An A·BUS system w ith two Motherboards 
A·BUS ad•PIU (IBMI In foreground 

About the A-BUS: 
• All the A·BUS cards are verv easy to use with any language that can 
read or write to aPort or Memory. In BASIC.use INPand OUT !or PEEK and 
POKE with Apples and Tandy Color Computers) 
• They are all compatible with each other You can mix and match up to 25 
cards to fit your application. Card addresses are easily set with :ampers. 
• A·BUS cards are shipped with power supplies (except PD-123) and 
detailed manuals (including schematics and programming examples). 

Relay Card RE-140: s129 
Includes eigh1 industrial relays. (3 amp con1ac1s. SPSn individually 
controlled and latched, 8 LED's show status Easy to use !OUT or POKE in 
BASIC). Card address is jumper selectable. 

Reed Relay Card RE-156: s99 
Same features as above. but uses 8 Reed Relays to switch low level signals 
(20mA max). Use as a channel selector. solid state relay driver. etc. 

Analog Input Card Ao-142 : s129 
Eight analog lnpuls.Oto +5V range can be expanded to 1OOV by adding a 
resistor. 8 bit resolution (20mV). Conversion time 120us. Perfect to 
measure voltage, temperature. light levels. pressure. etc. Very easy to use. 

12 Bit AID Converter AN·146: s139 
This analog to digital converter is accurate 10 .025%. Input range is -4Vto 
+4V. Resolut ion: 1 millivolt.The on board amplifier boosts signals up to SO 
times to read microvolts. Conversion time is 130ms. Ideal for thermocouple. 
strain gauge.etc. 1 channel. (Expand to Bchannels using the RE-156 card). 

Digital Input Card IN·141 : ss9 
The eight Inputs are optically isolated,so ifs sale and easy to connect any 
"on/off" devices. such as switches. thermostats. ala.rm loops. etc. to your 
computer. To read the eight inputs. simply use BASIC INP (or PEEK!. 

24 Line TTL 1/0 DG·1 48: $65 
Connect 24 Input or output signals (switches or any TIL device) lo your 
computer. The card can be set for: input. latched output. strobed oulput. 
strobed loput. and/or bidirectional strobed 1/0. Uses the 8255A chip 

Clock with Alarm CL·144: S89 
Power!ul clock/calendar with: battery backup ror Time. Date and Alarm 
setting (time and date): built in alarm relay, led and buzzer. timing to 1/100 
second. Easy to use decimal format Lithium banery Included. 

Touch Tone® Decoder PH·145: s19 
Each tone Is conver1ed into anumber which is stored on the board. Simply 
read the number with INP or POKE Use for remote control projects. etc. 

A-BUS Prototyping Card PR-152: s1s 
3'h by 4 'h in. with power and ground bus. Fits up to 1 0 I.C.s 

Plug into the future 
With the A-BUS you can plug your PC (IBM. Apple. 

TRS-80) into a future of exciting new applications in the fields 
of control, monitoring, automation, sensing, robotics, etc. 

Alpha's modular A-BUS offers a proven method to build 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 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
year, 50000 customers in over 60 countries). 

The complete set of A-BUS User's Manuals is available for $1 O. 

Smart Stepper Controller sc-1 49: s299 
World's nnes1 stepper controller On board microoroccssor controls 4 
mo1ors slmullaneously. Incredibly, it accepts olain English commands like 
"Movearm 10.2 inches left". Many complex sequences can be defined as 
"macros" and stored in theon board memory. For each axis. you can control · 
coordinate lrelatlveor absolute). ramolng.speed. steo type fhal!. full .wavel. 
scale lactor. units. holding cower. etc. Many Inputs· 8 limit & "wall unt il" 

ST· t43 	 switches. panic tiutton. etc. On the fly reoort ing of oosition. speed.etc. On 
boarddrivers (350mA)lorsmallsteppers(M0· 103l Send forSC·149 flyer 
Remote Control Keypad Option RC-121 : 549 
To control the 4 mo10rs directly. and "'teach.. sequences ol motions. 
Power Driver Board Option PD-123 : 589 
Boost controller drive to 5 amps per phase. For two motors (eighl drivers) 
Breakout Board Option BB·122: $19 
For easy connection 012 motors 3 ft. cable ends with screw terminal boa rd 

Stepper Motor Driver sT-143: $79 
Stepper motors are the ulllmate In motion control. The special package 
(below! Includes everything you need 10 get familiar with 1hem Each card 
drives two stepper mo1ors (t 2V. bidirectional. 4 phase.350mA per phasel. 
Special Package: 2molors (M0-103) + ST·t43· PA·181: $99 

Stepper Motors M0·103: S15or4forS39 
Pancake type. 2%" dia. '/•"shaft. 7.5°/steo. 4 phase bidirectional. 300 
steo/sec.12V.36 ohm. bipolar. 5 oz·in torque.same as Airpax K82701 ·P2 

RE-1 40 Current Developments 
Intelligent Voice Synthesizer. 14 Bit Analog to Digital converler. 4 Channel 
Digital 10 Analog converter. Counrer nmer. Voice Recognition. 

A-BUS Adapters for: 
IBM PC. XT. AT and compatibles. Uses one shor1 s101 AR· 133 .S69 
Tandy 1000. 1000 EX & SX. t 200.3000.Usesoneshortslo AR·13LS69 
Apple II. II+. lie. Uses anv slot AR· 134.•S49 
TRS·80 Model 102. 200 PruQs .n10 40 pin ·svstemoos· AR·136 ..S69 
Model 100.Uses40 pin socket ISocke1 lsd!Jol1cated onadacterl AR-135 .569 

IN·141 TRS·80 Mod3.4.4 0. Fits 50 01nbus fW1thha1dd1sk.use Y·cable) AR·132...S49 
TRS·SO Model 4 P. Includes exua cable.(50 pinoos 1srecess!tll AR· t37•..S62 
TRS·SO Model I. Plugs in10 40 oin 110 bus on KB oi Ell AR· 13L S39 
COior COmputers (Tandy).Fits ROM slot Multioak. O! Y-cable AR·138...S49 

A-BUS Cable (3 ft , 50 cond .) CA·163: $24 
Connects the A·BUS adapter to one A· BUS card or to llrst Motherboard 
Special cable for two A·BUS cards: CA·162: $34 

A-BUS Motherboard Me-120: S99 
Each Motherboard holds five A·BUS cards. A sixth connector allows a 
second Motherboard 10 be added to the first (with connecring cable CA
161; S12) Up 10 five Motherboards can be joined this way 10 a single A· 
BUS adaoter Slur(Jy aluminum frame and card guides Included 

A0· 142 

Add S3.00 ~r order for •hipping. Technical info: (203) 656-1806Visa, MC, check•, M.O. welcome. 
CT & NY rHldent• odd ..,.. tax. ~ ALPHA fPrl@?@[l}]@(l@ ~~:~"omv soo 221 ·0916C.0 .D. add S3.00 ..tre. 
Canada: •hipping lo SS Connecticut orders: (203) 348·9436 
OveroHoedd 10% .s;om.rndu•"' .."""'••"• 242- B West Avenue, Danen, CT 06820 Afl lines open weekdays 9 to 5 Eastern time 
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SEAl.EVR SYSTEMS INC 

5f~lfVfl ~EV~:C1 =., 
(103) HS.1511 

DYNAMIC RAMS 
1 MBIT 100ns $38.00 
514256100ns $49.00 
41464 150ns $12_50 
41256 100ns $12.95 
41256 120ns $12.15 

,,,.,,, 41256 150ns 4:Sl•!:JOJ 
51258 100ns $12.25 

"""4164 150ns C<t"&FI 
• for~~. l.p, PIO:,, ~ ~Cll f 

MODELS 50, 60, 80 
• LPT1, LPT2, LPT3 
• Optional Serial Port 
• OEM Pricing Available 

1·800-553-1170 
~CiUATECH 
~ INCORPOJ='IATECl 

478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: 1216) 434·1409 

TLX: 5101012726 

ON TAR GET ASSOCIATES 

Products and S~rvices 


for Design and Manufacturing Engineers. 


Micro Channel Design Consulting 
Prototype Cards 

Newsleucr 

PS/2 ~=========--ASIC's 
Adapter Bracket Sets 

Bum-in Mo!her Boards 

We will move your PC/XT/AT products to !he 
Micro Channel, or create your new design. 

CALL: (408} 980-7118 
for our Free catalog 

ON TARGET 
TARGET 
TARGET 

...the PSl2 leaders. 

Circle 160 on Reader Service Card 

Get the whole 
story on graphics 

terminal emulation. 

To find out more :tbout software 
th:it lets your PC emulate 
TEKTRONIX"' 4105161719 and 
DEC VTIOO"' terminals, 
c.111 or write: 

GGRAFP01nT 
•1310St~ou Oecks BIYd.• SullcUIO. "'°" J<>k. CA 9Sl29 1408J 2'19-19SJ 

Circle 98 on Reader Service Card 

DATA ACQUISITION 
PROCESSOR™ 

• onboard intelligence 

for IBM PC/XT/AT 


• analog and digital 1/0 to 
150,000 samples/second 

· 80186 coprocessor 
real time processing 

• onboard software, incl. FFT 
• run applications without 

programming 
• direct access to Lotus 1-2-3 
• manual with tutorial and 

sample applications - $20 
• digital I/O from $995 
• analog UO from $1595 

(206) 881-4286MicROSTAR 
2863 152 Ave_N.E

J Redmond. \VA 98052
LABORATORIES Tulcx 510 601 3473 

Circle 143 on &ader Service Card 

Circk 198 on ~oder Service Card 

BI 0s~s~ou~~~E 

The XT BlnKll isa 270 page book with adiskeue 
coniaining source coae In C. plus ullil ly programs 
to help you create a Bios. Now you can have a 
Bios with documentation for your own applica
tions· modify boot- up, eliminate the keyboard, 
Install security teatUfes. etc. Only 599 comolete. 
The AT 8111Kll ls only51 99. or gel both Bioskits 
for $279. 

- XT-AT HANDBOOK 
The XT-AT H11db11k Is full of hardware and 
soflware Informat ion in ashirt pocket size book. 
Over 70 pages covering 38 subjects. Including 
connectors. VO maps. controller programming. 
DOS and DEBUG commands. board dimensions. 
character codes. hard disk drive types. and 
much more. Only 59.95 each QIY H . five or 
more. S5 each. ~ ~ 

Annabooks ._ ~ 
121 45 Alta Carmel Ct. 250 , Suite 262 
San Diego, California 92128 
16191 271-9526 

Circk 15 on Reatkr Service Card 

Circk 110 on Retukr Service Card 

9-Track Tape Drives: Yes! 
for IBM PC/XTI AT/ 386 
and PS/2 c// 

ln1erchange tapes from mainrrames. 
lmportani feiuure.: 

• 800, 1600, 3200, 6250 BP I 
• EBCDIC/ ASCII conoersion 
• IDM & A SI labeled tapes 
• etwork backup 
• DOS, XENIX. Microport 
• Highe:sl quality customer sen•icc 


l'or quick delivery we slock all major 

manuracturcrs' tape drives, including 

Cipher, Kenned)'. M4 Daia, Qualstar. 


Prices slart at SJ ,755 . Call Today! 

Ovuland Da111, Inc. 

5620 Kea my 1esa Rd. • Sao Diego, A 921 U 


Tel: (619) S11-S5S5 • FA)( : (619) 57!.0982 


Circk 164 on &tukrService Card 

Circle 180 on &tukrService Card 

lM 5.25" Diskettes iFormatted for IBM PC 
i ' 
> Save ol leost IS mi,.,_,tes or Ii~ 

·~m~ tormotting time per di~.ette box. •~ ~ 

-:.; FO< IBM PC. XT & comp.. ~_:- ' 


·ro;~:&::. -: ~. '. 
lM l.S " Micro Diskettes 

F o r IBM Persona l Syste m 2
! U* I 

·,~ 1 .0MB $1 .69eo. 
:~ 2.0 MB $4.99 ea. '!/?~ #,
i :JM Dara cartrldgu 'ii.. - ' ~f 

<::i on Sale Now ~~:< 


~· ~Fal/Caratog;ootTplorol/noolquaJ/ty i; 

.e COtrpUl9f supplie6. F0teign lnq.Jirie1 Invited. m 
:~~ Minimum Ofder~ S.S0.00. SIH. USA: 'SA.001100 cl"'-1 fJ 

fj P1lce• SubJec1 10 Ch•nge . {~~ 


B Order Toll Free 

~ c.on_ 800-258-0028 


dllll ~~~~~~Gr~.:::.,:.~~t~~~~s"' 
MI: 80().632·2468 llllE... 616-452·3457 FAX: 61&..s2..a1• 

Cirde 173 on Retukr Service Card 



EN THOUSAND DOLLARS 
or a NEW JEEP WRANGLER... 

Wmerican Semiconductor® 
Call Today and you could win Ten Thousand Dollars, 
a New Jeep Wrangler, or numerous other great prizes. 
Now with over 2,500 Service Centers Nationwide!* Be 
a winner with American Semiconductor. 

IN FINANCING 
Plus •.• AVAILABLE 

NOT A LEASE ...YOU OWN IT! 

••s35~0. :- iiii. s39~0. .,; .iii- s45~0. - .iiii. s49!'10. ~. s59~0. -~ 
ASI TURBO _...,__.•.,.,...., 4 	 ,J;. .':t~=-As1 TURBO "" .-...-::. ASI TURBO .~~:-. As1ruRBo · "' ~ ASI TURBO "' ASI TURBO - ._ 

MODEL #5301 MODEL #5302 MODEL #5303 MODEL #5304 MODEL #5305 MODEL #5306 

• 100~ Xl COMPATIBLE • 100% Xl COMPATIBLE • 100!1 Xl COMPATIBLE • 100'11 XT COMPATIBLE • 100% XT COMPATIBLE • 100% Xl COMPATIBLE 
• 4. 77 & BMHz Piotessing • 4. 77 & BMHz Processing • 4.77 & BMHz Process!ng • 8 & 10 MHz Clock Spd. • • B & 10 MHz Cloek Speed, • • 8 & 1oMHz Processing

Spd, ID MHzOppt, • D·16 SP<!. 10 MHz Opp! . • 0·16 Spd , 10 MHz Opp!. • 0-1 6 0· 16 MB RAM Ava ilable • 0-16 Ml RAM Avallablt • Spd. t2 6 16 MHz Opp!. • 

MB RAM Available • BIDS• MB RAM Available • BIOS • MB RAM Avall.Jble . BIOS • BIOS• 8088-1 CPU• Two BIOS• 8088·1 CPU, • Two BIOS • 0-16 M8 RAM Avail· 

8018·1 CPU • • 1$0 wan P/S BOl8·1 CPU, • 150 Witt P/S 8088·1 CPU. • 150 Win PIS 360K OS/DO Half Heigh! 360KOS/OD Hall Heigh! able • 8081-1 CPU. • Two 
•AT Enhanceo 101 Ktr • AT Case• One J60K OS/DD Floppy Drives. w/Cable. Opp!. Floppy DllvtS W/Oppl, 2nd JlSOK OS/DD Hall Holght

Keyboard • AT case • One ~~~~:1~~~~~g~t,'j~pl Hall Height f lOllPY Drive 2nd PS/2 Compatible J.5' PS/2 CompaUble 3.5 • Drive • Floppy Drives. Oppt. 2nd 

360X DS/00 FillllPY w/Cont. C•ble. Opp!. 2nd PS/2 Com· w/Oppl. 2nd PS/2 Compalible Orlvo, •Mum 110 w/Con· Mu111 l/0 w/Floppy ContrOller. PS/2 Compallble 3.s· Orin• 

&Cable. Qppt. 2nd PS/2 pa1;01e 3.5 • Drive• 8 3.5 • Onve • Mu111 l/0 uorrer. C.ble. Cloe~ Calendar. Clock. Calendar, Parallel , Mu111 l/O w/Floppy Controller . 

Compalible 3.s· Ori••• 8 ExpansiOn Slots. Mum 110 w/Floppy Con1roller. Clock , Serial &Game Pon • One 20 Serial & Game Port • 30 MB Clock . CaleMar. Serial, & 
Expansion Slots • Optfltn: w/Floppy Controller. Clock , Calendar. Serial, & Game MS Haro Drive w/ Oual Hard Drive, w/Dual conuoner Game Pon, • 20 MB Hard 

MS/DOS, pt ODS. OW Calenoar. Serial. Parallel & Pon. • 10 MB Hard Drive Controller• TURBO/Normal • TURBO/Normal MOdo, Drive w/Oual Controller • 

BASIC. HOYEll. UNIX. Game Pon, AT Ennanceo 101 w/Oual Con110Uer • AT MOde Either Soltware 0t Ellher Hardware Cl Sollware TURBO/Nor111<1I MOde eilher 

Retall Value S1.099 Key Keyboard . AT Case • Hardware Selectable • 150 Selectable • AT Cuo •AT Sottwaro Cl Hardware Select· 


8087 Coprocessor Socke1 • ~~~·~.;~~.~~!c~~:ri~~~. Win PIS• 8 Expansion Slots Enhanced 101 Key Keyboard • able • AT 101 Key Keyboard•OUR PRICE $599 OpoJ>lts: MS/ OOS . PC OOS, AT Case • 8 Expansion SIOIS • AT Enhanced 101 Key 8Eirpanslon SICts • 150 Watt AT Case• 1so win PIS• a 
GW BASIC , NOVELL. UNIX. • OpoJ>lu: MS/DOS. pt Keyboard • 8017 Coprocessor PIS. • Opororas : MS/DOS, Expansion Slots • 8087 
Retail Value Sl .599 ODS. BASIC. NOVELl. UNIX. Socke1 • Op111111 : MS/ODS. PC OOS, GW BASIC, NOVEU, Co-processor Socket• IBM 

Retail Value $1 .989 PC DOS, GW BASIC. NOVELl. UNIX. 	 Inc . Com1111iblo EnlllnctdOUR PRICE $688 UNIX. Retail Value $2.999 Gropblcs Ad1pt.r (EGA) •OUR PRICE $978 Retail Value S2.499 	 High RouluUon EOA COiorOUR PRICE $1,29B Monnot . • Opt11i.1:OUR PRICE $1,171 MS/DOS, pt DOS , GW 
BASIC. NOVELL. UNIX . 
Retail Value S3.899.J .........•• 	 -- II 


' -	 '"'1:-
~ 

OUR PRICE $1 ,799 --..._$55~0· ii"!'ll 	 s59~0. ~:; s59~0. '11.. u s79~0. 
· ~:":"'"- ' ASI TURBO ~ · '.lltt.~ ... ASITURBO 

MODEL #5501 MODEL #5502 MODEL #5503 MOOEL #5702 
ASI TURBO 4 ~~-. ----____ 	 NEW 386 TOWER r From.• 100'r't AT COMPATIBLE 	 • 100% AT COMPATIBLE• 100'r't AT COMPATIBLE• 100'r't AT COMPATIBLE • 16. 20. 24, & 33 MHz Pioc..sor Spd, • • 10 MHz Clock Spd, OoP!. 	 LAPTOP MODEL #5402;21~ ~Jl'M~•k ~~·JiPilAM 	 121~ ~r~~k~rs·JNPilAM 12 & 1B MHz • Q.16 MB RAM lntol 80386 Mlcropr0ct1101 • 32 Bit 

Available • BIOS • Intel 80286 Archileclure • Compatible wllh BMHz 80286 • 80118 COMPATIBLEAvailable • BIOS • Intel 80286Avallable • BIOS • Inlet 80286 	 Microprocessor • 1.2 MB Hall Microprocessor • 1.2 MB Hall Hardware 0t Sol1Wa1e • 3B6 BIOS • 4 Spd • 7.16MHz •ROM 32K8Standard •BIOS•
Microprocessor • 1.2 MB Hatt 	 Height Floppy Drive, Hartl SelecUon (16, 8, 6, & 4.77 MHz). RelocaUon RAM 256KB Standard • Expandable lo 640
Heigh AoWo Orm. Hartl of BIOS • EGA BIOS 10 32 an High Spd RAM KB. 3.s· 720 KB FOO. 1, Opp1. 2nd 3.5" 
~~~I ~nr~~· if:.1~me ~Wei%~r:,r. «:ll•ttme ~I Ponr°!J,«:~aftme lor Lighting Fn1 Execu tion • Real Time Clock FOO 0< 20..0 MB Hard Disk Drive • 

Heigh ~ Drive. Hartl 

Clock • 211 MB Hard Orm 	 Clock . 30 MB Hard Orm ••.a.or 10 MH1 80287 Coprocessor Supenwisl Crystal Display • Capacity: 80Clock • 40 MB Hard Drive w/Dual Controller • AT
w/llual Conuoller • AT w/Dual Controller • AT Socket. Or B03B7 Cop1ocess0< High Spa Characters x 24 llnes (640 x 200 pixels) • O 

Enhanced 1111 ~ K!vboartl Enhanced 101 ~ j(eyboard Memory Board w/0·18 MB RAM Available • degrees·180 Oegrees TIH Ante Adjusllll<!nl •Enhanced 101 ~ Kevboard • AT Case • 200 watt PIS
• AT Case • 200 wad PIS 	 • AT Case • 200 watt PIS Slandard 32 Bh RAM AvailaJ>le, ConneclOIS• 80287 COJJ1ocessor Soc1ee1
• 80287 Coprocessor Socket 	 • 8 Expansion SlolS • AT • 80287 C-Oprocessor Soclee1 For Attaching Up lo 10 MB ol Memory • 1.2 r~:::.~~~~~e~~u~::: . %:;~ wllh 
• 8 Expansion Slols • AT 	 • 8 Elcpansion SIOIS • AT 1 (Centronics) pon x 1 • External 5'/o •FOOOS/2 lnler1ace.
OSl2 Interlace. Retall Value $3.999 OS/2 Interlace. ~:m~~~1~:1rJ ! ~~~: ~;v~~fts\::~~is · unit l/Fx1 Slot lor EPllDM Colrd OI SIQ card 1 
Retail value $5.999 Serial Parallel Adapter • AT Comp1Ublo, DS/2 1•12·1/8" (WI x 3• (HI x 13·2312&" (0) •Retail Value $4.499 


OUR PRICE $1,743 
 ComP.11iblt • AVlllablt In AT Cua. Approx . 10 lbs. • lead Bauery (7 hrs.
OUR PRICE $1,616 OUR PRICE $1,849 Retail Value 59.199 owalion) •AC Adapler . MS/ODS 2.11. 

OUR PRICE $2,679 FROM $955·$2,995 

Even if you have acomputer...We'll sell you the add-ons from our TOP QUALITY products, and FINANCE them too! 
SURGE PROTECTORS. POWER DISTRIBUTION CENTERS. MONITORS AND RAMS ARE OPllONAL ANO ADDITIONAL. 



--

Discover the 
Difference ... 
2 FiYtrr LIFETIME WARRANTY 

./ Pkg'd In 6 diflerent cclOrs, bulk or t>o•ed 

./ 100% tested and cenihed 

I 
'1111 -  •• •••• · ·~· 

... ot your ~ommond 

5-1 /4" - 4ll TPI I ~~ .. 
OS-DD i 7 7 
.72 '.:1-

r 

Phone 1-800-2 SABINA 
Phone 1-714-594-6336 

FAX 714-595-4008 

Circle 193 on Reader Service Card 

2400BAUD 

./ Guaranteed clipping level ol 65% or above 

./ 1ncludes tyvek envelOpes (not paper) . write protect 
tabs and user labels 

./ Quatily at affordable prices 
5-114" - 48 TPI Os-ttO 96 TPI 
OS-OD IBM-AT Compatible 

e ULK 
COLOR.49 .90
OAGAAY 

eOXEO.59 .99
COLOR 

, r.C (•) America's 
f~ ENTECM Premium. Quality

Color Dcskettes 

./ TIMELESS WARRANTY 


./ 75%+ clipping level quaranteed 


./ Each disk t ooo/. tested and conlfled 


./ 18 COLORS lor data organization 


./ Pkgs. include sleeves. w/p tabs. & ID labels 

5-114" • 48 TPI OS-HO 96 TPI 
OS-00 IBM-AT Compatible 

84 PLASTIC STORAGE eox 1 3 9 
• COLOR • 

.63 c~~~~ 1.15 
3-1 /2" -135 TPI 3-112" • 135 TPI 
OS-DD COLOR BLACK OS-HO 

PLASTIC1.75 4.50
STORAGE BOX 

.BASF 

5-1 /4" 

48 TPI OS-OD 


.64 
3-112" OS-HO 

4.50 
Call for best prices on Data 


Cartridges elikan Ribbons 


TEAMS: P.O. orders accepted. government aod schools on 
net 30. SHIPPING: U.S. ardors add $3.00 per tOO diskettes 
or fraction thereof. add $3.00 lor COO orders. 
PRICE PROMISE: We will boner any IOwer de~vered price 
on t.he samo products and quantities advMised nationally. 

~ [--] ~'.'. 1 ~ u ~- - .L--..=:J . 
Toll Free Order Une: lnformalion Line: 

1-800-233-2477 1·801·561-0092 

~ ISC INTERNATIONAL 
SUPPLY COMPANY 
1376 w. B040 s. I WEST JORDAN, UT B40ee 

HRS: e AM TO 5 PM (MTN. TIME) 
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Mastu ~i l thi sophi lic31td)tt tne lbl .Scvc:r:al 
rompu1cr.s,cnn access one anothtror sh:ire prin1l!rs 
nm.J mmlcm,, U!!oc scri:.I or ~.,;1r: 1llc1 interface . up 
1n nine poris. The buffer i expandable up 10 one 
megabyte. Acee 3 joh l;'Ontrol menu from c:1ch 
<ompu1cr m •-iew 1hc queue or cncol. hohJ. an~ 
rclcasc jo~ M:.m)'olher fc:Jtu rc 

Mash:or Net M)flY.o:irc .-llc,;w·.-. rompulcr ncrworkmg 
and electronic m;1 il C<Jpabililic for p , 

01her solu1ions from RO E 
• Printer lrnring • Muhipk.xC' r> 
• Prot()('c.>I Convcnion • Moc.km 
• Buffe ring • Manu;:1I Swi1chc~ 
• Mkro lu mainframr • Cah1cs. 

!~~~:rc:,~~:~2:£:~;u~~~~!~~:;~~,!~':I"'Orl.1n1: 
Palirr ao4 OEM htquirin •~ "'"~i.cu..c:• 

,~) R 0 sE p 0 801 "'"' HO UllCN 1111174 

~..'II ELECTRONICS (l.U IOHUAIOG 713 933 7673 

Circle 243 on ~allerService Card 
(DEALERS: 244) 

CHIP SHOP 

CALL FOR THE 

LOWEST PRICES 


SAME DAY SHIPMENT 

4164 8087 
4128 80287 
41256 80387 

1 meg chips 
V20, V30 and more 

SABINA INTERNATIONAL, INC.

$95 MODEM 

30 DAV FREE TRIAL 

WE AREN'T KIDOING_,HIGH PERFORM
ANCE TEXAS INSTRUMENT CHIP SET. LOW 
COST, NOCOMPROMISE 2400, 1200,300 BAUD 
MODEM. FULL FEATURED, HAYES COMPAT
IBLE IBM INTERNAL SOFTWARE INCLUDED. 

30 DAY MONEY BACK TRIAL 
CALL FOR DETAILS 

CompuCom Corporation 
(800) ACT ON IT (408) 732-4500 (CA) 

Circk 49 on Reader Service Card 

9TRACK 
TAPE SYSTEM 

FOR IBM PC!XT /AT 

• Mainframe to PC Data Transfer 
• Hioh Speed Backup 
• All sonware. complete System 
· Service and Support , easy 

lnst•llatlon 

call (818) 343-6505 or wrlle to: 
Contech Computer Corp. 
P.O . Bo• 163 Tarzana. Calli . 91356 

CONTE CH 

Circle 56 on Reader Service Card 

SAFEWARE® Insurance provides fu II 
replacement of hardware, media and 

purchased software. As little as $39/yr. covers: 
• Fire •Theft • Power Surges 

• Earthquake • Water Damage • Auto Accident 

Circle 194 on Reader Service Card 

Statistical Software 

for OS/2? 


Of course 


General Statistical Analysis 


Forecasting and Modeling 


Quality lmprovemeot 


To find out more contact: 

Scientific Computing Associates 
Unooln Center, Suite 106 
4.513 Unooln Avenue 
LlsJc, Illinois (iQS32 

Telephone:: 312-960-1698 

Circk 196 on Reader Service Card 

http:Muhipk.xC


This could be the most productive 
phone number you call today. Toll free. 
1(800)531-5369 

(Or9 if you prefer to FAX your order- I (512) 344-2985.) 

--1ir-1·_p_ip_L_1_t_e_®_B_a_tt_e._·n-18_a_c_k___U_p_s--r1299.~·u....Th-.--,-Ti-.-L.- ®...... 
.. ::Y 1s comp ete npp 1te 

Series offers reliable 
battery back-up at Protect your equipment and data by providing safe shut down time 

for your computer systems and other sensitive equip
ment during black or brown-outs. Data loss from one 1599-00 
black-out can cost you hundreds, if not • 
thousands of dollars. $ 99 00
These units feature AC line ; 

sors, status indicator • 

lated battery charger 

spike and n~is~ suppres-sl· 3 -9 00 
lights and heavy gel • -
cell batteries-a regu • 

automatically restores ec.200 ec.325 ec.150 
battery to full charge 200.w ~ 325-w 150.w 

SC-BC·2000 
2000-W 

when AC power returns. TrlppLlte® Voltage Regulator
Llne Conditioners 

.... $ 79.00 s149.O!J 
!~~~~~~~=--;= 

-i,S"_ -
~- . 

~ . -=----=-- ·:: I 

an extremely
s179y:uo low price. 

7 · s399.oo 
-. . ' _.!:._-.:::. 
-: • L ;-:-~·. ,.-~ - -.. --·- --·· 

.. Ii - .

BC·l200 
1200.w 

I~ 

( I 

LS-600 
T ., z//, 

Trlppllte* Line Stabilizer/Conditioners automatically SOff· 2ff $

9adjust varying input voltage to provide full voltage support '9 00 
during a low voltage condition while suppressing spikes and di/ This sturdym • 

LC-1200 LC -1800 

1 
.,1iiiln;;;e,;,niiioiiiisiiile.._______________.,.. co:iei~P to tWo ~r.ahe~if!()f is 

~PD1ya"i:1Plete 1Vit1Jig:1khilld~~e.of /Jan.Cable Assemblies 

~ .v/ ' 
PC/ AT Parallel 
Printer Cables 

DB-25 • 25 Line Cables 
Male-Male 

Length Price Stock # Length 
6 fl . S 6.95 25MM-6 611. 

1011. 7.95 25MM·10 !Oft. 
15 It. 11.95 2SMM·25 2511. 
2511. 17 .95 25MM-50 50 ft . 
6 ft 12.95 25MM·100 100 It. 62.95 

t-~P~O~P!!"!U'!'!L~A~R!'"C~A~B~L~E~S~ DB-25 • 25 Line Cables 
Oesctiption Price Male-Female 
Monitor Ext. $5.95 Stock# 
Keyboard Exl. 3.95 2SMl4i 
Power Adapter 4.95 ~~~~~~ 

ml-6 AT MOOem <:able 5.95 25MF-50 
ca\\ Olher cables available 25MF-1 oo 

Length
ett. 

10fl. 
2511. 
SOit, 

10011. 

Altex Electronics, Inc. 
"Your Electronics Supply House" 

TERMS: Minimum orde<. $10.oo. We accept Mastercard, Vlsa, and American 
&pr8SS at no additional charge. For C.O.O. O<ders. add $2.20. For o.-ders 
under $100.00, add $3.00 handling and actual UPS shipping charges. For 
ord<or:1 over $100.oo. -pay handling charg<>-you pay acluafUPS shipping 
charges plus insurance. Purchase orders accepled from approved accounts. 
All reiums require an RMAI and are subject 10 a restocking lee. Texas resl· 
dents add 7.5% sales tax. PriceS subject 10 change and we are not responsl

e for typographlcal errors. 

Store Hours: 8:00·6:00 M·F, 10:00-2:00 SAT CST 
10731 Gulfdale, San Antonio, Texas 78216 

Ol lnc/Ud~'fOlinllllfJha ,..:. SWitChingnves 
""114%•wx'""are ~ · Power13'i!i·o· nvet;al)1,..2St.•H .,., 

Circle 8 on Reader Service Card BYTE IBM Special Edition • Fall 1988 237 



Circk 165 o" Reader Service Card <DEALERS: 166) 

9-Track Tape Subsystem 
for the IBM PC!XTI AT 

Now you can exchange data 6les between 
your IBM PC and any mainframe or mini· 
computer using mM compatible 1600 or 
6250 BPI 9-Track tape. System can also be 
used for disk backup. Transfer rate is up 
to 4 magabytes per minute on PCs and 
compatibles. Subsystems indude 7" or 101/i" 
streaming tape dnve, tape coupler card 
and DOS compatible software. For more 
information. call us today! 

(JLJRLSTRR-. 
9621 Irondale Ave.,'Chatsworth, CA 91311 

Telephone: (818) 882-5822 

Cbde 181 on Rulhr5'niet Card 

PACIFIC-286-12 
• &02!6-12: 
• I 2M8 flOPPV ()ove [Oploon $1 20 :J't.. (}l•vtJ 
• '40K A:un (01mll)n $95 101 l6lllC Ori eJ 
• Sor111lfP•rall•I 
1 10 I· Ki!!Y f.nhtl~od Key 8o;lr(l 
• SI 	 t33CI w,a.I) 

S• • 1$ 2' to Wa11 SlSO Osmon) 
• 6112 MHz l<ey Bo;i.rdl Swru;;hn.D:le 
• \VA2 HO & FD Contrau., 

LCD-286 PORTABLE 
• 10 MH~ 80296 • ~UllfPjfl\ 11 1!'' 

• 6-IOK ntm • I :l MB Floppt Dn11e 
• SI I •03 • 80287 Soc t 
• t<t)'fkWO • 200 \. POWl1' Sup~y 
• LCD ScrHn • ?O MS HttO O•s $1595 
• 5vPCt T""1J\ • 2l1M 

~ lJQnt1n; , sue 15,•.- -. g ~- .a· 


LCD-386 
• 20MMlSI 23 
• 90366-16 
• Ooe 1 2 MB ,,oppy Ouwi $2795 
• olO MB tUU3 011-tc {ST·2511 
• L.CO Se,cieri re..io,200~ 
• l'C&y 8o.tHI 
• 110 Sc11at fPil.f1Jtt'I 

fGA COLOR ST5nM 

• W1EGA C;ud 1640A.3S01 $2785• EG4 Mon1lor 

PACIFIC COMPUTER (818) 571-5548 
120 E. V•Uey Blvd., lfH, San Gabriel, CA 91n6 (800) 346·7207 (c:.llfomta) 


FAX: 118-571· 0905 
 (800) 42t · t102 (OutsldoCalilornla) OROER ONLY 

8051 FAMILY 
EMULATORS 

02 22 38 76 38-0 
02 654 1873 
02 65 81 11 
See Sweden 
01 69 412 801 
01 464 2586 
03 499034 
02 784 7841 
04 886 375 
See Sweden 
01 83 56 70 
03 217 2340 
01 740 41 05 
08 131 16 87 
040 92 24 25 
408 866 1820 

51 E Campbell Ave! . • 07E 
C.mpl>Oll . CA 95008 

(408) 866-1820 

'Cool It... ' 

...and Enhance CQmputer Relia bility 

~17 
)L $5*i:vws-
The New Cool Chip Heat Sink 

easily attaches to your Processor 


or Coprocessor for up lo 30° 

Cooler Operation and L<inger Life! 

8088. 808i. 8086, 8028i, V20 ................ $5 ppd 

80286. 80386. 80387 ............................... $10 ppd 
(TX r odd 7 5'1' ..1e1 10>. COD odd 82.6-01 

ORDER NOW! or send for Free Info. 

f££?'-S~-7' 

P.O. Box 334. O.:p\. B Dealer 

CHECK Grov • T\':11'.U. 77619 Inquiries 
or COD l.nvitcdPhl)ne Orel ra: f.1091 002.:111G 

Circk 197 on l&ader Seniet Card 

PACIFIC-386 
• 80386-t&C20 MHl) 
• SI 2l 
1 l MBMl!moty 

• 0flO I 2 MB F•oopy Otrvt' 
• 40 t.!9 l~.l9310 ST·2$1J 
• 101 Enhanced Key 80;1111:2 
• 200 W Power Supply 
• 110 c.trd Set 1.tl lP~111Jl4fl 
• 90087 Soelitt 

UONO SYSTOI 

• W/ MOftOJP ~ta 
• Mono Monitor 

$2395 

~ONO SVSTEM. 

• WIM ono Moruto1 
• 20 MB H•fd Oft,li. 

CG A COLOR SYSTEM 
WICGA Mon1101 
ZO a.tB H.aro OiJ" 

f.C.., COL.OR SYSTEM 
• WfEGAca•o 

w 1EGA Marutor 
W/10 MB H.ard Dis.'-. 

$1195 

$1395 

$1580 

Austria 

Auslraha 

Denmark 

Finland 

France 

Grea1 Bri tain 

Israel 

Korea 

New Zealand 

Norway 

Portugal 

Sp31n 

Swnzer land 

West Germany 

Sweden 
U.S.A. 

noHau 

CORPORATION 

Cirth 156 on lllathr Service Card 

CRT-PORTABLE 8088 
• ComP«1Tyi:tt1 
· ~llOMHt $770• 2 Fios>rtr Orive 
• 15(JW p~, $Lippi..,. 
• nt.OtS.Qly9"' Anltlie'I 
• l((ly Boit10 

t Con PO'IQ 'I' YDtl • At Kty S0.1CI 
• 80tM (10 ~Hol' ~ l:l .tHll • l1Q C.1110 Sfol'••I P.1r1lle,I 

• One I :i! MD Ffoppr DrM! • WA2 HO & P:O ContrOllO'I $1389 
• 200 W Powtr Supaly • 20 Ma t-t1ro 0 1J\ 
• 1~ l Oo.oly 9 Amoc1 

PRICE SUBJECT TO 

CHANGE WITHOUT NOTICE 


Dealers are welcome 

Call For Quantity Price 
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Circle 77 on Reader Service Card 

VT220 EM220$769 

• VT220. VT102 emulation 
• File transfer 
• 132 columnmodes 
• Color suppor1 

· Hot key 


• • • 	Diversified Computer Systems, Inc. 
3775 Ins A;>nue. SIAtll IB 
Bould r. COBCJOI (303) 441-9251 
FA~ 303-447-1406 

i"..lorYn~ vr102 rvo occ ~' - ~~ 

Circle 78 on Reader Service Carti 

6805/6305 SINGLE CHIP 

MICROCOMPUTER 


DEVELOPMENT SYSTEMS 

Each of three produCIS allows the IBM PS2/PC/XT/AT 

to be used as a complote d.....olopment system for the 

Motorole 6805 series single chip microcomputers. 

MCPM·1 supports lho MC68705 family, MCPM·2 sup. 

pons the MC1466105 lamlty and MCPM-3 supports the 

MC68HC05 lamity. Each system is $495 and includes 

a ptogrammlng circuit board with d river, cross 

assembler and Simulalo</Oebuooe< software. A sys1em

is also avai lable lo< the HITACHI 63705 ZTAT micro. 


THE ENGINEERS COLLABORATIVE 

Route 3, Box SC, Barton. VT 05822 


(802) 525-3458 FAX (802) 525-3451 


Circle 84 on Reader Service CanJ 

WE DPCRTON..Y TOCAICAo.t.. CUA.Ill PUfATO RICO • 

$&1 ~ M.Htetelto V1$A OI I.JPS CASH COO......_,,°" Factory New, Prime Parts .uPoo 
~~ MICROPROCESSORS UNLIMITED, INC. 

....... . .... ~~5~~·(918)267-4961 
fr. P..1 nus11 • No mfnimum Ofditt. ,.,_,,...,,... INI ~ - ~.,, 
°*'fl' 5'M:P"f A "iti#c..t~.l. A llOtl> Sl lO'~ ........... OrM• ,.,.,...... 11¥ 

""' L"'.flifCM'l ......... O. .....flf.otl'- Mll1~-r..-.il (.9....• 5'........ 
., .. M.lllO.or.,.-......,...n d.y .....,.0- • s,.nl 

IC PROMPT DELIVERY!!! 
S SAME DAY $HIPPING (USUALLY) 

OUANTIT't ONe PACES SJ-0\"IN 1or AUG- )0, IHI 

DYNAMIC RAM 
10481<•9 85 ns $495.00 
10•&1<•1 100 ns 38.50 
256Kx 1 60 ns 14.50 

• 256Kxi 80 ns 13. 75 
2ss1<. 1 100 ns 13.75 

• 258K• • 100 ns 12.95 
2S61<x 1 12o ns 12.75 
2S6Kx 1 150 ns 11 .75 

+ 64Kx4 120 ns 18.95 
EPROM 

27C1000 12a1<xe 200 ns 
27C512 64Kx8 200 ns 
27.256 32Kx8 250 ns 
27128 16Kx8 250 ns 

STATIC RAM 
.. 43256L·10 32Kx8 100 ns 

6264P· 12 BKxB 120 ns 

VR;itf l5lN05 

Circle 140 on Reader Service Card 

WE OFFER: 
1. Same Day Service · All orders 

PC488A $145/195 
LOW cosr PC/XT/AT INTERFACE 

FOR IEEE-488 (CPIB/HPIO) 

• l nd11<I<.< I '~TAU OLE llOS D&\1CE DRIVERS 
111\d s.ot1w:.rc- wppot1 r0it PA.~ tC

• ~i~~kl:~i"Ht\~ ~uf~H l rm l ' , l'A..'\CAL. • "CJKTKAN 

• S<liect~&c MlliC If() :uldu;J.J, IRQ :a.n4J OMA 
• CO~TAOl,U:R / TAL~£R I LISTtloo't R<11f'"bili11· 
•~~°8'~I ~.;,.6~\rt:C"J :?-I huun Bk Mlmnr 

• 0~11 discount.I 2\"JlkW>lc 
VISA 	 MC A tEX CGIJl~fcxdiJl.i»/1cd!! 

B&C MICROSYSl'EMS 

Circle 21 on Reader Service CanJ 

"INDISPENSABLE" 
Jerry Pournelle, Byte, 8/87 

Vopt is the fast, safe disk 
organizer. It will quickly 
eliminate the file fragmen
tation that slows your disk 
operations. 
Vopt includes Vmap for 
viewin~ the organization of 
your disks plus numerous 
other utilities that test and 
report on the efficiency of 
your system. 
Call for a free demo disk! 

1;.' 

$3shlpping/handling $59.95 CA add 6.5%sales tax. 
GOLDEN BOW SYSTEMS 

2870 Fifth Ave., Suite 201 

· San Diego, CA 92103 
800/284-3269 

Circle 97 on IWlder Service Card 

The Bible Library"' 
29 titles: 9 bibles + 20 reference works on one 
CO-ROM laser disc. The most c001prehens1V0 
Bible study tool 8\laileble fOI' the minister end 
layman . .. • .. .. . .. .. .. . $495 

CO.ROM/WORM OUTLET 
Save While Suppl ies last 

AMDEK DRIVE $639 
HITACHI DRIVES • . . . . . . 2 IOI' 1 Sale 
MS DOS & MAC S/W DISCOUNTED: Grcloers. 
McGrsw·Hil Science, ~m1Bp. U.S. Atlas 
Geow;ion, Comstock - 44 9 photos. PC-SIG 
(25.000 progr11ms). Public Domain - Alde 
(5,000 arced programs). 

CALL 1-8~543·1734 ANYTIME 
[718) 852-6711 One Day Service 

C.0.0./AMEX/MC/VlSA 
JASON ENTERPRISE 

Dept. D. 5459 Main Street 
WiHiamsvile , NY 14221 

Circle 117 on Reader Service Card 

shipped, insured, within 24 hrs 
2. 	 Guaranteed Satisfaction - Lifetime 

warranty, 30-day retum guarantee 
3. 	 ln-sto<:k Inventory - No delays , 

no dsappointments 
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 . . .36 • · 

5.25 Color Disks. 8 Colors 

Available. OS/OD . . . . . . . .46 •· 

5.25 Black Disks. OS/HD . .82 e11 . 

5.25 Color Disks, 8 Colors 

Available, OS/HD . ..... _ .94 ell . 


3.5 Blue or Gray Disks, 

OS/DD .. . . .......... 1.12 811 . 


3.5 Color Disks. 5 Colors 

Available, OS/DD . . . ... 1.28 ea. 

3.5 High Density, Black 

only . . . . . . . . . . . . . . . . 3.80 •· 


100% certified and tested. 
Error free lifetime warranty. All disks 
include generic white box, Tyvek 
sleeves, labels, write protect labs, 
shrink wrapped. 

CONTINUOUS FORM LABELS 
Stu Aooee So• Oty. Prie»' l,000 
2'tu 7116 1 aaoss 10.000 $1.95 
2Jt• ll 7t16 4 across 20,000 S1.95 
2112 x 15116 1 across 5,000 S2.1 8 
2•12 x 15116 3 aaoss 15,000 $1.98 
2'1• x 2' t.  1 aaoss 2,500 $12.00 
2Jt• x 1-7116 1 across 5.000 13.00 
3 x 15116 4 across 20,000 S2.00 
3.3 x 15116 4 aaoss 20.000 $2.05 
3112 J1 15116 1 across 5.000 S1.90 
311u 15116 2 acrou 10,000 S1 .90 
31/2 l 15116 3 80'0SS 15,000 $1 .90 
3'12 • 15116 4 across 20,000 11 .90 
4 Jl 15116 1 8Cl'Ollll 5 ,000 13.21 
4 x 15116 3 across 15,000 S3.21 
4 x 1.7116 1 across 5,000 S3.25 
4 x 1·7/16 3 across 15,000 $3.25 

Prioes quoted for lull boxes only. 
• Designed for the 3112· disk. 

"The Quality Disk & Label Specialist 

Since 1982" 


1040 Broadway 

Westville, NJ 08093 


609-456-6996 

FAX# 60&-456·7172 


All products assembled in the U.S.A. 

All orders F.O.B. Westville, NJ 


C.0 .0 . orders add $2.20 
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Cl-iilCLO<~ 
10-year cloct/calendar IN A CHIP! 

Easy plug-in • 10-year battery
Never set date/lime again 

No slot needed • 100% compatible 

NOW WORKS WITH PS/2 

CHIPCLOK wlsoftware NOW $49.00 

3Q.dfr; money.back guarantee 

COMPUQUEST INC. 
801 Morse Ave. I Schaumburg, IL 60193 

1-800-722-2353 

1-312-529-2552 In IL 

Circle so on Reader Service Card 

DATA ACQUISITION TO GO 
INTERFACE FOR ANY COMPUTER 

FREE IBM SOFTWARE 

,/JfJ INUUSfRIAL 
,/l~I AIJ'fOMATION INC_ 

Circle 109 onR£ader Service Card 

d:B DNGSHINE 
LONGSHINE Technology Inc. 

•Hard Disk Controller-AT/XT 
"Floppy Disk Controller 
•Tape Drive Controllers/KiVSubsystem 
•Modem 
"EEMS RAM Card 
•Video Graphics Adapter 
"LAN Card/RepeaterfTransceiver/Diskless 
"UNIX/XENIX Multi-Terminal Card 
•IBM Terminal/Emulator 

Refer to Ad on page 161. 

2013 N_Copilot Ave 

Sa/I Joso, CA 95132 


T•1:(408)942· 1746 Fax:(408)942-1745 

Ttlox:Q1().258-2016 LSTI 


Connects via RS-232. Fully IBM com
patible. Built-In BASIC. Stand alone 
capabi l ity. Expandable. Battery 
Option. Basic system: 16 ch . 12 bit 
AJD, 2 ch. DIA , 32 bit Digital 110. 
Expansion boards available. Direct 
Bus units tor many computers. 

(201) 299-161 s 
P.O. Box 246, Morris Plains, NJ 07950 

ELEXOR 
Circle 8.l on Reader Service CardCircle 130 on Reader Service Card 

~tures:: 
• 288 XT Main Boo'd iE,xt,a 30)
• St Tesl 7.7, Landmark Ve<sk>n 0.99 s900d 1$$1 

9MHz 
• 80288 CPU, 80287 ap6on 
• 1 M RAM . 640k. 384k g.o1rhlion 

• Olsl< C..l>ltlg runcooo 0n board 
• Compo~blo Witll MOdll 30 

• II!: 8 Bii 1/0 "°' 
Ill 

W~ole Sy1tom1, Baby AT Boo,d, 
Add on Cord. oro Avoiloblo too. 
MANUFACTURER & EXPORTER 

IP~@lf§@OO SYSTEMS co.. LTD. 

Circle 175 on Reader Service Card 

IBM 
COMPATIBLE 
KEYBOARDS 

SUPREME SOURCE 

contact us now 

\j lenJunnie me. 
FAX : 886-2- 7183242 

USA: JACO COMPUTER PRODUCTS 
528 Weddell Or., Suite 7 
Sunnyvale, CA 94089 
Tel: (408) 747-1100 

Circle 223 on Reader Service Card 

find our "°"'our ~·hole I.mar .,( 
EM ."fCI( GT"phio rcnn in.111 cmublion 


"'' 1w.m• makes ~ serut" fur 1he work vou do. 

Call 1ocla fOf mort: inform;1fion. 


I FTC~~us l 
(7 14) 995-3900 

(800) 96Z..3900 (80()) 972-3900 (Calif.) 
10801 D•lc Si .• Sul« M·2 

rnnron. CA 90680 

Circle 89 on Reader Service Card 

Power Software 
Batcom - Batch file compiler com
piles you r ".bat" flies to ".exe" flies to 
make them faster, more professional, 
and more capable. $49.95. 
REDCache - speeds hard disks by 
up to 7 times and floppy disks by up 
t.o 55 times . LIM EMS supported . 
$39.95. 

Spool - allows you to use your com

puter while your printer prints long 

documents . LIM EMS supported . 

$39.95. 

RED Utilities - Contains the three 

programs above plus protection from 

accidental hard d isk formatting , sorted 

directories, text searching, DOS wild 

card exceptions, and much more. For 

IBM PC. $79.95 . 

Check, COD, Visa, MasterCard. 
/-'-., W enbom Software Co. 
t • ! 6 Burley St . 
,,__/Wenham, Mo. 01984 
(508)-774-7036 FREE catalog. 
Dealer inquiriu in11itod. 

Circle 230 on Reader Service Card 

IMAGING CARD 

DV-01 
GRAYSCALE 

· 

FRAME GRABBER 

Composite video in/out 
256 x 240 resolut ion 
Digit ize/display at frame speed 
256 gray levels in 
16 Meg. color palette out 
PCIXTIAT compatible 
$849.00 Comple1e wilh software 

VISA/MC Oemo Disk available ~ 

ControlVision ~-;-. 
P.O. Box 596, Pittsburg, KS 66762 
(316) 231-664 7 

Circle 59 on Reader Service Card 



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 These Important 
Questions 
• 	 How long has the company 

been in business? 

• 	 Does the company offer 

technical assistance? 


• 	 ls there a service facility? 

• 	 Are manufacturers warran
ties handled through the 
company? 

• 	 Does the seller have formal 
return and refund policies? 

• 	 ls there an additional charge 
for use of credit cards? 

• 	 Are credit card charges held 
until time of shipment? 

• 	 What are shipping costs for 
items ordered? 

(i:;J Direct Marketing Association. Inc. 19 

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 and 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 the price is 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 shipping 
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 ACTION LINE, c/ o 
OMA, 6 E. 43rd St., New York, 
NY10017 . 

This message is brought to you 
by : 

the MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing 
Association, Inc. 
6 E. 43rd St., 
New York, NY 10017 

MMC 

MICROCOMPUTER 
MARKETING COUNCIL 
of t;he Direct Marketing Association, Inc. 
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*f&ggs 
g 111.\.~'ll~t-lli~ 

SAVE TIME ANO TELEPHONE CHARGES WITH A HIGH 
SPEED 2•00 BAUD MOOEM FROM JOR 

INTERNAL i!!400 BAUD 
• AUTO DIAL ANSWER 
• SELF TEST ON POWER-UP 
• TOUCHTONE OR PULSE DIALING 
• HAYES & BEU SYSTEMS COMPATIBLE 
• FUU OR HALF DUPLEX 
• MIRROR II COMMUNICATIONS SOFTWARE INCLUDED 
MCT·241 $129.95 · 
MCT- 121 1200BAUO 112CARO $69.95 
MCT·24M 2•00 BAUD FOR Psr.! $249.95 

EXTERNAL i!!400 BAllD 
• 2• 00/1200000 HAYES COMPATIBLE 
• 8 EASY·TO.REAO STATUS LEO"S 
• CALL PROGRESS MONITOA ING & ADJUSTABLE VOl.UME 
• 2ND PHONE JACK FOR VOICE COMMUNICATIONS 
• REQUIRES SERIAL PORT & CABLE (OPTIONAL) 
MCT-24E $ 169.95 
MCT·UE t200 BAUD EXTERNAL $99.9 5 

APPLEIMACINTO!iH MODEM!i 
MACINTOSH 2400 BAUD EXTERNAL AS ABOVE WITH 
CABLE ANO PAOCOM·M SOFTWARE. 
MCT-24EM 
MCT-24A APPLE II 2400 BAUD MODEM 
MCT-12A APPLE 111200 BAUD MOOEM 

POCKET MODEM 
•g!19s 

YOU'U NEVER 
BE FA.A FROM YOUR 
DATA WITH THIS 6 OUNCE 
KANIH<ELO POCKET MODEM 
• 1200/300 BAUD • BATTERV & AC POWER 
• SERIAL INTERFACE (0625) • 4 STATUS INDICAfOAS 
MCT-12P 

MODl..JLAR CIRClJIT TEOINOWliY 
ENHANCED STYL E LAYOUT 
• AUTOSENSE FOR XT OR AT COMPATIBLES 
• LED INDICATORS • AUTO REPEAT FEATURE 
• SEPARATECUASORPAO 
MCT-5339 $79.95 

84 KEY LAYOUT 
• SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 
• LEO INDICATORS • AUTO REPEAT 
MCT·5060 $59.95 

MAXl-!iWITCH KEYBOARD!i 
WTTH TACTILE FEEDBACK 
MAX-5339 ENHANCED STYLE LAYOUT $84.95 
MAX-5060 8'I KEV LAYOUT $64.95 

AlJDIBLE ,.CLICK" KEYBOARD 

HANDY §CANNER
•j!4g9s 

LDlilTECH HIR~ 
MOU§E ~ 

*fij!g9s 

HIGH RESOlU I ION BUS MOUSE FOR B neR R SPDNS 
ANO LESS HANO MOVEMENT . IDEAL FOR CAO WOl1K 
• 320 OPI • INCLUDES DRIVER. TEXT EDITOR g POP UP 
MENUS • NO PAO. POWER SUPPi. YOR POAT REOUIREO 

LDGITECH 3-BUTTON MOU!iE 
PC MAGAZINE EDITORS CHOICE! ALL MOOElS HAVE 
SERIAL SUPPORT (COM1/COM2), 200 O.P.I. RESOLUTKlN. 
LOTUS •·2-3 SHELL SELF-INST,,W NG SOFTWARE ANO 
"POINT EDITOR" 
LMOUSE 
LMOUSE-P SERIAL MOUSE Wll.OG IPAINT 
L.MOUSE-BP BUS MOUSE WILOGIPAINT 
LMOUSE·BPL BUS MOUSE W1PUBLISHER P~G 
LMOUSE-BPC BUS MOUSE Wll.OGIPAJNTICAO 

A RELIABLE. FAST ANO 

~~~~~~~~~~E ll'i"::::::---
WITH FEATURES 

• 9 PIN DOT MATRIX PRIN'T HE.AO 
• 180 CPS DRAFT MOOE. 29 CPS NLO MOOE 
• CE NTRONICS PARALLEL INTERFACE. SERIAL OPTIONAL 
• DUAL PITCH, OOUBLESTRIKE, ITALICS & SUPERSCRIPT 
• EPSON FX & IBM GRAPHICS 
• COMPRESSED. EXPANDED & EMPHASIZED PRINT 
• DOT ADDRESSABLE GRAPHICS IN SI}( DENSITIES 
CITIZEN-1800 
RC-180D REPLACEMENT RIBBON CARTRIDGE 6.95 

MOLDED CABLE§ 
CSLPRINTER PC PAINTER CABLE 
CBLPAINTER·25 AS ABOVE • 25 FOOT 
CBL· PRINTER·RA RIGHT ANGLE PRINlER 
CBL-DB25-MM 0825 ~E TOO~ MALE 
CBL-DB25-MF mm; ~E TOO~ FEMALE 
CBL-&-SERIAL 9 PIN TO 25 PIN SERIAL 
CBL-KBO-EXT KEYBOARD EXTENSION 
CBL..CNT· MM 36 PIN CENTRONICS-MIM 
CBLHD20 20 PIN HARO DISK CABLE 
CBL·HD-34 34 PIN HARO DISK CABLE 
CBL-HD-340 34 PIN OVAL HARO DISK 
CBL-FDC-EXT 37 PIN EXTERNAL Fl.OPPY 

$9.95 
$15.95 
$15.95 
$9.95 
$9.95 
$6.95 
$7.95 

$14.95 
$3.95 
$4.95 
$6.95 
$9.95 

VliA 
COMPATIBLE 
PACKAliE 
•54gaa 

-::::;:-----..,.-----~~ 

• 800XS60 
MNCIMUM 
RESOlUTION 

• 640 X 480 IN 
IGCOLOAS 

• 320 X 2001N 
256COLORS 

• IBM STYLE. 
ANALOG 
MONITOR 

• FUU. Y VGA. GA. 
CGA. HERCUL S 
& MONOCHROME 
COMPATIBLE 

NEC MLJlil!iYNCII 
• AUTO FREOUENCY AOJUSTMENr 
• RESOLUTION l\S HIGH AS 800 )(S60 

CA!iPER EEiA $399.95 
• G40 X 200."350 RESOLUTION• 31 MM DOT PITCH 
• W BLACK MATRIX SCRFEN• 16 COLORS 

CA!iPERRGB §i?79.9S 
• COLOR GREEN AMBER SWITCH• 39MM DOT PITCH 
• 640 X 2•0 RESOLUTION• u · NON-Gl.AAE SCREEN 

!iAM!iUNli MONO Sli?9.95 
• 12" NON GLARE LO\'/ DISTORTION AMBER SCREEN 
• 720 X 350 RfSOLUTION • SWIVEL B"5E 

MONITOR !iTAND!i 
MODEL MS·100 $12.95 
• TILTS ANO SWIVELS 
MODEL M S-200 $39.9 5 
• TILTS ANO SWIVELS • BUILT·INSURG SUPRESSOl1 
• I OEPENOENTLVCONTROl.S UP TO SACOUTLE:TS 

SAVE DESKSPACE ANO ADD 
STYLE TO YOUR OFFICE WITH 
THIS SLEEK UPRIGHT DESIGN 
• ACCOMOOATESAU 

SIZES OF MOTHE RBOAROS 
• 250 WATT POWER SUPPl Y 

INCLUDED 
• MOUNTS FOR 3 FLOPPY 

& • HARO DRIVES 
• TURBO& RESET SWITCH 
• SPEED OISl'LAV. POWER 

& OISKLEO"S 
• MOUNTING HARDWARE. 

FACEPLA TES & SPEAKER 
INCLUDED 

CASE-100 

CASE-FLIP FOR 8088 MOTHERBOARDS 
CASE·SLIDE FOR 8068 MOTHERBOARDS 
CASE-70 FOR 286 MOTHERBOARDS 
CASE-JR MINl-286 W/POWER SUPPLV 

t 35 WATT 
• UL APPROVED 
• IBM XT COMPATIBLE 
• .. sv 1SA. .12v '-2A. 

SV SA. 12V SA 
PS-135 
PS-150 150W MODEL 

200WATT 
• U l APPROVED 
• ISM AT COMPATIBl 
• . sv n A .i2vSA 

·SV SA,·12V 5A 
PS-200 
PS-2 50 2so wAnMODEL 5129.95 
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- -

1.44 MB 3'12 11 

DRIVE 

•14gss 
• ULTRA HIGH DENSITY 
• ALSO WORKS WITH 720K DISKS 
FOD-1 .44X BLACK FACEPLATE 
FOD-1 .44A BEIGE F..CEPLATE 

rti!! HEl6HT Fl.OPPY Dl!'ll( DRIVE!i 

ate HARD Dl§K§&9seaQ ..........,.......,...,.-..~·-· 
h igh q uality seagal e d ri ves at lhe lowest prices 
a vallable. Buy thorn alone, or w llh an MCT disk 

controlle r tor e ven grea ter savi n g s ! 

AVG . 

SIZE M O D E L S P EED HEIGHT 

20M B ST-225 65ms Half 
3 0MB ALL S T -238 65ms Half 
4 0 M B S T -251 40ms Half 
40MB ST 251 · 1 2 8 ms Half 
6 0 MB ALL ST 2 77 40 ms Half 
3 0 MB S T -4038 4 0 ms Full 
BOMB S T -4096 28 m s Full 

D RIV E 

ALO N E HOC 

$225 $269 $339 
$249 $299 $389 
$429 $469 $539 
$529 $569 $639 
$499 $549 $639 
$559 $603 $659 
$895 $939 $995 

FD-55 B 
FD-55G 
M2551A 
M2553K 
FOD-360 
FD0.1.2 
FDD-3.SA 
FOD-3.SX 

S. 114" TEAC OSIOO :!SOK 
5·114" TEAC OS/HO 1.2M 
5· 1/4"AJJITSU OSIOO:!SOK 
5-1 /4" FW ITSU OSIHO 1.2M 
S-114" OSIOO :!SOK 
S- 11•· OSIHD 1.2M 
3-112" Ml1$UBISHI 0$/DD(BEIGE) 
3·112" MITSUBISHI OSIOD(Bl.ACI<) 

TAPE BACK-I.JP DRIVE!i 
AR5240X ARCHIVE TAPE DRIVE -xrs & Ars 
AR5540A FASTER TAPE DRIVE ·Ar s ONLY 
AR340 40 MB TAPE CARTRIDGES 

Dl!iKETTE!f 
tf.MD20 BOX OF 10 S.114" 360K DSIOO 
tf.MD2H BOX OF 10 S- 114" 1.2 MB OSIHD 
N-3.SDS BOX OF 10 3-112" rnK 0 $/00 

$99.95 
$129.95 
$89.95 

$119.95 
$69.95 

$109.95 
$129.95 
$129.95 

$369 .95 
$369.95 

$24.95 

$6.95 
$13.95 
$16.95 

tf.3.SHO BOX OF 10 3 ·112" 1.44 MB 0 $/HO $49.95 
N-M020BULK 360K OSIOO (MIN. 50 DISKS) EA. 49e 

DRIVE ACCE!i!iDRIE!i 
FO-ARAIL MTG. RAILS FOR AT COMPATIBLE 12.95 
F D-SSFP BEIGE FACEPLATE FOR TEAC DRIVES 2.95 
FO.SSMHW HALF·HEIGHT MOUNTING HARDWARE 2 .95 
FD-SY Y·POWER ADAPTOR FOR DRIVES 2.95 

HAROOlfiK CONTROLLER •79.95 
HARD DISK CONTROL AT AN ECONOMICAL PRICE 
• SUPPORTS 16 DRIVE SIZES INCLUDING 10.20.30 & •O MB 
• DIVIDE 1 LARGE DRIVE INTO 2 LOGICAL DRIVES 
MCT·HDC 

RU.mNTRDLLER 
TRANSFER OATA S0% FASTER 
• SUPPORTS UP TO 2 ALL HARO DRIVES 
• DESIGNED FOR XT COMPATIBLES 
M CT-RLL 

i!!B61386FlDPPYIHARDRU. 

.,,9. 95 

tn99.9S 
IMPROVE SPEED ANO STORAGE OF YOUR AT COMPATIBLE 
• SUPPORTS UP TO 2 ALL HARO DISCS ANO 2 FLOPPIES 
• SUPPORTS 300l720/ 1.2 MB FLOPPIES IN 5 25" & 3.5" 
MCT· AFH RU 

Circle 119 on Rluuhr Service Card 

• SER IAL. PARALLEL ANO GAME PORTS • USES t5•50 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 
MCT·AIO 
Al<rSERIAL 2NO SERIAL PORT $24 .95 

MEMDRY CARD§ 
!!i71iKRAMCARO •S!J.9!!i 
A CONTIGUOUS MEMORY $01.UTION lN A SHOAT SLOT 
• USER SE LECTABLE CONFIGURATION UP TO 576K 
• USES 64K & 256K RAM CHIPS (OK INSTALLED! 
MCT-RAM 

EXPANOEDMEMORYCARO •i!9. !J!!i 
2MB OF LOTUS INTEL MICROSOFT MEMORY FOR AN )(T 
• CONFORMS TO LOTUS INTEL EMS • USER EXPAND· 
ABLE TO 2 MB • CAN BE USED AS EXPANOEO OR 
CONVENTIONAL MEMORY. RAMDISK AND SPOOLER 
MCT-EM5 
MCT·AEMS Z861386 VERSION 

• PARALLEL. SERlAL & GAME PORTS 
MCT·MGAIO 
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INTERFACE CARD§ 

BY MODULAR CIRCUIT TECHNOLDGY 

DRlllE CDNTRDLLER§ 
FlDPPYDl!iKmNTRDUER •i!!9.95 
SINGLE SLOT CONTROL OF 4 FLOPPIES 
• INTERFACES UP TO 4 FDD'S TO AN IBM PC OR 
COMPATIBLE • SUPPORTS OSIOD ANO DSJOO WI DOS 3.2 
MCT-FDC 

f . i!!MB FUJPPYmNTROLLER 
ADO VERSATILITY "NO CAPACITY TO YO\JR XT 
• SUPPORTS 2 DRIVES, CAN MIX 360K ANO t .2 MB 
• AU OWS DATA TO FLOW FREELY FROM xrs TO AT S 
MCT-FOC-1 .2 

FlDPPtll HAROmNTROLLER .-09.95 
XT SYSTEM SHOAT OF SLOTS? THIS CARO FREES ONE UPl 
• INTERFACES UP TO 2 FOD'S & 2 HOD'S. CABLING FOR 2 
FOOJ1HOO • SUPPORTS BOTH OSIOO & OSIOO WIOOS 3 2 
M C T-FH 

i!!B61386FLOPPYIHARD •'49.95 
FLOPPY! HARO DISK CONTROL IN A TRUE AT DESIGN 
• SUPPORTS UP TO 2 360K n20KJ 1.2 MB FOO'S 
• SUPPORTS 2 Hoo·s UStNG STANDARD TABLES 
M C T-AFH 

INBOARD 38&/PC 

•sgsaa i~11er 

- - .- · 
.. -

n• ,1 
UPGRADE YOUR XT TO A :l86 FOR LESS THAN $900 
• 16 MHZ PROCESSOR REPLACES 6068 
• I MB MEMORY INSTALLED 
• EXPAND TO 3 MB WITH PIGGYBACK CARO 
• 5VE.ARWARRANTY 
PCIB 1200 
PIGGYBACK MEMORY BOARDS 
PCIB1210 I MB INSTALLED $649.00 
PCIB1220 2MBINSTALlED $ 1195.00 

MUUIRJNCTIDN CARD§ 
MUUll/OFWPPYCONTROLLER "79.95 
A PERFECT COMPANION FOR O\JR MOTHcRBOAROS 
• SUPPORTS UP TO TWO :!SOK Fl.OPPIES. 720K WI DOS 3.2 
• SERIAL PARALLEL. GAME PORT. CLOCK/CALENDAR 
MCT·MIO 
MIO· S ERIA L-2NO SERIAL PORT $15.95 

MLJUlllDCARO •59.95 
USE WITH MCT·FH FOR MINIMUM OF SLOTS USED 
• SERIAL PORT, CLOCK/CALENDAR WlTH BATTERY 
• PARALLEL PORT ADDRESSABLE AS LPTI OR LPT2 
MCT·IO 

.i!!Bli/3B6MLJUIFUNCTION '139.95 
ADOS UP TO 3 MB OF RAM TO YOUR AT 
• USER EXPANDABLE TO 1.5 MB OR 3 MB WITH oPTIONAL 
PIGGYBACK BOARD !OK INSTALLED) • INCLUDES SERIAL 
ANO PARAl.LEL POAT 
MCT· AMF 
MCT-AMF-MC PIGGYBACK BOARD $29 .95 
AMF-SERIAL 2NO SERIAL PORT $24.9 5 

i!!B613BliMUUlllOCARO 
USE WITH MCl·AFH MINIMUM OF SLOTS USED 

NEWll §l&MA llliA CARD 
•ji!7gsa 

-
~-. 

100% REGISTER COMPATIBLE VGA DISPLAY CARO 
• VGA, EGA. CGA, HGC & MDA COMPATIBLE 
• 320 X200 IN 256 COLORS 
• 640 X 480. 800 X 600 IN I 5 COLORS 
• llO X 26. 132 X 44 TEXT MODES 
• SUPPORTS STANDARD DIGITAL & ANALOG MONITORS 
• UTILITY SOFTWARE INCLUDED 
MCT·VGA 

DISPLAY ADAPTOR§ 
MDNOCHRDME6RA.PHIC§ .S9. 95 

TRUE HERCULES COMPATIBILITY SUPPORTS LOTUS 1·2·3 
• PARALLEL PRINTER P0f1T CONFIGURES AS LPTI OR 
LPT2 • USES VLSI CHIPS TO ENSURE RELIABILITY 
MCT-MGP 

EliA ADAPTOR n49.9!!i 
100% IBM COMPATIBLE PASSES IBM EGA DIAGNOSTICS 
• 2561< OF VIDEO RAM ALLOWS 640 X 350 IN 18 OF 64 
COLORS • COMPATIBLE WITH COLOR AND MONQ. 

CHROME ADAPTORS • HERCULES COMPATIBLE 
MCT·EGA 

CDl.DRliRAPHIC!iADAPTDR 1'49.95 
COMPATl8LE WITH ISM GRAPHICS STANOAROS 
• SUPPORTS AGB. COLOR. & COMPOSITE MONOCHROME 
• 6401320 X 200 RESOLUTION, LIGHT PEN INTERFACE 
M CT-CG 

MONOliRAPHIC!iMLJUI 110 ff9. 7S 
TOTAL SYSTEM CONTROL FROM A SINGLE SLOTI 
• CTRL 2 FLoPPIE$, SERIAL, PARALLEL, GAME PORT, 
CLOCK CAL • AUN COLOR GRAPHICS SOFTWARE ON A 
MONOCH ROME MONI TOR 
MCT·M GMIO 

i!B613BliMDNDliRAPHIC!i llD •99.95 
VIDEO DISPLAY AND l/O FUNCTIONS IN ONE CARO 
• 720 X 348 AESOl.lJTION. BO & 132 COLUMN TEXT 

http:�i!!9.95
http:BACK-I.JP
http:FOD-3.SX
http:FDD-3.SA


llH Word Processor 

QTY. II TTT1.E AMOUNT 
s 
$ 

$ 

$ 

$ 

s 
If uour order ..coeds $100, deduct 15% $ 

$4 postage & handllng ($25 °"""""5l s 
0 Send a color brochwe lUTAL S 

shOWlng your other pnnts 
. . 

D l h1IVe enclosed U.S. check or money order. 
D C.OD. (via UPS-sta1cs1de orders only) 
0 VISA D Mast•rCard 0 American ExPf'!SS 
Card#; ________________ ____ _ 

Expires: -- Signa1ure: ------- -----
SHIP MY PRINTISI TO: 

Na'™"--------------------
!Buslnessl: ------------------

Address:-------------------~ 

a1~--------------------~ 
Stai"'---------- Zip; ________ 

MaU this coupon 10: 

ROBERT TINNEY GRAPHICS 
P.O. Box 778 • Washing1on. LA 70589 

For VISA. MasterCard or American Exp""" orders. --::i:ga.
or for more lnformation I' 

CAU 1-318-826-3003 
l 
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130 LONGSHINETECHNOL.OOY .. 240 

• LOTUSDEV.CORP . ..... . . 42,"3 

132 MANZANA. ................. . 83 
133 MAP INFO SYSTEMS .... .. . .. 211 

134 MAX GROUP ... .. ... .....•• 185 

135 MAXGROUP ..... .. ........ 115 

'MAXELLDATAPRODUCTS ... CIV 
131 MEDIALOGIC . _ ........ _.. _ 117 

137 MERRITTCOMPVTING , ••..• 218 

' MICROCOMP. MKTG COUNCIL241 

138 MICRO EXPRESS ....... • .. • 152 

131 MICRO EXPRESS ... .. .. . .. _ 152 

140 MICROPROCESSORUNLTD . . 231 
141 MICROSOFT PRESS .... .... 115 

142 MICROSOFT PRESS ..... ... 115 

143 MICROSTAR LABS .......... 234 

145 MICROWAY ..... .. ......... CHI 

250 MllSUBISHI MONITORS ... 111,18 

251 MITTlUBISHI MONllORS ... 11,11 

141 MITSUBISHI PAINTERS ....... 21 

150 MITSUBISHI PRINTERS .... .. . 21 
151 NANAO ... ........ . ....... 100 

152 NA.NAO . ..... .. .......... . 100 

153 NANTUCKET •• • ••. • , ...... , . n 
154 NATIONAL INSTRUMENTS ••• 174 

1115 NATURAL MICROSYSTEMS ... Ill 

151 NOHAU CORP .. .... ....... 238 
1117 OKlOATA ... ......... .. .... 159 

158 OMEGA MICROSYSTEMS ••• 134 

1n ONLINE STORE ..... •••.••• 111 

151 ON TARGET ASSOCIATES , •••• 71 
180 ON TARGET ASSOCIATES .. .. 234 

' ORACLE . .. . ..... . .. ....... 25 
152 ORION ... , .•••... . ..••..•.. 74 
183 OSBORNEMCGRAW·HILL ... 205 

114 OVERLAND DATA ..• • • •• . .•• 234 

185 PACIFIC COMPUTER •• ••..• . 238 
Ille PACIFIC COMPUTER •.••• . ,. 238 

187 PATTON & PATTON .. .... .. .. 118 
1M PAUL MACE SOFTWARE ..... 1113 

181 PC DESIGN .•... ... .•.....• 113 

170 PC NETWORK . ............ 1111 

172 PERSONAL TEX ............ 112 

173 PRECISION DATA PROD ..... 234 

174 PRECISIONPWSSOFTWARE 131 
' PRIORITY ONE ELECTR . • 241·214 

241 PRINCETON GRAPHIC ..... . 181 

2.54 PROTECH MKT. INC . •••..•.• 211 
175 PAOTECH SYSTEMS CO.,LTO. 240 

245 P.O. PLUS ... ..... . ...... 18,'9 
178 QIC RESEARCH ... ..• ..•. • .• 27 

21 QSET ............. .... .... 214 


Inquiry No. P9(19No. 

171 QUA TECH ... .. . .. .. , .. . .. 121 

1IO QUA TECH ....... ..... .. .. 234 

181 QUALSTAR . ............... 238 
182 QUANTUM .......... . ..... 111 
113 QUAATEADECK ..•.••••.. ..• 58 

184 QUARTERDECK ............. 58 

185 RADIO SHACK .. , ...... .. .. 131 

118 RAINBOW TECH ............ 131 
117 RAINBOWTECH ..... . ...... 131 

1U RAINBOWTECH ... ..... .. . . 115 

181 RAINBOW TECH .. .......... 115 

Ito ACS TECHNOLOGY ... . . . . .• 211 

111 ROSE ELECTRONICS ....... 171 

243 ROSEELEC™ONICS .. . .... 231 
244 ROSEE.LECTAONICS ....... 2:141 
113 SABINA INT'L. ............. 231 

114 SAFEWARE ................ 2341 

115 SANTACRUZ OPERATION •• ... I 
118 SCIENTIFIC COMP.ASSOC ... 231 

117 SCITECHCORP ...... . ... . . 231 

111 SEALEVELSYSTEMSINC .... 2.34 
111 SENDON ....••.....• .. ••.. 221 

200 SHECOM . . ..• ...•.• .. .. . .. 1115 

201 SHECOM . . ......... ...... . 1811 

202 SIMPLE NET SYSTEMS ...... 155 

203 SIMPLE NET SYSTEMS .. . ... 155 

205 SMART LINK COMP. SYS.. .. . 214 

208 SNW ELECTRONICS .. ....... 82 

207 SOFT WAREHOUSE •....•• • • 215 
20I SOFTWARE DIR.ECTION .. .. _. 35 

20ll SOFTWARE DIRECTION .••... 37 

234 SOFTWARE INTERPHASE ••• . • 78 

235 SOFTWAREINTERPHASE••.•. 78 

213 SOFTWARE SECURITY ... . .. 125 

214 SOTA TECHNOLOGY ... .•. ... 23 
215 SPSS .. •..•. ..••. , .. .••. .. 1711 

211 STREET ELECTRONICS ••.... 70 
217 SUNTRONICS ..••....•••••. 103 

218 SYSGEN . ..... .. ..... ... ... 52 

223 TECHMATE INC ............. 240 

224 TELEBYTETECHNOLOGY INC. Ill 
225 TIGERTRONICS ....... . .. .. 217 

• TINNEY, ROBT. GRAPHICS ... 244 

240 TOSHIBA •.•.•.••. •• .•••• 511,57 
241 lt>SHIBA .•.••.••••••••.. 511,57 
221 TRll.OBYTE ........ . ....... 184 

227 TRUEVISION .......... ..... 147 
221 V3CORPORATION ........... 31 

248 VNSAMERICA .. . . .. ... .. . . . 13 

247 VNS AMERICA ..... ....... . 173 

241 VNS AMERICA ............. 207 
221 WAREHOUSE DATA ....... . . 111 

230 WENHAMSOFTWARE ....... 2Atl 
• WILEY & SONS . ...•........ 120 


231 WINTEK .......... . .. . ..... 21 

' WORTHINGTON DATA SOL. . ••. 22 

232 ZEO'S INlL LTO.. . ..•. .. . 72,73 

233 ZERICON ....... ... . .... .. 157 

'Corf9SPO"dd/f!IC1/ywllhcompany. 

246 Fall 1988 • BYTE IBM Special Edition 



To get further Information on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that cor
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. 

READER 
SERVICE • Correspond directly with company 

Index to Advertisers by Product Category 


Inquiry No. PllQe No. 

HARDWARE 

300 AOOINS 

e ALPHAPROOUCTS .. ....... 233 

• AST . . . . .. . .. . . .....•. ... . 107 


20 AVOCADO ................. 170 

21 B & C MICRO SYSTEMS ..... • 239 

30 BOCA RESl:ARCH ........... 34 

41 CAPITAL EQUIPMENT ... ..... 97 

43 CGRSMIC~CH .... .... . 1M 

51 COMPVTERAGE, LTO•...••• 232 

57 CONTROL SYSTEMS ••. . •..•. 11 

61 CONTROL SYSTEMS •..... .•• 11 

H CONTROL VISION •.•••.•..• 240 


• OATRAN CORP............. 127 

91 GAl.ACTICOMM ............. 39 

95 GENOA . .. ........... .. ... 55 


124 KONAN .. ... .............. 200 

125 KONAN ........ ...... .. ... 200 

129 LONG SHINE TECHNOLOGY .. 240 

130 LONG SHINE TECHNOLOGY . . 1t1 

1"5 MICROWAY . .. .. .... ....... CHI 

155 NATIJRALMICROSYSTEMS ••. ee 

151 NOHAUCORP .. ...... .... . 231 

159 ON TARGET ASSOCIATES •••• • 78 

180 QUA TECH .. . ..... ........ 234 

111 OUALSTAA ................ 238 

243 ROSE ELECTffJNICS •..... . ZH 

2.44 ROSE ELECTRONICS ....... 2311 

197 SCITECH CORP............ 231 

1ff SEALEVEL sYSTEMS INC .... 234 

214 SOTA TECHNOl.OGY •••.. • .• • 23 

2111 STREET ELECTRONICS .. . ... 70 

227 TRUEVISION ............... 147 


301 ORIVES 

11 ASTAOSYSTEMS .......... 122 

4t CMS ENHAHCEMENlS • .. • . • 193 

47 CMS ENHANCEMENlS •.••.• 193 


132 MANZANA .................. 63 

2111 SVSGEN ..................• 52 

225 TIGERTAONICS .•• ••• ••.••• 217 


302 HARDWARE PAOORAMMEAS 

3e BP MICROSYSTEMS ••• ..••• 232 

31 BP MICROSYSTEMS • •. .••• • 232 

IHI GTEK, INC . .......... ..... . 135 


303 flSTRUMENTATION 

43 CGRS MICAOTECH •• ••. .• •• 1M 

711 OSP DEVELOPMENT CORP .... 40 

13 ELEXOR . ..... .......... .. 240. 


109 IAI INDUSTRIAL AUTOMATION 240 

143 MICAOSTAR LABS ••••••.••. 234 

154 NATIONAL INSTRUMENTS .. • 174 

1e2 ORION ... . ...... ...... .. ... 74 

221 V3 CORPORATION • •• •••.•••. 31 


KEYBOARDS/MICE 

10fl HOOLEON .. .............. 1411 

107 HOOLEON .... .. .......... 149 

115 ITAC . ...... .. .. ...... . .... 10fl 


Inquiry No. P11Qe No. 

223 TECHMATE INC.... .....•• • • 240 

' WORTHINGTON DATA SOLTN. . 22 


305 MASS STORAGE 

3 AK SYSTEMS ..... ......... 217 

22 BASF .. ....... ... .. . .... .. 17 

74 DIGITAL PROOUCTS .......• 151 


231 FLAGSTAFF ENGINEERING .•. 32 

237 FLAGSTAFF ENGINEERING ..• 32 

121 KAO CORP.... ... .......... 1117 


' MAXELL DATAPRODUCTS . .. CIV 
114 OVERLAND DATA ....... .... 234 

112 OUANTUM .... ........ .... 1111 

224 TELEBYTE TECHNOLOGY INC. 18 


MISCaLANEOUS 

50 COMPUQUEST ............. 240 

14 ENGINEERSCOLLABORATIVE238 


131 MEDIALOGIC .. . ........... 187 

137 MERRITT COMPUTING . ••••• 218 

190 RCS TECHNOLOGY ......... 218 


308 MODEllSIMULTIPLEXORS 

49 COMPUCOMCORP .......... 231 

81 E·TECH RESEARCH . . .... .. 232 

91 GALACTICOMM ............. 38 


105 HAYES MICROCOMPUTER ••••• 2 

123 KISS ENGINEERING •....•... 70 

155 NAT\JRAL MICR'.>SYSTEMS ... 1111 


307 MONITORS 

111 CTX •...••.... . . .......•.•• 71 

e2 crx .. ..................... 11 


260 MITSUBISHIMONllOAS ••• 11,19 
251 MITSUBISHI MONITORS ... 11,18 
151 NANA() .... .......... ..... 100 

152 NANA() ............ ....... 100 

249 PRINCETON GRAPHIC ...••• 1ee 

308 NETWORK HARDWARE 

23 BAY TECHNICAL ASSOC. ••• .. 44 

73 DIGIBOAAD ............... 124 


191 ROSE ELECTRONICS ....... 171 


POWER SUPPLIES 

83 CUESTASYSTEMS ..... ... .. 80 

'4 CUESTA SYSTEMS ••.. . .••. . 80 


199 SENOQN .... ... . •. . • ... ••. 221 


310 PAINTEAS/PLOTTEAS 

148 MITSUBISHI PRINTERS .. ... . . 21 

150 MITSUBISHI PRINTERS .. • . • . . 21 

157 OKlOATA .............. ... . 159 

243 ROSE ELECTRONICS ....... 231 

244 ROSE ELECTRONICS •• .•... 231 

233 ZERICON • . .....•.•...•••• 157 


311 SCANNEAS/DIGITIZERS 

80 CORECO ... ... ............ 1" 


Inquiry No. PllQe No. 

312 SOFTWARE SECURITY 

214 PAOTECH MKT. INC..... .. • . 219 

111 RAINBOW TECH ............ 131 

117 RAINBOW TECH .......... .. 131 

111 RAINBOW TECH ••••••••.••• 195 

1111 RAINBOW TECH ... .....• ... HIS 

213 SOFTWARE SECURITY ...... 125 


313 SYSTEMS 

9 AMERICAN DIGICOM ....•. •• 104 

10 AMERICAN RESEARCH .••••• 203 

11 AMERICAN RESEARCH ..•••• 203 


• AMPR0 ...... ......... .... 114 

• AST ... ............ ...... . 107 


25 BEST COMPUTER .. ......... 80 

:ze BEST COMPUTER .. . ... ..... 80 

81 DATAWORLD ...... .... .... 183 

117 DATAWORLD ........... ... 113 

72 OEUCOMPIJTERS ......... 4-7 

85 EVEREX ...... .. ........ 30,31 

II EVEREX ................ 30,31 

92 GA-re\YAY2000 .............. 41 


104 HAUPPAUGE COMP. WORKS •. 85 

• IBM CORP..... .. ........ 12,13 


113 INTERACTWESYS.CORP.. . . . 108 

114 INTERACTIVE SYS.CORP.... . 108 

131 MICRO EXPRESS .•••.•...•• 152 

138 MICRO EXPRESS •••.. .• ••.• 152 

145 MICRCM'AY ................ CHI 

161 OMEGA MICROSYSTEMS ... 134 

115 PACIFIC COMPUTER ....... • 231 

11141 PACIFIC COMPUTER .. • ... •• 231 

11111 PCOESIGN ................ 113 

175 PAOTECH SYSTEMS CO..LTO. 240 

178 OIC RESEARCH ............. 27 

115 RADIO SHACK .... ......... 139 

217 SUNTAONICS . ............ . 103 

240 TOSHIBA ................ H ,57 

241 TOSHIBA .... ......... ... H,57 

241 VNS AMERICA .............. 93 

247 VNSAMERICA ............. 173 

241 VNS AMERICA ............. 207 

232 ZEOS INT'L. LTO.... ... ... 72,73 


SOFTWARE 

314 lllMIMSOOS APPLICATIONS 
-BualnMa/Offtce 

2 ABRACADABRA SOFTWARE . 219 

24 BECKMAN ASSOCIATES . . . .. . 44 

31 BORLAND ............ . .... 133 

37 BORLAND .. .. .... ...... .. . 133 

19 FTG DATA SYSTEMS .•.••• •. 240 

97 GOLDEN BOW SYSTEMS •••. 239 


111 INFORMATION BUILDERS ..... 19 

112 INFORMIXSOFTWARE .... 84,15 

128 UONHEARTPRESS . .. .... .. 198 


• LOTUS OVLPMT. CORP... . 42,43 
159 NANTUCKET .. .. ............ n 

• ORACLE ............. . .. ... 25 


Inquiry No. Pll(leNo. 

315 1811/MSOOS APPLICATIONS 
-sclenllflc/Technk:al 

17 APTECHSVSTEMS .• .... . .. 105 

19 ASYSTSOFlWAAETECH •..• . 49 

27 BINARY ENGINEERING •....•. 28 

40 CANETICS ............. .. . 232 

82 ECOSOFT .......... ....... 119 


108 HORSTMANN SOFTWARE .... 4t 

129 UONHEAAT PRESS ....• • . .• 198 

1117 PATTON&PATTON ...• ...... 111 

172 PERSONAL TEX ............ 182 

174 PRECISION PLUS SOFTWARE 131 

198 SCIENTIFIC COMP. ASSOC . . . 231 

207 SOFT WAREHOUSE .•. . .. ... 215 

215 SPSS ..................... 178 

228 TRILOBYTE .. .... ..... ... .. 114 


31• 

14 AMERICAN SMALL BUSINESS 123 

93 GENERIC SOFTWARE .... .. .. 78 

94 GENERIC SOFTWARE •• ••...• 79 


231 WINTEK ......•.•.. • .. • , , •. 29 


317 


202 SIMPLE NET SYSTEMS ... .. . 155 

203 SIMPLE NET SYSTEMS . .•.. . 155 

227 TFIUEVlSION ............... 147 


311 IBM/MSOO$-l.ANOUAGES 

32 BORLANO ......... . ........Cll 

33 BORLANO .... ..............Cll 

34 BORLAND .............. ..... 1 

35 BORLANO ... ............ ... . 1 

M GOLD HILL COMPVTERS ... .. 99 


1711 OLIA TECH .. .............. 121 

208 SOFTWARE DIRECTION • • .... 35 


319 11111/MSOOS-UTIUTIES 

28 BLAISE ...... .... . . .... . .. 137 

32 BOALAND ..................CU 

33 BORLAND ........... ..... .. Cll 

42 CENTRAL POl"1' S/W .•••• 50,51 

.. OAYSTARCOMPVTING ••• . . . 121 


101 HAMMERLYCOMPVTERSEAV. 11 

111 JENSEN & PARTNERS, INC. ... 47 

20ll SOFTWARE DIRECTION •••... 37 

234 SOFTWAREINTERPHASE ••.•. 78 

235 SOFTWARE INTERPHASE ••..• 78 

230 WENHAM SOFTWARE ..•.... 240 


320 IBMJMSOOS-(;OMMUNICATIONS 

45 CLEO SOFTWARE ........... ee 

71 DIVERSIFIED COMP•........ 239 

111 GAAFPOINT ............ ... 234 


122 KEA SYSTEMS ............ . 128 

ORACLE .... . ... .. ......... 25 


325 IBMIMS008--0RAPHICS 

91 GAAFPOINT ...... . ..... ... 234 

133 MAP INFO SYSTEMS ......... 21 

1.. P.Al.ILMACESOFTWARE ... . . 163 
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Advertising Supplement included with this Issue: 
Jade Computer (U.S. and Canada Subscribers) 

.READER 
SERVICE ' Correspond directly with company. 

Inquiry No. Page No. 

321 MAIL ORDER/ 
RETAIL 

8 ALTEX ELECTRONICS . . . .... 237 
12 AMERICAN SEMICONDUCTOR 235 
13 AMERICAN SEMICONDUCTOR 235 
31 BOFFIN LTD .. ........... . .. 121 

' BUYERS MART •• ..... .. 223-229 

•& COMPACT DISK PRODUCTS .. 221 

252 COMPUCLASSICS ... . . ..... 211 
253 COMPUCLASSICS ... .. . ... . 211 

53 COMPUTER DISC. WRHSE. .. 175 
56 CONTECH ..... . .. ...... .. . 236 
75 DISC INTERNATIONAL ...... 238 
76 DISKCOTECH .............. 232 
77 DISKS TO GO ............ .. 239 
80 DYNAMIC ELECTRONICS ••.. 232 

102 HAROOISKDRIVESINT'L. .•. 18ll 
103 HARODISKORIVESINT'L ... 168 
110 IC EXPRESS . ..... ..... ... . 23-4 
116 JAMECO • • •••...•••••• 230,231 

Inquiry No. Page No. 

119 J.D.R. MICROOEVICES .• 2~,243 
134 MAX GROUP .. , ......... ... 185 

135 MAXGROUP............... 185 


' MICROCOMP. MKTG.CNCL... 241 
140 MICROPROCESSOR UNLTO • . 239 
158 OMEGA MICROSYSTEMS .. . 134 
177 ONLINE STORE .. .... . .... . 191 
170 PC NElWORK ... .... . . .. .. 189 
173 PRECISION DATA PROD...... 234 

• PRIORITY ONE ELECTR .. 249-284 

245 P.C. PLUS ........•.... .. 88 ,89 

193 SABINA INT'L .. .. ......... 238 

200 SHECOM .................. 185 

201 SHECOM . ............. . ... 185 

208 SN'W ELECTRONICS ......... 82 

2211 WAREHOUSE at.TA ......... 111 


322 EDUCATIONAU 
INSTRUCTIONAL 

15 ANNA600KS .. . .. . ........ 23-4 
' BYTE CIRCULATION ..•..... 208 

Inquiry No. Pllge No. 

• BYTE SUB. MESSAGE .. . .. ... 98 
' BYTE SUB. SERVICE •...••.• 181 

&2 COMPUTER BOOK CLUB, THE . 17 
54 COMPUTER TECHNICAL ASCH. 98 
SS COMPUTER TECHNICAL ASCH. 98 
85 CY BER RESEARCH ......... 198 

117 JASON ENTERPRISE ........ 239 
141 MICROSOFT PRESS .... . ... 115 
142 MICROSOFT PRESS .... ••.• 115 
163 OSBORNE MCGRAW·HILL . . . 205 

' WILEY & SONS . ..... ..... .. 120 

323 DESKTOP 
PUBLISHING 

4 ALDUS ............... 140,141 

5 ALDUS ............ ... 140,141 


89 DIGITAL COMPOSITION SYS •.. 20 

Inquiry No. PllgeNo. 

• MISCELLANEOUS 

180 ON TARGET ASSOCIATES .... 234 
194 SAFEWARE .. ............. . 238 

205 SMART LINK COMP. SYS •• . ,. 214 

' TINNEY.ROBERT GRAPHICS . 244 

324 OPERATING 
SYSTEMS 

120 KADAK .....•.............. 138 
29 QSET ................... . 214 

183 QUARTERDECK ............. 58 
184 QUARTERDECK .. , .... .. .. 58 
195 SANTACRUZ OPERATION ..... 9 

• CortflspontJ tJ//f/Crly wil/I company. 

PSTI 
SEND FOR YOUR 1) 
SUBSCRIBER I.D. CARD 

SUBSCRIBERS ONLY!* 
Use BYTE's Telephone Inquiry Processing System 
Using TIPS can bring product information as much as 10 days earlier. 

If you are a new subscriber or have lost your J.D_ card, circle Ill cm the Reader Service 
Card; attach mailer label. We will immediately end your personal TIPS subscriber card. 

GET PREPARED 2) 

3) 

Write your Subscriber Number, as printed on your Subscriber l.D. Card, in boxes in Step 5 below. 
(Do not add O's lo fill in blank boxes) 

Wri te numbers for information desired in boxes in Step 7b below. 
(Do not add O's to fill in blank boxes.) 

CALL TIPS 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

4) 

5) 

6) 

Now, on a Touch-Tune telephone dial: (413) 442-2668 and wait for voice commands. 

When TIPS says: "Enter Subscriber Number" 
(Enter by pushing the numbers and symbol (# or • enclosed in the boxe ·] on telephone pad 
ignoring blank boxes) 
Enter D 0 0 0 D 0 0 D 00 1111 

When TIPS says "Enter magazine code & issue code" 
Enter [!) 00 [!) !ID [HJ 00 00 

ENTER YOUR 
INQUIRIES 

END SESSION 

7a) 

b) 

8) 

9) 

When TIPS say "Enter (next) Inquiry Number" 
Enter one inquiry selection from below (ignore blank boxes) 

Repeat 7a a needed (maximum 17 inquiry numbers) 

1. D 0 D 1111 00 6. 0 0 D 00 00 10. D 0 0 00 00 14. 0 0 0 00 00 
2. 0 0 0 {j] 00 7.0000000 11. 000 0000 15.000 0000 
3. D 0 D 00 00 8. 0 0 D 00 00 12. 0 0 D 00 00 16. D D 0 00 00 
4. DD D 00 Ill 9.DDDIIJOO 13.DDD OOIIJ 17.0DOOOIIJ 
5. DD D 00 1111 

End ession by entering [!] (!) (l1J 

Hang up after hearing final message 
Ir you are a subscriber and need assis tance, call (603) 924-9281. 

If you are not a subscriber fill out the subscription card fo1md in this issue or, c.t.11 UYTE Circulntion 800-423-8272. 
•Domestic and Canadian Subscribers Only! 
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1 

Information Retrieval Service 

To assist you in making your evaluations, purchasing decisions, or recommendations, you can 
request further information directly from the manufacturer or service company on products and 
services advertised in this issue. There is no charge, no obligation. Just complete and mail the 
attached post-paid, self-addressed reply card, and we,ll do the rest. 

Print your name and 

card which correspond to 

Circle numbers on reply 


address and mail. 

numbers assigned to 

items of interest to you. 


r---------------------------------------------------------Fill oul Ibis coupon fittfully. PLEASE PRINT. Requests cannol M 
honored unles.• lhe zip code Is Included. This card Is valid for 6 months 

1 from cover date. 

A. Wh11 ls your primary job funcUon?I (Check one only) 
'I 

1 0 Business Owner, General 

I Management, Administrative 
D MIS/DP, Programming 
0 Enginecring/Scienlific, R&D 

• D Professional (law, medicine, 
accounting) 


5 D Ocher 


8. 	How m•nY people does your 
company employ? 

1 D 25 or fewer 
D 26-99 

D 100-499 


• 0 500-999 

l D 1000 or more 


C. 	IW!son for request: (Che~k all 
that apply). 

1 0 Business use for yourself 
2 0 Business use for your 

company 

J 0 Pcrsooal use 


D. You r next slcp after infonnilion's received: 

I 0 Purchase order 
' D Evaluation 
J 0 Specifica1io11/Re<'.-0mmendation 

E. 	Please Indicate lbe pro4uct 
categories for which you 
lnnucnce 1he selecllon or 
putthase 11 your (or your 
client's) company or organl· 
zallon. (Check all th1t apply). 
D Microcomputers 
D Peripherals 

3 o So flware 
, O Accessories and supplies 

F. 	For how many microcomputers 
do you Influence the purchase 
of products at your (or your 
client's) company or organl
zallon? 
0 1 J 0 5-9 
0 	2-4 • D 10 or more 

Nome----------------------

TH~----------------------~ 
Company______________________ 

Address --------------------- 
State_________ _ 

CHy ---------- 
ZIP--------- Telephone___________ 
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PRIORITY ONE ELECTRONICS® 


4 Good Reasons 
To Buy From 
Priority One••• 

-
1 

Knowledgeable Staff 
We begin by recruiling lhe best. 
They receive inlensive on· going 
training on products end how lo 
better service your account. 

Same Day Shipping Guaranteed SatisfactionProducts & Pricing 

2 
Stote·of· lhe·orl order fulfillmenl Your complete sotisfoclion is our We hove oll lhe popular products 
allows us lo process your order lhe al compelilive prices. Unequaled first priorily. We work hard lo earn 
some doy we receive ii. Nol only your repeat business. Thor s why buying power allows us to poss big 4will ii arrive promptly, ii will arrive 3 we offer you a money· bock guor· sovif")gs on lo you. 
correct on tee. 

3 EASY WAYS TO ORDER 

ORDERING INFORMATION 

• Orders pieced by 2 pm PT shipped some 
doy 

• No minimum order if prepaid 
• We welcome Purchase Orders from 

qualified institutions. Please coll for oddi· 
tionol information 

• No surcharge on credit cord orders 
• We don' t bill unlil we ship your order 
• So le prices ore valid through December 

31 , 1988. Prices subject lo change. 
• Shipping charges ore $3.50 for lhe firsl 2 

lbs. plus 65¢ fo r each oddilionol pound 
(40¢ with in CA). FOB is origin, UPS Blue 
end Red charges ore higher 

• CA residents odd appropriate soles lox 

CALIFORNIA CORPORATE 

FIELD AND EDUCATIONAL 

SALES: (100} 71 2-7755 

Produds and Pricing Moy 

Vary in Retail Stores 

I~1___B_Y_P_H_O_N_E_ 

800-423-5922 
Monday · Friday: 6 am to S pm PT 

Saturday: I 0 om to S pm PT 
r--~-., 

BY FAX 

818-709-4362 
Group 2 & 3 Fax Machines

101 BY MAIL 

Priority One Electronics 
21622 Plummer Street 
Chatsworth, CA 9131 1 

8 Retail Stores 
Throughout California 

BURBANK 
l 033 Hollywood 

Woy 

,. "' 843-2500 

CHATSWORTH 
21622 Pl ummer St. 
(818} 709-5464 

FULLERTON 
1577 S. Harbor 

(714} 441-1577 

IRVINE 
18241 McDurmotl 

(714} 660-1411 

SUNNYVALE 
470 E. El Camino 

Real 
(408} 738-2222 

SAN JOSE 
542 W. Trimble Rd 
(408} 43.5-7300 

WESTMINSTER 
14990 Goldenwesl 
(714} 895-2887 

BAKERSFIELD 
2400 Wible Rd. 

(805J 837-246 I 

Sama Day Sltlpplne 
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Zipper+~ modems give you oil the feot· 
ures you're looking for in o modem; relic· 
bility, flexibility, value. 

And choice. Zipper+ modems ore ovoil· 
able in two flavors. The standard Zipper+ 
offers extended features ond super value. 
Bocked by o full one year warranty. 

New Zipper+ Gold hos oil the feotures 
plus expandability and a Ufelime W arranty. 
Expondoblility c~mes by way of on optional 
communications buffer that lets you odd a 
512 K buffer for data storage even when your 
computer is turned off. And on optional 
olpho-numeric display to visually monitor 
activity. 

FEATURES 

• 	 Supports ALL 20 Hayes commands ond 
ALL 6 responses 

• 	 0 -300 ond 1200 bps. Bell 103, 212A 
• 	 Auto Diol / Auto Answer 
• 	 Auto Speed Selection 
• 	 Pulse and Touch· Tone Dialing 
• 	 AT Commands 
• 	 8 Status Indicators 
• 	 O n-board Speaker w/Volume Control 
• 	 Two self-test diagnostics 

f R E E 
MIRiOR II SOFTWARE 
w/&temat Zipper+ Modems 

and internal PC Gold Modems 
tA$69.00 ~Value) (5'6n MS-DOS) 

N T E R N A L 


Zipper+ 1200 
Year Warranty $49 99 

lmllll ISh. wt. 3 lb~) • 

Zipper+ 1200 Gold 
Li fetime Worronty $79 99 
8KPllZll12H (Sh. wt. 3 lbs.) ' 

Modems 

ZIPPER+ 1200 

1200 bps external modem with FREE M irror II 
ond O ne Yeor W arranty 

$99-99 

BKPllZM12N (Sh. WI. 7 lb~) 

ZIPPER+ 1200 GOLD 
1200 bps expandable modem with 
FREE M irror II & Lifetime Warranty 

$129·99 

BICPRIZMl 2 P (Sh. wt. 7 lb~J 

M 0 D E M s 


• 	 Half-slot-size cord 
• 	 Compatible with Hayes 1200B Smort-

Modem & virtually all software 
• 	 Pulse or Touch-Tone Dialing 
• 	 Auto· DioV Auto-Answer/ Auto· Redial 
• 	 Auto· Speed-Selection 
• 	 Duol Jocks for Voice and Doto w/on 

boord Speaker 

Zi pper+ 2400 
l Year Warranty 
lmJll2 (Sh. WI. 3 lb•) 

Zippe r+ 
Lifetime W arranty 
BKPl!Zll24H (Sh. wi. 3 lb• ) 

$ 119·99 

Gold 
$149·99 


ZIPPER+ 2400 
2400 bps external modem with FREE M irror II 

ond One Year W arranty 

$129-99 

BKPRIZM24 N(Sh. wi. 1 lbs.J 

ZIPPER+ 2400 GOLD 
2400 bps expandable modem with 

FREE Mirror II and Lifetime Warranty 

$159·99 

BKPRIZM24P(Sh. w1. 7 lbs.) 

TOSHIBA COMPATI BLE 
INTERNAL MODEMS 
for Tl l 00+ & T3 l 00 

1200 bps Modem $143·99 
BKPRIZM12T 

2400 bps Modem $243·99 
BKPRIZM24T 

BKMOBMD3 3' PC modem coble 
BKMC1BMll6 6' PC modem coble 
BKMOBATI2 12' AT modem cable 

EXTERNAL GOLD OPTIONS 
llPIMOPll'l Comm Buffer $I 29 

• lllPIMlllSPIAY Alpho Display $79 
Wllll21 Mirror ti $69 

IKPIMXSl2 512K expansion $CAU 

$16.95 
"$18.95 
$16.95 
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Now you con hove the performance of a 
laptop computer with 20 Mbytes of hard 
disk storage. The NEC MuhiSpeed HD 
laptop gives you all lhe features you 
need at a price you can afford. Here's 
what PC Magazine said when they 
reviewed it: 
"Its vivid, eminently readable ~creen, 
clean no· nonsense styling, jet propelled 
performance, and near-perfect key· 
board edge it lo the top ..." 

- PC Magazine, March 1988 

EL2 
MultiSpeed Laptop with 


NEW Enhanced Backlit Display 


$1494·99 

BKNECMSEl2 (Sti, wt. 16 lbs.) 

Carrying Case with

FREEi any NEC Laptop - a $129 Value 
Ends November 30th 

BKNEOISBC LCD & EL battery 
BKllECP0671 HD battery pock 
8KKDKD150 Diconix Printe r 
88DKBI Batteries for Diconix 
BKKOKCC Diconix Carrying case 
BKKDKPH Pri nt cartridge 
BKOSO.r>.13236"3 3' printer cables 
BKPAP61S3 200·#20 paper for diconix 

F L () P P Y 

$99.99 
$99.99 

$366.99 
$23.99 
$29.99 

$9.99 
$23.99 

$9.69 

D 

TOSHIBA 

BKMECMXTKS LAP· LI NK+ serial 
BKHEOISllE Ext. transfer kit 
BKHECMSM 1200 bps int. modem 
BKN EOIS1663 2400 bps int. modem 
BKNEOISCL MS & EL car adopter 
BKNEOlSClH HD cor adopter 
BKNECMSCC2 Carrying case 
BKNEOISCO leather case · block 
8KllECMSCC4 leather case · burgandy 

$99.99 
$99.99 

$299.99 
$399.99 

$19.99 
$19.99 
$99.99 

$129.99 
$J98.99 

S K D R V E S 

Panasonic 

HD 
MultiSpeed Laptop with 

NEW Enhanced Backlit Display 
and 20MB Hard Disk 

$2288·99 

BKNECMSHD (Sh. w t. 25 lb ~ ) 

3%" Floppy Drive 
Upgrade Kits 

Model 455 
51A" 360Kb IBM PC Compatible NEC 

720 K Capacity for PCs 1-4 5-9 10 or More 
1-4 5-9 10 or More $99·99 $94·99 $89·99 Monitors 

$ 13999 $ 129" $11999 Eoch Each Eoch Multisync II 
Each Eoch Eoch BKPAN4SS (Sh. wt. 3 lb~ ea.I 

Model 475 
BKNEO (35 lb• ) $599 ff 
Retail $949.00 • 

Multisync gs
1.44 Mbyte Capacity for AT's 

1-4 

$169" 

51A" l.2Mb IBM AT Compatible 

H S-9 10 or More 

$12999 $ 124·99 $119" 
Each Each Each 

Re~!~E~~~~oo $ J99·99 

Multisync plus 

BKNEClP $899"Retail $1395.00 • 

5-9 

$15999 

10 or More 

$14999 

BKPAN47S (Sh. wi. 3 l b~ eo.l 

BKPAN4SSM Manual (not incl w/drive) $9.99 
BlPAN47SM Manual (not inc. w/drive) $9.99 

Multisync xi 

BKNEClXL $ J95 A 99Retail $3199.00 ... 
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=:=CITIZEN '~ 

When selecting on AT computer you 
hove o dizzying number of systems to 
choose from. 

Citizen hos just mode the selection 
process olot easier. 

The new MATf/12 AT compatible 
system from Citizen combines oll the fea· 
lures you' re looking for in an AT. And all 
of o price thot screams valve. 

Citizen knows you need speed The 
MATf/12 runs ot 12.5 MHz { ond 6.25 
MHz) to help you blitz through the most 
demanding jobs. 

Citizen knows you wont flexibility. The 
MATf/12 includes two serial ports, a 
parallel port and o mouse port. And the 
Phoenix BIOS for unmatched compoti· 
bility. 

Cit izen knows you requ ire expondo· 
bility. The MATf/12 hos 4 expansion 
slots, accepts 3 half-height drive devices, 
hos o socket fo r on 80287 coprocessor, 
ond is expandable lo 4 megabytes on the 
Motherboard. 

Priority One knows you wont oll th is for 
next lo nothing. For a limited time, we' re 
offering the MATf/12 at o specially 
reduced price- more thon $750 below 
the manufactu rer's suggested price. 

Citizen MATE/12 
12.5 MHz AT Computer 

with 1 MB RAM & Hord Disk Controller 

$1399 

BKmM12 Retail $2149.00 (Sh. wt 50 lbs.) 

v D E a 
Power Back-Ups 

Getting To Know 

MS.DOS 
$39"95 

IKPIUUIOS 

This VHS Video Tope introduces the novice 
PC user to the computer's hardware and the 
fundomentot use al PC's using the DOS 
operating system with step-by-step. hands· 
on instruction. 

MATE/12 

Technicol Specifications 

• 	 80286 processor 12.5/6.25 MHz 
• 	 1 Mbyte RAM memory standard ex

pandable to 4 Mb on motherboard 
• 	 1.2 Mbyte 51A" floppy drive 
• 4 expansion slots ( 1 - 8 bit, 3 · 16 bit) 
• 	 Two 9 pin se rial interface ports 
• 	 One 25 pin parallel interface port 
• 	 One Mouse interface port 

• 101 key enhanced keyboard w/ LEDs 
• Socket fo r80287 coprocessor(BMHz) 
• 	 Phoenix system BIOS 
• 	 Clock colendor with battery 
• 	 3 half height drive capacity 
• 	 Floppy and hard disk controllers 
• 	 MS-DOS 3.3 and GW·Bosic 
• 	 One year wa rranty 

S Y S T E M C 0 N F G U R A T 0 N S 


40 Mbyte Monochrome System 

Includes: 


Citizen MATf/12 System 

1 Mbyte RAM memory 


Seagate ST251 hard drive (40ms) 

Hercules compatible video cord 


High resolution TIL monitor 


aKms1 $ 1954•99
(Sh. wt. SO lbs. ) 

With 28ms 40Mbyte Hard Disk 
{Seagate ST251 -1) 

$2054·99 

BKmS3 

(Sh. w1. 60 lbs.) 


BllJ0287-8 Moth coprocessor $279 


40 Mbyte VGA Color System 

Includes: 


Citizen MATf/1 2 System 

1 Mbyte RAM memory 


Seagate ST251 ha rd drive (40ms) 

VGA compatible video cord 


Magnavox VGA monitor 


( Sh. ~~lbs. ) $2399"99 

With 28ms 40 Mbyte Hard Disk 
{Seagate ST251-1) 

$2499"99 

BKCTIS4 
(Sh. wt. 70 lbs.) 
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P R I 0 R I T Y 0 N E E I. E C T R 0 N I C s ~ 

Lotus 1-2-3 

SoftVlare 
s E A s 0 

MS- DOS Software 

N A L s 

Finance and Spreadsheets 

A 

$277·99 

BKlOTI1ll 

Word Perfect 5.0 

$219·99 

BKWl'CWl'i l 

Microsoft EXCEL 

$211·99 

BKMSFKEI 

v N G s 

fntegrateJ Package•
Desktop Pu&llshlng Monogram MicrOloft · Works BKMSFWOHSM $179.99 
Aldu1 - PogeMoker 3.0 BlliDPICl l $·09.99 · Dollars ond Sense BlMONOASI $ 19.99 
Software Publi1hing lotus · Symphony IKl.OTSI $429.99 Database Management 

- First Publishe r 2.0 IKPFYPO $ 69.99 Borland · Quattro BDOIQI $ I 34.99 Alhton-Tal• 
El.ctronic Am - lostont Poges IKElAl'1 $ 29.99 lotus - H.AL Fo r 1-2-3 lllOTHI $ 99.99 - Dbose Moc 1.0 ll.l.SllDBll $269.99 
Broderbund - Print Shor BKBlDl'SI $ 34.99 

Games and Entertainment 
Borland · Reflex Plus IOFLIPLUSM $ 169.00 

Word Proce.,ing 
Micr01oft · Word 4.0 
Borland · Sprint 

llMSFWOID41 $ 197.99 
11101S1 $ r r 6.99 

Accolade · Mean 18 IKACCMlll $ 24.99 
Electronic Arts 

· Hunt for Red Oclobe r IKELAHIOI $ 21.99 

Utilities/Miscellaneous 
Microsoft · PowerPoint 2.0 
Aclivision · City to City 

BKMSFPl"lll $229.99 
BllCTCTCM $ 26.99 

Software Publi1hin9 
- Professional Wrile IKPfSWI $ " 9.99 

El.ctronic Arts 
· Chessmoster 2000 HELAClll $ 24.99 

Aclivision 
· Reports for Hype rcord wrn11 s 54.99 

Integrated Packages 
Microsoft - Works BKMSFWPO $ 94.99 

Micr01oft 
· Flight Simulator 3.0 IKMSFFSll $ 29.99 

Electronic Arts · Chuck Yeager 

Ac1ivi1ion - Fo col Point 
Changlab1 - CAT. 

WCTFPll $ 54.99 
IKCHNCAlll $229.99 

Software Publi1hing 
· First Choice 2.0 IKtFSF<2 1$ 69.99 

Flig hl Trainer HELAYAm $ 23.99 Graphics I Paint Package• 
Broderbund 

Utility Software 
Funk - Sidewoys 3.21 
Bloc Development 

· Forml ool 2.01 

BlFNISDm $ 37.99 

BKIOCFTI $ 54.99 

Macintosh Software 
Desktop Publishing 
Aldus · Pogemoker 3.0 BVJ.llPIClll $369.99 

- Videoworks II IUIDYWllll $109.99 
MicrOIOft - PowerPoinl 2.0 IXMSFPl"lll $239.99 
SuperMac - PixelPoint llSMTPPll $239.00 
El.ctronic Am · Studio 8 HEU $ 19.99 

Fifth Generation 
· Fo stBock Pl us BKFTHFIP! $ 19.99 

Adobe - lllus!rotor '88 BKAOlllll $219.99 
Quart< · Xpress 2.0 llllID211 $A79.99 

Games and Enterfainment 
Broderbund 

Borland - Side Kick Pl us IKIOISKPlUSI $116.99 
Micr010ft · Windows/286 B«MSfWI $ 59.99 
Microsoft · Window<l386 IWFW3161$109.99 
Executive Syitem1 

· X·Tree Professional 
Central Point - Copy II PC 
Microsoft · QuickBosic 

BlEXSXP! $ 61.99 
8lCATCPSP1 $ 22.99 

llMSfQll $ 69.99 

Word Processing 
Micr01oft · Word 3.02 8KMSFWOID311$219.99 
Word Perfect 

- Word Perlecl Moc BKWPCWPll $I 79.99 
Alhton· Tate 

· Fullwrile Professional 8KASHFWPll $239.99 

- Shulflepuck Cole BUIDSl'Cll $ 22.99 
Spectrum Holobyte - Folcon PSHBF11$ 2A.99 
El.crronic Arts · Yeager Advanced 

Fl ighl Troiner llEU.YAnll $ 21.99 
Broderbund · Jorn Session BUIOJSll $ 29.99 
EPYX · Sub Bottle llEPXSIM $ 24.99 

CALIFORNIA CORPORATE 
FIELD AND EDUCATIONAL 
SALES: {IOOJ 712 7755 

Produds ond Pricing Moy 
Vory in Retail Stores 
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Prices Too Low 

To Advertise! 

Prices So Low That Epson 


Won' t Allow Us to Print Them! 

The best-selling printers in business 

history. The hardest working computer 

printers in America. Thor s the legend 
created by Epson' s FX-series dot-matrix 
printers. And now they' re better than 
ever! 

And the LO-series offer Leiter Quality 
documents and print ot dot matrix speed! 

L Q 2 5 5 0 

• 24 pin print head 
• Print speed to 400 cps (draft mode) 
• 7 color printing 
• Epson's one year limited warranty 

llEl'lllQ2SSO lllJ Sutfe11td U1t S144900 $CALL 

E~son
LQ - 500 
• 24 pin dot matrix printer LQ-850 LQ-1050 FX-850 FX-1 050 
• Friction & troctor paper feed 80 Column 132 Column 80 Column 132 Column 
• Centronics parallel interface Fast enough to handle ony size job with• 24- pin impact dot· matrix printer 
• Autoload letterh ead & sheets efficiency and ease. Plus, SmartPark lets you• Up la 330 characters-per-second Draft 
IWIHllSOO Mfg. Suggested Lis~ $499.00 $299 change belween fanfold paper. single sheets Speed 

or envelopes with the touch of o button a nd 

Quality Speed 
• Up to 11 0 chorocters· per· second letter· 

the fl ip of a lever. D FX - 5000 • 9·pin print heed • Porollel interface 8KfPNLQl50 Mfg. Suggest list $119.00 $CALL 
• 264 cps droft speed • 54 cps NLQ speed

• 533 cps in Super Draft mode HEPNIQIOSO Mfg. Suggest Lisi $849.00 $CALL 
• Built· in SK buffer • Numerous fonts 

• 480 cps in draft mode • Avlo single sheel • Adjustable lroclorLQ-950• 80 cps in NLQ mode looding feed 
Introducing the LQ-950 24 pin printer from • 6 ovoiloble pitches; 5·20 cpi. 

EPSON. The EQ-950 combines the proven 
• Epson FX control code compatible 

IKE1'11Dfl5000 Mfg. Suggested list $2199.00 $CALL BKEPNFXISO Mf~ Suggested Li st $549.00 $CALL 
24-pin technology, advanced paper handl

BKEPNFXIOSO Mf~ Suggested List $799.00 $CALL 
ing, and the capability to print graphics hori· (FX· I050 Wide Corrioge)STARTER KIT zontolly in " landscape" formal on 11 " wide 
paper- without additiona l 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 Print.r Cable • 3 Ribbons on incredible 88 cps in Letter Quality Mode. up. With speed and power enough for all
Anti-Static Cover • Prlntwr Care Kit your business aplicat ions.• 110 column, 24 wire printer 
So !hat II will lmt ewin long • 9 pin impact dot matrix printer • 264 cps draft, 88 cps LQ mode 
er. "v• Included all th11 $69 • 240 cps draft mode speed • Epson' s one yea r limited warranty 
supplies you need to use ond • 48 cps near-letter-quality speed IKEPllLG9SO Mfg. Suggestod list $849.00 $CALLcore for your new printer. Aslc fOfl 

• 132 column print width 
llPIUISSISl..WLQ.2550 mllMSlw'LQ-500 LX-800 • Parallel· interface with 8K bufferllPlmlml..WEX·lOOO IUllDlllSlw'EX-800 

• 9 pin print head • Aul~ single sheet loadingm'lt1116E51w/FX·286e -Slw'FX-86e 

~ ......l)(.80() 
 • 180 cps draft-30 cps NLQ $ l 89 

IKEPllFX2t6EMfg. Suggested List $799.00 $CALL
BKEPNLXBOO Mfg. Suggested List $299.00 

E p s 0 N A ( ( E s s 0 R E s 
llllBIP521 LX/EX·SOO ribbon $7.99 IOlllP51 9 LQ 132 col ribbon $13.9.5 IOIPa 6' PC porollel coble $24.99 
IOIBIMS FX·86e ribbon $7.99 BlllBIP523 EX·BOO color ribbon $14.9.5 80JPC12 12 ' PC po r. coble $29.99 
IOIBl~l FX·286e ribbon $9.99 BKEl'll391A EX·800 color kit $79.9.5 8lDSOBE6 6' XT seriol coble $24.99 
IOIBIP517 LO 80 col nbbon $9.9.5 8KEPM7~1A LQ-500 CX feeder $91.99 IXOSOIEP12 12' AT ser. coble $24.99 
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BKPlllOIOISK Starter Kit for 1080i $69 
BKPlll091 ISK Starter Kit for 1091 i $69 
BK.Pll10921SK Starter Kit for 1092i $69 
BKPll592SK Starter Kit for 1592/1595 $69 

BKPRIPa 6' PC parallel cable $19.99 
BK.PllPC12 12' PC parallel cable $24.99 

ACCESSORIES 
MIS110Ribbon ~ 1080i 1091, 1002$12.99 

SlPll!34 Cul shut feeder 1092i $13P.99 

IUllSllO Serio! interloce for $1P,99 


Doi Matrix 

IUllS140 Ribbon for KXPl 52~ $1'.ff 

lllllS1S24"l Cul sheet feeder 1 52~ $I ff.ff 


Panasonic 
PANASONIC PNS 1524 

The Panasonic 1524 Printer ~ombines 

the speed of a dot matrix printer with the 

professional type style a daisy wheel 

printer-all in one printer! Thanks to its24 

wire print head and optional font cords, 

you con print Letter Quality doc~menls at 

a blazing 80 characters per second! And 

if that' s not enough, oil Panasonic print

ers come with a 2 year limited warranty 

-50% longer than the leading competi 

tor! 


• 240 cps draft I 80 cps in LQ model 
• Bottom and Rear pop er feed 

• Parallel and serial RS232 
interfaces included 


BKPNS1524 Mfg. Svggested List $9-49.00 


$CALL 
PRINTER STARTER KITS 

PANASONIC KX-Pl 092i 
• 240 cps draft, 48 cps NLQ mode 
• FX-80 & IBM ProPrinter emulation 

• Parallel interface w/6 K buffer 
BKPllS10921 Retail $529.00 (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 


PANASONIC 1091 i 

• 160 cps draft I 32 cps NLQ mode 
• 192 cps print speed at 12 cpi 

• Parallel interface w/1 Kb buffer 

BKPNSI0911 Mfg. Suggested Retail $299.00 

$ 189·99 

PANASONIC PNS 1592 
• W ide Carriage (1 36 Columns) 

• 180 cps draft I 38 NLQ 
• Proportional space printing 

lmsl S92 Retail $679 .00 

$CALL 
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Panasonic 
Office Automation~ 

More and more businesses ore dis· 
covering the benefits of loser printing. It 
gives you the flexibil ity to print a variety 
of documents with different fonts end 
exciting graphics. All with speed end res· 
olution unmatched by other printers. 

• 	 11 pages per minute print speed 
• 	 2 paper cassettes · 250 each 
• 	 Serial and parallel interface 
• 	 Emulations: HP LaserJet+, Epson FX286, 

IBM ProPrinter, Dioblo 630, KX ·Pl 092i 
• 	 Serial and Parallel interfaces 

$1495* 

HPNS44SO Mfg. Suggest Retoi $2495.00 


'With purchose ol 1Mbyte memory expon>ion (IUll51'440) 

$ J595.00 without purcho>e of omory expomion 


IUllSMSO Toner for 4450 $44.99 
WllSO:M20 legal Con ette for 4450 $54.99 
HPllSDMI Drum fo r 4450 $ 179.99 
11111SO:M30 Envelope Cossette for 4450 $79.99 
81111SM40 1Mbyte RAM Expansion $399.00 

Panasonic Scanners 

Now Available in Stock 


BKPNSRS505 Scanner $CAU 
BKPNSRS506 Grey Level Scanner $CALL 

51/4" WORM 
Optical Disk Drive 

The Panasonic Optical Disk Drive is the 
answer when you hove massive dota storage 
requirements. Each removable 5\4 " cartridge 
hos o capacity of 200 Megabytes. (Sh. wt. 16 lb ~) 

BlPllSIBOOIBM w/ IBM Interface $CALL 
IKPllSU5001UC w/ MAC Interface $CALL 

Laser Printer 


Panasonic FAX Partner 
Facsimile Boord for 


IBM PC' s & Compatibles 

• G roup Ill Fox compatible 


• Variable transmission speed: 9600/7200/ 

4800/2400 bps with autamotic follbock 


BKPNS8M898 LUS 
Retail $995.00 $CALL 

THE COMPLETE 

ANSWERING MACHINE 


• 	 Background Operallon. No need lo dtdi· 
cote o PC for voice _. 

• 	 Voice Malllloua: up ID 999, ponword·ptO
tected mailboxes 

• M.....- Forwardlnf: CAM con coll you lo 
defiVet your new messages In 
your cor. ol homo or onywherel 

For IBM PC. Xl, AT1 
and c.ompattWes 

$249-99 

mccAlll Retoil $349.00 
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ZipCard 21 
21 Megabytes 

Formatted Capacity 
65 ms avg. access time 

O ne year warranty 

$279 18 

BKPRIZC21 (Sh. wt. 6 lbt ) 

ZipCord 40 BKPRIZC40P $699.99 

Cables 
8KPGGIS30E Socket lo cord edge 30" $I3.50 

8ll'G04160E Socket lo cord edge 60" $ 15.50 

IKPGCMMllE Drive to bock of cabinet 18" $20.60 

UPGGIS3000 ESocket to cord edge 30" $22. I 0 


cord edge to cord edge 30" 

l lCl4S'IOEIOOOEIO Esocket lo 4 cord edges $34.9.5 


30" between each cord edge 

BKPGC20160 ESocket to cord edge 60" $ J0.50 


(Sh. wt 1 lb. each) 


Mounting Rails 
llllWTMI Mounting Roils for AT $ I0 
BIJMIMI Mounting Brackets & Roils $ I0 

Cabinets 
Single Drive Cabinet with 
IBM PC type Front Bezel 

and Power Supply 
WMIHOOI Full Height 

ll.IMlHOCSIHH Y2 Height, 


$199 
(Shipping weight 16 Jb, eoch) 

ZipCard 32 
32 Megabytes 

Formatted Capacity 
65 ms avg. access lime 

O ne year warranty 

$33999 

8Kl'RIZ02 (Sh. wt 6 lbt l 

ZipCord 48e BKPRIZC48E $499.99 

.............n•..-•~· --~

J W E STERN D IGITA L 

Hard Disk Controller 
FOR PC's & COMPATIBLES 


BKWDXTGEll Y2 Cord, MFM $64.99 

Bm1002ml Y2 Cord, MFM $74.99 

Bm100227X Y2 Cord. Rll $14.99 


FOR AT's & COMPATIBLES 

Bm1003WAll no floppy, MFM $ 124.99 

HWDI003WA2 w/ floppy, MFM $ 144.99 

llWDI003Wl'2 w/floppy, RLL $164.99 


(Sh. wt. 'l lbt eoch) 

The problem is fundomental How do you 
increase hard disk storage copocity ond 
save time and money? the solution is simple 
-ZipCord. 

Zip(ord is easy ta install Just plug it in 
and run. Zip( ard combines fast disk access 
speed, odvonced engineering ond uncom· 
man value. 

And Zip(ard is built to lasl. Plated media 
for o long trouble free life. Shack mounting 

and rugged construction make it the perfect 

choice for portables and anyone who 

requires reliability. 


And there' s another feature that comes 

standard with every Zip( ord- Priority O ne 

service ond support. W ith eleven years of 

hand-holding experience, our technicians 

hove the answer lo oil your questions. 


B A ( K u p 

Mountain. 
THE PEAK OF PERFORMANCE 

• 	 SIA " form factor · Ooppy size 
• 	 Works off floppy disk controller 
• 	 Industry standard QIC-40 specification 
• 	 Includes FileSafe series software 

WlllT4PI for PCs $369· 99WlllT4.U for Ar s 

For exlemol mode~ replace 'T with " E" and 
odd $200.00 (Sh. wt 6 11,$,) 

WIXUICI Tope Cortridge $24.99 

alphamn:::rc·-----..-..--..----·· 
Ir•Al.:UI Kr..A 
Back-Up 160 Megabytes 
• 	 W orks with IBM PC, XT, AT, (PS/2) 


& compatibles 


• 	 Easy to install, easier to use 
• 	 M ore rel iable than streaming lope 
• 	 Media cost less than streaming tape 
• 	 Disk image or file- by-file backup 

PC/AT controlle r card 

BWJM (Sh. w t. 3 lb•) $349 


Videotrox " HQ" VCR 

BWJWIOO (Sh. wt 28 lbt) $549 


Subsystem - both pieces 

BUl.MYTS (Sh. wt 31 lbt ) $799 


Call for PS/2 compatlhle product1 
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........ 

J WESTERN DIG/TA~ 

When you' re reedy to upgrade, go with 
the best. Our hard disk kits come with 
Seagate drives for reliability and value. 
Eoch kit includes easy instructions. One· 
year warranty. 

COMPLETE SUBSYSTEMS INCLUDE: 

Seagate Hard Di1kDrive 


111 Slot Controller Card, Cables 

and ln1truction1 

21 Mbytes 
Seagate ST225 

65ms avg. access time 
One year warranty 

$26999 

BKPRtPQll (Sf. WL 7 lb•) 

30 Mbytes 
Seagate ST238 

65 ms avg. access time 
One yea r warranty 

$29999 

BKPRIPOOI (Sh wt 7 lb•l 

H D s E L E 

Manuladu111 Model 3.S/S.25" 

Microeolis 1333A 5.25" 

Seagate ST125 3.5'' 

Seaga te ST138R 3.5" 

Seagate ST1 57N 3.5" 

Seagate ST225 5.25" 

Seaga te ST238 R 5.25" 

Seagate ST25 1 5.25" 

Seagate ST251 -l 5.25" 

Seagate ST277 R 5.25" 

HD Subsystem 

43 Mbytes 
Seagate ST251 

40ms avg. access time 
One year warranty 

$449·99 

BKPltPC431 (Sh wt 7 lb• ) 

( T 0 N G u D E 

llnformallld Awt AC<tSS lnllf· Part 
Capatlty Tirnt foo NUMBEI l'IJCE 

53.3 MB 30 ms MFM BKMCP1 333A $549.99 

25.6 MB 40 ms MFM BKSEAl 2S $CAL1 

38.4 MB 40ms RLL BKSEA1 38R $CA11 
57.7 MB 28ms SCSI BKSE.A1S7N $ CALL 

25.6 MB 65ms MFM BKSEA22S $239.99 
38.4 MB 65ms RLL BKSEA238R $279.99 
51.2 MB 40ms MFM BKSEA2Sl $399.99 
51.2 MB 2&ms MFM BKSEA2Sll $499.99 
76.9 MB 40ms RLL FmA277R $499.99 

Dri"lts do nor lndvdt <ontroltl~ or 1111nual1 - <oil for p!ldll1 oncl ovtlloblllty 

"I like your 'Satisfaction Guaranteed' policy . .. . surely this is 
the ultimate way to make the customer sure, in his own mind, 
that he runs no risk in buying from you." 

- F. T. Theobold 

43 Mbytes 
Seagate ST251-1 

28ms avg. access time 
One year warranty 

$52999 

B•PalPC4311 (Sh. wl. 7 lbL) 

The Maxtor fam ily of hard drives is the per· 
feet solu lion lo your storage needs. Speed
Stor software does the integration for you. 
After you intall the drive, insert the SpeedSlor 
floppy dis~ lype I NT All. onswer a few simple 
questions and you' re up ond flying. It's 
flexible, simple, and fo sl. 
• 	 For IBM AT and compatibles 
• 	 Includes documentation ond easy lo use 

inslallation instructions 
• 	 Includes SpeedStor parti tioning software 

Model All 20 $ J499 9911 9MB formatted capac ity • 
(28ms MFM) BKMXT1140 

Model AT160 $ 164999159 MB formatted copocity • 
(28ms MFM) 8KllX12190 

Model AT320E 
319MB formotted copocity 

(18ms ESDI) Bl:MXT43IOE 
lnt~rclti £SDI <11C11!allu 

$264999 
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Accessories 


Kraft Systems Kraft Systems 
Combination IBM/ Apple Hi-Speed Game Card 

Joystick BKKFTHSGCI for PC, XT, AT' sBKKFTKO . 

Mfg. List: $29.95 Mfg. Lisi: $34.95
$ J8.99 $2099 
OUR PRICE: OUR PRICE: 

Power Supplies for Microcomputer Accessories 
IBM-PC, AT and Compatibles 80 Column Printer Stand 
479·99 $ 124·99 $ 129-99 

Mfg. List: $49.95 
IKl'WllSO mwrioou OUR PRICE: $29"99 

BKMCA930 

132 Column Printer Stand Mouse Pad 
Mfg. Lisi: $54.95 $3 4•99 
OUR PRICE:$ J2·'' BKMCA940

BKPRIMOUSEPAD 

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 ( se ria ~ 


$ J29·'' 

Mfg. Suggested Retail $17 5.00 

NO SLOT C LOCK 
Maintains time fo r more than 10 yea rs! 

Mfg. Lisi: $59.95 

OUR PRICE: 


BKSMTHSC 


Optical Mouse 
from Mouse Systems 

Serial w/PC Paint Plus BKMSCOMS 

Bus w/PC Paint Plus BKMSCOMB 


PS/2 " BKMSCOM2 


YOUR CHOICE: 

$99"99 

• PS/1 doe< not come wi!h PC Point Plu• 
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5 1/•" Diskettes 

Double Sided I Double Density 


1-4 S-9 10 or More 


$8·99 $8·99 $ 7.99 
PRICE PER 10-PACKHllXUllrlDM 

Double Sided I High Density 

1-4 5·9 10 or More 

$ 19-99 $ 17·99 $ 15·99 

PRICE PER IO·PACK BlllXUllrlHD 

3.5" Diskettes 

Double Sided I Double Density 


1-4 S-9 10 or More 


$19-99 $18·99 $16·99 

PRICE PER 10-PACK BDIXUll'Z 

Double Sided I High Density 

1-4 S or More 


$54·99 $49-99 Accessories
PRICE PER 10-PACKllllXUlf'ZHD 

SV•" Double Siclecl I Double Density 

PRICE PER 1·5 6 °' Mire 


25~CK $ I9'" $ I 6·" 
SW' AT High Capacity/ 2-Sicled 

PRICE PER 1·5 6 • Miii 

2~iiK $39'99 $33•99 

3.5" Micro Dilb 

Double Sided I Double Density 


PRICE PER 1-S 6 • Miii 


lO~~;K $ I8·" $ I 6·" 

M A T H & c p u C H p s ALLSOP DISK STORAGE 

maxell® 

CO- PROCESSORS 

8"3087 
8"30872 
81(8087-1 
8"30287 
8"30287-8 
8"30287-10 
8KB0287-12 
81(80387 
8KB038720 

5 MH z $ f 08.99 
8 MHz $ r58.99 

10 MH z $224.99 
6 MHz $ J79.99 
8 MHz $249.99 

l0 MHz $309.99 
12 MHz $CALL 
16 MHz $498.99 
20 MHz $798.99 

REPLACEMENT CPUs 
8KUPD7010888MHz V20 $ 24.99 
8KUPD70116 8MHz V30 $ f 9.99 

CALL FOR PRICES 

ON RAM CHIPS 


Holds 30 
$6·993.5" Disks 

BlliLDfJDM 

Holds 60 $6·99 
51/4" Disks 

BKAl.LOR>OX 

Universal $6·99 
Printer Stand 

BlliLUPSX 

0 R C H D 


Tiny Turbo 286 

8KOlat6H$269·99 

Designer VGA 
BKOICDVGA $349·99 
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ASI® 


AST 
1/0 Mini II ( PC/XT} 

• Single slot half size cord 
• Se rial and parallel parl 
• Clock calendar wilh battery 
• Two year warranty 

$87·99 

Six Pack Plus {PC/XT} 

BKASTIOMll 
Retail S129.00 

• 64 Kb expandable lo 576 Kb 
• Serial and parallel ports 
• Clock calendar wilh battery 
• Two year warranty 

BKASTI 
Retail $210.00 $139·99 

Rampage/2 ( PC/XT} 
• 256Kb expandable lo 2Mb 
• Supports both EMS and EEMS 
• Split memory addressing 
• Two yeor warran ty 

BKASTRl".156 
Retail $495.00 $299·99 
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1/0 Mini II (AT} 
• Half slol size cord 
• Serial ond parallel port 
• Optional second serial port 
• Two year warranty 

8KASTIOM2A 

Reloil $129.00 
 $87·'9 

RAMvantage! (AT) 
• 128Kb expandable to 3Mb 
• Split memory addressing 
• Provides extended memory 
• Two year warranty 

BKASTRV128 

Retail $445.00 
 $259·'' 

Advantage Premium (AT) 
• 512Kb expandable lo 2Mb 
• Serial and parallel ports 
• Splil memory addressing 
• Two year warranty 

BKASTAPS12 

Retail $545.00 
 $339·'' 

Coll for DRAM Prices 

RESEARCH INC. 

RampagePlus 286 
That new 12 MHz AT compuler you jusl got 

puts you on the leading edge of lechnology. 
You're o " power user'' wilh speed enough to 
burn. You need an expansion board lhol con 
keep pace with your computer. 

Most AT expansion boards ore designed 
for use on on BMHz Bus. The new AST 
RompogePlus 286 is engineered for Bus 
speeds up lo 12.5MHz. 

RompogePlus 286 olso hos huge memory 
capacity (up to 8M8) ond flexibility too 
(memory con be configured as expanded 
EMS 4.0, extended and convenlion). 
• 512K memory expandable lo 8 MB 

• Full support of EMs 4.0, EEMS & EMS 3.2 
• Configurable os extended memory for 

OS/2 
• Runs al Bus speeds of up to 12.5 MHz 
• Optional VO piggyback modules 
• Two year warranty 

Retail $895.00 

BKASTRPl".186 
 $529·34 

Xformer/286 (XC/XT) 
• Replacement motherboard for PC's 
• 10 MHz 80286 processor (6 or 10 MHz) 
• 512 Kb memory; 8 expansion slols 
• One year warranty 

BKASTX286 

Retoil $845.00 
 $599·99 

Rampage 286 (AT) 
• 512 Kb expandable to 2Mb 

e Supports bo1h EMS and EEMS 

• Split memory addressing 
• Two year warranty 

BKASTRPAT 
Retail $695.00 $439·'' 

Advantage/2-386 (70/80) 
• l Mb expandable lo 8Mb 
• Uses 256Kb and 11 Mb SIMMS 
• Full Micro Channel Support 
• Two year warranty 

BKAST A23861 

Retail $l 395.00 
 $839·'' 

Call for AST Premium/286 System Pricing & Configurations 

AutoSwitch EGA 480 
Retoil $399.00 

BlPARE480 $189·'' 
Monochrome EGA 

Retail $249.00 $199·99 
BIPA.IMEGA 

(Shipping weight on a ll board" 4 lb~ each) 

VGA Plus 
Retail $599.00 $349·99 

BKPARYGAP 

VGA Professional 
Retail $899.00 

BKPAIYGAPIO $499·'' 



VIDEO\rsEVEN 


The ultimate in VGA performance. 
V- RAM VGA from Video 7 combines 
l 00% VGA hardware compatibility with 
the superior performance of VRAM tech 
nology lo give high- speed operation (see 
box below). 

V-RAM VGA is 100% hardware 
compatible with the IBM PS/2 Display 
Adopter. It even offers the high-band
width monochrome mode and other 
VGA registers not documented by IBM. 

• 	 l 00% IBM PS/2 VGA compatible 
• 	 Works in PC/XT/ ATs& PS/2 model30 
• 	 l 5 pin analog video connector 
• 	 256K VRAM memory expandable 

to 512K 

V-RAM VGA 

$499·99 
Reio ii $799.00 

FastWrite VGA 

R~i~J~G~ $399·99 

(Sh;pping weight, 3 lb~ eoch) 

All the Features of EGA 

PLUS 37% Greater Resolution! 


• 	 EGA. CGA. MDA & Hercules graphics 
compatible 

• 	 Works with Multisync monitors 

• 	 AutoSelect video mode 
• 	 Will co-exist with MDA or CGA resid

ing in another slot 

• 	 640 x 480 & 752 x 410 resolution 

• 	 Two year worronly 

llVD7VD Retail $3l9.00 
(Sh. wt. 2 lbs.) 

$229·99 

Video 7 

I 

V R A M 	 .•.
Video Random Access Memory (VRAM) Until now, VRAM technology wos only avaf; 

was dev.loped lo meet lhe high-spe«f ra- able on speciolizecl high.priced ~ 
qulrements of high resolulion Yideo opplico- boards. But by developlng a new chip-the 
tions. VRAM adds speed by eliminating the VlVGA-Vldeo Seven wos able lobring fUab 
wait states caused by slower DRAM chios. technology down lo a sensible price. 

I 

v G A 	 v E G A 


VEGA 

V · G · A".. 

Introducing tfte VGA Tltat'll 
KNOCK YOUR SOCKS OFFI 

You've reod ond heord obout VGA lrs 
the next video standard. But until now, the 
only way you could get ii was lo buy on IBM 

PS/2. 
The wait is over. True VGA is here today 

from Video Seven. II works up lo 400% foster 
than on EGA cord. And it works with onolog 

· and digital monitors. Plus, Video Seven VGA 
is bocked by a money-bock VGA compatibil 

ity guarantee. 

• 	 True IBM PS/2 VGA compatibility 
• 	 Up to 400% foster than slondord EGA 

• 	 High resolution (B00x600) drivers for 
M icrosoft Windows, AutoCAD, Lotus T exl 
and Graphics 

• 	 Smortswitch hardware slate switching 

• 	 5 year worronly 

$298.99 

IKVD7VGA 
Retail $499.00 
(Sh. wt 2 lbs.) 
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Make a New Resolution 
Today••• 
M 0 N T 0 R M E R 

12" Hi-Res TTL Monitor 14" RGB Color Monitor 
• 640 x 240 line resolution • 1000 x 350 imoge resolution 
• RGB & Composite color inputs• P39 (green) LA (amber) screen phosphor 
• Built· in tilt stand & cable• IBM TIL compatib le interface 
• One year warranty • Two year warranty 

Retail $399.00 
IWG(Green) $7ftoo 

llMAGA (Amber} 7 · · IWG0.762 $269 99(Sh. wt. 26 lbs.} , 
Amber TTL Monitor & RGB Color Monitor &
Hercules Compatible Color Video Card

Card 

BIMAGMU 
 $ 119 99 $329 IOIAGO1sh. w.,,1e lb.1 • 
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MAGNAVOX 

No matter which mode you choose. Magno· 
vox VGA will display ii. Magnavox' s new 
VGA monitors ore fully compatible with all 17 
VGA modes. 

W ith a VGA display system, you'll get the 
most out of your present software. Plus you'l l 
be reody for graphics environments like 
W indows 386, OS/2, ond Presentation Mon· 
oger. 

Mono VGA 
• 50 to 70 Hz ~efresh Reloil $229.00 

• WO white phosphor $ J49." 
• 64 shades of grey 

• Up to 800 x 600 res. 8WGV2 is.h. w1. 19 11,.) 

Color VGA 
• 60 to 70 Hz refresh Retail $649.00 

• .31 mm dot pitch $459 99 
• Infinite :If: of colors • 

• Up to 800 x 600 res. 8006¥1 !Sh. wi. 30 lb•! 

R M E N T 


14" EGA Color Monitor 
• Fully compatible with IBM EGA 
• 690 x 350 line resolulion 
• Text display in green or amber 
• 	 64 colors EGA; 16 colors CGA 

Retail $595.00 

l lMAG'lOl>SJ 
(Sh. wt 29 lbs.} $398." 

EGA Monitor w ith 

Video 7 Vega Deluxe 


$549.99 
BKMAG £2 
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