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Now SWTPC offers complete best-buy computer system with $995 
dual minifloppy, $500 video terminal/monitor, $395 4K computer. 

$995 MF-68 Dual Minifloppy 
You need dual drives to get full benefits 
from a m1rnfloppy. So we waited to offer a 
floppy until we could give you a dependa
ble dual system at the nght price 

The MF-68 is a complete top-quality 
m1rnfloppy for your SWTPC Computer. The 
kit has controller. chassis . cover. power 
supply, cables . assembly instructions. two 
highly reliable Shugart dnves. and a 
diskette with the Floppy Disk Operating 
System (FOOS) and d isk BASIC. (A floppy 
1s no better than its operating system. and 
the MF-68 has one of the best available) 
An optional $850 MF-6X ki t expands the 
system to lour drives 

Enclosed Is: 
$1 990 lo• the lull syslem shown above 
(MF-68 M1n1tloppy. CT-64 Terminal w11h 
CT-VM Monitor) 
$995 •or the Dual M1nilloppy 
$325 lor the CT-64 Terminal 
$175 lor the CT-VM Monitor 
$395 lor the 4K 6800 Computer 

$500 Terminal/ Monitor 
The CT-64 terminal kit offers these 
premium features : 64-character lines. 
upper/ lower case letters. switchable con
trol character printing. word h1ghlight1ng . 
full cursor control. 110-1200 Baud senal 
interface. and many others. Separately 
the CT-64 is $325. the 12 MHz CT-VM 
monitor $175 

_ $250 lor the PR -40 Line Printer 
$79 50 for AC -30 Cassette Interface 
Add1t 1onal 4K memory boards at $t00 

_ Add1t1onal 8K memory boards at $250 
_ Or BAC 'II _ __ Exp Da1e 

Or MC # Exp Dale 
Name Address 
City__ State Zip 

$395 4K 6800 Computer 
The SWTPC 6800 comes complete with 
4K memory. serial interface. power supply. 
chassis . famous Motorola MIKBUG " 
m1rn -operat1ng system 1n read-only 
memory (ROM). and t11e most complete 
documentat ion with any compu ter kit Our 
growing software library includes 4K and 
SK BASIC (cassettes $4 95 and $9.95: 
paper tape $10.00 and $20.00). Extra 
memory. $100/4K or $250/SK. 
Other SWTPC peripherals include 
$250 PR-40 Alphanumeric Line Printer 
(40 characters / line. 5 x 7 dot matrix . 
75 line/ minute speed . compatible w1t11 
our 6800 computer and MITS.'IMSAI) . 
$79.50 AC -30 Cassette Interface System 
(writes/ reads Kansas City standa rd tapes. 
cont rols two reco rders. usable with other 

--, computers) . and other peripherals now 
: and to come 
I 

: I I ,-1 I 
1 t- I ' I 1r3 Southwest Technical 
: - • Products Corp . 
1 219 W Rhapsody. San Antonio. Texas 78216 
: London: Southwest Technical Products Co ltd 
1 Tokyo: Southwest Technical Produc1s Corp I Japan 
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You can now have the industry's 

professional 
Shown with optional 

bench cabine t 

finest microcomputer 

with that all-important 

disk drive 

YOU CAN GET THAT 

All-IMPO RTANT SOFTWARE, 


TOO 

Loading your programs and files 

wi ll take you only a few seconds with 
the new Cromemco Z-2D computer. 

You can load fast because the 
Z-2D co m es equ ipped with a 5" 
floppy disk drive and controller. Each 
d iskette will store up to 92 kilobytes. 

Diskettes will also store your pro 
grams inexpensively- much more so 
than with ROMs. And ever so much 
more convenient ly than with cas 
settes or paper tape. 

The Z-2D itself is our fast, rugged, 
professional-grade Z -2 computer 
equipped with disk drive and con 
t ro ller. You can get the Z-2D w ith 
either single or dual drives (dual 
shown in photo . 

CROMEMCO HAS THE 

SOFTWARE 


You can rely on th is : Cromemco 
is committed to supplying qual ity 
software support. 

For example, here 's what ' s now 
available for our Z-2D users : 
CROMEMCO FO RTRAN IV COM
PILER : a well -developed and power
ful FORTRAN that 's ideal for scien
tific use. Produces optim ized, relo 
catable Z-80 object code. 
CROM EMCO 1 K DISK B SIC: a 
powerfu l pre-compili ng interpreter 
with 14-digit precision and powerful 
l ~ O handl ing capabilities. Particularly 
suited to business applications. 
CROM EMCO Z-8 AS EMBLER : a 
macro-assembler that produces re lo
catable object code. Uses standard 
Z-80 mnemonics. 

The professional· 
grade micro computer 

for profenionals 

ADVANCED CONTROLLER CARD 
The new Z-2D is a 

system that gives you professional 
performance. 

In the Z-2D you get our well 
known 4-MHz CPU card, the proven 
Z-2 chassis wi th 21 -slot motherboard 
and 30-amp power supp ly that can 
handle 21 cards and dual floppy 
drives w ith ease. 

Then there1s our new disk con
troller card with special features : 

• 	 Capability to handle up to 4 
disk drives 

• 	 A disk bootstrap Monitor in a 
1K 2708 PROM 

• 	 An RS-232 serial interface for 
interfacing your CRT term inal 
or teletype 

• 	 LS I disk controller circuitry 

Z-2 USERS : 

Your Z-2 was des igned with the future 

in m ind. It can be easily retrofitted 

w i th everything need ed to convert to 

a Z-20 . Only S~35 ki t ; or $11 35 for 


ssembled retrofit package, 

We' re able to put all of this in 
clud ing a UART for the CRT interface 
on just one card because we've taken 
the forward step of using LSI con 
troller circuitry. 

STORE / FACTORY 
Contact your computer store or 

Cromemco factory now about the 
Z-2D. It 's a real workhorse that you 
can put fo professional or OEM use 
now. 
Kit : Z-20 w ith 1 d isk drive 

(M odel Z20 -K) ........ . .... . $1495 . 
Assembled : Z-20 fully -assembled 

and tested (Model Z20 -W ) . . .. $2095. 
Additional d isk drive 

(Model Z20 -F00) .. . . ...... . . $495 . 

SOFTWARE 
(On standard IBM-fo rmat 


soft -sectored m ini d iskettes) 

16K BASIC (Model FDB-5) ...... . .. $95 

FORTRAN IV (M odel FDF-5). . . . . $95 

Z-80 Assembler (Model FOA-5) . . . $95 


Circle 40 on inquiry card. 

i nco r po a 
Specialists in computers and peripherals 
2400 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 
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Your computer's usefulness de
pends on the capability of its CPU, 
memories, and 110 interfaces, right? 

So here's a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z- and Z-2 computers. 
And with your S-100-compatible Al
tairs and IMSAls, too. 

CPU 
• Z-80 MICROPROCESSOR CARD. 
The most advanced µ,P card avail
able. Forms the heart of our -1 
and Z-2 systems. Also a direot re
placement for Altair I IMSAI CPUs. 
Has 4-MHz clock rate and the power 
o1 the Z-80 µ,P chip. Kit (Model ZPU
K) : $295. Assembled (Model ZPU
Wl: $395 . 

MEMORIES 
• 16K RAM. The fastest available. 
Also has bank-select feature . Kit 
(Model 16KZ-K): $495 . Assembled 
(Model 1'16KZ-W): $795 . 
• 4K RAM. Bank-select allows ex
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ-~ : $195. As
sembled (Model 4KZ-W) : $295. 
• THE BYTESAVER - an 8K capa
city PROM card w i_th integral pro

grammer. Uses high-speed 2708 eras 
able PROMs. A m st for all com
puters. Will load 8K BASIC into RAM 
in less than a second . Kit ~Model 
BSK-0): $145. Assembled (Model 
BS -0 : $245. 
• 16K CAPACITY PROM CARD. Ca
pacity for up to 16K of high-speed 
2708 erasable PROM. Ki (Model 
16KPR-K): $1A5. Assembled (Model 

6KPR-W} : $245. 

1/0 INTERFACES 
• FAST 7-CHA NEL DIGITAL
ANALOG 110 . E tremely useful 
board with 7 Af D channels and 7 
DI A channels. Also one 8-bit par
allel 110 channel. it (Model D + 
7A-K): $145. Assembled (Model D 
+ 7A-W : $245. 
• TV DAZZLER. Color graphics in
terface. Lets you use color TV as full 
color graphics term inal. Kit (Model 
CGl-K): $215. Assembled (Model 
CGl -W): $350. 
• DIGITAL INTERFACE (OUR NEW 
TU-ART . Interfaces with teletype, 
CR terminals, line printers etc. Has 
not one but two serial 110 p rts and 
two 8-bit parallel I 0 ports as well 
as 10 on-board interval t imers. Kit 

(Model TRT-K!: $195. Assembled 
(Model TRT-W): $295. 
• JO STICK. A console that lets 
you input physical position data with 
above Model D + 7 AI D card. For 
games, process control , etc. Con
tains speaker for sound effects. Kit 
(Model JS-1-K) : $65 . Assembled 
(Model JS-1-W} : $95. 

PROFESSIONAL QUALITY 
You get first-class quality with 

Cromemco. 
Here are actual quotes from ar

ticles by independent experts: " The 
Cromemco boards are absolutely 
beautiful! ' . .. " The BYTESAVER is 
tremendous' ... "Construction of 
Cromemco 110 and joystick are out
standing" .. . " Cromemco periph
erals ran with no trouble whatso
ever. 

Everyone agrees. romemco is 
tops. 

STORES/MAIL 
So count on Cromemco. look 

into these Cromemco products at 
your store. Or order by mail from 
the factory. 

W e wish you pleasure and suc
cess with your computer. 

Cromemeo 
ncorpo a ed 

Specialists in computers and peripherals 
2432 CHARLESTON RD., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circle 40 on inqui ry card. 



E~TI NOVEMBER 19n 

Volume 2 Number 11In lhe Queue ' 

10 MEMORY MAPPED 10 
HardW<Jre-Ciarcia 

50 USING INTERRUPTS FOR REAL TIME CLOCKS 
Real Time Techniques-M F Smith 

68 DOES ANYBODY KNOW WHAT TIME IT IS? 
Peripherals- Grappe/ 

72 ADDING AN INTERRUPT DRIVEN REAL TIME CLOCK 
Real Time Systems- Sneed 

76 FLOATING POINT ARITHMETIC 
SoftW<Jre- Hashizume 

80 BUILDING A COMPUTER FROM SCRATCH 
HardW<Jre - Jones 

94 A 6502 PERSONAL SYSTEM DESIGN : KOMPUUTAR 
Hardware- Brader 

146 IMPLEMENTING AN LSI FREQUENCY COUNTER 
Hardware - Lynne 

150 SWEET16 : THE 6502 DREAM MACHINE 
SoftW<Jre- Wozniak 

166 DO YOU NEED THE REAL TIME ? 
Real Time Systems- Trollope 

18 SIMULAT ION OF MOTION : An Improved lunar Lander A lgori thm 
Model/ing-S P Smith 

26 A MINICOMPUTER FAIR : TINY AND PERSONAL 
Computer Fairs-Pie/e 

54 SPIKES : Pesky Voltage Transients and How to Minimize Their Effects 
Hardware - McCain 

172 NIMBLE : THE ULTIMATE NIM? 
Software- Ooliner 

4 In This BYTE 
6 The Compleat Robotics Experimenter 

30 Letters 
37 BYTE 's Bugs 
38 BOMB lands on APL 
46 The TRS-80 : Radio Shack's New Entry 
60, 197, 218 Programming Quic kies 

66 My Experiences w ith the 2650 
145 Ask BYTE 
160 Swi tch ing ROMs in the Fairch ild F8 Evaluation Kit 
162 BYTE 's Bi ts 
170. 198 Technical Forum 
190,220 Languages Forum 
206 Book Reviews 
211 Clubs and Newsletters 
226 Classif ied Ads 
228 What 's New' 
256 BOMB 
256 Reader Service 

Cover by Bruce Holl oway 

BY TE 1\ pu blnh"d monthly b BYTE Publ1ca11om Inc . 70 Main 51 . Pe1e,bo rou9h. NH 03458. Address atl mai l e'lCcep1 sub· 
s.c riot10n\ 10 llbOYe add11!!H , p nonl! (603) 924 7217 Addie\~ all l!!d11 oual c or•espondence to 1he ed1to1 al the abOvl!! addreu . 
Unacceptable rnanuscnpn w•ll be re1u1Md ii accomo3n1t-d tlv suff1c1er1t fir -s t class cios1age No1 responsible tor 10i1 manu 
M:UP I\. or pho10\ Op1n1oni expressed bv th& authors are not ntteuarilv chose of BYTE Adcheu all su bScnp11on1., c,,anoe of 
ad drll!!:u , Form 3579. and f1,1lf1llment complaints to BYTE Svbscr1p11on1. , PO 6 0 111 36 i , A(l1n91on M A 02174 ; phone 16 171 
6464329 Sec::ond c:lasii DO\tag~ 1>a10 at Pf!~rbo rough N H 034 58 4'nd at add1t1onal matl1ng offices- USPS Pubhui1on No. 
l 02410 Subscr1m1on1. are S 12 to r o ne vea~ . S22 lor 1wo vears , and SJ2 fo r th ree vear! 1n 11'1e USA and 11\ poss.l!s'i1ons. Add 
SS.SO per vea• lor s1.1bicr 1ot1ons 10 Canada and Mexico $25 tor a one yea r su btcup11on by ~ u dace mai l w~ldw1de . A ir O!h · 
"""rv ro \.el @Clll!!:rl area' .1 1 adt1111onal tales ava1 labl ll!!: uQon reQ uesl S25 f or a o ne vea,- svbscr10t100 bV a11 d elivery 10 EurOfje . 

S1ngll'.I' copy p1 1cti i i. $2 .00 n lh"" USA arid 1u e>osseH1on, , S2 40 1n Canada anel Me1ueo • .1 nd SJ 50 ~n Eurooe . 3nd S4 .00 
('lse wheno! Fo1e1gn sv bsct•Pl•ons. and sal e-; should be rem111ed 1n Un1ted States lunds Ponied 1n Un11ed S ttlleS ot Ame r ica 
En111e con1t!rits coovr 1gh 1© 1977 bv BYTE Puhhcilttons Inc All r19hu res~rved 

PUBLI SHERS 
Virgini a Pt>e hke 
.'v1.anfrcd Pt \t.h kc 
EDITOR IN CHI EF 
C.irl T Hclmct!i Jr 
PRODUCTION MANAGER 
Judith H,wl'y 
CIRCULATION MANAGER 
Grejtory Spillfaden 
ASSISTANT PUBLISHER 
Debra Boudduu 
EDITOR 
Ch ristoohcr I' Morgan 
CO-OP EDITOR 
Scoll Mouow 
PRODUCTION EDITORS 
K.ucn Grr)itufy 
NJncv Salmon 
AOVE RTISIN G 
Debra Boudnuu , Oirci..ror 
Noreen B:udslc't' 
V iqti n1.a Pl·\Ch ll' 
EDITORIAL ASSISTA NT 
Ingri d Nyl.and 
PRODUCTION ASSISTANT 
Ch<"ryl Hur d 
Cl RC ULA TIO ASSISTANT 
P.tmcl.& R Hi: ~<tl 1 ro 
CON VE NTION SUPERVI SOR 
Elltabt'th AIPJUjith 
DEALER SALE S 
G1nn1c: r Boudti t'JU 
CLUBS ANO NEWSLETTERS 
l)Jv1d Wo1m.ti. 
T RAFFIC MANAGE R 
tJmoncJ 0 Kclh It 
AR T 
\\ .a1 (.h1u L 1 

Oo1olh\ h.amon \lo. ~ 

SPECIAt PROD UC TS 
flo\d w Rc hl1nR 
"-1t'Jc:lhn ~lrphrn\ 
EXECU TIV E SEC RETARI ES 
1111 (4 lhtun 
PJl flCIJ (.I,.., ~ 

BOOKS 
Lhr 1\toPhi:r E Sm1 1h 
RECE PTIONIST 
Jicq uclinr f ;unshOl.'111 
DRA FT ING 
Dou~las &lcn 
Srcpht'n )...ru se 
L \ nn M.ilo 
BUI Morello 
Doroth\• Sh.1monllJ... \ 
TY POGRAPH Y 
C..:u~lom \l ,UJ...l·1U11( fott.' ~OUfCt'.'1 ' " ' 

<..oodwJ\ C r.tph1L' 
PHOTOG RAPH Y 
l<l L r Jblrt.'c: 

PR INTING 
Rumlor<l Ptt•v. 
NEW PRODU CTS EDITOR 
0Jn1c:I f yhlll 
AS 0 11\TES 
W.1ltt:'r B.1nk\ 
S t i:ve ( 1,)IUJ 

OJ\ Id I , l\ tr J 

l'on1.1 l \ J.t i.\on 

ADV ERTI SIN G SAL ES 
ou1hern Ci1ll fom1.r 

Buckley/ Boris A'>'"Oda tc.;. Im. 
9 1 ~ Sou1h H <1rl'i n ~1on 

~uicc 202 
Lo' Ange le> CA 900·19 
(2131826 621 
Non hcrn Cilliforn1J: 
luld E Thump>on Inc 
Hl'.' o1 r~ 1 Rt.aiding 
Suite 1 111 

an I rJn t:1sco CA 'J ·l 103 
(41>) h2- 5 4 i 

BY TE Nov<mb« 1977 J 



page 94In This 

In this issue, author Steve Ciarcia 
begins what we expect to become a 
regular feature in BYTE : Ciarcia's 
Circuit Cellar. Steve, a senior engin
eering consultant to the aerospace 
industry by profession, is a rare com
bination of writer and tinkerer. The 
conceptual model he brings to his 
interactive column format is that of 
the late C L Stong's stewardship of 
"The Amateur Scientist" in Scientific 
American, but with an emphasis 
on hardware and software combina
tions to accomplish interesting appli
cations of personal computing 
systems. Steve welcomes feedback 
from readers . . . CH 

Games and models which employ 
moving objects require some attention 
to details of motion as simulated by a 
computer program. Beginning a series 
of articles on the subject of moving 
objects, Stephen P Smith's Simulation 
of Motion : An Improved Lunar 
Lander Algorithm shows how a real 
time game ca n incorporate models of 
motion in more than one dimension. 

Donald T Pielc shows that a com
puter fa ir doesn't have to be big to be 
good. A Minicomputer Fair : Tiny and 
Personal describes the University of 
Wisconsin's efforts to produce their 
own micro extravaganza, which drew 
over 700 attendees. Readers may get 
some ideas abou t putting on shows of 
their own based on Professor Piele's 
experiences. 

What might not be appreciated by 
the neophyte is the fact that an 
interrupt driven clock suggests other 
uses besides keeping time. In M F 
Smith's article on Using Interrupts 
for Real Time Clocks you'll find a 
simple timekeeping algorithm, and a 
sketch of how it can be ex tended to 
share processor time between two 
different processes. 

4 BYTE mt-mt1tr 1977 

Do you occasionally find incorrect 
data in your computer when you 
know you entered the correct informa
tion and processed it with a reliable 
program? Doe your computer do 
strange things every time the washing 
machine or furnace turns on? Perhaps 
your problem i vo ltage tran ients. 
John McCain writes about Spikes: 
Pesky Voltage Transients and How to 
Minimize Their Effects . 

If you want to post a calendar of 
events in your computer's memory 
with a resolution of 1 second, a mere 
three integrated circuits added to an 
existing LSI digital clock can turn it 
into a source of time information for 
your computer. Use Robert Grappel's 
artic le in this issue to find an answer 
to the metaphorical question: " Does 
Anybody Know What Time It Is?" 

Any regular source of interrupts 
can be used as the key clement in a 
simple real time clock for the typical 
personal cornpu ter. James R Sneed 
shows how to create such an interrupt 
ource, then program a 6502 to gen

erate internal variables for hours, min
utes, seconds and 1 /15th seconds of 
the day in his artic le on Adding an 
Interrupt Driven Real Time Clock. 

If you do a lot of mathematical 
calculation on your microcomputer, 
you'll enjoy reading Floating Point 
Arithmetic by Burt Hashizurne. Find 
out how to add an economical floati ng 
point package to your sy tern and 
improve your number crunchi ng 
facilities. 

An excellent way to learn about 
computers is to build one yourself. 
Hilary D Jones shows that this is not 
such a terrifying task. Read Building 
a Computer From Scratch and find 
out how to co nstruct a working (a lbeit 
limited) computer for under $70 
(plus the price of a power supply). 

Occa ionally readers a k for detail 
plan of computer systems. David 
Brader, a BYTE reader from Electric 
City WA, has implemented an excellent 
piece of homebrew craftsmansh ip in 
hi Kompuutar system based on the 
MOS Technology 6502 proce sor. In 
this issue, we provide David' complete 
design for th e central processor, 
control panel in te rface, c1nd serial 
terminal interface of a general purpose 
computer. 

Frequency counters are useful tools 
for a variety of applications. Perry 
Lynne shows you how to add one to 
your microcomputer in Implementing 
an LSI Frequency Counter. His design 
takes advantage of the Intel 8253 
programmable interval timer (as well 
as the power of the microprocessor) 
to prod uce a design that is both 
accurate and economical. 

How do you make an 8 bit machine 
emu late a more comprehens ive design? 
In his article, SWEET16 : The 6502 
Dream Machine, Stephen Wozniak de
tails the design and functions of a low 
level interpreter for 16 bit opera tions 
which extend the functions of the 
more limited 8 bit 6502 proces or. 

Continuing the theme of real time 
and how to keep track of it, G A R 
Trollope provides an examp le of the 
interrupt driven approach, imple
mented through the IRQ interrupt 
line of a 6800 processor with a PIA 
port. Do You Need Real Time? If so, 
turn to this article. 

The game of NIM is well-known 
in the an nals of compu ter lore, but 
many people have had no contac t 
with it. Irw in Doliner presents us 
with a version of the game and 
supplies us with the design theory 
behind it in his article, NIMBLE : 
The Ultimate NIM? 



You want to record your message verbatim - word for Now, Verbatim media. it' a new formulation of ferric 
word - whether it' bits. byte or "Dear F lk " tran - mess~ae oxides, an advanced macromol cular bind r ystem 
lated into word proce. r language. • to adhere it to the tough polye ter film, and a procquali-:"e 
Our objective in manufacturing recording media for lS h~ e _contr I sy tern that deman~ o_ver 200 separate 
the elecrronic indu ·rry - digital tape ca rte . floppy ".~· quality checks befor the matenal 1s cue, packaged, 
di k . mag card . computer cartridge -i t give y u the fine t, and cert1hed to be 100% error-free. 
the best. rhe mot dependable, the most cost-effective. The final qualiry check ? "Make it pretty!" Our production people 
111ac mean rugged. long-lived, abrasi n-re istant recording media tell u that magnetic recording media is one of the rare instances in 
with superior magnetic qualitie . If we made tire ". they'd be steel- manufacturing where ae thetic appearance tran late directly int 
belted radial . final product quality. Ir has to look beautiful to work beautifully. 

We delivered our fir t digital grad errified cape cassette back in We have the formulas, the machine , the technology to make high 
the beginning, 1969. We made rh first commercial 3740-com· quality recording media. But it takes rhe best people in the indus
patible flopp disks that didn't bear lBM" name. And th first try to deliver Verbatim di ks, card , cartridges and ca sette . 
Flippy1S reversibl flexible disk with anyone'- name on them. The You'll find them at your favorite retail computer store. 
first mini data cassette i · ours. And we've g t the newest minia
ture flexible di k, the MD 525. 

f 

Information Terminals Co.f.ir. 
Circle 68 on inquiry card. Sunnyvale, California 



By Carl Helmers 

The 


Com pleat 

Robotics Experimenter 

On August 16 1977 I received one of 
those refreshing and intoxica ting articles 
(or rather group of ar ticles) which make 
the combined intellectual and emotional 
joys of creating a magaz ine once ,1 month 
rise to new heights. This group of art ic les 
is a basic background tutorial o n biological 
inputs to the fiel d of ro bot ics and art ifi cial 
in tel ligence, written for the persona l com
puting ex peri menter by Ernest W Ken t, a 
profes or in the department of psychology 
of the University of Illino is a t Chicago 
Circ le. It is one of those art icles, I ikc Ralp h 
Ho llis' drtic le on NEWT in th e June 1977 
BYTE, which ge ts instant high priority due 
to the ubjcct matter and style o presenta
tion. (Readers should sec the beginning or 
the series in early 1978.) 

I cal l th e twin subj ects of robot ics and 
art ific ial intell ige nce "ho t" ideas for BYTE 
based o n reader interes t as expressed in the 
BOMB poll's responses to R.t lph Holli s' 
article on NEWT and Mike Wimbl e's artic le 
(among o thers) on various ar tificial intelli
gence conce pts. Inspired by receipt of Dr 
Kent 's a rti cles, the theme of th is editori al i 
the concept of smart machines and rela ted 
robotic mech anisms as a ferti le field fo r 
ex perimentation with design and imple
mentat ion. What are the categories and 
classes of ex perimentati on which are rele
va nt to art ificial intelligence and robo t 
design? Why are we (experimenters all) o 
fasc inated by the imul ation of li fe 7 What 
are the top ics of study needed to become 
"the complete robot ics experimenter?" 
What wi ll we see over the course of the next 
decade or so, a personal computers become 
the refined personal software deve lo pm ent 
ystems needed to su pport private robotics 

research? 
It often helps to draw insp irat io n from 

fict ion, an element of our cu lture which ha 
been present from it beginni ng in th e 
all egorical ta lcs of prim itive religions to the 
soph is ticated and future oriented techno
logica l fiction tale of contemporary film, 
televis ion and printed media. Fictional 

representations of plots, ccnario and talcs 
are a sort of logica l game pract iced b. 
creators, logical games with very real emo
tio nal and value orientat ions which stimu late 
thought about real problem while providing 
an intcre ting and enjoyable diver ion for 
users of the art. Technolog ical fictio n, of 
which science fict ion is a proper subset, i 
th e ap propria te contemporary place to turn 
for in piration regarding the very com tcm
porary possibility of ingenious and u erul 
.utomatons gu ided by Mt ificial in tel ligence. 

particular c icncc ict io n talc which hds 
been one of my greates t emo tiona l inputs 
regar din g the positive va lu e~ or tech nol ogy 
in human cu lture is a talc entitled Door 
Into Summer, by Robe rt Heinlei n. First 
published in the 1950s, this now outdated 
ta le of the near fu ture ( 1970 is the year 
when the ac ti on commences with fl ashbacks 
to the fictional 1960 ) is perhaps the one 
scie nce fiction story which maps mos t 
close ly Lo the current technological milieu 
of the mart machines made possible by 
mi croprocessor tech nology. Anyone wh o is 
seriously interested in practical use of robo
ti c technology and smart mac hines should 
read this book as a source of background 
in for mation and ideas abo ut what i o r 
might be po sib le. (The ac tu al plot i a well 
cons tru cted romantic talc in sp ite of its use 
of that logica l trap wh ich is the time trave l 
deus ex machina.) 

Th e inspiration to be drawn from th e 
story o f Door Into Summer is that o r an 
excit ing time when tec hnology ha advanced 
to the threshold of intelli gen t robo tic mcch
an i ms mass-prod uced fo r u c in mundane 
ta ks. It is the era of Draf ting Dan (auto
mated intelligen t drafting machine), Hired 
Girl (a utoma ted housekeeping robot), and 
numerous imilar pccia lizcd devices. Some 
of these fictional co ncepts have already 
been impl emented in pr act ice, espec iall y in 
the area of au tomatcd aids to the product ion 
of capital good _ The idea of Drafting Dan, 
the intell igen t draf ting device, is actu all y in 
use on a small sca le today bu t with a far 
higher deg ree of refinement and intel li ge nce: 
I r·cfe r to the v rious computer aided design 
techn iqu es util izi ng graphic disp l, ys and 
computational upport in fields as diverse 
as a irplane de ign, computer design, and 
arch itecture. Others among the concepts in 
Robert Hei nlein's story have yet to be 
implemented with any degree of perfection 
or widespread use. 

The parallel between Door Into ummer 
, nd the current era are many. In the fic
ti onal account, technology has deve loped 

Continued on page 138 
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The complete

$655 line printer. 


Its ready to plug in, has an 80-column 

format, a remarkable MTBF and is 


14 times faster than a teletype! 


Breaking the hardcopy barrier 
It's finally happened! The Axiom 

EX-800 provides full performance 
hardcopy at a price compatible with 
today's low cost micros. This little 
80-column machine zips along at 160 
characters per second (14 times faster 
than a teletype) - at a breakthrough 
single quantity price of $655 for a 
complete printer. 

When we say complete 
we mean it 

The EX-800 is a stand-alone unit 
with case, power supply, 96 character 
ASCII generator and interface, paper 
roll holder, infra-red low paper detec
tor. bell , and multi -line asynchronous 
input buffer. You won' t find these 
standard features on any other 
printer, regardless of price! 

Our only option 
Our printer is so complete, that we 

offer only one option. A serial inter
face (RS 232C or current loop) good 
for 16 baud rates from 50 to 19,200 
and thoughtfully provided with a 
switch for either Centronics or Tally 
compatibility. Might we call it a Tally
whacker? At $85.00 it certainly 
should be! 

Built-in LSI microprocessor 
The heart 

of the EX-800 ••••cl II•• 
I,.,, auu. 

is a printed 
circuit card, ---- --·---- -
containing a 
custom LSI chip made by Intel to 
Axiom specifications, which controls 
all printer functions. Microprocessor 
power means flexibility. Such as the 
built-in self test routine and variable 

~D©rMJ 


character size. It also means reliability. 
Several industry surveys have shown 
LSI to be many times more reliable 
than equivalent conventional circuitry. 

are 3 character 

This ca~ ha~e the sa;e effect as 

The advantages of 
electrosensltive printing 

The EX-800 can print 80, 40, or 
20 characters across the five inch 
wide electrosensitive paper. Under 
software control, single characters or 
words may be printed larger for 
emphasis. The permanence of the 
hardcopy is archival , because once 
the aluminum coating has been re
moved, there is no way to put it back. 
It's unaffected by sunlight, moisture 
or heat. Although the printer doesn' t 
provide multiple copies, excellent 
quality photocopies can be made 
from the high contrast printout. Also 

AXIOM CORPORATION 

the paper is inexpensive and readily 
available, costing about 1¢ for an 
8% x 11" equivalent. 

Light, small, quiet, reliable, 
and versatile 

Our EX-800 weighs in at 12 
pounds, is just 9Y2 inches wide, 4 
inches high, and 11 inches deep, and 
is delightfully quiet which makes it 
ideal for office and other low noise 
environments. The simple print 
mechanism is virtually maintenance 
free. In fact, tests show an incredible 
MTBF, many times greater than 
impact printers. This versatile printer 
is the ideal mate for micros, minis 
CRTs, instruments and systems. 

sizes (upper and 

t ·1 I >=: t:.... [) • 


Just unbox and plug It in 
That's all you have to do to the 

Axiom EX-800 - apart from pay 
for it and at $655 that's..almos.t 
a pleasure. r----------,
Send to:~ 
I 5932 San Fernando Rd.. I
I Glendale, CA 91202 I 
I 0 Urgent. Please phone me at ext _ I 

O Have rep contact me 
I 0 !Cl Uke to have a demonstratton I 
I 0 Send lit Including sample of printout I 

I ~ I 
I Compony __ I 
I 0ep I 
I Add,...__ I 

Ory S 101e I -- I
Zip_ _ Telephone _____ 

5932 San Fernando Rd., Glendale, CA 91202 • (213) 245-9244 • TWX 910-497-2283 .............. 
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Check out TIS 

new- 4K static RAMs. 


They've got 

everything 


you ever liked 

about the 2102. 


Andtnore. 


SIMPLE TO USE 

21021K 
Static RAM 

NO CLOCKS. NO 
TIMING STROBES. 

Like the popular 2102, Tl's new 4K static 
RAMs are easy to use. Minimize system 
overhead : no refresh : simple address
ing. It 's easy ! 

No clocking needed for Tl 's fully static 
4K RAMs. No edges. Just present an ad
dress to the selected device and data 
can be read at access time. That 's it. 
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21021K 
Static RAM 

FULLY STATIC. ACCESS Fully static RAMs are totally asynchro
TIME = CYCLE TIME. nous. Require no precharge or recovery 

time. Access and cycle times are always 
the same. 

DATAVALID 
NO TIME LIMIT. 

Fully static RAMs offer output data that 
are valid as long as the address is valid. 
Makes designing straightforward. No 
limit on output valid time. No extra 
circuitry. 

Just one 5 V supply needed. Full TILSINGLE +5 V SUPPLY. 
compatibility on all inputs and outputs 
with full 400 mV guaranteed de noise 
immunity. 

FULLY TTL COMPATIBLE. 

_ 10% TOLERANCE 
SUPPLY. Improved power supply tolerance means 

less stringent regulation . Less cost. 

HIGH SPEED. 

2102 

TIU STATICS Tl"s new 4K static RAMs take up where 
the 2102 left off. Offering a wide choice 

~ ~ ~ ~ ~ soo ~ ~ m ~ 
of speeds from 150 ns to 450 ns maxi· 

ACCESS/CYCLE TIME (ns) 
mum access/minimum cycle. Plenty of 
performance to match today·s and to · 
morrow's CPUs. 

M" I~> 4-4K • 1 ACCf'SS. 

TMS 4045 15TMS 4044 ·15150ns 
TMS 4045·20TMS 4044·20200ns 
IMS 4045 25IMS 4044·25250ns 
IMS 4045-30fMS 4044·30300 ns 

IMS 4044.45 IMS 4045 454SO ns 

LOW POWER. Compare the power savings of the new 
4K statics to the low power 21L02. For 

rour Lov. Po,., ·r 11\ On~ Tl JI< SUHCParamere1 equ ivalent speed , the new TMS 4044 
uses 63% less power. 

Slatoc RAMs 12t02AL·21 RAM 1 IMS 40" 25• 

250nsMax Acces~ 250 ns 
Min CyCle For super low standby-power/battery
Operating 1368mW 500mW backup operation, use the pin-compatiPo~er IMilX ~ 

4 x. 16 pin 11 18 oinPac O• ISI ble 20-pin TMS 4046/ 47 Series. Data is 
I 0 Boor£! Arta 3 7 reta ined down to 10 mW. Ratio 

HIGH DENSITY 18-PIN PACKAGE. The new 4K statics come in industry
standard . 18-pin packages. plastic or 
ceramic. A density improvement of al
most four-to-one over 2102s. 

FOR DATA SHEETS, application reports. price and delivery, call your nearest authorized Tl distributor or Tl field sales office. 

TEXAS INSTR U MENTS 
C ORPORl\T 0 9J1'92 
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Memory Mapped 10 


Steve Ciarcia 
Box 582 

Glastonbury CT 06033 

Pow\lr Wiring Table 

Number Type +5 voe Gnd 

Pin Pin IC3 


7407 


22on 

(TYPICAL 
FOR 8 l 

ICl 7420 14 

IC2 74154 24 

IC3 7407 14 

IC4 7407 14 

ICS 74100 24 


+5V OC 

OUTPUT 
STROBE 

I 
 l..f 
I 1J STROSE NO. I 

19 G2 

2 


x 

N.O 2 


A7 

A4 

IC 2 
 3 
 NO 3 

4 


74154 

N0. 4 


5 
 ICINO 5 
ICI 51.r 7420
6
18 GI7420 
 NO. 6 
 lb
lo 

NO. 7 


NO 8 
 8 

N0.9 


NO. IQ 


A3 s 
 20 D NO. II 


N0. 12 

21 c
A2 R N0. 13 


N0. 14 

22 8
pAl N0. 15 


I 
 N0. 16 

AO N 
 23 A 

MSS 

I don't want to get into a fight over 
which microprocessor chip is better. They all 
have their favorable and unfavorable fea
tures. But, if you look a little closer, you 
may find that some of these extra features 
can be added with very little expense. 

I was speaking with a fel low computer 

nut recently, and he was arguing about the 

merits of the 6800 versus the 8080. I really 

didn't care to continue the conversation no r 

to justify why l had an 8080 and Z-80. But, 

when he said Lhat one reason was that the 

6800 had memory mapped 10 and the 8080 

didn't, l knew he didn't know what it was. 


OU TPUT 

8 


7 

12 


7 

7 

7 


This of course made me cu rious, and I 

approached a number of 8080 users to ask 
if they knew what memory mapped 10 was. 
They assured me that they did, and that it 
was in fact one of the mai n featu res of the 
6800. Bu t such a fea ture is hardly exclusive 
to the 6800! 

First of all , memory map ped 10 means 
sim pl y that a portion of memory ad dress 
space has been reserved for interfacing with 
external devices. A byte of data is stored 
into a memory location, as always, but this 
storage unit, rather than being made up of 
1024 bit programmable memory chips, is an 

DATA BUS ! CROM CPU) 

10 
 12 
 4 


IC4 

7407 


07' 


D6' 


D5 ' 


D4' 
 BUFFER ED 
OUT PU T 

D3' BU S 

D2 ' 


D 1' 


DO' 


LSB 

2 3 
DI D2 

22 21 II 10 

D3 D4 D5 D6 

IC 5 
74 100 

8 BIT LATCHED 
PARAL L EL OU TPUT 

15 16 

D7 D8 

I 0 ADDRE SS BUS 

(10 CARD CONNECTOR-22PIN) 


Figure 7: A schematic diagram for a direct addressed output port decoding circuit. The port assignments as diagrammed are from 
octal codes 360 to 377. The bus pin assignments are for the Digital Group bus system, but the Altair (S-700} bus is logically 
equivalent. 
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Intel delivers SD~85. Itk the quickest 

way to sink your teeth into 8085 design. 


Intel want you 
to prove to your elf 
why the 8085 has 
become the new 
industry stan
dard microcom
puter. To make it 
ea y for you to do 
that, our ystem De
sign Kit for the 8085 is 
avai lable now for 
only $250. 

DK-85 is 
the best way we 
know for you to 
evaluate MCS-85 "' 
and develop proto
types of 8085-based 
design , because it 
gives you a hands-on 
look at this important 
new microcomputer's 
capabilities. 

And to simplify your evalu
ation, we've designed DK-85 
as a stand-alone kit. It come 
complete with an integral key
board for system control and 
data/program entry, and LED di play out
put. To simplify programming, debugging 
and operation we've incorporated an on
board, ROM-resident software monitor. 

The 8085 family of components 
provide you with unprecedented design 
flexibility. The basic three-chip, high level 
integration MCS-85 system is included in 
SDK-85. It includes the 8085 CPU, 8155 
256-byte RAM with 1/0 and timer and 
8355 2K-byte ROM with 1/0. And there's 
an on-board single-chip keyboard/display 
interface, the 8279. Sockets are provided 
for easy RAM and ROM/EPROM expansion. 
And there's ample free space layed out 
for easy wire wrap expansion using Intel 's 

complete family of programmable 
peripheral controllers and 

your own prototype 
logic and pecial 

circuitry. 
SDK-85 make 

an exce llent 
teaching aid for 

both microprocessor 
design and program

ming courses, for 
microcomputer design 

seminars and as a project 
for the progressive 

hobbyist. Becau e the 8085 
i the most advanced micro

computer, SDK-85 is the key 
to state-of-the-art knowledge. 

SDK-85 can be assembled 
in just a few hours with a solder

ing iron and a few basic tools. 
Hook it up to your SY power 

supply and it's operational the 
same day you receive it. You can 
get your DK-85 from any of Intel's 
distributors for $250 in single unit 
quantities. 

To order SDK-85 or any of 
the MCS-85 components, contact: 

Almac/Stroum, Components Special
tie , Cramer, Hamilton/Avenet, Harvey 
Electronics, Industrial Components, 
Pioneer, Sheridan, L.A. Varah, 
Wyle Liberty/Elmar or Zentronics. 

Or, for more information, use 
the reader service card or write: Intel 
Corporation, 3065 Bowers Avenue, 
Santa Clara, CA 95051. . ~....- . ' 

Telephone: (408) 246-7501. ...1P~~- ·-~ 
- ' 
- - • . I 
' iinfel delivers. 

' ' 
..: 
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Photo 7: A realization of the hardware circuit shown in figure 7 with the 
addition of eight fights connected to the outputs of !CS. The connector 
attaches to bus fines for the author's other front end projects. 

Photo 2: A prototype for the circuit shown in figure 2. 

8 bit storage register such as a 74100. Th is 
type of procedure provides access to the 
data byte through the "back door," or 
output lines of the 74100. If you have 
followed me to this point, you can see that 
the concept of memory mapped 10 is 
applicable to any microprocessor that 
directly addresses memory! I don't know of 
too many processors which operate without 
this ability, so we'll just have to conclude 
that any microprocessor can be wired to 
provide memory mapped 10, including the 
8080. 

Look no further! It 's a bird...it's a 
plane...no, it's Superchip! It looks like an 
8080, acts like an 8080 and, while not trying 
to steal Motorola's thunder, has memory 
mapped 10! The name of this new chip? 
Well, it's the plain old 8080 with an intelli
gent user. 

Why should I consider memory mapped 
10? 

The 8080 directly addresses 64 K bytes 
of memory and 512 10 ports (256 in and 
256 out). The only way data can arrive at an 
output port is by being passed through the 
accumulator and routed to a particular port 
by a 2 byte output instruction. Similarly, a 
2 byte instruction directs input data to the 
accumulator. Additional programming is 
necessary to store this input byte in 
memory. 
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Now!Giveyourselfaworkin~ 
knowledge of microprocessing
forjoborhobby. 
All-new self-study program from 
Bell &Howell Schools provides 
engineers, technicians and 
advanced hobbyists with 
applicable knowledge of basic 
programming concepts and 
trouble-shooting techniques for 
use in microprocessing systems. 

Now, without getting boxed-in to classroom 
schedules, you can learn the basics of mi
croprocessing and programming and apply 
them to actual problem-solving applications 
in your job or your hobby. In addition, if you 
happen to have a strong electronics back
ground , you 'l l be able to apply your 
specialized knowledge to trouble-shooting 
techniques and hardware configurations of 
microprocessors and systems. 
It's all made possible with Bell & Howell 
Schools' all-new, self-study program de
signed speci fica lly for professionals (en
gineers , technicians , programmers) and 
advanced hobbyists. 
Once you complete this program, you will 
be able to: 

1 . Write simple programs in both assembly 
and machine language, given the pro
gramming manual and instruction set for 
a particular microprocessor unit. 

2. Describe the basic operation of the mi
croprocessor, including the means of in
ternal data transfer. instruction decoding, 
memory access and 1/0. 

3 . Convert numbers between the decimal, 
binary, octal and hexadecimal systems. 

4 . Follow the execution of a simple program, 
including arithmetic and logic statements. 

5. Identify and describe the circuits neces
sary to interface a microprocessor sys
tem with the outside world. 

6. Describe the data transfer between the 
microprocessor, memory and peripheral 
equipment. 

7 . Understand the techniques of trou
bleshooting micro-computer-based sys
tems. 

8 . Observe the proper servicing procedures 
for MOS circuits. 

9. Understand the basic operation of a mi
croprocessor in both a computing and 
control application. 

10. Understand the techniques of connecting 
the proper test equipment to a micro
processor system, observing wave forms 
and other data to diagnose a system fault. 

Circ le 10 on 1nqu1ry card. 

1 1. Explain the operation of bidirectional data 
bus systems. 

12. Describe the operation and use of 
semiconductory memory systems, i.e. 
EROM, ROM, RAM. 

The emphasis is on the practical. 

This introductory program concentrates on 

the practical operations of microprocessing, 

providing you with ready knowledge you can 

apply to products you are now marketing and, 

particularly, to those you have on stream. 


Every word , every segment, every graph is 

presented in a way to communicate practical , 

usable facts ... and in the most effective way 

possible. 

That's why each segment is followed by self
grading questions. This way, you 're able to 
reinforce the major points you 've learned and 
apply them more effectively to the subject 
matter in the next segment. 

You work at your own pace. 

There are no classes or seminars to attend. 

No pressures or deadlines. You progress as 

fast or as slow as you like. 

Once you complete the program, you will 

have a valuable reference tool you may return 

to for reviewing and refreshing your memory. 


~..~-==~~ I 

. 
-

,----------------------------~ 

Send to: Bell & Howell Schools, 2201 W. Howard, Evanston, Illinois 60202 

O Enclosed is my check or money order for 

$89.50. Please send postpaid the Bell & Howell 

Schools Microprocessing Program. If not com

pletely satisfied, all materials will be returned Name 

within 1 0 days for prompt refund . 


0 Charge to credit card below: 
AddressBankAmericard # __________ 

Master Charge #__________ 

City


For Master Charge card , include 4-digit number 
above name.______ 

StaleExpiration date ___________ 

Signature_____________ Zlp 

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

BYTE No•ember l 977 13 

And because the program is designed by Bell 
& Howell Schools, you know you 'll have the 
most up-to-date information offered any
where. 
Try it for 10 days at no risk. 

We are so confident that this extraordinary 

program will meet your standards and expec

tations in every way that we invite you to 

accept this program at no risk whatever. 

Simply do this. Order your Microprocessing 
Program today for $89.50. Examine the 
materials closely and complete as many 
segments as you like. If, within ten days, you 
do not agree that this program can help you 
learn the basics of microprocessing in the 
fastest, most practical way, just return the 
materials and your money will be refunded 
promptly. 
So, right now. return the coupon below. Re
member: there 's no risk. No obligation what
ever. You must be completely convinced that 
this Microprocessing Program can do the job 
for you-or your money back. 

~ BELLE. HOWELL SCHOOLS 
2201 West Howard Street 
Evanston. Illinois 60202 



MSB 

2 3 22 21 11 10 15 16 
01 D2 03 04 05 D6 07 08 

I C 5 
74100 

8BIT L ATCHED 
PARALLEL OUTPUT 

LSB 

Obviously, if the data path went to a 
memory location instead of an output port, 
a broader range of instructions would be 
available. The 8080 (like most computers) 
has some very powerfu I instructions when it 
comes to memory operations. For the 8080 
these include MOV, MVI, STAX and STA 
instructions which, by definition, are added 
to the output data manipulation repertoire 
with memory mapped 10. 

Often the best way to approach a new 
subject is to analyze the present method. 
Figure 1 illustrates the basic design of an 

Power Wiring Table 

8080 output "port." To emphasize simpli
city I've used 74100 latches for th is example 
rather than the more complex ports such as 
the Motorola 6820 peripheral interface 
adapter. This configuration provides 16 
output strobes, starting with the octal 
output port address 360 and ending with 
octal 377. Integrated circuits 1 and 2 decode 
the address bus and, when provided with 
an output strobe during an output instruc
tion, load the present contents of the data 
bus into an 8 bit storage register (I C5) . 
!Cs 3 and 4 provide buffering and allow 
more 74 lOOs to be attached to the buffered 
ouput bus lines for multiple ports. The pin 
designations are for the Digital Group bus 

MEMOR Y ADDRESS BUS 
!MEMORY BOARD CONNECTOR) 

A l5 

Al4 

Al3 

A l2 

A 11 

AIO 

A 9 

A 8 

~~l~E X 1..f>-----~ 
STROBE I 

A 7 


A 6 

IC I 

7420 
A 5 

A I p 

A 0 N 

6lf 

Number Type +5 VDC 
Pin 

IC1 7420 14 

IC2 74154 24 

IC3 7407 14 

IC4 7407 14 

IC5 74100 24 

IC6 7402 14 

IC7 7420 14 


+5V DC 

220!1 

(TYPIC AL 
FOR 8) 

lJ 

l..f 
I G2 

IC2 
74154 

18 GI 

20 D 

21 c 

22 B 

23 A 

I STROBE NO I 

2 
NO 2 

3 
NO 3 

4 
N04 
N05 ICI 

7420
NO 6 

lb 
N0.7 

N0.8 
NO 9 

N0.10 

NO I I 

N0. 12 

NO 13 
NO. M 

NO 15 

N0. 16 

Gnd 

Pin 


7 

12 

7 
7 
7 
7 
7 

MEMORY 

system, but the Altair {S-100) bus is 
logically equivalent. 

Converting an outp ut system to memory 
mapped 10 (illustrated in figure 2) requires 
the addition of two more integrated circuits, 
ICs 6 and 7, to decode the additional eight 
lines associated with memory addressing. 
With the decoding arrangement illustrated 
in figure 2, the 16 output {memory) loca-

DATA BUS (FROM CPU) 

D 7 ' 

06' 

D 5 ' 

D4' BUFFERED 

D 3 ' 
MEMORY 
DATA BUS 

D2' 

01' 

Do' 

Figure 2: A schematic diagram for a memory addressed output port decoding circuit. The port assignments In this case are from 
split field octal memory addresses 377/ 360 to 377/377. Here again, the bus pin assignments are for the Digital Group bus. 

14 BYTE Novemhcr 19 77 

I 





Example 1: 	 Output the contents of the B register to port r . 

• 	 8080 Direct 10 
MOV 8, A ; Move the contents of the B registe r to the accumulator 
OUT r ; Output the accum ulator to port # r 

; Total bytes 3 
; Total states 15 

• 	 Memory Mapped 10 
LXI HL ; Set memory pointer HL 
MOV M, B ; Move B register to memory location H L 

; To ta l bytes 4 
; Total states 1 7 

For simpl e data manipulations like this, the direct 10 technique, which is familiar to all 
8080 users, occupies less memory space . 

Example 2 : 	 With two 8 bi t digital to analog conve rtors attached to output registers, 
generate two sawtooth waveforms 180 •out of phase. 

• 	 8080 Direct 10 
LXI BC ; Load initial values into Band C (000, 200 octal) 

CONTINUE 	 INC B ; Increment t he B value 
MOV B. A 	 ; Move the contents of the B register to the accumu lator 
OUT 1 	 ; Output the accumulator to port 1 (1st sawtooth) 
INC C 	 ; Increment the C va lue 
MOV C, A 	 ; Move the conte nts of the C register to the accumulator 
OUT 2 	 ; Output the accumula tor to port 2 (2nd sawtooth) 
JMP CONTINUE 

Total bytes 14 

Total states 60 (one pass) 


• 	 Memory Mapped 10 
LX I H L ; Load initial values into H and L (000, 200 octal) 

CONTINUE 	 INCH ; Increment the H value 
INCL 	 ; Increme nt the L value 
SH LO A DDR ; Store H and L in two consecutive memory locations w i red 

as output registers . 

JMP CONTINUE 


Total bytes 
 , 1 

Total states 46 (one pass) 

tions will be from split octal addresses 377/ 
360 to 377/377. 

Now let's compare a couple of sim pl e 
programs written using each method (see 
examples 1 and 2). It can be easily seen that 
the extra instuctions which operate on 
memory can greatly improve the output 
speed of the 8080. Th is extra speed, though 
not necessary when driving a 110 bps Tele
type, can be a saving grace in a comp uter 
music or graphics application. In fact , many 
video display drivers utilize th is technique. 

Summary 

There are certain advantages to con
verting 8080 peripherals to mapped versus 
direct 10. Among the major points to con
sider are the fol lowing : 

• 	 More 10 ports are avai lab le. The 
fu II 64 K bytes of addressable mem
ory space can be set up for I 0 . It is 
not inconceivable that a video 
graphics display will use 8 K bytes 
of memory. This, of course, means 

that the 8 K bytes are decoded to 
provide 8192 10 port assignments. 

• 	 Once the H and L registers have 
been loaded and provide a memory 
pointer, memory output is by 1 
byte instructions (such as MOY and 
STAX). 

• 	 By not al ways having to pass 
through the accumulator, outp uts 
are faster. 

• 	 16 bit 10 capabil ity through the use 
of the LHLD and SHLD instruc
tions. 

Now, should you consider changing your 
8080 system to memory 10? Frankly, if you 
are the type of person who will never write 
an assembly language program and is con
tent to stick with high level languages suc h 
as extended BASIC, don't even consider it. 
If the software packages supplied by the 
computer manufacturers have worked con
sistently for you to this point, don't tempt 
fate. The majority of the systems so ld, in
cluding Altair, IMSAI , DGS and so on, 
use 8080 10 instructions to all their peri
pherals. Bu t many video systems bought as 
plug-in boards for the Altair (S-100) bus 
have memory mapped 10 designs. 

Delving into memory mapp ed 10 should 
be reserved fo r people willing to use assem
bly language and prepared to modify stan
dard software if required. In future editions 
I intend to investigate computer music 
applications where fast memory mapped 
8080 (Z-80) 10 will become a necessity. 
But, for the meantime, you should at least 
know what it is. • 

Author's Note 

I hope you've enjoyed 
the first installment of 
Ciorclo's Circuit Cellar. I'd 
/Ike to hove your com
ments and criticisms as 
well as any ideas you may 
hove for future editions of 
this feature. I'm always 
Interested in hearing from 
readers who hove such 
brainstorms. Send all 
correspondence to Steve 
Ciorcla, POB 582, Glaston
bury CT 06033, and please 
enclose a stamped, self
addressed envelope. 
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flAaBLE~ SaLUEA SYsTE~s, ~~~. 

Manufacturers of QuanTronics Computer Products 

Space Age Memory ... 

. . . at Down to Earth Prices 


M M8 Static RAM 
• Ava ilable in 250nS and 450nS versions 
• S-100 Bus Computer Systems 
• Memory capacity of BK-bytes x B bits maximum 
• Addressing selectable by DIP Switch 
• Wait cyc les selectable by DIP Switch 
• Memory protect from 'I• K to BK by DIP Switch 
• Data output . address input lines fu ll y buffered 
• Provision for SOL " Phantom" line 

Find Out For Yourself 

MM16 EPROM 
• Ut ilizing up to 16 270B EPROMS 
• S-100 Bus Computer Systems 
• Memory capacity of BK or 16K bytes by DIP Switch 
• BK boundary addressing by DIP Switch 
• 0 to 4 wait cycles by DIP Switch 
• Data output , address input lines fully buffered 
• H i-g rade glass-epoxy with plated-thru holes 
• Epoxy solder masked 

See Your Local Dealer Today! 

Manufacturers of QuanTronics Computer Products 

Br140 OEEAl~IJ AUE .. SUITE m CA~OIJA Pfffi~. CAO '31304 
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Stephen P Smith 
POB 841 
Parksley VA 23421Simulation of Motion: 

Part 1: An Improved Lunar Lander Algorithm 

About the Author 

Stephen P Smith's pet project as an amateur Is a PASCAL compiler for a 
personal computer. Professionally, he leads the Computer Sciences Corpora
tion support team attached to the range safety office at NASA Wallops 
F//ght Center, where he and his team of analysts develop analytical methods 
and construct digital simulations of flight paths, flow fields and suuctural 
responses of rockets and aircraft The BASIC programs which are part of this 
article and the remaining parts to come In several Installments were developed 
and run on a Tektronix 4051, which uses a 6800 microprocessor and Includes 
a BASIC Interpreter. 

One of the most de lightful applications 
ror personal computers is games, not just 
playing them, but creating them. Ir you are 
like most enthusiasts, you wil l have begun 
with random number games like blackjack, 
but ooner or later you will want to work 
with games involving moving objects. To 
describe that motion using a microcomputer 
you will need to use a form of simulation. 
The simulation cou ld involve detai led mathe
matical models solved with elegant numeri
cal techniques. 

More likely, the novice will begin by fol
lowing the pattern of the simple lunar 
lander games which have appeared often 
in BYTE (see "Kim Goes to the Moon," by 
Butterrield in April 1977 BYTE, or "Con
trolling Small DC Motors with Analog 
Signals" by Dwyer, Critchfield and Sweer in 
September 1977 BYTE). The truly ad
vanced simulations are best left to pro
fe sionals with mainframe computer power, 
but the home user can progress well beyond 
the simp le lunar lander game. By picking up 
the basic physic and simple numerical 

methods presented in this artic le and the 
following ones, you will learn to simulate 
a wide variety of motion. Whether you use 
these simu lations to create games, like the 
rea l time LEM simulator presented here, or 
to deve lop new applications for your per
sonal computer system, you wil l acquire 
some val uable additions to your applications 
software toolbox. 

For any application involving motion, 
your simulation wil l be required to predict 
the speed and position of an object at some 
time in the future. The predictions can be 
made using a microcomputer if you first 
limit the type of motions considered at 
any point in the program. In the lunar 
lander game, for example, the exc ursion 
module (LEM) is only al lowed to move up 
and down. The simulation is said to have one 
degree of freedom . Other degrees are 
po sible, but the separation into different 
degrees or freedom is an important first 
step. 

Let's see how a one degree of freedom 
simulation is performed. Thanks to Sir Isaac 
Newton and his apple (that was a fruit, not 
a computer), we know that an object wil l 
continue to move in any degree of freedom 
without changing speed until a force acts 
on it. To predict how the LEM will move, 
we need only to examine the force which 
might be present and determine how they 
effect the up and down motion. 

Because the moon has no atmosphere to 
involve us in aerodynamics, only two forces 
need be considered, gravity and thrust. 
Gravity makes the LEM fal l faster. Thrust 
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And, we build just 
about any board you'llM•I llCJ11K E,ftOM Boa"' 

KllleuEPAOM I 8406 want for S-100 bus expansion. 
When you 're thinking about expansion 


took to the Solid State Music "blue 

boards:· You 'll find quality and user versa


tility built into every one allowing you to ex

pand your system in whatever direction you 


choose . .. and, we've been doing it for years. 

102 Input/Output. PROM and 

"'' 
Unl.eraal ao.rct Right from the start we design our boards with our 

Board customers in mind. Extra features are added that will Bare PC 

aid in expansion. not hinder program design and devel
opment. All first class parts are used and they're checked 

to make sure you have years of trouble free operation. Plus. 
every kit comes complete with assembly instructions and user 

information to make assembly a snap and operation a pleasure. 

Talk to your dealer k>day to get more facts about the "blue boards" 
or write direct. Compare prices, qual ity and features. You'll find out 

why more and more people are using Solid State Music "blue boards" 
11 00 OS for their S-100 bus expansion . 

SPECIAL BONUS OFFER 

An 8080 Monitor for 


1/2 price!!!
104 2 ·P•t•ll•I •M 2·1•ri•I 

Input/Output 8o•rd 

t<11 1 1400~ 
 If you buy any of the Solid State Music 

kits or assembled boards you'll receive 
'Anembled boud• al.a a'la1lablo a SSM8080 Monitor complete with ei  ms 
at tHg '111V "1 1Q '1tu pucea ther eight 1702's or two 2708's and over 1 711' 

50 pages of software information. A 
$49.95 retail value .. . just $25.00. Hurry ! 

Soli d State Music 
2102A Walsh Avenue 
Santa Clara , C A 9 5050 

C i rcle 133 on inq u iry card . 
(40 8 ) 246-270 7 We 're the blue boards 



Generic Unit Metric 

Length 1 meter 3.2808 feet 
Velocity 1 meter per second 3 .2808 feet per second 

2.2369 miles per hour 
Acceleration 1 meter per second per second 3.2808 feet per scond per second 
Mass 1 kilogram 2.2046 pounds (mass) 

0.0685 slugs (mass) 
Force 1 newton 0.2248 pounds Uorce) 

Table 1: This article was written using the metric system of units. As the 
front runners in an exciting new technical hobby, we should be more ready 
than most to accept the coming metric conversion in this country, but ifyou 
haven't been converted yet, the above table will be useful. 

makes it fa ll more slowly. The exact effect 
of each can be calculated with only a few 
operations. 

Gravity is the simp ler of the two. It has 
exactly the same effect on every object. 
During each second of a lunar landing near 
the moon's surface, the moon's gravity will 
make a LEM fall 1.62 meters per second 
faster. (Those of you who wish to land on 
more exotic heavenly bodies are referred 
to table 2.) In most simulations, speed and 
position are considered positive if they are 
directed upward, in th is case away from the 
lunar surface. To simulate 1 second of fall 
through lunar gravity we must subtract 1.62 
meters per second from the present speed. 
If the LEM is moving at - 100 meters per 
second now (100 m/sec downward), 1 
second later it will be moving at - 101 .62 
meters per second. 

In many games, the effect of thrust is 
also simulated by a constant change in 
speed. Often it is given in multiples of 
gravity called "g"s. One "g" of thrust adds 
1.62 meters per second to the speed, just 
as gravity subtracts that amount. Two 
"g"s add twice that, and so on. This 
assumption reduces the complexity of the 

Surface Surface 
Heavenly 

Body 
Gravity 
(mlsec2) 

Heavenly 
Body 

Gravity 
{mlsec2) 

Moon 1.62 Asteroids 
Earth 9.80 Ceres 0 .85 
Mercury 3.95 Pallas 0 .54 
Venus 8.72 Juno 0 .21 
Mars 3.84 Vesta 0 .43 
Jupiter 23.16 Jupiter's moons 
Saturn 8 .77 Ganymede 3.43 
Uranus 9.46 lo 2 .26 
Neptune 13.66 Europa 1.98 
Pluto 4 .89 Callisto 3.20 

Note that the gravitational accelerations shown in this table are surface accelerations, 
valid during the final stages of a landing when a spacecraft is relatively near the heavenly 
body . A more complicated simulation is required if movement far away from the hea· 
venly body is contemplated . 

Table 2: Players who grow adept at lunar landings may wish to try landing 
on some other heavenly bodies. The above table of accelerations due to 
gravity is provided for them. 
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simulation, but it fai ls to demonstrate the 
way in which fo rces actually cause changes 
in speed. 

Unlike gravity, forces such as thru t do 
not have the same effect on every object. 
They have a larger effect on light objects 
than they have on heavier ones. It is 
important to consider this fact in accurate 
simulation, because weights can change. 
The LEM becomes lighter as it burns fuel 
to create thrust. A given val ue of thrust 
will have a larger effect toward the end 
of the flight than it will at the beginning. 

Weigh t is not really the correct term to 
use when calculating that effect. We should 
ta lk in tead of mass. The difference is 
subtle, but important. Mass is a basic pro
perty of matter. Weight is the result of 
gravity pulling on the mass. A man on the 
moon weighs only 1/5 as much as he does 
on earth , but his mas is the same. This is 
true because the moon' gravity pulls o nly 
1/5 as strongly on his mass. The effect of 
a force is determined by the mass of an 
object, not by its weight. A given thrust 
will have the same effect on a LEM whether 
the LEM is landing on the moon, on earth, 
or is noating "weightless" in space. 

In the metric system, the unit of mass 
is the kilogram. The unit of force is the 
newton. These units are very convenient 
for calcu lating the effec t of a force on the 
motion of an object. The force (in newtons) 
divided by the mass (in ki lograms) is exactly 
equal to the rate of change in speed 
("acceleration" in meters per econd per 
second). No additiona l constants are needed 
as they are when units of feet and pounds 
are used . For example, le t our LEM have a 
mass of 1000 kg and let its engi ne produce a 
thrus t of 10,000 newtons. To simulate 1 
second of thrust, a program would add 10 
meters per second to the speed (10000/ 
1000) to account for 1 second's worth ot 
acceleration. 

Remember though that during the same 
second 1.62 meters per second must be sub
tracted to imulate the effect of gravitationa l 
acce leration. The actual change in speed will 
be 10.- 1.62=8.38 meters per second. In two 
seconds, the change will be twice that or 
16.76 meters per second. In half a second, 
the change will be one half as mu ch an d so 
on. While this may seem obvious, it illu 
trates an important point. The change that 
each force makes in the speed in 1 second 
may be determined separately. The separate 
effects are added up and then multiplied 
by the length of time we are si mulating 
lo find the actual value the simulation pro
gram will add to the peed. 

Now that we can predict speed, let's 
apply the ame techn iq ue to predict the 

http:10.-1.62=8.38


t you can now add any 1 
mponent to The VERSATILE CRT 

ne111• I you'll have to decide for yourself wha 
iillill• wlll combine to make the best system for you. 

M'.-..n,caa see it's 
. .. unit with 

..lltar covered with 
iJ#jl)ljJ•••• and a 53·kcy 

...,.,..,._ more than meets 
-.~~What you can' t see is the 

hicb is a 10-slot 
~~lllSIUI card rack. Or its fully 

motherboard with 10 
spaces p vided for sockets (2 

sockets are already included for 
you). Or the heavy duty filtered 
power supply and 7S CFM 
cooling fan. Or the power switch 
and cord on the rear panel. Or 
the space available for a floppy 
disk system. Or the expansion 
capabilities on the back panel for 
the addition of sockets. 

You'll receive The 
VERSATILE CRT fully 

assembled with a 9().day 
warranty, about 20 days after we 
get your order. Or you can buy 
one at your nearest dealer. 
Dealers can have super fast de
livery from stock to 20 days. 
You'll also receive complete doc
umentation and operating 
manual. Total price for The 
VERSATILE CRT is $699.95 . 

Dealer inquiries are welcomed. 

Compact and Expandable, The VERSATILE CRT lets you do it your own way. 

COMPUTER DATA SYSTEMS 
5460 Fairmont Drive •Wilmington DE 19808 

(302) 738 • 0933 



Photo 7: A scene from the "lunar lander" program which is the Digital 
Equipment Corportation s graphics equipment demonstration program. 
This simulation is a real time model of a lunar landing in which a light pen 
is used to input control information and displays track the landing. The 
object of the game is to land near (but not on) the only MacDonalds' ham
burger stand on the moon. This simulation, like the one discussed in the 
article, has two degrees of freedom; superficially it differs from the program 
of this article largely in its incorporation of real time graphic display light pen 
control inputs and a model of the lunar terrain. 

position. We have shown that if lhe LEM is 
moving downward at 100 meters per second 
now, {speed=- 100) then in 2 seconds the 
speed will be - 100.+2.x{THRUST/MASS 
- 1.62). Similarly, if the LEM is 10000 
meters above the moon now, in 2 seconds it 
will be 10000.+2.x{speed) meters up. just as 
we multiply the forces by time and add the 
product to the speed, we multip ly the speed 
by time, and add the product to the posi
tion. 

What we have just done is to predict the 
speed and position at a "step" of 2 seconds 
into the future. In the jargon of simulation, 
2 seconds is the step size. The step size can 
take any value you choose. Returning to the 
1000 kg LEM, let the step size be 0. I 
seconds. For a present speed of -100 meters 
per second, the speed predicted for 0.1 
seconds in the future is - 100.+0.lx(lOOOO./ 
1000.- 1.62)=-99.16 meters per second. If 
the position now is 10000 meters, then the 
position predicted for 0.1 seconds in the 
future is 10000.+0.lx(- 99.16) =9990.08 
meters above the moon. 

Using these values of speed and position 
we can find new values for the forces and 
mass. We can then step the simulation into 
the future once again . The process can con
tinue indefinitely, but usually one or more 
variables is tested for an end condition at 
each step. The test might be on position 
{Are you still above the moon?), on mass 
(Is there fuel remaining?), or on some other 
variable. Should any of the tests fail, the 
program will branch and end the simulation. 

Adding a New Degree of Freedom 

You now know the basic procedure for 
simulating motion in one degree of freedom . 
The LEM simulation has been in one degree 
because we have only predicted the up and 
down movements. These are call ed vertical 
motions. Suppose that we also predict the 
way the LEM moves horizontally, in other 
words, from side to side. The pilot must not 

only reach the surface of the moon success
fu ll y, but also land close to his target. While 
the pilot's task has become more compli
cated, our simu lation fortunately has not. 
Just as we are able to calculate the effects 
of each force separately, we are able to 
make calculations for speed and position 
separately in each degree of freedom. 

To make those calcul ations for the 
second degree of freedom, first determine 
what forces are acting. Gravity, by defini
tion, acts only up and down. l t does not 
enter into the horizontal calculations. So far, 
thrust has also been limited to vertical 
action, but we can easily add a second 
thrust acting to the side. Positive horizontal 
thrust should cau e the LEM to move left, 
while negative thrust moves it right. 

Since there are no other force to con
sider, the change in horizontal velocity (in 
meters per second) will be exactly equa l 
to the horizontal thrust (in newtons) divided 
by the mass (in kilogram s). This is, of 
course, the same eq uation used in the first 
or vertical degree of freedom . Similarly, the 
same equations used to calculate vertical 
speed and position will be used to calcu late 
horizontal speed and position. 

Return to the example used earlier, but 
also consider the horizontal motion. Let the 
LEM start 100 meters to the left of its 
target moving at 10 meters per second to 
the right. Generally motion to the left will 
be considered positive and to the right 
negative, so the horizontal speed is - 10 
meters per second. We found that during a 
step of 0.1 econds the vertical speed 
changed from - 100 to - 99.16, and the 
position ch nged from 10000 to 9990.08. 
Quite apart from those calculations, we may 
set a horizontal thrust, say 5000 newtons, 
and find that during the same step the 
horizontal speed wit I become - 1 0+0.1 x 
{5000/1000) or -9.5 meters per second. 
The horizontal pos1t1on will become 
100.+0.1 x{- 9.5)=99.05 meters. After 
making these ca lculations, the simulat ion 

Continued on page 216 
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THE AJ 841 1/0-A COMPLETELY 

REFURBISHED IBM SELECTRIC 

TERMINAL WITH BUILT IN ASCII 
INTERFACE-JUST $995 

Features: 
• ASCII code • 	High quality selectric printing 

• 	 14.9 characters p r econd printout • Reliable, heavy duty selectric 
mechani n1• 	Special introductory price-$995 

(regularly $1195) . 75% discount over • Off line use as typewriter 
original price of new unit. 

• 	Choice of RS 232 Serial Interface or 
Parallel Interface (requires 3P + S) 

• 	Order direct from factory 

• 	30 day warranty-parts and labor 

• 	Nationwide service locations 

AJ 841 WARRANTY AND SERVICE IS 
AVAILABLE IN THE FOUOWING CITIES: 
Los Angeles Cincinnati 
Philadelphia Detroit 
Hackensack Dallas 
Colum bus Houston 
Cleveland Atlanta 
San Jo e Chicago 
Boston New York 

· t D C 	 Anderson Jacobson. In c ., 521 Charcot Av"nue Wash ing on, . . 
San Jose, California 95131 , 14081 263-8520

r--------------------------1 

HOW TO ORDER AN CLIP AND MAIL WITH ORDER II AJ 8411/0 TERMINAL SELECT EITHER : II D RS 232 Serial Interface 

1. Make cashier's check or money order pay- D Parallel Interface Ire 1uires 3P + Sl I 
able to : ANDERSONJACOBSON, INC.I 	 umber of units (a $995. ca ch $ _______ 
Address your request to : II Personal Computer Terminal Local Sa les Tax 

ANDERSON JACOBSON, INC. Shipping and handling $35.00 each II 521 Charcot Avenue (excluding Snn Jose) $ _______
I San Jose, CA 95131 I 

2. 	Upon written notification. pick up your ter· TOTAL II minal at the AJ service office located in one NAME 

oftheabovecities.Allowsixtoeightweeks -------------------- II for delivery. 	 ADDRESS 
3. Afina l check of your unit will be made at the ------------------- II local AJ service office at time of pick up. CITY TATE Z IP ___ 
4. For warranty or repair service, return unit II to designated service location. PHO E (___ ---------------- 

L--------------------------~ 
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the new HEATHKIT low-cost 

personal computing systems 


The new VALUE-STANDARD in personal 
computing systems! Heathkit computers 
give you the power and performance to 
go wherever your imagination and pro
gramming prowess take you. They're de
signed to get you up and running fast , 
interface with 1/0 devices easily and 
quickly, accept additional memory and 
1/0 devices, store and retrieve data with 
speed and accuracy, respond to your re
quests with lightning speed. They offer 
complete mass storage capabilities, power 
and reliability for any programming appli 
cation , and they're priced low enough to 
give you real VALUE for your computer 
dollar! We 've told you they' re the ones 
you've been waiting for - here's why! 

These Heathkit computer products are 
" total system" designs with powerful sys
tem software already included in the pur
chase price. They're the ones you need 
to get up and running fast. And they're 
backed by superior documentation in
cluding easy-to-follow step-by-step as
sembly and operations manuals, and 
service support from the Heath Com
pany, the world 's largest and most experi
enced manufacturer of electronic kits. 

NEW HB 8-Bit Digital Computer. This 8
bit computer based on the famous 8080A 
microprocessor features a Heathkit ex
clusive " intelligent" front panel with octal 
data entry and control , 9-digit readout, a 
built-in bootstrap for one-button program 
loading , and a heavy-duty power supply 
with power enough for plenty of memory 
and interface expansion capability. It's 
easier and faster to use than other per
son al computers and it 's priced low 
enough for any budget. 

NEW H11 16-bit Digital Computer. The 
most sophisticated and versatile personal 

computer available today - brought to 
you by Heath Company and Digital Equip
ment Corporat ion, the world leader in 
minicomputer systems. Powerful features 
include DEC's 16-bit LSl-11 CPU, 4096 x 
16 read/write MOS memory expandable 
to 20K (32K potential) , priority interrupt, 
OMA operation and more. PDP-11 systems 
software for fast and efficient operation 
is included ! 

NEW H9 Video Terminal. A full ASCII ter
minal featuring a bright 12" CRT, long and 
short-form display, full SO-character lines, 
all standard serial interfacing, plus a fully 
wired and tested contro l board. Has au
toscrolling, full-page or line-erase modes, 
a transmit page function and a plot mode 
for simple curves and graphs. 

NEW H10 Paper Tape Reader/Punch. 
Complete mass storage peripheral uses 
low-cost paper tape. Features solid-state 
reader with stepper motor drive, totally 
independent punch and reader and a copy 
mode for fast , easy tape duplication . 
Reads up to 50 characters per second, 
punches up to 1 O characters per second. 

Other Heathkit computer products in
clude a cassette recorder/player and tape 
for mass storage, LA36 DEC Writer II key
board printer terminal, serial and parallel 
interfaces, software, memory expansion 
and 1/0 cards, and a complete library of 
the latest computer books. The Heath 
User's Group (HUG) provides a newslet
ter, software library and lots more to help 
you get the greatest potential from your 
Heathkit computer products. We've got 
everything you need to make Heath your 
personal computing headquarters, send 
for your FREE catalog today! 
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8-Bit 
Computer 

$375Kit 

Ill 

till 
16-Bit 
Computer 

$1295 Kit 

Video 
Terminal 

$530 Kit 

• :. , -, f_I , - , I l - l 1-f 1-1 _ 
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Also Available : the famous LA36 
DEC Writer II Keyboard Prinler Ter 
minal only $1495 (Assembled) ! 

-
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8! 1·25311 ,,, __ - ij :.5 ;11 

Iii~ 
Paper Tape 
Reader/Punch 

••• 

$350 Kit 

---------------------,
f ~EEI ........rr'!"'" Im: ::UH J Heath Company, Dept. 334-350 

"§ill'[jl•ijte[tl Benion Harbor, Michigan 49022 

Please send me my FREE Heathkl l Catalog. 
I am not on your mai l ing list. 

• 
Name·------------- -------- 

HEATHKIT CATALOG 
Address_____ _ _ ____ __________ 

IIRead all about our exciting com- , 
puter systems and nearly 400 other I cny state I 
fun-to-build, money-saving elec- I I 
Ironic products in kit form. I cP-12s z1p I 
Prices are mell -o rder FOB, Benton Harbor, M ichigan . 

Prices and specifications subject to change wi thout notice. .. .. 


Heath Company, Dept. 334-350 Benion Harbor, Ml 49022 --------------------
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A Minicomputer Fair: 


Tiny and Personal 
Donald T Piele 

A ssoc Professor of Mathematics 
University of Wisconsin - Parkside 
Kenosha WI 53140 

If you start planning in April for a com
puter fair in June , you are probab ly eith er a 
novice, mini-minded, crazy, or all of the 
above. But sometimes a bit of insan ity is just 
wh at is needed to make one jump in and do 
something new. Uncertain of what would 
happen, we plowed ahead with our fair, and 
we're glad we did . 

The " us" I am rcferri ng to is the Center 
for the Applicat ion of Computers, a small 
group of faculty members at the University 
of Wi con in- Parkside who share a common 
intere t in computers and their many u e . 
We decided, rather late in the year, that an 

Photo 7: Students from 
the Kenosha area enjoy a 
computer display at the 
7977 University of 
Wisconsin-Parkside Com
puter Fair. 

excell ent way to prose ly tiLe our colleagues 
and generate interest among students and 
the genera l public would be to sponsor a 
com puter fair . Our broad objective was to 
provide a fo rum for the rapi dl y developing 
fiel d of per a nal compu ting with all its 
associated implications and applications. 

Exhibits 

A viable com puter fa ir needs hardware 
exhibits. Unfortunately, Kenosha WI is no t 
located in Silicon Gulch , an d manufacturers 
cannot afford the time and money to attend 
every computer fair that springs up around 
the country. However, local computer 
stores, or those with in a day's drive, are very 
interested in the ex posure that such a fair 
bring . Despite the fac t that Saturday is the 
busiest day of the week for them, we were 
ab le to line up six different compu ter stores 
for the fa ir, one as far away as Madison 



System 8813 

The Computer for the Professional 

Whether you are a manager scientist, educator lawyer, 

accountant or medical professional, the System 8813 will 
make you more productive in your profession. It can keep 

track of your receivable , project future ales, evaluate 
inve tment opportunitie , or collect data in the laboratory. 

Use the System 8813 to develop report , analyze and tore 

Lists and schedules or to teach others about computers. 


It i ea ily used by novices and experts alike. 


Reliable hardware and sophisticated software make 
this system a useful tool. Several software packages are 
included with the machine: an advanced disk operating 
system supporting a powerful BASIC language inter
preter, ea y to u e text editor, assembler and other sy tern 
utilities. Prices for complete systems start at $3250. 

See it at your local computer store or contact us at 
460 Ward Dr., Santa Barbara, CA 93111 (805) 967-0468. 
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Photo 2: Third graders Esther Marianyi (left) and Lisa Hanson from South
port and Roosevelt schools in Kenosha WI deep in thought as they program 
one of the computers at the Wisconsin Computer Fair. 

(120 miles). Many manufacturers who were 
contacted but could not come helped out 
by encouraging the stores in our area to 
attend and di play their products. 

Other sources of hardware were hobbyists 
and computer clubs within driving range. 
Two Chicago area cl ubs and the Wisconsin 
Computer Society (an amateur computer 
club) were invited, and they responded with 
a number of excellent displays. Two $25 
cash prizes were donated by BYTE magazine 
for the best "homecooking." 

The support we received from the com
puter stores, clubs and a few local manu
facturers made the hardware component of 
our fair very successfu l. 

Manufacturers who could not come 
usually sent the all-important free brochures 
that everyone enjoys collecting at a fair 
whether they ever read them or not. A few 
generous manufacturers such as Vector, 
OK Tool and Hexadaisy included samples 
of their products which we could use as 
valuable door prizes. 

Speakers 

Another important component of every 
fair i the speakers. Throughout the day, a 
number of "small talks" (one half hour in 
length) were given by members of the Center 

for the Application of Computers, faculty 
members from other schools, hobbyists and 
students. Topics ranged from an introduc
tion to personal computing, cryptography, 
microcomputers in the laboratory, and 
computer graphics, to optical character 
recognition and speech conversion. The 
featured speaker for the day was Ted 
Nelson, the writer, show~an and computer 
guru who came armed with his talk, "The 
End of the Dinosaurs." 

Programming Contest 

The final component of our fair (and the 
one that made it very special) was the First 
Annual Interactive Computer Problem 
Solving Contest. The glitter of computer 
hardware with all its razzlers and dazzlers 
soon fades without an understanding of how 
one controls them through programming. 
Despite the fact that kids will sit for hours 
at a terminal playing a canned computer 
game, nothing can compare with the excite
ment that radiates from their faces when 
they successfully write their own programs 
to solve a problem. 

The programming contest was divided 
in to four categories: 1st thru 6th grade, 7th 
thru 10th grade, 11th thru 12th grade, and 
college. The contestants entered as teams 
of up to three members each and were 
assigned one terminal per team. Five pro
blems of varying difficulty were handed 
out with a 2 hour time limit for solution. 
The 11th thru 12th category proved to be 
the most popular, and one 2 hour session 
with 19 teams was devoted exclusively to 
this category. After two hours each team 
turned in their solutions which consisted 
of a listing of the program and a sample 
run. The programs were quickly graded 
using the criterion of accuracy first and 
cleverness second. 

The winners in the 11th thru 12th class 
were three seniors from Eau Claire WI (Tim 
Sirianni, Ellery Chan and Jeff Teeters) who 
traveled 300 miles that day to enter the 
contest. They did an outstanding job writing 
successful programs for all five problems 
within the 2 hour time limit- an exceptional 
performance surpassing even the college 
division that took the same exam. Prizes 
for first, second and third were awarded 
in al l divisions, including trophies, books 
and complimentary subscriptions to pub
lications. 

Finally, the kids in the 1st thru 6th grade 
category deserve special attention. Earlier 
in the year, the special education class of 
K thru 4th graders from Kenosha Unified 
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Circle 73 on i nquiry card. 

Look Into the 
exciting world of 
INTERDATA ... 
call Bill Beattie at 
(201) 747-7300; or 
write for more information . 

•:EM-...- Ei'ft,y>-~•® 
AUN11'0F 

PERKIN ELMER DATA SYSTEMS 
106 Apple St.. Tinton FaHs, New Jersey om4 
Equal Opportun11y Emptoyer M/F 

school , LaughL by lri Helman and Sally 
Greenwood, had visited th e computer center 
and played games on the terminals. Th is of 
course only whetted their appetites for 
more computer time, and arrangements were 
later made to return for four 1 hour lessons 
on programming in the BAS IC language. 
Beside the mechanics of coding a computer, 
the elementary ideas of programming logic 
were emphasized through flowcharting. 
These ideas were discussed every day 
without a computer. The class enjoyed trans
forming its ow n scenario into a flowchart 
format using simple statements and bran
ching conditions. We were pleasantly sur
prised at how entertain ing and creative a 
flowchart can be when written by young 
chi ldren. The results were posted on a bulle
tin board at the fair and they proved to be a 
very popular attractio n. 

Future Plans 

By starting earlier next year we hope to 
make the 2nd Annual UW-Parkside Com
puter Fair even more exciting. But quality, 
not quanLity, will remain our long suit. 
About 700 attended the first fair and 1000 
is our upper limit for a comfortable fair. 
Hardware exhibits will again be sought from 
local store and vendors, but they will not 
play the dominant role that they do at larger 

fairs; talks and workshops exploring the 
expanding list of minicomputer applications 
will be just as important. 

The 2nd Annual Interactive Comp uter 
Problem Solving Contest will be expanded 
and announced much earlier so that junior 
high and high schools throughout Wisconsin 
and Northern Illinois will have time to get 
ready. This year's exams will be freely 
handed out to schools along with instruc
tions on how to run a computer problem 
solving contest locally. Through these 
contests we hope to lend encouragement 
to the growing number of teachers and 
young students who are eager to learn 
more about problem solving with the com
puter. In the process, we will be learning 
a great deal about th is subject ourselves. 

Finally, colleges and universities should 
take the lead in introducing the community 
they serve to the coming revolution of cheap 
computer power. They already have the 
physical resources to do the job with a 
minimum of cost. The return in public 
relations alone is worth much more than the 
investment. The local newspapers and 
Raci ne and Milwaukee television stations 
carried stories about the fa ir. Our fair repre
senlS one way of bringing computer aware
ness to the general public, and we highly 
recommend it.• 
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SPACE WAR DEFINITIONS 

I have seen repeated mention, both in 
BYTE and in other sou"es, of the origi
nal computer game of Space War de
veloped at MIT. What I have failed to see 
is any type of description or explanation 
pertaining to this classic king of com
puter games. What exactly does the origi
nal Space War entail in the way of dis
play and participation? I am deeply 
interested in computer games, and I 
wonder just what was offered by this 
"oldie-goldie" to have rated such con
tinued interest. 

Again, in reference to MIT's Space 
War, are there currently any manu
facturers' software or hardware products 
which are comparable? With thrillers 
like MiniTerm's Deluxe Space War and 
ECD's Animated Spacewar, I wonder if 
the current state of the art in computer 
games doesn't exceed that of the original 
MIT game. 

Rick Craig 
2609 E Woodlyn Way 

Greensboro NC 27407 

See the article by Dave Kruglinski on 
page 86 of the October 1977 BYTE for 
the answer to your question about what 
a classic Space War game does, illus
trated by o practical example, which wlll 
probably not be the last such example 
seen in 8 YTE. 

SAMPLING BIAS? 

After reading your editorial in May 
1977 BYTE I still find it hard to believe 
that only 1% of your readers are female. 
Did you by any chance look at marital 
status in the questionnaire? I would 
guess that in many cases both husband 
and wife are computer hobbyists. In 
most cases I would guess that married 
women interested in computers would 
share that interest with their husbands. 
The reverse however would not be as 
common. Jr my husband and I received 
your questionnaire he would most likely 
fill it out, thus skewing the results 
toward the 99% male figure . I'll bet what 
your survey really shows is the very 
small number of single women interested 
in computers and married women who 
are more interested than their husbands. 

Next survey how about asking how 
many other people - other than the 
subscriber - read the magazine, and 
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their age, relationship, level of interest, 
education, etc. 

Looking at that 1% figure makes me 
feel very lonely. I'm sure there must be 
more women like myself who are inter
ested in computers. I would enjoy 
hearing from other women hobbyists. 
Write and let me know who you are and 
what your interests are. I'II pass the 
information back to BYTE. It won't be 
an official survey, but I'II bet I'II get 
swamped with letters and postcards. 
Come on girls, let's show them that we 
exist! 

Leah R O'Connor 
631 S W Raven St 

Chicago IL 60646 

AN INVITATION TO ALL 1802 
USERS : THE 1802 EXCHANGE 

Very little soft ware for the RCA 
CDPl 802 is currently in the public 
domain. To remedy this situation I am 
going to publish a 10 page booklet listing 
available software. If you desire to sell or 
even give away your software please send 
me a listing for my review. My booklet 
will provide a complete description and 
cost information with a reference num
ber corresponding to a number on an 
ordering coupon. 

I plan to charge $1 for the booklet. 
This amount will also cover the costs 
associated with processing the coupons. 
The use of the coupon will redu" the 
costs to the person ordering from more 
than one source. 

The publication date is set for early 
December 1977. Advance orders may be 
made at $1 per copy . Send all orders, 
software listings, and other correspon
dence to: 

Ross Wirth 
1636 S 108 East Av 

Tulsa OK 74128 

SELF-PROPAGATION MONSTERS 

I discovered a real "bug" in the Z-80. 
If the registers are set up correctly, and 
the user has 64 K of programmable 
memory, a "living" creature can be 
created, similar to the interrupt driven 
monsters that pop up unexpectedly. Its 
only purpose in "life" is to procreate 
and eat food, namely time. If you object 
to my use of the term "life," go back 
and reread the definition. The "crea

Rated[GJ 

Great Locations 
Computefl.Gnd'" 
Now Open: 
3020 Un iversity Dnve NW 
H ntsv111e. 
[205) 539-1200 

11 074 Son Pablo /J..ve 
El C ernro . CA 94530 
(415) 233-5010 

226 4 Foor 111 Blvd 
H yv.:ord. CA 945<'12 
(<'115) 538-80 0 

6840 Lo Cieneg a Blvd 
Inglewood. CA 90302 
(213) 776- 080 

<'1001V10 Fabric nre 
Mission V1e10. CA 2675 
(714) 770-0131 

4 33 Convoy Sr ee1 
S :1 Diego. C A ·11 
(714) 560-9912 

'121 Fremo r Street 
S n Francisco. C/; 9'1105 
(<'115) 546- 592 

171 E Thous d 0 ks Blvd 
Thousand Oaks. CA 13 11 
( 05) 4 5 <1554 

104 W First S re r 
Tusr1n CA 26 0 
(714 ) 544 -0 4 

/J..srro Shopping C enre1 
Kirkwood H1g way 
N work. DE19711 
i"(.2) 7 56 
50 East and Rood 
.Ar l1ngron He1g rs. ll 6 J(llJ4 
(312) 25 . 488 

9511 No M11wouk e Ave 
N iles. IL 60 '18 
[j12) 6 7-1714 

·10935 S Cice 10 Ave 
O ak Lown IL 6U:' 3 
(.J1 ) 2 -803(, 

1~ ·BLvndon Lon 
LO 1svi11e KY 11 (12 I' 
(50211125·83( 

16065 Fred rick ood 
Pockv1 lle ~AD 20855 
(30·1) .L18-7676 
4•19Amners 
Nosnuo. NH 030 O 
(603) 889-5238 

De Hon Sreet 
Momsrow n. J 07960 
(201) 539 -4077 

1612 1ogoro Foils Blvd 
Buffalo. NY 14150 
(716)8 6 · 5~ 
2 5 Elm1ro Rood 
lrh co. NY 14850 
(607) 277-48 8 

1304 SOM C enrer ood 
Mayfield He1ghlS. O H 4~124 
Pnone Inquire oc lly 

..1300 Anderson Lone 
Austin. TX 7 757 
hone Inquire Locally 

6439 We sthe1mer Rood 
Housron. TX 77057 
(713) 977-0909 

FranchlMs Avallable: 
Computerland Corp. 
1922 Republic Ave 
Son Leandro. CA 94577 
(415) 895 -936 
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Rated [G]

The Best Game in Town . And if your system breaks down. 

Welcome to Computerland 

An incredible adventure into 

the world of personal 

computers A one-of-a-kind 

shopping experience. 


Each ComputerLond store 

presents everything you ever 

wanted to know about 

computers. And then some. 


Toke our Game Room. for 

starters You' ll find excitement 

for the whole family in our 

endless variety of challenging 

computer games. You can battle the Ktingons in an 

ou t-o f-this-world game of Star Trek . Create an elec

tronic work of art with a computer controlled TV Test 

your skill In a game of computerized hangman. 


You can even plot your b iorhythm. 


But we're more than JUSt fun and games. 

Ea c h ComputerLand store offers a 

knowled eab\e and person 

able staff of professionals 


t o seNe you 
Plus the greatest avail 

able selection of m icro components . Whether it's a data 
processing system for your business or a computer controlled 
sprinkler system for your home. you 'll find whatever you need 
at ComputerLand 

Read on 

Genuine Service. 

We want to supply 
you with the one 
system that's right. 
Rother than a com
plete system that isn't. 
Or a limited system 
that Is. 

That's why, at Com
puterland . you deal 
with real professionals 
who ore also real 
people. People who 
speak your language 

1n addition to BASIC. COBOL o r FORTRAN . 

People. 1n short . who can offer both the novice and 
the old hand the same expert guidance in selecting 
the optimum system he or she needs. 

Yet, assisting in the purchase is only the beginning of 

our in-store seNice deportment 
will get you back up and 
running 

Right now! 

Great Selection. 

Your first stop at ComputerLand 
may well be your last stop 

Computerlond offers the finest 
quality and 

largest selec 
tion of oil the 

major brand names. 
Like Apple Computer. 

Cromemco. DEC. Dioblo. 
Hazeltine. ICOM. IMSAI. Lear Siegler . 

Notional Semiconductor. North Star. Texas 
Instruments. Vector Graphics and more 

Plus a complete inventory of tools. books and accessories. 

What's more. at ComputerLond . we deal in product Nol 
promises. Our inventory is on our own shelves. Rather than the 
manufacturer's. So you con toke delivery on tomorrow's com
ponents today. 

Which means. 
simply put . that at 
ComputerLond. you 
get exactly what 
you want. 

Exactly when you 
wont it. 

Be Our Guest. 

Begin with the 
grand tour of our 
exhibit areas. " Test
drive" any of our 
individual systems. 

Then tell us your needs. We'll sit down and talk about the system 
that's right for you. It's as easy as that at Computerland . 

The great computer store. RATED G . 

Call or write tor the address of the Computerland store nearest you. 
Franchise QPportunlfles available. 

ComputerLond·s service . If the kit you bought requires o 
little more do-it-yourself than you yourself can do, we 
provide assembly assistance. Compute1Land'" 
If tho! complex program proves to be just that. we provide 
programming assistance 1922 Republic Avenue. San Leandro. CA 94577 (415) 895-9363 
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MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

the Cl-812 - -= 

The Only S-100 Interface 
You May Ever Need 
On one card , you ge t dependable " KC
standard "/biphase encoded cassette inter
facing at 30, 60, 120, or 240 bytes per 
second , and full -duplex RS-232 data ex
change at 300- to 9600-baud. Kit , includ 
ing instruction manual , only $89.95 *_ 

Asse mbled nd te ted, 
$1 19.95. Add 5% for 
shippi ng. Tcxa resi

[~EfillUM] 
PERCOM DATA COMPANY, INC. dents add 5% ales tax. PerCom 'per ipherals for personal computing'
4021 WINDSOR • GAR LANO , TEXAS 75042 

turc" i dn ED BO instruction, the block 
trdnsf~r LOI R. 

o put it simply, it turns into a 
memory eater, copying itself everywhere 
into memory, prepetuating its existence. 
E ternally , it look li~e dn ED BO ru n· 
ning loo e. He rc it i 

u; J n1h 

I l· 1 l l I -t '~ , 1 Vl ' t< : ~ 1 I ... 1- I ~" • >~ • rt 

l I 11'1 1) I 111 t1~ • ) ) "'t'! . Jr' lo;\ I IO\> 

' I ) / >1 I.II t'll • .I) )'#It 11 •• , I"~ I jol U 


~I t•l 	 : t<t">' .. ltu '1.l,..•H. 
: I ... 1 I • ~ ~ .; J , ~I ~1. I• > r 

Try it , it 's fun. 
Also in thi' category, there's the 

14747 in tru ction in DEC PDP-I ls. It 
opies itself lower in memory (even 

though DEC manuals say the instruction 
shou ldn 't work), ,ind then executes the 
moved instruction! Th is one doesn't 
perpetuate, but it' neat to kill memory 
when you don't want someone to screw 
with some secret oftwarc . 

Fred Beckhusen 
MS 23 

Mostek Corp 
1215 WCrosby Rd 

Carrollton TX 75006 

Then of course /here is 1he famous 
M VC inS1ruc1ion of the IBM 360 and 
370 series, key 10 1he famous OS 360 
"lime bomb" 1echnique wherein o pro
pagating M VC in supervisor mode 
myS1erio11sly clear a 360's memory, 
crushing 1he machine hours of/er the 
joker who cheduled it ho1 signed off 
TSO. Since 1he MVC moves 256 byte 
chunks and, once starred, it always com 
pletes, the lost M VC of the program qoes 
one step further by clearing /he program 
ilself! ( Reputedly, later than /he mid 
19 70s, releases of IBM 's TSO closed 1he 
holes by which cle1•er programmer 
could gel into supervi~or mode from a 
TSO terminal. ) . . .C H 

MOTOROLA EVALUAT ION KIT 
ARTI C LES NEEDED 

A an owner and user of an MEK
680002 kit from Motorola, I wou ld like 
to see some software especially for this 
sys tem with its )-BUG monitor. A some
what simi lar but older system, the 
KIM-1, has a devoted fo ll owing and 
many artic les concerning this system 
have appeared in past BYTEs. I believe 
the D2 system, with a Ji llie encourage
ment, could also become pop ular. I 
know you a rc a 6800 fan, CH, so how 
about en ouragi ng someone to write 
abou t this Motoro la kit? 

David Beach 
POB 360 

Fra nkford Onta rio 
C ANADA KOK 2CO 

PS : The MEK6800D2 appea rs fairly 
well though t out. Mine wen t together 
wi tho u t any p roblems (I used sockets 
for all t he chips, however.) and ran 
perfec tly on the first power u p. 

MOR E ON COMMERC IAL RADIO 
AUTOMATION 

Joe A lwi n 's request in the February 
1977 BYTE fo r information on micro
processor based radio automation sys
tems is easi ly answered. McCurdy Radio 
of 108 Carnforth Rd, Toronto 
CA A DA, has an 8080 based sys tem 
that will do just what he wa n ts. Data 
input is via keyboard or standard audio 
cartridges or cassettes for compatibi lity 
with o ther radio station eq u ipment. 
Logging may be on Te letype, o r the 
data may be recircula ted in memory 
and used aga in for another day's pro
grams. Data is disp layed on a CRT. 

And now perhaps one of your 
readers can help me. I am looking for 

a "Universal Alarm Annunciator." If 
any one of, say, 100 term inals is 
grounded, I want to disp lay a o ne lin e 
alarm message on a CRT , cg: "#s4: 
XMTR OFF A l R." The messages mus t 
be previously entered from a key
board and must of course be pro tected 
agai nst power fa il ure. An additiona l 
" HELP" ro u t ine could be used to call 
up (off disk) a whole page of previo usly 
entered text desc ribing what to do to 
so lve the #s4 ala rm problem . A~ you 
will appreciate, the difficulty lie in 
solving the sorting problem economi
cally. Including the CRT, keyboard 
and micropro cs or , the whole thi ng 
should come in at less than $15 ,000. 
Has anyone such an item up their sleeve? 

M Barlo w 
50 52 C hestnu t A v 

Pierrefond s 
Mont rea l CANADA 

LORA N-C CLARIFI E D 

In the July 1977 BYTE, there was a 
letter from Ian McNicol in which the re 
occurred d sort of throw-away line : 
" ... why use OM EGA when there are 
satellite systems like LORAN- ?" Well , 
perhaps this is a pertinen t question, bu t 
it disp lays a little misinformation . 
LORAN-C is not a satellite system. 
LORAN -C is a sys tem consisting of a 
maste r sta t ion and two to four slave 
stations wh ich broadcas t a series of 
pul ses which modu late a 100 k HL car
rier. The master sends a signal which is 
received by the slave stations and the 
navigation receiver. The slave stations 
delay the maste r signal and rebroadcast 
it to the navigator. The LORAN·C re· 
ceiver measures the time difference be
tween arriva l of the master and slave 

Continued on page 145 

(2 14) 276-1968 BAC/MC availab le. 
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UP AND RUNNING 

TDL EQUIPMENT USED BY NEW JERSEY PUBLIC TELEVISION 

TO PROCESS NEW JERSEY GUBERNATORIAL PRIMARY ELECTION RETURNS 

John Montagna, computer engineer (above left}, 
lead this successful network team in generating 
election results speedily, efficiently and reliably 
using predominantly TDL hardware and soft
ware. Montagna created three programs to get 
the job done. The text for a SWAPPER pro
gram was written and assembled using the TDL 
TEXT EDITOR and Z80 RELOCATING MACRO 
ASSEMBLER. The SWAPPER text and all 
debugging was run through TDL's ZAPPLE 
MONITOR. The relocatable object code was 
punched onto paper tape. A MAIN USERS 
program updated votes and controlled air dis
play. An ALTERNATE USERS program got 
hard copy out and votes in . The latter two 
programs were written in BASIC. Montagna 
modified the ZAPPLE BASIC to permit time
sharing between the two USERS programs. 

TD L's XIT AN SYSTEMS have the capacity to do 
similar tasks for you. Write to us for XIT AN 
information and the name of your nearest TDL 
dealer. 

Four screens were incorporated, two terminals 
entered votes as they came in and were used 
to call back votes to check accuracy . Mon
tagna called on the power and flexibility 
offered by TDL's ZPU board and three Z-16 
Memory boards. 

Montagna's setup worked constantly for over 
four hours updating and displaying state-wide 
and county-wide- results without flaw. 

"I chose TDL because they have all the soft
ware to support their hardware, and it's good; 
it has the flexibility to do the job." 

John Montagna 

We salute John Montagna and NEW JERSEY 
PUBLIC BROADCASTING for spearheading 
the micro-computer revolution. 

TECHNICAL 
DESIGN 

-.....i• LABS 
RESEARCH PARK BLDG. H 1101 STATE ROAD 

PRINCETON, NEW JERSEY 08540 (609) 921-0321 
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built-in speaker. 

You've just run out of excuses 

for not owning a personal computer. 


first evening, even if you've had no 
previous computer experience. 

The familiar typewriter-style 
keyboard makes it easy to enter your 
instructions_ And your programs can 
be stored on-and retrieved from
audio cassettes, using the built-in 

allow your 
Apple II to 

talk with another Apple II, or to inter
face to a printer or teletype. 

Apple II is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri
pherals will keep Apple II in the fore
front for years to come. 

Write us today for our detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408) 
996-1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 
Bldg. B3C, Cupertino, 
California 95014. 

Apple II™ is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCII keyboard, light
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM. and with cassette tape, video and 
game IJO interfaces built-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
•Microprocessor: 6502 (1 MHz). 
•Video Display: Memory mapped, 5 

modes-all Software-selectable: 
· Text-40 characters/line, 24 lines 

upper case. 
· Color graphics-40h x 48v, 15 colors 
· High-resolution grapbics-280h x 

192v; black, white, violet, green 
(12K RAM minimum required) 

· Both graphics modes can be selected 
to include 41ines of text at the bottom 
of the display area . 

· Completely transparent memory 
access. All color generation done 
digitally. 

•Memory: up to 48K bytes on-board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 
· Up to 12K ROM (8K supplied) 

•Software 
· Fast extended integer BASIC in ROM 

with color graphics commands 
· Extensive monitor in ROM 

• 1/0 
· 1500 bps cassette interface 
· 8-slot motherboard 
· Apple game I/O connector 
·ASCII keyboard PQrt 
·Speaker 
·Composite 

video 
output 

Apple Il is also 
available in board-onJy 
form for the do-it-yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $598. 

PONG is a trademark of Atari Inc. 
"Apple ll plugs into any standard TV using 
an inexpensive modulator (not supplied). 

' apple! computar inc: 

Clear the kitchen table. Bring 
in the colorTV. Plug in your new 
Apple II~ and connect any standard 
cassette recorder/ player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

But Apple II is more 
than an advanced, infinitely 

flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother
board slots and enable you to compose 

music elec
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM-easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer wtth 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 

cassette interface, so you can swap 
with other Apple II users. 

You can create dazzling color 
displays using the unique color gra
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG-using the game paddles. 
supplied. You can even add the dimen
sion of sound through Apple II's 



Order your Applell now. 

from any one of the following authorized dealers: 

ALABA M A 
Comouterland 
3020 Universily 01. N.W. 
Hunlsville 539-1200 
The Computer Center 
303 B. Poolai Place 
Bi1mingham 942·B567 

AL ASKA 
Team Eleclrnnics 
Country Village Shopping Cente1 
700 E. Benson Blvd. 
Anchmage 276-2923 
Team..flectronics 
404 E. Fi1eweed Lane 
Anchoiage 272-4823 
Team Electronics 
1696 Ai1oml Way 
Fai1banks 456-4157 

AR IZON A 
Bv1e Shoo 
813 N. Scollsdale Road 
Temoe B94-1193 

CALIFORNIA 
Computer Components 
5848 Sepulveda Blvd. 
Van Nuvs 786-7411 
Comouterland 
II 074 San Pablo Ave. 
El Ce11ilo 233-5010 
Comouterland 
22634 Foolhill Blvd. 
Havwaid 538·8080 
Comouterland 

fn~1~w~~~ienm.U6adci 
Computerland 
24001 Via Fab1icanle 
Mission Vieio 770·0131 
Computerland 
4233 Convoy Slleel 
San Diego 560-9912 
Comoute1land 
117 F1emonl SI. 
San Fiancisco 546-1592 
Comouterland 
104 W. FilSI S11ee1 
Tuslin 544-0542 
Bv1e Shoo 
6041 G1eenback Lane 
Ci11us Heighls 961·2983 
Bvle Shoo 
2233 El Camino Real 
Palo Allo 327-8080 
Bvie Shoo 
496 S. Lake Ave. 
Pasadena 
Bv1e Shoo 
2626 Union Avenue 
San Jose 377 -46B5 
Bv1e Shoo 
1200 W. Hillsdale Blvd. 
San Maleo 341-4200 
Bvle Shoo 
340 0 El Camino Real 
Sanla Claia 249-4221 
Byle Shoo 
29B9 N. Main Slreel 
Walnul C1eek 933-6252 
A-VlOO Eleclrnnics 
2210 Bellflowe1 Road 
Long Beach 596-0444 
Computer Country 
2232 Sall Ai1 D1ive 
Sanla Ana 832-9661 
Computer Playground 
6789 Westminster Avenue 
WeS1minS1e1 896-6330 
Computer Store 
1093 Mission SI. 
San Fiancisco 431·0640 
Electric 81ain 
3036 N. Cedai Ave. 
F1esno 227-6479 
Rainbow Computing, Inc. 
10723 White Oak 
Gianada Hills 360-2171 
Strawberiv Electrnnics 
71 Glenn Wav ~ 9 
Belmonl 595-0231 

COLORADO 
Bvle Shoo 
3464 S. Acoma St 
Englewood 761-6232 
Team Electronics 

COLORADO lconlinuedl 
Tearn Electronics 
1450 Main S11eel 
longmonl 772-7600 

Team Electronics 
1022 Conslitution Road 
Belmont Plaza 
Pueblo 545-0703 

FLOR IDA 

~J~e4 s~08akland Paik Blvd . 
Fl. Laude1dale 561-2963 
Bvte Shop 
7825 Bi1d Road 
Miami 264-2963 

GEO RGIA 
Data Mart, Inc. 
3001 N. Fullon Drive 
Allanla 233-0532 

HAW AII 
Real Sha1e 
190 S. King S11eel •890 
Honolulu 536-1041 

ILLI NOIS 
Team Elecuonics 
Meadowdale Drive, Space I A 
Caioenlmville 428-6474 
Team Electronics 
Nmlhgale Mall Shoooing Cenler 
Decalur 677-2774 
Team Electronics 
Sandbu1g Mall 
1150 W. Carl Sandburg Dr ive 
GalesbU1g 344·1300 
Team Electrnn ics 
Southpark Shopping Center 
4200 I 61h S1ieel 
Moline 797-8261 
Team Electronics 
4700 Block- N. Unive1si1y Ave. 
Pemia 692-2720 
Team Electronics 
1714 Fiflh Avenue 
Rock Island 766-9595 
Team Electronics 
321 N. Aloine Road 
Rocklo1d 399-2577 
Team Electronics 
Woodfield Mall F-1 19 
Schaumburg BB2·5B64 
Team Electronics 
2716 s. MacAllhUI Blvd. 
Soringfield 525-6637 

~3mtu~~r~~n~oad 
Arlinglon Heighls 255-6488 
Computerland
9511 N. Milwaukee Ave. 
Niles 967-1714 
lttv Bitty Machine Company
1316 Chicago Avenue 
Evanslon 326-6600 

I N DIA N A 
The Data Domain 
2605 E. Slale Blvd. 
Forl Wavne 464-7611 
The Data Domain 
7027 Michigan Road 
lndianaoolis 251-3139 

IOWA 
Tearn Electronics 
202 Main Slreel 
Ames 232-7705 
Team Electronics 
Duck Creek Plaza 
Be11endmf 355-7013 
Team Electronics 
4444 FilSI Avenue N.E. 
Lindale Plaza 
Cedai Raoids 393-6956 
Team Electronics 
320 Kimbe1lv Road 
Northpaik Shopping Center 
Oavenoor1 386-2566 
Team Electronics 
2300 Kennedy Road 
Dubuoue 563-9195 
Team Electronics 
Room 120 - Soace 18 
The Mall 
Iowa Cily 336-3661 
Team Electronics 
2015 E. Fou1 1h Slreel 

KANS AS lconlinuedl 
Team Eleclronics 

2319 Louisiana Street 

La w1ence 641-3775 
Team Electrnnics 
1132 Weslloop Shoooing Cenle1 
Manhallan 539-4636 
Team Electronics 
Soace Bl-A Mid-Slale Mall 

Salina 827-9361 

Team Electrnnics 
907 W. 271h Slreel Teuace 

Tooeka 267-2200 

Team Electrnnics 

Towne East Squaie 


~~~ii~ K~~%~AB26 
Team Electrnnics 
791 N. Wes! S11ee1 

Wichila 942-1415 

Team Electronics 

"JJ'i~h~~ll" t~2Hfs1S9S1ree t 
Barnev & Associates 
425 N. B1oadwav 

Pi11sbu1g 231-1970 


KEN TUCKY 
Computerland 
613 B Lyndon Lane 

Louisville 425-8308 

The Data Domain 
506~ Euclid Avenue 

Lexinglon 233-3346 

The Da ta Domain 
3026 Hunsinge1 Lane 

Louisv ille 456-5242 


MARYLAND 
Computerland 
16065 fiede1 ick Road 

Rockvil le 946-7676 


MASSAC HU SETTS 

rn~ ~~~~~it3~es~~~~etlnc . 
Burlinglon 272-6770 

MICHIG AN 
Team Electronics 

Delta Plaza Shopping Center 

Escanaba 766-3911 
Team Elect1onics 
M&M Plaza 

Menominee 664-2213 


MINNESOTA 
Tearn Electronics 
Ridoedale Mall 

12503 Wavza1a Blvd. 

Minnelonka 544-7412 

Team Electronics 
204 Soulhdale Cenler 

Edina 920-4617 

Team Eleclronics 
1246-50 Eden P1ai1ie Cenlei 

Eden P1ai1ie 941·6901 

Team Electronics 
207 Third S1iee1 

Bemidii 751-7660 

Team Electronics 
Kandi Mall Soulh Hwy 71 

Willmai 235-2120 

Team Electrnnics 
§;o~iou'r ~iof_%i~~len1e1 
Team Electrnnics 
Cedai Mall 

Owalonna 451- 7246 

Team Elect1onics 
Mesahi Mall 

Hibbing 263-6200 

Team Electronics 
Thundeibi1d Mall 

Vi1g inia 741-5919 

Team Electronics 
Aoache Plaza 

Silve1 lake Road 

SI. Anlhonv 789-4366 

Team Elect1onics 
1733 S. Robe11 Slleel 

Wes! SI. Paul 451·1765 

Team ElectJOnics 

2640 Hennepin Avenue S. 

Minneapolis 377-9640 

MINNESOTA lconlinued) 
Team Electrnnics 
455 Rice S11ee1 
SI. Paul 227-7223 
Team Electronics 
110 Sixlh Avenue S. 
SI. Cloud 251-1335 
Team Elect1onics 
6413 Lvndale Avenue S. 
Minneapolis 669-3266 
Tearn Elect1onics 
1311 Foullh SI. S.E. 
Minneapolis 378-1185 
Tearn Electronics 
M;iplewood Plaza 
3000 While Beai Avenue 
Maplewood 777-3737 
Team Electronics 
Madison East 
Mankalo 367-7937 
Team Electronics 
310 Gianl Avenue 
Evelelh 749-8140 
Team Eleclronics 
Har Mar Mall 
§iO~a~i Sr~e~l~n5 Wnue1
Computer Depot 
3515 W. 701h S11eel 
Minneaoolis 927-5601 

M ISSOURI 
Team Electronics 
Biscayne Mall 
301 Sladium Blvd 
Columbia 445-4496 
Electrn nic Components Intl. 

~~~~~i;ouM~H? 
MONTANA 
Team Elect1onics 
613 Cenlial Avenue 
Greal Falls 652-3261 
Team Elect1onics 
1208 W. Kenl 
Missoula 549-4119 
Computers Made Easv 
415 Morrnw 
Bozeman 566-3065 

N EBR ASKA 
Team Electrnnics 
146 Conesloga Mall 
Highway 281 & 13 1h S11eel 
Giand Is land 381-0559 
Team Electronics 
2055 "O" S11eel 
Lincoln 435-2959 
Team Electrnnics 
304 S. 72nd S11ee1 
g~da'h~o1e3~~~r~6n3 Cen1e1 

Team Electrnn ics 
Bel Air Plaza 
12100 W Cen1e1 Road 
Omaha 333-3100 
Team Electronics 
Sunset Plaza Shopping Center 
Nolfolk 379-1161 
Team Electrnnics 
The Mall 
100 0 S. Oewev 
N01lh Plalle 534-4645 

NEW HAMP SH IRE 
Computermart 
170 Main S11ee1 
Nashua 663-2366 

NEW JE RS E Y 
Computerland 
2 De Hail Slieel 
Mo11islown 539-4077 
Compute1mart 
501 Roule 27 
lse lin 283-0600 

NEW YORK 

~grfWi~'ci~:~ Falls Blvd . 
Bullalo 636-6511 
Computerland
225 Elmiia Road 
llhaca 277-4668 
Co-op Electronics 
9148 Main Slleel 
Claience 634 -2193 

NORTH CAR OLIN A 
Bvle Shoo 
1213 Hillsbo1ough SI. 
Raleigh 633-0210 

NORTH DAK OTA 
Team Elect1onics 
2304 E. Brnadwav 
Bismaick 223·4546 
Team Electronics 
West Acres Shopping Center 
Faigo 262-4562 
Team ElectJOnics 
1503 1 llh Avenue N. 
Giand Fo1ks 746-4474 
Team Electronics 
209 1 llh Avenue S.W. 
Minol 652-3281 
Team Electronics 
109 Main Slleel 
WilliSlon 572-7631 

O HI O 
The Data Domain 
1932 81own Sire<! 
Davion 223-2346 

OKLAHOMA 
Team Electronics 
1105 Elm S11eel 
Slubbeman Village 
No1man 329-3456 
Team Electrnnics 
Crossroads Mall 

~~i;~~stW:ds5sf4°.'.J"3~~10 
Team Electronics 
Penn Square Shopping Center 
Penn Squaie 
Oklahoma Cily 648-5573 
Team Electrnnics 
1134 Hall of Fame Avenue 
Slillwale1 377-2050 
Team Electronics 
5305 E. 41sl 
Soulhrnads Mall 
Tulsa 633-4575 
Team Electronics 
Woodland Hills Mall 
7021 Memorial 
Tulsa 252-5751 
Team Electronics 
Suuev Hills 
Yokon 373-1994 

~\1~6 ~YliJa~A~~~~~lvd. 
Oklahoma Cily 947-5646 
High Technology 
1020 W. Wilshi1e Blvd . 
Ok la homa Cily 642-2021 

OR EGON 
Team Electrnnics 
1913 N.E. Th i1 d Slieel 
Bend 369-6525 
Team Elect1onics 
1023 S.W. lSI 
Canby 266-2539 
Team Elect1onics 
~l~~Fa~%'£_~nMoad N.E. 

SOU TH DAKOTA 
Team Electronics 
402 W. Sioux Avenue 
Pie 11e 224-1661 
Team Electrnnics 
1101 Omaha S11eel 
Raoid Cilv 343-8363 
Team Electronics 
613 W. 41SI Slleel 
Sioux Falls 336-3730 
Team Elect1onics 
4lst St1eet & Western Avenue 
Western Mall 
Sioux Falls 339· 1421 
Team Elect1onics 
Sioux Empi1e Mall 
4001Wes!41sl S11ee1 
Sioux Falls 339-2237 
Team Electrnnics 
223 Ninlh Avenue S.E . 
Walerlown 666-4725 

TEXAS 

~rn i~~~ren 
Houslon 977-0664 

~~JBuJJ~~~~~imer 
Houslon 997-0909 

~~~~~1 ~'0~~08:n 11.~\ · 
Dallas 234-3412 
The Comouler Shoo 
6612 San Pedrn 
San Antonio 626-0553 
Computer Terminal 
2101 Mv1lle SI. 
El Paso 532-1777 
The KA Compute1 Store 
1200 Maieslv Olive 
Dallas 

VIRGIN IA 
Home Computer Center 
2927 Vi1ginia Beach Blvd. 
Virginia Beach 486-1700 
Timberville Elect1onics 
P. 0. Box 202 
Timberville 696-8926 

WAS H ING TON 
Team Electronics 
423 W. Yakima 
Yakima 453-0313 

WISCONSIN 
Team Electronics 
3209 Rudolph Road 
Eau Clai1e 634-0326 
Team Elect1onics 
3365 E. Clai1monl Paikwav 
Eau Clai1e 634-1266 
Team Electronics 

~3a~Ts~n w~~4n1mAvenue 
Team Elecllonics 
7512 W. Aoolelon Avenue 
Milwaukee 461-7800 
Team Electronics 
3701 Duiand Avenue 
Elmwood Plaza Shopping Center 
Racine 554-6505 
Team Eleclrnnics 
3347 Kohle1 Avenue 
Memorial Mall. Soace H-4 
Sheboygan 458-8791 
Team Electronics 
5300 S. 761h 
Southridge Center 
G1eendale 421-4300 
Team Elecllonics 
Sunrise Plaza 
Highway B Easl 
Rhinelander 369-3900 
Team Electronics 
1505 Losey Blvd . S. 
Village Shoooing Cenle1 
LaC1osse 786-2250 
Team Electrnnics 
2207 Giand Avenue 
Wausau 842-3364 
Team Elect1onics 
3301-3500 S. 271h S11eel 

~~~~~~t1:eShio/'2nf 6~in1e1 
Team Electronics 
2619 Millon Avenue 
Janesville 756-3150 
Team Electronics 
1801 Maishall S11eel 
Manilowoc 664-3393 
Team Electrnnics 
7700 W. 81owndee1 Road 
Norlh1idge Center 
Milwaukee 354-4BBO 
Team Elect1onics 
396 Paik Avenue 
Oshkosh 233-7050 

WYOMING 
Team Electronics 

~g~oS. ~~~r~~~ center 
Casper 235-6691 

CANA DA 
Future Bvte 
2274 Rockland 
Monlieal, Que. 731-4636 

3275 261h Slleel Sioux Cily 252 -4507 
Boulde1 447-2366 Team Electronics If you would like to be an Apple dealer, call Gene Carter, 

K-0 Slockyards S1a1ionTeam Electronics Director of Dealer Marketing, 408-996-1010. 2001 lee ch Avenue 
Colmado Solings 596-5566 Sioux Cilv 277-2019 
The Ciladel 

Team ElectronicsTearn Electronics 
107 S. College Wa~~r1~:ive2w.t567ue ....applcz computczr inc:Fml Collins 464-7500 
Team Electronics KANSA S 
Teller Aims Shopping Center Team Electronics2401 Nonh Avenue 20863 Stevens Creek Boulevard, B3-C 215 W. Kansas AvenueGiand Junclion 245-4455 Garden Cily 276-2911 
Team Electronics Cupertino, California 95014 

Team Electronics2045 G1eelev Mall 14 S. Main SlleelG1eelev 356-3800 (408) 996-1010Hulchinson 662·0632 

Circle 4 on inqui ry card. 



El'TE's El'gs 

Some Comments on "An APL Interpreter for Microcomputers, Part l" 

The following letter from Fred j Dickey contains corrections to "An APL Interpreter 
for Microcomputers, Part 7" by Mike Wimble, which appeared on page 50 of the August 
7977 BYTE. We thank Fred for his efforts. 

I received my August 1977 BYTE 
yesterday, and was quite impressed by 
Mr Wimble's APL implementation article 
and the fact that he is giving a hardware 
independent description of a significant 
software system. This article is of value 
regardless of what type of micropro
cessor one uses. Furthermore, one would 
expect the article to be of value as long 
as there is interest in APL, which will 
probably be long after the current 
crop of microprocessors become histori 
cal curiosities. 

Despite my enthusiam, I regret to 
inform you that I found the following 
errors by doing a hand simulation of the 
program on page 55. 

1. 	 Some arrays are dimensioned 
starting at 0, others at 1. In particu
lar TVA L starts at 0, and all others 
seem to start at 1. This is not 
explained anywhere. 

2. 	 FUNC, NOMBRE, OTHERS, 
NILAD, MONAD, DYAD, EOL, 
CARRET are called subroutines, 
but they are in fact extensions of 
the main routine given on page 56. 

3. 	 The labels IP, IPGET, IP_GET, and 
IP IN IT are nowhere defined. 
Apparently IP = IPGET = IP_GET 
and the flowchart on page 5 6 
should appear as shown in figure 1. 

4. 	 Why is DA initialized to 3? Also, 
the scanner initialization box on 
page 56 should appear as in figure 
1. 

5. 	 "No" and "yes" on page 56 should 
also appear as in figure 1. 

6. 	 The call to I DEN on page 5 6 should 
say CALL IDEN (Q, B). Otherwise 
Q and B are undefined. 

7. 	 The flowchart on page 62 should 
appear as in figure 2. 

8. 	 On page 64, it should be made clear 
that F and Q are local parameters 
of subroutine FN_VAR_ADD. F and 
Q have different meanings external 
to this routine. 

9. 	 On page 64, "rou t ine" carret refer
ences STMT. STMT must be in 
ROM. What is its value? 

10. 	 The flowcharts do a good job of 
trapping errors. How do you re
cover? 

11. 	 Let " _" mean blank. On the 
example of page 5 5, you state that 

you 	are going to scan 37 25, but 
apparently 3_7 2_5 is scanned 
instead. 

12. 	 On page 55, SP(l9). C =6. I don't 
see how this can be . Also, SP(9). 
C =4 not 6, and SP(2) . P =0. 

13. 	 Make the following change on page 
64: 

SPUJ.C-9 
SPllJ.P--0 
1-1+1 
HABIF l. F7-VAL 
LENG-VAL 
VFUNC (LENG)-0 
VAL-VAL+L 

Fred j Dickey 
3420 Granville Rd 

Westerville OH 43081 

Mike Wimble replies: 

Mr Dickey is correct on most points; 
however, I would like to clarify the 
following: 

Point 3: IP/NIT is of course the 
beginning of the statement inter
preter as defined in part 2 of the 
article published in September. 
Point 4: I inadvertently included 
DA 	 in this portion of the article. 

It is used in a later version of the 

interpreter to handle threaded 

lists. 

Point 9: STMT, again, is part of 

the later version of my inter

preter, and should be ignored. 

Point 10: This version of the 

interpreter has no provisions for 

error recovery. 

Point 12: SP(19).C was incor

rectly set equal to 6,· it should 

equal 8. SP(2).P is correct as it 

stands. Although I did not state it 

explicitly, the case for SP(l).C=l 

is used in the later version of my 

interpreter. It indicates that P is 

not to be used at that time (This 


Continued on page 164 

Figure ]. 

FLAG-FALSE,_, 
SP( l l.C - 9 
SPl 1LP - O 
VAR, VAL , 
f-O 
DA-3 

Figure 2. 

,.-------------1 
I I 
: SPECTAB~ : 

: (:.-.-.1.:.l) : 
L---- - ______ __ J 

SP(l l. C-4 

SP(l).P - Z 

I - I.,.1 
J -J+ I 
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BOMB Lands on APL 

Readers of the August 1977 BYTE voted 
for APL all the way. The BOMB first prize 
of $100 goes to Mike Wimble for his ar ticle, 
An APL Interpreter for Microcomputers, 
Part 1, on page 50. The $50 second prize 
goes to Dr Kenneth Iverson for Under
standing APL, page 36. The distribution of 
points for August's articles was relatively 
even in the voting (The standard deviation 

was only 10% of the mean of all article 
votes.), indicating a diversity of interests on 
the part of BYTE readers. Mike Wimble's 
article was 1.7 standard deviations above 
the mean, and Dr lverson's article was 1.3 
standard deviations above the mean. Readers 
are encouraged to express their opinions 
about this month's articles by filling out 
and sending in the BOMB card between 
page 256 and the inside back cover.• 

Kilobyte TM Readings for Your Next Squantum 

By Manuel D Juan 

"How do you multiply MDCXII and L VI on this thing?" 

By Duane Bibby 

"Maybe I'm biased, but he seems a little saturated to me." 
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BASIC in ROM Computers

by Ohio Scientific 


If you're just getting into personal computing and are buy
ing your first machine, you're probably confused by the myriad 
of companies and products available. 

However, there is one simple guideline you should follow 
when choosing your first computer. Be sure that it is capable 
of giving you full floating-point BASIC the instant you turn 
it on. Machines with full BK BASIC in ROM cost as little as 
$298.00. Why should you settle for anything less? 

g 

The Challenger llP from Ohio Scientific is the ideal 

personal computer complete with BASIC in ROM and 
plenty of RAM (4K} for programs in BASIC. 

Complete with an audio cassette interface, the Chal
lenger llP uses a full computer keyboard, not a calcu
lator keyboard. 

In addition, the Challenger llP comes complete with a 
full 64 character-wide video display, not a 40 character 
display. The user simply connects a video monitor or 
home TV set via an AF converter (not supplied) and 
optionally, a cassette recorder for program storage. 

The Challenger llP comes complete with a 4 slot 
backplane and case for only $598.00. Fully Assembled . 

I I 


Model 500 

The Model 500 is a fully populated 8 x 10 P.C. 

Board with BK BASIC in ROM, 4K RAM , serial port 
and Ohio Scientific Bus compatibility for instant ex
pansion. All you need is a small power supply (+5 
at 2 amps and - 9 at 500 MA) and an ASCII terminal 
to be up and running in BASIC. And all for only 
$298.00. 

SuperKit 

The Super Kit is a 3 board set with a 500 board 

(like the Model 500)without the serial interface. 
The ROMs are configured for use with the in

cluded , fully assembled 440 video board to provide 
a full BASIC computer and terminal. 

The Super Kit also includes a fully assembled 8 
slot backplane board which gives you 6 open slots 
for expansion. 

To be up and running in BASIC simply plug the 
boards together, supply power (+5 at 3 amps and 
- 9 at 600 MA) , add an ASCII parallel keyboard 
plus a video monitor or TV set via an RF converter 
(not supplied) . 

11679 Hayden• Hiram, Ohio 44234 Total price for the " kit" $398.00. 
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Meet Challenger DP 

from Ohio Scientific. 


Unlike any other personal computer available today 

Complete with BASIC in ROM and 4K RAM , 

Challenger llP is the ideal computer for programs 
in BASIC. 

BASIC is there the instant you turn the computer 
on with a full 32 x 64 character video display. 
Challenger llP also comes with an Audio Cassette 
Interface for program storage. The user simply con
nects a Video Monitor or a TV via an RF Converter 
{not supplied) and the machine is ready to use. 

Challenger llP is ideal for both the home user 
who is new to computing or the experienced user 
who wants expansion capabilities. Challenger IIP 
comes with a four slot backplane and is expandable 
via the full Ohio Scientific product line, which in
cludes 15 system boards offered in over 40 different 
versions. 

Ohio Scientific has always maintained upward 

expandability from old models to new models, 
which is nice to know considering the rate at which 
technology is constantly improving. For example, 
Ohio Scientific 's original 400 series products can 
be plugged right into the new Challenger llP. And 
Ohio Scientific has 2 years of experience in build
ing personal computers, so we're not new to this 
business unlike some of our competitors. 

Complete with a full computer keyboard Chal
lenger llP comes fully assembled for $598 from 
Ohio Scientific . 

Check the chart below and compare Challenger 
llP with other BASIC in ROM computers. Unlike 
other personal computers, Challenger llP has a 
much greater capacity for expansion and the capa
bility to perform big computer functions with all of 
its big computer features. 

Processor 
Clock 
Display (Lines/Characters) 
Keyboard 

Display Characters 
Lower Case 
Plotting 
Audio Cassette Interface 
BASIC 
String Functions PEEK, POKE, User 
Machine Language Accessible 
Optional Assembler/Editor 
Disk Option Available Now 
In Case Memory Expansion Ability 
Expansion Boards Available Now 

Ohio Scientific 

Challenger llP 


6502A 
1or2 MHz 
32/64 
Full Computer 
(Capacitive Contact) 

256 
Yes 
Yes 
Yes 
BK By Microsoft 
Yes 
Yes 
Yes 
Yes 
36K 
15 

Other BASIC in ROM 
Computers 

6502 or Z-80 
slower 
25140or16/64 
4 Function 
Calculator Type or Full Computer 
(Mechanical Contact) 
128or64 
No 
Yes 
Yes 
some have only 4K BASIC 
Not Always 
Not Always 
No 
No 
Less 
None 
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Disk Based Co 
by Ohio 

Any serious application of a computer demands a Floppy disk or hard 
disk because a disk allows the computer to access programs and data 
almost instantly instead of the seconds or minutes required with cassette 
systems. In real-world application of computers, such as small business 
accounting, a cassette based computer simply takes too long to do the job. 

Ohio Scientific offers a full line of disk based computers utilizing full 
size floppy disks with 250,000 bytes of formatted user work space per disk. 
That's 3 to 4 times the work space of mini-floppies. 

-- Challenger D 
Challenger II is available with 

a single or dual floppy disk and 
a minimum of 16K of RAM in
stead of ROM BASIC. The disk 
BASIC is automatically loaded 

....,. 	 into the computer so there is no 
need for ROMs. 

Ohio Scientific's powerful disk 
operating systems allow the computer to function like a big system with 
features like random access, sequential , and index sequential files in BASIC 
and 1/0 distributors which support multiple terminals and industry-stan
dard line printers. 

Challenger ll 's with disks can have the following optional features: 
• 16 to 192K of RAM memory • Single or dua l drive floppys • Serial 

and/or video 1/0 ports • Up to 4 independent users simultaneously 

• Two standard line printer options • Optional 74 Megabyte Hard disk 
•Much more 
Challenger II disk systems are very economical. For example a 16K 

Challenger II computer with serial interface, single drive floppy disk, BASIC 
and DOS costs only $1964.00 fu lly assembled. 



mputer Systems 


Challengerm 

Ohio Scientific proudly announces the 

ultimate in small computer system s, the Chal
lenger Ill. This computer has a 3 processo r 
cpu board equipped with a 6502A , 6800 and 
Z-80. 

This system allows you to run virtually all 
software published in the small computer 
magazines! 

The Challenger Ill is fully software and 
hardware compatible with Ohio Sc ientific 
products and can run virtually all software for 
the 6800, 8080 and Z-80 including Mikbug® 
dependent 6800 programs! 

Incredible as this is , Challenger Ill costs 
only about 10% more than conventional 
single processor microcomputers. For 
example a 32K Challenger Ill with a serial 
interface and a dual drive floppy disk (500,000 
bytes of storage) costs only $3481.00. Fully 
Assembled , complete with software. Terminal 
not included. 

r--------------------, 
I D Send me the Fall '77 Catalog. I enclose $1. I
I D I would like to o rder direct ly from this advertisement . I
I (Please al low up to 60 days fo r delivery) I 
I NAME__ I 
I ADDRESS_ I 
I CITY_ STATE IP_ - I 
I To order : Payment by: l 
I BAC (Visa) __ MC_ _ Money Order__ 
I Cred it Card Account - l 

Interbank = (Master Charge)_____ 
__ Model 500 Boards @ $298.00 ______ 

___ Chal lenger llP @ $598.00 ___ 

__ __ Super Kit@ $398.00 ___ _ 


__ 16K Challenger II complete with serial interface, 
single drive flo ppy d isk, BASIC and DOS 
@ $1964.00 -- 

- __ 32K Challenger Il l with seria l interface, a dual 
drive floppy d isk (500,000 bytes of storage) 
@ $3481 .00 - ---------- 
Ohio Residents add 4% sales tax 
TOTAL CHARG ED OR ENCLOSED 

Order d irectly from : Oh io Sc ient ific , 11679 Hayden St .. 

Hiram. Oh io 44234 or your local OSI dealer 


L~l~de~shippe~nsure~PS_i:_nles_:_o~erw r se~quested._J 

Scientific 


1111 lllEllTIFll 

11679 Hayden • Hiram, Oh io 44234 
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Introducing three boards only
Ohio Scientific could build. 

Ohio Scient ific provides 15 system boards offered in over 40 different versions for Ohio Scientific Com
puter users. All of the boards are compatible with Oh io Scientific systems and many of them are by far 
technologically superior to any other mttrocomputer products on the market . And Ohio Scientific has the 
technology that made them possible . 

500 CPU Board 

Th is board gives you our ultra-fast BK BASIC in ROM 
with plenty of user workspace {4K RAM) for as little as 
$29B.OO. Use it as a standalone or as the CPU in a large 
system. BASIC is there the instant you turn it on. And 
in the October issue of Kilobaud Magazine, our version 
of BK BASIC came out the winner in a BASIC timing 
comparison test of all of our competitors. The 500 is the 
fastest around! 

51 O Systems CPU Board 

This is our unbelievable triple processor board! Com
plete with the 6502A, 6BOO, and Z-BO processors, this 
board allows you to run virtually all programs published 
for small computers. Available in the Challenger Ill , the 
510 board is ideal for industrial development and re
search applications. There isn't another triple proces
sor board like the 510 anywhere, except at Ohio 
Scientific! 

560Z CPU Expander Board 

The 560Z board is our multiprocessing board with a 
Z-BO and 6100 chip. This board allows you to run 
several processors simultaneously and the 6100 chip 
lets you run powerful PDPB software with the 560Z. The 
560Z board is the only multiprocessing board available 
for small computers, and Ohio Scientific makes it! 

These three state-of-the-art CPUs are only a small part of the picture. Ohio Scientific 's advanced tech
nology offers you other unique features such as Multiport Memories, Distributed Processing , Big Disks with 
up to 300 megabytes on line, and Advanced Software. 

1111 l llEllTIRI 

11679 Hayden• Hiram, Ohio 44234 
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Anno c·ng h 
n e disk 

anywh re fa 6,000 
The74 megabyte disk 
from Ohio Scientific 

C-074 from Ohio 
Scientific is the ultimate 
storage device for small 
computers. 

The C-074 is the first 
Winchester technology disk 
for small computers making 
big system technology af
fordable and reliable for the 
small system not under 
maintenance contract. 

The disk uses a non-re
movable sealed chamber 
drive with a unique rotary 
positioner to provide the 
highest performance disk 
available today. 

The Ohio Scientific 

C-074 can store all the 

records of a medium size 

company for instant access. 

And the Winchester tech

nology of the C-074 means 

that the drive can run 24 


hours a day without worry 
of disk wear. . 
There are other important 

C-074 applications in business 
computing and research in computing 

itself. The disk makes small computers 
practical for much larger jobs than 

formerly thought feas ible, particularly since most business computing is 
disk bound and not computer bound. 

C-074 provides an unbelievable 35 millisecond average access time 
to any of 74 million bytes of information. With a 10 millisecond single 
track seek, the drive has an incredible data transfer rate of 7.3 megabits 
per second. 

Recommended minimum hardware for the C-074 is a Challenger 
with 32K RAM and at least 8K on a Dual Port 525 board, and a single 
or dual-drive floppy disk. 

The drive . cable. interface for an Ohio Scientific Challenger and 
OS-74 operating system software is $6,000 FOB Hiram, OH. 
Equipment rack shown not included. 

OHIO Cl NTIFIC 
DAL A 
A~.... Stotu ll111t1' 
55 Erb SI Easl 
Walerloo . Onlario 
Canada N2C 3EO 
(519) 885-1211 

A1mlt11 Mltr1pr1t111111 

E•1lp1111t a s1,,1y Ctrp. 
20 N. Mi lwaukee Ave 

Prarieview, 1 l 60069 

(3 12) 634·0076 
C11t1ry 23 

4566 Spring Mountain Rd. 

las Vegas. NV 89102 

Computer Mort ol New York 

118 Madison Ave . 
New York. NY 10010 

(212) 686-7923 

c••,.,., ,,• ., 
P 0 Bo• 28193 

San Diego, CA 92128 

(712) 746·006-4 
D1l1w111 Mltr11y&11111 
92 E. Main St. #1 
Newark. OE 19711 

(302) 738-3700 

011111 Dt11 
Microcomputer Sales 
P.O. Box 133-4 

Tucson, AZ 85702 

(602) 623-6502 

Th Ht•t C111p11tr Ct. 
P.O. Box 1891 

Un iversi ty Station 

Charlottesville . VA 22903 

(804) 295-1975 

Mltrec111p 
P.O. Bol< 1221 

Fond·OU·Lac. WI s.4935 

(414) 921 ....669 

Mlcr1t1mp1111 Worhhp 
234 Tennyson Terr. 
Williamsville. NY 14221 

(716) 634-6344 

0111~1 Ct11p1ttr Sltrt 
45-40 S. 84th St 
Omaha , NE 68127 

(402) 592-3590 


TATIVE 
Ahcn Dita 
P.O. Box 276 

011 City, PA 16301 

A111cl1tu Ct1111t1111 
33 Ogden Ave. 
East Williston. NY 11596 

(516) 746-1079 

UAG Mlc111to111pu1111 
19 Cambridge St. 
Rochesler, NY 14607 

(716) 442-5861 

C1111p1111 lul1111 
P.O. Box 171 

LaPorte, IN 46350 

(219) 362·5812 
J1h1111 C1111p1t11 
P.O. Box 523 

Medina. OH 44256 

(216) 725..560 

0111111 C111p1t111, l" . 

Box 220, Station P 
Toronto, Ont. M5S 2S7 
106) 424-2174 

r11 At111tlc Ct11p1t11 ly1t11111, 811•H 
61 Darmstadt 
Frankfurterstrasse 78 

West Germany 
(08102) 3206 

Scl11c1 Edrutlon Ext111lon 
11516 leHavre Or. 
Potomac, MO 20854 

(301) 299-9506 

Sp1ctr111 TttUtloty hAlc11 
P.O. Box 942 

Palos Verdes Estates. CA 90274 

Tt•·Aida, lie. 
1513 Criln St. 
Evanston, I l 60202 

(312) 328-0110 


he s ate of the ar in small computers. 
To order direct call 1-216-569-3241 
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The TRS-80: Radio Shack's New Entry into the Personal Computer Market 

Photo 7: The New Radio Shack TRS-80 home computer system. Shown are 
the keyboard, video display monitor, instruction manual and prototypes of 
the upcoming memory expansion module and disk drive. 

Photo 2: The single board 
Z-80 processor which 
forms the heart of the 
TRS-80. Note the 40 pin 
10 connector at upper 
right. 

Text and Photos by 

Chr is Morgan . Editor 

Announced in August, the new Rad io 
Shack T RS-80 is a major entry into the 
personal computer market. The $599 single 
board Z-80 based unit comes comp lete with 
a ful l ASC II character set keyboard, cassette 
recorder and video disp lay monitor. Also 
included for the price is 4 K bytes of pro
grammable memory and 4 K bytes of read 
only memory; the latter features a built-in 
BASIC package. An additional 12 K bytes 
of programmable memory can be added for 
$289. 

The computer is being marketed in se
lected Radio Shack stores across the coun
try; periphera ls planned for re lease in 
December include a di k drive, printer and 
memory expansion hardware. An interesting 
feature of the TRS-80 i the convenient 
hinged door on back for easy access to the 
40 pin printed circuit card 10 connector. 

Software wi ll be avai lab le in a variety of 
packages, includi ng a blackjack progr m 
(which comes free with the comp uter); a 
payroll program for up to 15 people, priced 
at $19.95; a kitchen menu program for 
$4.95; and so on. 

The un it is priced compet itively with 
some other computers on the market, and it 
will be interesti ng to see what develops in 
this low priced app liance computer market. • 

Photo 4: A closeup of the forthcoming 
Photo 3: Rear view of the Radio Shae!? com microcomputer expansion module and 
puter showing the 40 pin 10 connector. disk drive. 
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You don't have to be a million dollar corporation to profit 
by distributing this Data General micro-computer system 
with our BASIC business application packages for. 

• Invoicing with Inventory Control 
• Accounts Receivable • Sales Analysis 

• Accounts Payable • Payroll • General Ledger 

•• 

List price with three 
application packages 

.•17,460 
a 

We are seeking data processing oriented individuals and 
companies to sell and install these systems in their areas. 
Liberal distributor discounts start at quantity one. Hardware 
installation and maintenance is available directly from your 
local Data General office. 

For more information, use the coupon. 

r--------------1 
Please send me information about distributing 
MCBA!Data General systems. 
Name ___________ 

Company _________ _ 
Mini-Computer Business Applications 

Address I4929 Wilshire Blvd., #940 
Los Angeles, CA 9001O City s I 
Phone: (213) 936-7131 I Zip Phone I 

NOVA• Is a reglslered ~ of Dela General Corp. L - - - - - - - - - - - - - ~,..J 
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Microcotnputers: 

Just Ask IMSAI. 


If vou wonder who leads the wa\' in 
technology . look into IMSAl's list o( 
indu,try first ·- IMSAI 48. fir t complete 
control computer on a board: IMS I 65K 
RAM Board . first to offer four time. the 
mcmor. capacit~ previou,l_v available o n 
one boarJ : I I. I printers. first with higb 
speed direct memory access. 

If you wonder why IM A l product' 
have gai ned the reputatio n for the standard 
of cxccllcnce in microcomputer svstem . 
check with anvoncofthc more than 10.000 
IMSAI 11wner~ . 

If vou wonder who otTers the broadest 
Ii m: o f hardware. ,oft ware. and peripheral!.. 
visit anv one of the more than 275 I MSA I 
deakr,-aroun I the world . 

If you wonder how microco mputino 
ca n fit: our 'pccific needs. a k IMSAI. e 
Because when it come' to microcom puter,. 
we have the answer, . 

An IMSAI Product to Answer very 
Microcomputing Need: 

Let 's . tart with our product line. In 
all. IMS/\! offer~ mo re than 120 hi!?h 
4uality. completely in tegrated systems. 
component.. peripherals and , o ft ware. 
Here's just a ampling.: 

S ingle Board Central Processors: 
•MP - ( 080ba~ed)- lnd1i-tn' '>tandarJ . 
• MP - B (8085 based)- 50'"i faster 80 0 . 
• 8048 Programmable control computer. 

Int erfaces: 
• Video l! 0 - 24x80 CRT. Edit & data entry. 
• Serial 110 - 2 port 1/ 0. all std . protocol ~ . 
• Parallel 1/ 0 - 4 · 6 po rt TTL level 1/ 0 . 
• Multipk l / 0 - 2 cassette. 2 parallel. 

I ~crial & I con trol 110 . 
• DMA - for tloppie. & line printer. . 
Peripherals: 
•Printers 0 / 80 / 132co l. 30cp -3001pm. 
• Video displa)S Large a. snr tmcnt. 
• Tape Drive- 9 track. 800 bpi . 25 ip. . 
• Flopp) Disks- Sing.le / do uhlc densitv. 
Memory Expans io n Boards: 
• 4K RAM Program ma hie memo rv 


protect. ~ · 

• 16/32/65 K RAM - I 6K paging. option for 

vir tua l memory addre,sing. 
·I ntelligent Memory Mngr.-Handlcs up 

to I megabyte. 

Self-Contained Systems: 
• VDP-80- Computer/ termin a l/ ma s 

torage unit. ~em hied & tcs1ed . 
• PCS-80- 1ntegrated component sys tem . 
Software: 
• DOS-Enhanced PI M . 
• BASIC- Interactive or compiler with 


cientific and/or commercial feature . 


Circle 67 on inquiry card . 

• FORTRAN IV - Level 2 A SI compiler. 
· Self-contained Sy terns: 

S I & 2/TCOS- Assembler/ line 
editor / debugger. 
4 & 8 K BAS IC - Optional ca ette 
upport. 

Compare IM Al. You'll realize that 
our. i the most complete product line 
available. Whatever your need . you can 
gc1 them from one source. IM Al. 

A wide election of componen ts i on ly 
the beginning. IMSAI offer much more. ' 
Just ask. 

Answers For Bus inessmen: 

nnouncing IMSAI' VDP-80. This 
tota lly self-contained unit includes a mega
b_ te of di k memory via fl opp disk . 32K 
computer memory (expandable to 256K). 
12" C RT and 62 pad main keyboard with 
10 pad numeric kcvboard . everal 
printer option available. 

If you want speed :ind accuracy in 
high volume work such as word prcice sing. 
or busines · data collecti on and analysis. the 
V DP-80 i your cost effective a n wer. 

An wers For The Personal User & 
Educators: 

Introducing IMSArs new PC - 0 
Sy tern . the fully integrated microcomputer 
component system. configurable to your 
exact need . The basic ys tem con ·ists of 
our Intelligent Keyboard and the PCS-80 
which hou e an 80 5 ba ed CPU . 16K of 
R M. in telligen1 ROM monito r. se rial 1/ 0 
port. 24x80 C RT. with an extra 7 lots in the 
chas. is for expansion . 

Sys tem componen t option include 
single or dual mini and s tandard fl o ppy 
di ks. The choice i yours. configure the 
sy tem a you like. 

IMSAI has an wer for the educa tor. 
100. Take the basic PCS-80. add 8K of 
PROM . 4K of RAM and our self-contained 
8K BASIC software. a nd you have a 
complete operating sys tem your en tire 
department can use to teach anything from 
elementary programming to advanced 
computer sc ience. 

Require a bit less ophi tication'? e 
our lntclligcnt Breadboard y tcm for 
lea rning. designing and building micro
computer assemblie . 

Ra ther do it from scratch? Start with 
our ingle board MP -B central proce sor. 
the heart of the PCS-80 Sv tern . It has a I K 
ROM monit r. 256 byte of RAM a nd 
erial and parallel 1/ 0 . 

ince the MPU-B is 8085 based. you 
can run all programs previou ly developed 
for the 8080. 50% fa ter. Without requiring 
faster memorv. 

Answer For Industry: 

IMSAI product provide the 
expandability and flexibility manu 
fac turers demand for microcomputing 
application . 

We offer rack mountable component 
for the tandard 19" R ETMA racks. 
powerful MP boards. 1/ 0 and memory 
boards for easy ystem expansion and 
confi gura ti on. and a broad line of 
peripherals and sub ystems fully integrated 
and ready to go to work. 

IM A I has what you need to make 
wmorrow's design today' reality . 

Answers For Current IMSAI Users: 
There are over I0.000 of you. And. 

we ha ven't forgotten . You might say tha t 
we thought o f you before you even thought 
of u . 

That' why every new product is 
designed to accommodate expansion. 
rather th a n ou td ate equipmen t. 

For examp le. our new PCS-80 retro
fit kit come complete with MPU-B. 
replacement front panel photomask and 
addi tional hardware bracketing. So you 
can enjo_ a single cabi net PCS-80 
computer. with your choice of integrated 
compone nt configurations. 

The Answer For Everyone: 

Dial (4 15)4 3-2093. Ext. ACT. 
That's IMSAI' action ho tline. De igned to 
an wer the th usa nd. of questions we 
didn't have a chance to an wer in the space 
of thi ad . 

all us. We' ll assist you in putting 
together a y ·tern. direct you to your nearest 
IMSA I dealer. and end vou our new 
catalog with all the detail . 

In hort. if you have any que lion a t 
all regarding microcomputer . put us to 

the te t. 
Ju ta klMSAI. 

~~~~~ 
The Standard of Excellence In 
Microcomputer Systems. 

IMSAI Manufacturing Corporation 
14860 Wicks Blvd . Dept 8-9 
San Leandro, CA 94577 
(415) 483-2093 TWX 910-366-7287 

Fe111ure" and spcc 1fic.1110M suhJCCI 10 ehllnec w11hou 1 
nor11:i:. .. 
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MF Smith 
Research Assistant 
Department of Oceanography 
University College 
Galway IRELAND 

Using Interrupts for Real Time Clocks 


We have developed several software time
keeping routines for oceanographic data sys
tems wh ich may be of more general interest. 
These routines are based upon the Motorola 
M6800 and have been tested on SwTPC 
6800, MITS 680b and Motorola MEK
680001 evaluation kit systems. The routines 
req uire little memory or hardware and do 
not slow program execution appreciably. 
Features of the routines are: 

• 	 packed BCD storage of time values : 
days, hours, minutes and seconds. 

• 	 little interference with user routines 
through use of interrupts. 

• 	 usable with a wide range of clock 
frequencies. 

• 	 minimal hardware complexity. 
• 	 possibi lity of event scheduling. 

+5v 

~ PU LL UP RESISTOR 
: ! MAY ALREADY EXIST 

IN YOUR SYSTEM) 

CLOCK TO
SOURCE M6800 
1- 99 Hz NMI 

OPEN COLLECTOR 
TYPIC AL INTEGRATED CIRCUITS · BUFFER 

74121. 74123, 9601 TYPICAL CIRCUITS 
7401, 7406 

Figure 7: The hardware configuration required for a real time clock imple
mented with an interrup t line. For the 6800 processor, the negative going 
pulse of the monostable (oneshot) should be at least two processor cycles 
in length. The switch 51, or its logic circuitry equivalent, is essential in order 
to disable the interrupts if user programmable volatile memory contains the 
in terrupt routines. If this switch or its equivalent is not present, receiving 
interrupts from NM/ in absence of an interrupt routine (following power on) 
leads to quite unpredictable results in the behavior of the system. 
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Hardware 
The routines are driven by direct non 

maskable interrupts of the processor by a 
clock pul se source as shown by figure 1. Use 
of the NMJ in this fashion precludes use for 
other functions but minimizes hardware. 
Also, such use of interrupts can cause prob
lems when tim ing loop software is inter
ru pted: constants which are valid without 
interrupts can be incorrect when interrupts 
are in operation. With these caveats in mind, 
however, use of interrup ts proves quite con
venient. 

The clock source may be in the range 1 to 
99 Hz (10 Hz is used here) and drives a 
monostable (7412 1, 9601, etc). The Moto
rola literature describing the 6800's non 
maskable interrupt function is just a trifle 
confusing. Using the information in the 
M6800 Microprocessor Applications Manual, 
one could conclude that the NMI line re
quires a low level in pu t to ini tiate an inter
rupt. This conclusion results from the terse 
description of NM I and reference to the fact 
that NM I is supposed to work similar to 
IRQ. However, the hardware specification 
sheets for the processor exp licitly state that 
NMI is sensitive to the negative going edge of 
the digital signal on its input. This detail is 
easily confirmed by experiment. f It is also 
the only sensible way to handle this inter
rupt, in view of the fact that it cannot be 
masked in the processor to inhibit further 
interrupt while the interrupt routine is in 
operation . . . CH/ The oneshot in figure 1 
should be interpreted as a way of trans
forming an arbitrary signal into a wel l
defined TIL pulse of a minimum 2 micro
seconds in length, or slightly greate r, which 
provides the required negative edge. 

Unless the time routine is stored in ROM 
wi th "hard" NMI vecto rs, means of disab 
ling NM I pulses must also be provided until 
the interrupt routine and vector are estab 



Understanding Micro computers and 
~mall Computer System s A r 
illustrated . easy-reading " ~u~t~f~~~~ 
expla1mng fundamental concepts behind 
oper~t1on of microcomputers Si I 
English . Gives extra knowledge t~ie:d 
and understand computer magazines and 

Scelbl's Software Gounnet 
,Gulde.s a~d Cookbooks tor 
8080 or 6800' lets you cook 

up mouthwatering programs 
Dele.ctable " how to " facts i~
clud1n.g '8080 ' or '6800' i~
.struct1on sets. How to man
ipulate stacks . Flow charts 
Source listings . General p~r

~anufacturers ' literature. Makes yo f I 
at home" around com u ee 

as the standard for the ~eu~~~~t:c~p ted 
must own this 300-page no-non~ u 
efSy-reading text. Includes easy-~~-~~·e 
g osJary of key microcomputer oriented 
wor s. Order now. Save! $9 .95 each ppd . 

pos~ rnutines for multiple 
prec1s1on operation . Pro
gram.ming time delays tor 
real !1me. And lots more . Even 
f!oatmg point arithmetic rou
tines! Order your copies today . 
Bo~ appetite! Specify: '8080' 
or 6800' . $9.95 each ppd. 

SCELBAL. 
Higher Level 
Language tor 
'8008' /' 8080' 
Systems . 
Complete. illus-

GALAXY Microcomputer 
Out.er Sp~ce War Games 
tor 6800 · Captain your 
~w~ starship on intergallac
tic 1ourneys filled with bat· 
lies, refueling problems 
weaponry . warp factors ' 
~nd m.ore  all against your ' 

~-·····' !rated programbook. Routines . 
Techniques . 

• • . 6800 ..Acomplete book, 
written mmachine language 

· . for 4K memory E 
mg interstellar adventure in 1 d · ~er_-chang
charts , routines , more 0d cu es sou rce listings, flow 
row! $9.95 ppd. · r er today. Blast off tomor-

Flow charts M Source listings. 
· ore . Includes scom

~~~~~ · 81:as~~tements . 7functions , and it 
tom ize ahigh le~~lr~.nAll you need to cus

~~ :~~ ~raction of thegii~t~ ~;d~~~~J~~! 

ft The . 8080 ' Prvgra mmer'a Pocket G Id . . •~ 1d1clm1I Code tard. Com u 1 
•. 8Ga0 Octal Code C1rd i nd/or • , 

·"(;;;. . ~ Cards are instant slide rule~~~ fo~ckel guide for lnsta.nt reference to either:: H11· 

, 1. -~~'. ~::~:::~l::.~,-:~·~::~::.~~:~~.::::,r€,~~::i~f~:::;:~~~;,:~:;;~~,;:r.~:" 
p . Ihm •~w .. <h::':~;;',':'.';;~'"' '"''' ,..~~' ;~~":::::'~~~;· ~l~:~~do 
rices shown for North Am ( ·Cha~~;~:n~~~:;~~£~~~~~sr~e~:~~~~:rset~r ' ICllEI COl'tll>IJHll 

Pricing , specifications . aval1:~111f~~~~:~014 weeks . COlllllllllJlJ'llllilll(i 11111111(wltho~t ~~atin~e ~~~t ~ffi ce Box 133 PP STN • 
or , CT 06460 Dept. B 
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Entered following NMI interrupt pulse.NM! 

RESPONSE 


Update clock var iables (ie : count interrupts 
modulo E4 :60 :60 :N where N = number of inter 

CLOCK ROU TI NE rupts per second). 

Location of " return from interrupt" in simple 
clock routines of listings 1, 2 and 3. 

,--------, NO :--SHOULD--lYES, SHOULD 1 
I TASK BE 1I TASK BE I 
I ACTIVATED;> II DEACTIVATED" I 1I (T >To "l:_ _ ...!_T_:' !_o_:l,_ _j L-/- _____ ....J 

Note : T = t ime of next background /0' ', 
task event. 

NO 

/ 

,--
RESTORE OL D 

PROCESS STATE 
TO STACK 

" O ld process state" 
seven levels of stack . 

is content of top 
SAVE OLD 

PROCESS STATE 
FROM STACK 

Manipulat ions of process state can be 
accomplished by maintaining two stacks 
and switching stack pointers. 

SET UP 

" BACKGRO UND 


PROCESS STATE " 

ON STACK 


I 
I 
I 
I 
I 

L-----------------------------------~ 

PROCESS TIMING DIAGRAM· .C:.T F• 4, .C:.TB • 2 

ACTIVE ~ ii BACKGROUND INACTIVE u 

I 


I I 11 I 
I ,, i 

I I I ' I IACTIVE I 
FOREGROUND IIINACTIVE :1 u u u I· :1 LI u-

I• II II 11 11 'I 11 ii 
II I ,.ti "' ,," " II ",, " "' I 

I
ACTIVE ~ " " 

CLOCK ROUTINE INACTIV n n n n n 8 n n fL__
(OVER HEAD) 1 I 

INTERRUPTS 

CONSERVATION OF TIME : BACKGROUND + FOREGROUND + CLOCKROUT I NE • 100% OF AVAILABLE TIME 

Figure 2: A suggested algorithm for implementing two simultaneous tasks using the inten-upt input to keep track of times /\ T 8 
and t:. T F allocated to each process. It is assumed here that the "foreground" task is the principle task, and that the presence 
or absence ofa hidden "background" task is governed by a flag. 
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lished in programmable memory. We use a 
mechanical switch (S1}, but more elegant 
methods are possible with increased hard
ware complexity. 

Software 

A minimal timekeeping routine called 
RAMTIME is shown as listing 1. This routine 
performs the function of a real time clock 
when it responds to the interrupts from 
NMI. It has two counters. A counter 1 byte 
long called WATCH continually cycles with 
a binary integer count. A second 5 byte 
count field provides the usual day, hour, 
minutes and seconds counts using the 
"overflow" co nstants 99, 99, 24, 60, 60 and 
the number of interrupts per second to 
determine when a carry has occurred. All the 
counting in this field is done in BCD. If at 
any time it is desired to output the BCD 
numbers in the various count fields, the 
MIKBUG subroutines OUT2HS and 
OUT4HS can be used to convert to external 
ASCII decimal values on a terminal. 

The program includes a binary "stop
watch " function . The location WATCH is 
incremented with every NMI pulse, thus 
providing a convenient means of timing 
short events. This function can be elimin
ated with a small saving of memory, if 
desired. 

Clock rates different from the 10 Hz rate 
are accommodated by changing the RATE 
variable (RAMTIME) to the packed BCD 
value of the clock rate, eg: the present rate 
of hexadecimal 10 (BCD for 10 Hz) is 
changed to hexadecimal 60 for a 60 Hz 
clock source. 

Scheduling 

The nature of the NM I-driven clocks 
make them ideal for the inclusion of task 
scheduling routines. Scheduling, usi ng these 
routines as vehicles, is transparent to the 
user program, ie: scheduling is performed 
without "knowledge" of the program that 
scheduling is going on . Timetables are 
accurate because the schedule is checked 
every NMI. A very simple scheduler is 
suggested in the fl owchart of figure 2. 
This algorithm implements a timing diagram 
(like that in the figure) which switches 
between two tasks arbitrarily called "fore
ground" and "background." This is the 

PAC£ 	 001 R A~TIHE 

00001 NAtl • AttTt>tE 
00002 A04A ORC $A04A 
0000) A04A 00 fCI 0 PUHHY LOCATION 
00 004 AOU 00 DAY re• 0 Tl~E IM PACKED BCD f'ORHAT 

OOOOS A04C 00 HOUR PCB 0 
00006 A04D 00 HIN rca 0 
00007 A04 r. 00 SEC FCB 0 
00008 A04F 00 SECl re• 0 
00009 A050 00 re• 0 DUHHY LOC ATION 
000 I 0 AOSI 00 IJATCll PCB 0 BINARY •STOPWATCH• LOC ATlOH 
00011 
000 12 	 A052 99 re• $99 , $99 ,$24,$60,$60 

AOSJ 99 
A. 054 24 
AOSS 60 
AOS6 60 

0001) 
00014 AOS7 10 UTE FCI $10 111 CLOCl RATE 
00015 
00 016 •FOR DIFFERENT CLOCl RAT ES. CHAHC[ l ATP. 
00017 •t.C .• FOR 60 HZ CLOCK CH ANCE TO $60 
00018 •1·99 HZ ALLOWAftLE CLOCl RATES 
00019 . 
00020 AOS8 CE AOSI TH1t LOX h lATCH Tt"E PROCR AH 1£CINS HERF. 
00021 AOSI 6C 00 IMC 0,l INCR!HE"T THt STOPWATCH 
00022 AOSD 09 DEX Df.CREHE"T TtH t AOORtSSES 
0002) AOSE 6F 00 OlNC CLR o,x CLE. AR O!f CARRY 
00024 	A060 09 DEX NEXT AOOUSS 
00025 A061 86 01 LO A A 11 OtCU1 AL lMCRE"ENTATlON/CARkY 
00026 A06) Al 00 ADD A o.x 
0002 7 A06} 19 DA A OALF CARRT 
00028 A066 A1 00 StA A 0 , l COMPL!.Tt 0£CIHAL IMC 
00029 A068 Al 07 CHP A 7,X CARRTf 
00030 A06A 2 7 f2 IEQ OIKC YES, CAART 
000)1 
00032 ••• SCHf'.OULER(S) IM$£RTED KtRE. ••• 
000)) . 
000)4 A06C )ft RT! RF.TURN TO PkOCR AH 
OOOJS 
00036 ENO 

TOTAL 	 ER RORS 00000 

Listing 1: RAMTIME. This routine is a minimum "clock" and "stopwatch" 
function to be used at interrupt service of on NM/ (nominally 10 Hz rote). 
The "stopwatch" maintained at hexadecimal location A051 is incremented 
as a binary number every interrupt for short term timing by counts. After 
incrementing stopwatch, the routine treats the bytes at locations A04A to 
A 04F as a 72 digit BCD field with subfields for days (2 bytes), hours (1 
byte), minutes (1 byte) and seconds (1 byte) and ports ofa second (1 byte). 
The overflow values for each field ore coded as BCD numbers stored at loca
tions A 052 to A 05 7. 

simplest form of "timesharing" or "multi 
programming." 

Operation 

Startup of the routines is not auto
matic if routines and vectors are held in 
programmable memory. The source of NMI 
pulses must be disabled until the routine and 
vector are loaded. Once they have been 
installed, enable the NMI source and the 
routine begins working. Time can be set 
using memory alter functions or with 
special setting routines. Once the time
keeper is running, normal operation may 
proceed as usual, subject again to the caveat 
of checking the effects of interrupts on any 
timing loops in other programs.• 
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John McCain
3523 Hardy St
Shreveport LA 71109

Figure 7: Typical shape of
a voltage transient wave-
form. The voltage tran-
sient is superimposed on
the normal voltage in a
circuit, and is charac-
terized by an exponen-
tially damped envelope
around an oscillatory
waveform.
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Spikes: Pesky Voltage Transients and

How to Minimize Their Effects

You’re sitting at your computer playing a
game of Super Universe War, about to defeat
King Computer, when suddenly, instead of
his spaceship disappearing from the display,
you see smoke rings drifting from the top of
your mainframe. While you curse the expert
technician that built the system (you), you
dissect the power supply and find a shorted
rectifier diode or a bad regulator integrated
circuit. Although the uninformed would
blame the component manufacturer, you
know that it was Spike that did you in;
possibly the voltage spike your brother made
when he started the washing machine. The
roughest environment you can put that
fragile MOS circuit in is probably the one
you find most comfortable, your house. The
way voltage transients run around the power
wiring in your home, you'd think they made
the mortgage payment. Let's look at just
what these beasts are, where they come
from, what they do, and how to protect
your microcomputer from them.

The beast I'm talking about is the voltage
impulse that enters your computer through
the wall plug and tries to eat power supply

<—EXPONENTlAL ENVELOPE
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components and fragile chips. These spikes
originate everywhere. You can’t turn on the
television or turn off the coffee pot without
making one. Many are small enough to pass
by unnoticed, but often they dump their
energy where you least want it. Voltage
spikes of 1700 V have been recorded on the
120V wiring in common houses. Multiple
spikes of over 1200 V can be expected in 2
to 4% of all houses. These are usually due to
changes in an electrical circuit, ie: opening
or closing a switch. Remember, the wiring in
your house obeys the same laws of nature
that govern other circuits with resistance,
inductance and capacitance. If you try to
rapidly change the current through an in-
ductor, for example, opening or closing a
switch, the voltage across’ it rises rapidly.
Guess what? Most power wiring just happens
to be predominately inductive. Researchers
have shown that residential areas often
exhibit more transients, and more severe
transients, than commercial and even some
industrial areas. What does the spike look
like on an oscilloscope? It is usually a
damped sine wave such as the one in figure
l. It has extremely sharp rise characteristics
(steep leading edge) and it normally dies out
after 5 or TO cycles. It may be only 5 us
long, but may last for 50 us or longer. A
typical wave shape is shown in figure 1.
Another source of surges that I will quickly
mention is lightning. Although we can’t
prevent it, we can divert it. l have a lightning
arrester at the power entrance to my house.
If you don't, I strongly suggest that you
look into getting one. lt’s a good insurance
policy for about $10. I've never seen an
electric utility that didn't install lightning
arresters like they were going out of style,
and those people know what they are doing.

Now, let's look at what a well-placed
spike can do. It might find a low impedance



The Dumb Terminal 

lets you put it all together. 

With the new, lower-priced Dumb Terminal™ Kit, that is. 
Pick one up and escape, once and for all, the headaches 
of scavenged teletypes and Jury-rigged TV sets. With just 
a little time and aptitude, you can have a live and working 
Dumb Terminal right in your own home, garage, or 
business. One that lets you get it all out of your system 
- or into it 

Forget the cheap imitations, with their overblown 
price tags and interminable lists of options. With 
the Kit, you can build yourself the same, old 
basic Dumb Terminal that's been selling over 
1500 units a month. With basic, sensible 
features like a bright 12" diagonal screen. 
Fifty-nine data entry keys 1920 characters 
displayed in 24 rows of 80 letters Plus 33 
positive action switches that let you activate 
functions like 1 of 11 different baud rates, an 
RS232C interface, or a 20mA current-loop 
And more. Not bad for Dumb 

All you need, besides the Kit, is 
some initiative, and a few basic 
tools - a good soldering iron, 
wire cutters, needle-nose pliers, 
and one or two trusty screw
drivers. The Dumb Terminal 
Kit provides you with every
thing else. Including an 
attractive cabinet, CRT 
screen1,keyboard, PC 
board, and all essential 

electronic components. Naturally, you also get illustrated, 
step-by-step assembly instructions, not to mention an 
easy-to-understand operator's manual 

So, if you'd like more input on the Dumb Terminal 
Kit, just fill out the coupon and we'll send you complete, 
free information 

Oh, and by the way, 1ust by sending in the coupon, 
you will be made a charter member of the Dumb 

Terminal Fan Club A select organization that will 
send you your own nifty Dumb Terminal Fan 

Club Kit, containing: an official certificate 
of membership; an autographed photo of the 
Dumb Terminal himself; and a bona fide 
membership card to prove irrefutably you're 
"One of Us'. ' (Sorry, limit one kit per person.) 

And, if you include a trifling $6.00, you 
can have your very own Dumb Terminal 

T-shirt (No limit at all on these) . 
Simply mail the coupon and get the whole 

assortment And find out why members of the 
Dumb Terminal Fan Club are some of 

the smartest people around 

@ 
Dumb Terminal. 
Fun Club. 



POWER REGULATOR 
SWITCH 

BR IDGE 
RECTIFIER FILTER DESPIKllllG 

CAPACITOR CAPACITOR 

Figure 2: The combined isolation and shunting method is the best way to protect your system 
from voltage transients. The varistor shunts large transients in the AC source of power. Small 
high frequency "despiking" capacitors provide a low impedance path for any components of 
the external spike which make it through the transformer and rectifier. (The inductance of the 
regular filter capacitor tends to limit its usefulness at high frequencies.} 

path to ground and pass by unnoticed. But 
more than likely it will enter some dandy 
appliance, or your computer, and do all the 
damage it can. Remember that 1 that mys
teriously appeared in memory shortly after 
you wrote a 0? Have you ever wondered 
how that bad data got into your system? It 
could have been put there by your next door 
neighbor turning on a vacuum cleaner. You 
have seen rectifier diodes fail when they 
were carrying only a tenth of their rated 
current, voltage regulator integrated circuits 
die when they weren't even running warm, 
and transistors stop working when the her
metic seal broke, letting out the smoke. 
(I've always wondered how they work with 
all that smoke in there.) If you have mysteri
ous errors in your system, transient and ran
dom, chances are a spike might have been 
involved. 

Now let's get to the good part: how to 
get rid of the little monsters. There are two 
basic techniques available. First, you can 
attempt to isolate the equipment from the 
source of the spikes by running it on 
batteries or an uninterruptible power supply. 
Isolation transformers show up at the sur
plus dealers occasionally, but are usually 
expensive. The second method is usually 
cheaper, but is somewhat less effective. Use 
the voltage divider principle and shunt the 
spike to ground through a low impedance at 
the power supply. A common example of 
this principle is the 0.01 µF capacitor placed 
between the power buses and ground of a 
digital circuit, to suppress the low level 
switching transients of digital integrated 
circuits. Since we are talking about tran
sients that come in over AC lines, we need to 
put the low impedance on either the AC line 
or the power supply bus. On the DC side, 
hefty filter capacito1·s do this for the spikes 
with low frequency characteristics, but they 
often exhibit stray inductance which looks 
like ah igh impedance to a fast pulse . Putting 

a 0.01 µF capacitor in parallel with the filter 
capacitor wi!ll take care of many of these. 
Nonlinear devices such as spark gaps and 
varistors may be placed on the AC line. The 
last part of the shunt method is the most 
important. Put a good ground on the ma
chine! If your house doesn't have three wire 
outlets, tie the case ground to a water pipe; 
if you have to, drive a ground rod. Be aware 
of the grounding system in all your elec
tronic equipment. Poor grounding practice 
can cause shocks, ground loops, and erratic 
operation. f When I took my system away 
from its usual solid grounding arrangements 
for a demonstration at the A CGNj meeting 
May 20 of this year, the lack of a good 
ground became painfully obvious: programs 
which have never before committed suicide 
became quite distressed and recal
citrant ... CH/ 

We can expect to adequately protect the 
hardware without much trouble (or cash). 
The best procedure is to use a combination 
of the above methods as shown in figure 2. 

I've tried to explain a Ii ttle about voltage 
transients without getting into the physics of 
semiconductor failure or transient genera
tion analysis. If you want to become better 
versed in this field, read several of the 
references. They all offer good background 
material and references 2 and 3 give detailed 
information. Hopefully, you are among the 
many who haven't had any problem with 
spikes. The best time to prepare for them is 
before they give you trouble .• 

REFERENCES 

1. 	Westinghouse Electric Corporation, Electrical 
Transmission and Distribution Book, East Pitts
burgh PA. 

2. 	 G J Hahn and F D Martzloff, July 1970, "Surge 
Voltages in Residental Power Circuits," IEEE 
Transactions on Power Apparatus and Systems, 
89 (6) 1049-1056. 

3 . 	General Electric Company, Transient Voltage 
Suppression Manual, Syracuse NY. 
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the 

Processor 

Terminal. 

A logical forward step in Microcomputer design 

the Processor Terminal. A new design by TEI and look at 
what you get . .. a complete, self contained microcompu
ter system with display and mass storage, a full keyboard 
and plenty of slot space for additional boards. And that 
famous TEI CVT power supply that makes brownouts a 
thing of the past. 

Display -A 15" high-resolution black and white video 
display with an optical filter face plate to reduce glare and 
improve type visability ... Keyboard - Full upper and 
lower case ASCII detached keyboard with 8 programmable 
special function keys. Keyboard status indicators show 
computer BUSY or READY. And a 16-key numeric cluster 
pad set up calculator style .. . Disk Drive & Controller 
A Shugart SA-400 mini-floppy disk drive. Soft sectored 

with a capacity of about 90 KB. IBM compatible format. 
Controller will handle 3 drives ... CPU- 8080 based with 
a flexible design that allows you to implement a start up 
"jump to" operation to any dip switch selected byte 
address you choose. Merely turn on power or press RESET 
and you are off and running. Excellent for power failure 
automatic restart ... Memory -16K of static RAM memory. 
Low power chips. Selectable address assignment and 
memory protect features .. . 1/0 - 3P+3S input/output 
board. 3 parallel ports and 3 serial ports with selectable 
baud rates of 75 to 19,200. RS-232C and TIL outputs ... 
Video - A video board provides the support for the 
video display functions ... Mainframe - A 12 slot 
mainframe with a 17 -amp CVT power supply, motherboard 
assembly, heavy duty aluminum cabinet, fan and washable 
filter. All edge connectors and card guides provided .. . 
Software - CP/M disk operating system and BASIC 
provided on disk. 

the Processor Terminal (Model MCS-PD fully assem
bled and tested is priced at $3495.00. 

the Processor Terminal partially assembled (We build 
the cabinet, keyboard, monitor, power supply, disk drive 
and motherboard and you build the CPU, RAM, 1/0, Video 
and Controller boards which we supply as kits). This 
partially assembled unit is priced at $2995.00. 

MCS 

SPECIAL SYSTEMS GROUP MICROCOMPUTER SYSTEM 

Contact your local TEI Dealer or 1f you are not near one of our dealers, write or call CMC Marketing Corp direct for more information. 

CMC MARKETING CORP 

7231 Fondren Rd, Houston, TX 77036 Telephone (713) 774-9526 


See you at Pers. Comp. 10/21-29 Chicago Booth # 53 
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• 1920 character display (24 x 80) 
• 16 function keys for 32 commands 
• Separate keyboard-119 keys 
• 10 key numeric pad ADM 2A 
• Single ~ey edit. oper~tions Assembled ... 
• Page, field or line edit $ 
•Security, protected fields 1895.00 

and much more 

• 132 column printing 
• 10-30 CPS 
•Full keyboard 
• Tractor feed 

SYNCBRO·SOUND 

ENTERPRISES, INC. 

One-stop shopping
for Hardware and Software 

Everything you need in small computer systems with special emphasis 
on TERMINALS! Look at these units . . . compare price, quality, delivery, 

service ... and you ' ll see why you don' t have to look anyplace else! 

LE:AR SIEGLER ADM 3A TERMINAL 

~~~.~~ ... $739.95 
!~s~~~led .. 849.95 
~~~~~ ~·a·s·e· .... 6 9.00 

ADM 2A TERMINAL 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

CENTRONICS 
703 SERIAL 
PRINTER 

•Low 
cost 
of ownership 

• Bidirectional logic seeking printing 
• Microprocessor electronics $2395 OO 
• Excellent print quality • 

IMSAI 8080 MICROCOMPUTER 
• Powerful • low cost • Easy to use 

IMSAI 8080 ........ 
' ' 

ww:-~- ~ aa......:... ••- 

HAZELTINE 1500 
VIDEO TERMINAL 
• Reverse video 
• 24 x 80 display 
• Programmable 

brightness levels 
• RS232 and 

current loop 
and much more 

With 22 Slot 
Mother Board 

$619.95 

Assembled . . . . $1149.00 Kit also available 

HAZEL TINE MODULAR 1 
INTELLIGENT TERMINAL 
• 1920 character display 
• 8 different video levels 
•Full editing capability 
• Removable keyboard 

and much more 

Assembled ... . 

$1659.00 

We carry a full l ine of the following: TDL, 
Centronlcs, Seals , Hazelt ine, Micropo lis, 
Hayden, IMSAI, Crornernco, 
Compucolor, I com, Lear Siegler, Ok i data, 
DEC, Javelin , North Star, Peripheral Vision. 
Sarne day del ivery and shipping on most 
items. Full modern repair facilities on 
premises for complete servic ing of 
everything we sell. 

CENTRONICS 761 PRINTER 
• 300 Baud serial transmission 
• Bidirectional and incremental printing 
• RS232, CCITT-V24, or 

current loop interface 
• Baud selection (110/150/300) 

KSR with Keyboard ........ $1695.00 
Receive only version 

1595.00 

• Fully IBM 3740 media 
and format compatible 

• Full formatter 
and controller 
built-in 

ICOM Model FD 37 12 
Dual Drive System 

$2795.00 

SPECIAL BUYS 
Sorac IQ 120 Video Terminal Kit ........ S959 .00 
DEC LA 180 Printer .... . ....... ...... 2769 .00 
Cornpucolor 8001 Color Computer ...... 2595 .00 
ICOM Microfloppy System ............. 989.00 
North Star Microf loppy Disk Kit ..... ... .599 .00 
2708 Eprorns ....... . ................. 27.95 

• Jave lin 9 " Video Monitor ............... 159 .95 
Livermore Modem Model 76 ........ ... .299 .00 
Sol 20 with Solos Kit (limited supply) ..... 999 .00 
Micropolis Model 1053MOD 2 . . . . . . 1799 .00 
IMSAI AP44-44 Col. Pr inter Kit ..... .... .329 .00 
TDL Xi tan A lpha 1 Computer Ki t. ........ 699 .00 

SYNCHRO-SOUND E TERPRISES I c 
The Computer People 
193·25 Jamaica Aven ue, 
Jamaica, New York 11423 
212/468·7067 TWX: 710·582·5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Work ing units on d isplay 
Dept . BB BankAmericard • Mas ter Charge 
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Robert G Lloyd 

7554 Southgate Rd 

Fayettevilh1 NC 28304 


Simple Math Lessons 

Here is a program I wrote using Tom 
Pittman's Tiny BASIC. It originally appeared 
in KIM-I User's Notes. This program al lows 
my two children to play with the computer 
and also learn math . The output of the 
program looks like this : 

THIS IS A MATH TEST 

12 


x 6 

? 

If the correct answer is input, the com
puter replies with YOU'RE RIGHT and a 
new problem is set up. For a wrong answer 
the reply is ??WRONG??, TRY AGAIN and 
the same problem is repeated. If you answer 
incorrectly three times THE RIGHT AN
SWER IS 72 appears and a new example is 
set up . 

The actual problems are randomly chosen . 

The number limits for multiplication are set 

at line 200 for the mul tip licand and 205 

for th e multiplier. Lines 305 and 355 define 

the two addends for additio n.• 


10 PR "THIS IS A MATH TEST" 
15 PR 
20 LET V=O 
30 LET I=O 
35 LET Z=O 
40 PR "TYPE 1 FOR MULTIPLICATION" 
50 PR 
60 PR "TYPE 2 FOR ADDITION" 
70 PR 
80 INPUT I 
90 PR 

100 IF I=l GOTO 200 

llO IF 1=2 GOTO 350 

120 IF D=Q GOTO 500 

130 GOTO 600 

190 END 

200 LET X=(RND (12)+1) 

205 LET Y={RND (12)+1) 

210 IF X <=10 GO TO 230 

220 GOTO 240 


230 PR" ";X 
235 GOTO 260 

240 PR " ";X 
260 IF Y<=lO GOTO 280 

270 GOTO 290 

280 PR" X " ;Y 
285 GOTO 300 

290 PR "X ";Y 
300 PR" 1 


310 LET Q=X*Y 
320 INPUT D 
330 GOTO 120 

350 LET X=(RND (50)+1) 
355 LET Y=(RND (50)+ l) 

360 IF X<=lO GOTO 380 

370 GOTO 390 

380 PR" "; X 

385 GOT0410 
390 PR" "; X 

410 IF Y<=lO GO TO 430 

420 GOTO 440 

430 PR " + "; Y 
435 GOTO 450 

440 PR " + "; Y 
450 PR "_'......' _ 
460 LET Q=X+Y 
470 INPUT D 
480 GOTO 120 

500 PR "YOU'RE RIGHT" 
505 PR 
508 LET Z=Z+ l 

509 IF Z<3 GOTO 512 

510 GOTO 10 

512 IF I=l GOTO 200 

514 IF 1=2 GOTO 350 

600 PR " WRONG , TRY AGAIN" 
610 PR 
620 LET V=V+l 
630 IF V=3 GOTO 650 

640 IF I=l GOTO 210 

645 IF 1=2 GOTO 360 

650 PR "THE RIGHT ANSWER IS " 
655 PR Q 
660 PR 
670 GOTO 10 
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LookToThe North Star HORIZON Computer. 

HORIZON ™- a complC'te. high-performance mi roprocessor 
\)'Sll'm with integrated floppy di k memory. HORIZO is 
attractiVI', profcs iona lly C'ngincered. and ideal for busines . 
(•duc<Jtiona l and persona l app lications. 

To lx•gin programming in extend d BASIC. merely add a CRT 
or harcl-conv tl'rminal I ORIZO -1 inc ludes a Z80A processor. 
lbl\ R1\M, m1nifloppy™ disk and 12-slot S-100 motherboard 
with ~l'ri<1l tl'rn1inal 1ntcriace - all standard equipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A proces~or operates at 4MHZ- double the pow r of 
the 8080. And our lbK R M board let the Z80A execute at 
iull >pc>t•c/ I IORIZO can load or ave a 10K byt di k program 
in IE-'' than 2' •conds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZ in ·lud<' th orth tar Di k Op rat ing System and 
tull e\lt'nded BASIC on diskette ready at power-on. Our BASIC. 
now in' idcsprcacl use. has everythi ng d ired in a BASIC. in
c luding sc<iuential and random disk files, formatted output, a 
powcrfol linc t'di tor. str ings, machine language CALL and more. 

EXPAND \'OUR HORIZON 
Also available-Hardware floating point board (F PB ); add i
tional 16K m mory boards with parity option. Add a second 
disk drive and you have HORIZON-2. Economical serial and 
paral lel 1/ 0 port may be in tailed on the motherboard. Many 
widely available S-100 bus p riphera l boards can be added to 
HORIZO . 

QUALITY AT THE RIGHT PRICE 
HORIZO processor board. RAM. FPS and MICRO D ISK SYS
TEM an be bought separately for either Z80 or 8080 -1 bu 
systems. 

HORIZO -1 $1599 kit ; $1899 assembled. 
HORIZO -2 $19 kit ; $2349 assembl d. 

16K RAM-$399 kit ; $459 a embled ; Parity opt ion $39 kit ; $59 
assembled. FPB $259 kit ; $359 assembled. Z80 board $199 kit ; 
$259 assembled . Prices subject to change. HORIZON offered 
in choice of wood or blue m tal cov rat no extra barge. 

Write for fre olor cata logue or visit your local computer store. 

NORTH STAR * COMPUTERS 

2465 Fourth Slreet • Berkeley. California 94710 • (415) 549-0858 
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The end of bad solder ioints, heat damaged 
components and sick IC's. Introducing the 
Semikit. Item 1, a 16KRA Memory Board,$369. 

Let's face it. Loading and 
soldering PC Board is not much 
fun for the kit builder. Even 
more important. it's the place 
where most of the trouble get 
introduced. The real fun and 
education comes in running and 
testing boards. 

Now the Semikit with 
fully tested IC's. 

At the price of a kit, Pr cessor 
Technology Corporation intro
duces the emikit. It's a fully 
stuffed, assembled and wave 
soldered PC Board loaded with 
IC's that have gone through Q.C. 
and final checkout (a first in 
the industry). 

We leave you the fun of 
testing with our fu!Jy d cumented 
set of instructions. We do the 
production tasks of loading, wave 
soldering and in pecting the 
boards. You do the more interest
ing and tim consuming chore 
of testing and burning-in 
the boards. 

The result is one sweet deal 

Ci rcle 117 on inqu iry card . 

for both of us. You get a board 
where the primary causes of 
damage (poor solder joints, excess 
solder and bad IC's) are virtually 
eliminated. You get a board of 
highest professional quality. 
And we get the business! 

The 16KRA Memory 
Board's at your dealer now. 

Your Proce or Ti chnology 
dealer has the first Semikit, a 
16KRA Memory Board, in tock 
and ready to go right now. You 
can take it home tonight for 
369 as a emikit or for 5399 

fully as em bled tested and 
burned-in. 

You'll have a 16.384 byte 
memory with a better price per
formance ratio than anything 
n the market today. Now you can 

afford to add quality. high 
density memory to your system 
for remarkably little. And you 
can add enough t solve complex 
omputing problems right in 

the main frame. 
The memory features invisible 

refresh. There's no waiting while 
the CPU is running. Worst case 
access time is 400 nsec. Each 
4,096 word block is independently 
addressable for maximum sys
tem flexibilit . Power is typically 
5 watt , the same as most single 
4K memory modules. Back-up 
power connection is built-in. 

Other Semi's are coming 
your way. 

The 16KRA Memor is 
Proces or~ first step in adding 
mor fun. capability and reli
abilit to your computer system 
at lower cost. Other modules ar 

n the way to your dealer now. 
Come on down today. 

Or you may contact us 
directly. Please addres Processor 
Technology Corporation. Box B, 
7100 Johnson Industrial Drive. 
Pleasant n. alifornia 94566. 
Phone (415) 829-2600. 

ProcessorTechnolo 
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The Small Computer 

Twenty-five years ago a computer as powerful as the 

new Proce sorTechnology SOL-20/8 priced out at a cool million. 
ow for only $1350 in kit form or $1850 fully 

assembled and tested you can have your own small computer 
with perhap even more power. It comes in a package about the 
·ize of a typewriter. And there' nothing like it on the market 
today. Not from IBM , Burroughs , DEC , HP or anybody else! 

It fills a new role 
If you 're an engineer, scientist or businessman, the 

Sol-20 can help you solve many or all of your design problems, 
help you quantify research , and handle the books too. For not 
much more than the price of a good calculator, you can have high 
level computer power. 

Use it in the office, lab, plant or home 
Sol-20 is a mart terminal for distributed processing. 

Sol-20 i. a tand alone computer for data collection, handling 
and analysis . Sol-20 is a text editor. In fact, Sol-20 i the key 
element of a full fledged computer system including hardware, 
software and peripheral gear. It's a computer sy tern with a 
keyboard , extra memory 1/0 interfaces , factory backup, service 
notes. user group. 

It's a computer you can take home after hour to play 
r create sophisticated games , do your personal books and taxes , 

and a whole host of other tasks. 
Those of you who are familiar with small computers 

will recognize what an advance the Sol-20 is . 

Sol-20 offers all these feature as tandard: 
8080 microprocessor-1024 character video display 

circuitry-control PROM memory - 9216 words of static low
power RAM- 2048 words of preprogrammed PROM - built -in 
cassette interface capable of controll ing two recorders at 1200 
bit per second - both parallel and serial standardized interface 
connectors - a complete power upply including ultra quiet 
fan - a beautiful case with solid walnut side -software which 
include a preprogrammed PROM personality module and a data 
ca sette with BASIC-5 language plus two sophisticated computer 
video games-the ability to work with all -100 bus product . 

Full expansion capability 
Tailor the Sol-20 ystem to your applications with our 

complete line of peripheral products. These include the video 
monitor, audio ca sette and digital tape systems, dual floppy 
disc system, expansion memories, and interfaces. 

Write for our new 22 page catalog. 
Get all the details. 

Processor Technology, Box B, 7100 John on Industrial 
Drive, Pleasanton , California 94566. Phone (415) 829-2600. 

ProcessorTechnology 




See Sol here••• 

ALABAMA The Byte Shop itty bitty machine co. NEW YORK Interactive Computers 

ICP, Computerland 
1550 Montgomery Hwy. 
Birmingham, AL 35226 
(205) 979-0707 

2626 Union Avenue 
San Jose, CA 95124 
(408) 377-4685 

The Computer Room 
124H Blossom Hii i Rd. 

42 West Roosevelt 
Lombard, IL 60148 
(312) 620-5808 

INDIANA 

The Computer Mart 
of Long Island 
2072 Front Street 
East Meadow, L.I. NY 11554 
(516) 794-0510 

7646 \/z Dashwood Rd. 
Houston, TX 77036 
(713) 772-5257 

Neighborhood Computer 
Store 

AR IZONA 
Byte Shop Tempe 
813 N. Scottsdale Rd . 
Tempe, AZ 85281 
(602) 894-1129 

Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 
(602) 942-7300 

Byte Shop Tucson 
2612 E. Broadway 
Tucson , AZ 85716 
(602) 327-4579 

CALIFORNIA 
The Byte Shop 
1514 University Ave . 
Berkeley , CA 94703 
(415) 845-6366 

Computer Center 
1913 Harbor Blvd. 
Costa Mesa, CA 92627 
(714) 646-0221 

San Jose. CA 95123 
( 408) 226-8383 

The Byte Shop 
509 Francisco Blvd. 
San Rafael , CA 94901 
(415) 457-9311 

The Byte Shop 
3400 El Camino Real 
Santa Clara, CA 95051 
( 408) 249-4221 

Recreational Computer 
Centers 
1324 South Mary Ave. 
Sunnyvale, CA 94087 
(408) 735-7480 

Computer Components 
5848 Sepulveda Blvd. 
Van Nuys, CA 91411 
(213) 786-7411 

The Byte Shop 
2989 North Main St. 
Walnut Creek, CA 94596 
( 415) 933-6252 

Byte Shop 

The Data Domain 
406 So. College Ave. 
Bloomington, IN 47401 
(812) 334-3607 

The Byte Shop 
5947 East 82nd St. 
Indianapolis, IN 46250 
(317) 842-2983 

Computers Unlimited 
7724 East 89th Street 
Indianapolis, IN 46256 
(317) 849-6505 

The Data Domain 
7027 N. Michigan Rd. 
Indianapolis, IN 46268 
(317) 251-3139 

IOWA 
The Computer Store 
of Davenport 
616 West 35th Street 
Davenport. IA 52806 
(31 9) 386-3334 

The Computer Shoppe 
444 Middle Country Rd. 
Middle Island, NY 11953 
(516) 732-4446 

The Computer Mart 
of New York 
118 Madison Ave. 
New York, NY 10001 
(212) 686-7923 

The Computer Corner 
200 Hamilton Ave. 
White Plains, NY 10601 
(914) 949-3282 

OHIO 
Computer Mart of Dayton 
2665 S. Dixie Ave. 
Dayton, OH 45409 
(513) 296-1248 

OREGON 
Byte Shop Computer Store 
3482 SW Cedar Hills Blvd . 
Beaverton, OR 97005 

::20 Terrace Shopping Center 
4902 - 34th Street 
Lubbock, TX 79410 
(806) 7 43-2787 

The Micro Store 
634 So. Central 
Expressway 
Richardson. TX 75080 
(214) 231-1096 

VIRGINIA 

The Computer Systems 
Store 
1984 Chain Bridge Rd. 
Mclean, VA 22101 
(703) 821-8333 

Media Reactions Inc. 
11303 South Shore Dr. 
Reston. VA 22090 
(703) 471-9330 

The Home Computer Center 
2927 Virginia Beach Blvd. 
Virginia Beach. VA 23452 
(804) 340-1977 

DCI Computer Systems 
4670 N. El Capitan 
Fresno. CA 93711 
(209) 266-9566 

Bits 'N Bytes 
679 S. State College Blvd . 
Fullerton. CA 92631 
(714) 879-8386 
The Byte Shop 
16508 Hawthorne Blvd. 
Lawndale. CA 90260 
(213) 371-2421 

Opamp/ Computer 
1033 N. Sycamore Ave. 
Los Angeles. CA 90038 
(213) 934-3566 

The Computer Mart 
624 West Katella = 10 
Orange. CA 92667 
(714) 633-1222 

Byte Shop 
496 South Lake Ave. 
Pasadena. CA 91101 
(213) 684-3311 

Micro-Computer 
Application Systems 
2322 Capitol Avenue 
Sacramento. CA 95816 
(916) 443-4944 

The Computer Store 
of San Francisco 
1093 Mission Street 
San Francisco. CA 94103 
(415) 431-0640 

Byte Shop 
321 Pacific Ave. 
San Francisco, CA 94111 
(415) 421-8686 

14300 Beach Blvd. 
Westminster, CA 92683 
(714) 894-9131 

COLORADO 
Byte Shop 
2040 30th St. 
Boulder, CO 80301 
(303) 449-6233 

Byte Shop 
3464 S. Acoma St. 
Englewood. CO 80110 
(303) 761-6232 

FLORIDA 
Byte Shop of Miami 
7825 Bird Road 
Miami, FL33155 
(305) 264-2983 

Microcomputer 
Systems Inc. 
144 So. Dale Mabry Hwy. 
Tampa. FL 33609 
(813) 879-4301 

GEORGIA 

Atlanta Computer Mart 
5091-B Buford Hwy. 
Atlanta. GA 30340 
(404) 455-0647 

ILLINOIS 
Champaign Computer 
Company 
318 N. Neil Street 
Champaign, IL 61820 
(21 7) 359-5883 

itty bitty machine co. 
1316 Chicago Ave. 
Evanston. IL 60201 
(312) 328-6800 

KENTUCKY 
The Data Domain 
3028 Hunsinger Lane 
Louisville, KY 40220 
(502) 456-5242 

MICHIGAN 

The Computer Store 
of Ann Arbor 
31 O East Washington 
Ann Arbor, M l 48104 
(313) 995-7616 

Computer Mart 
of Royal Oak 
1800 W. 14 Mlle Rd. 
Royal Oak, Ml 48073 
(313) 576-0900 

General Computer Store 
2011 Livernois 
Troy, Ml 48084 
(313) 362-0022 

MINNESOTA 
Computer Depot, Inc. 
3515W.70thSl. 
Minneapolis, MN 55435 
(612) 927-5601 

NEW JERSEY 

Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken , NJ 07030 
(201) 420-1644 

The Computer Mart 
of New Jersey 
501 Route 27 
lselin, NJ 08830 
(201) 283-0600 

(503) 644-2686 

The Real Oregon 
Computer Co. 
205 West 10th Ave. 
Eugene, OR 97401 
(503) 484-1 040 

Byte Shop Computer Store 
2033 SW 4th Ave. 
Portland. OR 97201 
(503) 223-3496 

PENNSYLVANIA 
Byte Shop of 
Delaware Valley 
1045 Lancaster Pike 
Bryn Mawr. PA 19010 
(215) 525-7712 

RHODE ISLAND 
Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick, RI 02886 
(401) 738-4477 

TEXAS 
Computer World 
926 N. Collins 
Arlington. TX 76011 
(817) 469-1502 

Byte Shop 
321 1 Fondren 
Houston, TX 77063 
(713) 977-0664 

Computertex 
2300 Richmond Ave. 
Houston , TX 77006 
(713) 526-3456 

WASHINGTON 

Byte Shop Computer Store 
14701 N.E. 20th Ave. 
Bellevue, WA 98007 
(206) 746-0651 

The Retail Computer Store 
410 N.E. 72nd 
Seattle, WA 98115 
(206) 524-4101 

WISCONSIN 
Madison Computer Store 
1910 Monroe St. 
Madison. WI 53711 
(608) 255-5552 

The Milwaukee 
Computer Store 
6916 W. North Ave. 
Miiwaukee, WI 53213 
(414) 259-9140 

CANADA 
Trintronics 
160 Elgin St. 
Place Bell Canada 
Ottawa, Ontario K2P 2C4 
(613) 236-7767 

First Canadian 
Computer Store Ltd. 
44 Eglinton Ave. West 
Toronto, Ontario M4R 1A1 
(416) 482-8080 

The Computer Place 
186 Queen St. West 
Toronto. Ontario M5V 1 Z1 
(416) 598-0262 

Pacific Computer Store 
4509-11 Rupert St. 
Vancouver, B.C. V5R 2J4 
(604) 438-3282 

Processor 
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My Experiences with the 2650 


;;.::~, 

~..;.;.:·;;'. ;.;._ <::·/~ '$: :: ' -~:· :· ' . --~~\~~: 
i~lfl r~a(tpooOhe ape.aS:last tiS ' 
;qqµ can pull it through (0--5,000 cps)! 
, E~ch unit includes a custom optical 
' sensor array, high speed data buffers. 
and all required handshake logic to 
interface with any microprocessor 
parallel 1/0 port. Check our specs. AT 
OAE WE MAKE QUALITY AFFORD 
ABLE! 

Available at quality computer stores 
everywhere. (Or. add $2.50 for domes
tic shipping and hand ling - CA res. 
add 6% .) 

s9500 
A&T 

OAE 
Oliver Audio 

Engineering, Inc. 

7330 Laurel Canyon Blvd. 

North Hollywood, CA. 91605 

(213) 765-8080 
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A Report from Our 14 Year Old Correspondent 

Brian K Moran 

7335 N Manning Dr 

Peoria IL 61614 

When I saw an ad in Electronics magazine 
for the Signetics 2650, I had a "sixth sense" 
that this was the processor I wanted. After 
contacting Signetics Corporation I received 
the 2650 manual. I had only started to learn 
abo ut computers two months before, so I 
did not understand everything in the man
ual. I had no one to ask; my mom and dad 
are not fami li ar with computer technology. 
I began to write to Signetics, asking about 
various things, and they wrote back ex· 
pressing much enthusiasm about my being 
interested in computers at such a young 
age. (I was 13 years old). 

Signetics made ava il ab le to me a 3 day 
seminar about the 2650 and about micro
computers in general. Need less to say, I 
was ecstatic. Even my parents were excited! 
When I arrived at the ales office where the 
seminar was to be held, I found I was the 
only person under 20 years of age. There 
was one person from a well -known mega· 
computer company, three men from a well
known amusement device company, two 
instructo rs, and myself. These adults were 
surprised that a "kid" would be learning 
about computers, and they asked me many 
questions. 

The first day of the sem inar went well, 
considering that my specialty is hardware, 
and I actua ll y began to understand software. 
I had many chances to discuss certain 
aspects of personal computers with the man 
from the megacomputer company, and over 
lunch we discussed many problems of 
systems going berserk, dropping bits, break
ing down, etc. 

The second day we studied the problem 
of programming 10 ports, and tested our 
programs on a timesh are computer ervice 
provided by the seminar. My program (the 
first I had written) had one bug in it. The 
problem was to read in data from a certain 
port into a specified register and output it to 



a certain port containing an LED for each 
data line. The program was to do this con
tinually, but when I loaded the data in from 
the port I r orgot to clear it first. 

I wanted to keep the program to an abso
lute minimum because the Teletype l was 
using kept losing contact with the timeshare 
computer. After fighting a battle of trying 
to write and save programs before the 
modem "crashed," the final score was: 
modem 4. me 1. I fin ally finished it. At 
thi s point the instructor said l could use 
another Teletype. No way! 

Now came my turn to load my program 
into the demonstration computer. The 2650 
must have liked me because it worked right 
after l loaded the program and pressed 
reset. 

The t!1ird and last day at the seminar we 
lea rned about hardware usage and interfaces. 
I was sad to be leaving when it came time to 
bid everyon!'! goodbye. l had become good 
fri ends with all the people and they had all 
he lp~d me in one way or another. 

The seminar was in March, and until late 
May I programmed on paper since I had no 
computer, nor access to one. l decided to 
purchase an AMT-2650 from Applied 
Microtechnology so I could learn more 
about it before I designed and built my 
own processor board. It was two months 
and five days from the date of my order 
that my computer was delivered. It arrived 
th e day before school reopened . This was 
a great di sappointment because I was plan
ning to work on it during summer vacation. 

Arter programming the diagnostics to 
check out the computer, I discovered that 
bit 0 in output port C remained lit when the 
computer was in the run state, and when a 
true bit was in position 0 in output port C, 
th e bit in the data load byte would come on, 
mak ing things more confusing. 

Despite all th e bugs, I developed many 
hort programs on this computer including 

one that ro ta tes left one bit in output port C 
un til it gets to bit 7, while another bit in 
output port D rotates right at the same 
speed; then both would repeat. One row of 
LEDs is on top of anther, so that, when 
this program is run, the lights seem to chase 
each other in circles. There is one catch : the 
light go very fas t at fir st and get' slower 
and slower until they come to a full stop 
and the machine halts. Upon reset, the 
whole process is started again . 

I'm still li sting fea tures I want for my 
processor board and front panel. If anyone is 
interested in the 2650 please contact me, 
since no one I know uses this processor, 
and I would like to possibly start a users' 
group.• 

COMPLETE 

FLOPPY DISK SYSTEM 


FOR YOUR ALTAIR/IMSAI 

S6CJCJ 


That's right . com plete. 
The North Star MICRO -DISK SYSTE M™ uses the Shugart 

mini floppy™ d isk drive. T he controll er 1s an S·100 com· 
pat ibl e PC board with on-boa1d PROM for bootstrap load . It 
can control ur to three drives, either with or without 
interrupts . No OMA is required. 

No system is complete without software: we provide the 
PR OM bootstrap, a f ile -oriented disk operating system (2k 
bytes). anu our powerful extended BASIC with seq uen t ial 
and random disk f ile accessing (10k bytes). 

Each 5" diameter diskette has 90k data byte capacity . 
BASIC loads 1n less than 2 seconds. The drive itself can be 
mounted inside your computer, and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max ). Or, if you 
prefer , we offer a power supply ($39) and enclosure ($39). 

Sou nd unbe lievable? See the North Star M ICRO -DI SK 
SYSTEM at your local computer store. For a high-performance 
BASIC compu t ing system, all you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the Nort h Star 
MICRO-D ISK SYSTEM. For addit iona l performa nce, ob tai n 
up to a factor of ten increase in BAS IC executio n speed by 
also ordering lhe North Star hardware Float ing Poin t Board 
(FPB A) . Use of the FPB ·A also saves about 1 k of memory by 
el iminating software arithmetic routines. 

lncluclecl · North Star contro ller kit (highest quali ty PC 
board and components, sockets for al l IC 's, and power regula· 
t ion for one drive), SA -400 drive (assemb led and tested) , 
cabling and con nectors, 2 diskettes (one con taining file DO S 
and BAS ICl, complete hardware and software documentat ion, 
and U .S. shipping . 

MICRO -DISK SYSTEM .. . $699 	 To place o rder. send 
check, m oney order o r (ASSEMBLED) . .... . . $799 
BA o r MC card# w11h e xp .ADDIT IONAL DR IVES... $425 ea. dare and signa ture . Uncer 

D ISKETTES.. . . . . ... . $4 .50 ea. 1if 1ed checks require 6 
FPB A ... ... . .. . . . . ... $359 weeks processiny . Cali f . 

(ASSEMBLED) .. . . , . . $499 res1den1s add sales iax 
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Does Anybody Know What Time It Is? 


Robert Grappe! 
148 Wood St 
Lexi ngton MA 02173 

One of the earl ies t prnducts of LSI tech
nology that filtered down to the hobbyi l 
was the "clock chip." This litt le "beau ty" 
divided the 60 HL line ignal down to 
seconds, minute an d h urs ...and displayed 
the results on 7 cgmc nl LED or oth er dis
plays. Today these "clocks" come in a 
grea t variety of types, i1c and funct ions. 
They come tiny for watches. Some have 
extra timers and ala rm capabil ities. Th ey arc 
ine pensive, and req uire little in the way 
of external circL1itry. For long term timing 
ap plica tions, they form an idea l so lution for 
computer experimen tcrs. 

For many personal compu tcr appl ica
tion, it would be useful for the compu ter 
to have a knowledge of the lim e. The com
puter can certa inl y count interrupt from 
a crystal time standard, but wh y not use 
external hardware op timiLed for the time
keep ing function, ic : a "clock chip?" This 
articl e describes an approach to suc h a 
linking of comp uter and clock. The clock 
I used had a National Semiconductor 
MM5314 , but other clock chips using multi
plexed 7 segment displays will also work. 
The circui t attaches to the display li nes, 
doe not disable the clock functions or the 
display, and is eas il y added inside the clock's 
case. It simpl y lets the computer read the 
clock digits (with th e appropriate software) 
at the same time that the ordinary elec tronic 
di play is produced. 

The hardware interface is shown in 
figure 1. It co n is ts of three integra ted 
circuits at a total cost of less th an $5 . Two 
CD4010 buffers are used to convert the 
MOS voltage leve ls of the clock to TTL 
leve l . These buffers arc CMOS, o they 
form almost no load on the clock circu it s. 
The pins labe ll ed Voo are Li ed to the 
clock supply. The pin labell ed Vee are 
tied to the computer TTL power suppl y 
of 5 V. The common ground line for clock 
and interface and computer is Vss · Th e onl y 
criteria assumed here are th at V55 =G ND< 
Vcc=+s v < v00. 

The clock uses a multiplexed 7 egment 

display forma t. Th is means that each digit is 
formed from even data bits, and the digit 
are sequenced one dt a time. The lower 
buffer works on the segmen t signals. Al 
though seven bits .ire u ed for the display, 
onl y five arc needed to uniquely decode 
digit . This circui t send s the a, b, c, f and g 
signal to the comp uter. The e five bit arc 
u eel in a oft ware table looku p to convert to 
the digit code. The buffer IC2 h nd lcs the 
digit ignal . The six d igits are scanned right 
to left, from cconds digit to tens of hour 
digit. These six ignals are co nverted to J 

3 bit binary num ber by a 74 147 prior ity 
encoder. Since both th e cloc" c1nd the 
74147 utiliLe inverted logic, the con
nection have been manipulated to pro
vide a normal logic output. (Seco nd s 
digit i I, tens of seconds is 2, etc). Thus 
each digit i converted to eight data bi ts: 
three which describe its place in the disp lay 
and five when uniquely map to its valu e. 

The subroutine of list ing 1 illustrates how 
to read the clock interface. It is written for 
a Motorola 6800, but should be readi ly 
convertible to other processors. Th e locat ion 
CLK IO is th e interface input (which is 
assumed to be previou ly initiali zed if it is a 
PIA data location ). The subroutine reads 
the digits from right to left an d stores the 
ASCI I code for each digit in a 6 byte stor
age area . This area is pointed to by th e X 
register contents when the ubrou tine is 
ca lled. 

The code between WA ITD and CLK2 
continuou ly amp les the interface waiting 
for the low ord r 3 bit digit code pointed 
to by the B reg iste r. When data for that 
digit is presented, it cgment da ta is 
eparated from the input value and tho c 

five bits (shifted right three positions) arc 
u ed in a table lookup in SEGTAB. This 
returns the ASC II digit. If no digit co rres
ponds to the bit pattern (hard ware error). 
th e letter E is returned. This ASC II char
ac ter is stored in the toragc area. The 
routine loops through al l 6 digit locations 
and then returns. 

Figure 7: Schematic of the clock interface, and a partial schematic of the clocl? chip and display circuitry. The interface circuitry 
is intended to convert the signals from on existing electronic clod? using MOS integrated circuits and LED displays (left) into 
TTL compatible levels usable by the microprocessor port at right. Some analysis of the particular clock used is required to attach 
the interface wires to the appropriate digit and segment output lines. Since the CMOS DC40 70 level shifting buffers employed 
have high impedance inputs, the loading of the clock chip '.s output lines will not affect operation of the clock itself when the 
computer is attached. 
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CUSTOM Wl REO OR +5V 
PART OF EXISTING I <CLOCK UN IT 

I 
INTERF ACE TOI I K COMPUTERLEO DISPLAY I 
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DI GIT OUTPUTS• 

IC4 · CLOCK CHIP (PART OF .AN 
EXISTING EL ECTRONIC CLOCK) 

SEGMENT OUTPUTS• 
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NOTES 
VOO, IS TAKEN FROM 
EXISTmG CLOCK 
SUPPLY, ANO MUST BE 
GREATER THAN 
llCC•!>V 
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• PROGRAM TO READ CLOCK PEJllPHZ:!IAI. HARDWARE 
• CALL Sl/l!ROUTINI VITH ADDRESS or 6-BYTE STORAGE 
• AREA POINTED TO IN X-REOISTER 
•ASCII DIGITS VILL BE STORED THERE 
• ORD!:ft lSt 
• S~COKOS# to•s OY SECONDS 
• MINUTES, IO'S OP' MINUTES 
• HOURS. 10'5 or HOURS 
• KARDVA.RE ERRORS WILL STORE CKAR· •[•. 
• VRITTEN BY R• D• GRAPPE~ 
• JAHUAAY 	 l9?"1 
• P'OR NOTOROLA 6800 PROCltSSOR 

CLOCK LOA 8 II START WITH SECONDS DI QI T 
YAITD LOA A CLKIO READ CLOCK PORT 

PSH A SAVE DATA 
AND A 11 	 GET !E6"ENT VALUES 
CBA 

BEQ CLK2 CORRECT DIGIT 

PUL A 

BRA VAITO WAIT YOP. DIGIT 


CLK2 	 PUL A GET SEGMENT VALUES 
LSR A 
LSR A 
LSR A 
STX SAVE SAVE x·RIOISTER 
LOX •SEOTAB POINT TO CONVERSIO~ TABLE 
STA A IND!X•I MOO IYY NEXT INSTR· 

INDEX 	 LOA A O,X GET ASCII CODE 

LOX SAVE RESTORE X•BEGISTER 

STA A o,x STORK CHARACTER 

INX 

INC 8 NOVI! POINTERS 

CICP 8 #7 DONE WITH 6 DIGITS? 

BIU: VAITD LOOP UNTIL DONE 

ATS 


SAVE 	 RMI! 2 TEMPORARY SAV! AREA 

SE8TAI! 	 rec 'EEEI • 7•SE6111tNT TO ASCII COMlll!RSIOH TABLE 
rec •11:16 ' 'I:' MEANS NO DI GIT HAS THIS PATTERN 
1CC 'l~E• • 5•81 T INDEX INTO TABLE FORKED f'ROM 
rec ·1n1t• SEGMPTS A181!1P'1G 
P'CC 'EIZ !. ' IA Sl:Go IS HI OH ORDER> 
rec ·uu· 
P"CC 7319.I 

FCC • r::eos • HANDLES ALL FORKS Of DIGITS 

Listing 7: A program 1Vri1te11 for the 6800 
which will translate the outputs of the 
clock chip at the input port CLKIO into a 
6 byte string of ASCII digits. Due to thl' 
typical 	 scanning times of clocl< displays, 
the execu tion of this routine will complete 
in 6 to 7 7 milliseconds, so use in time-depen
dent portions or (/ program may require 
careful thinl?ing. 

The tab! lookup i dune with th e 11 id. 
of in truction modirication Jt INDEX. 11 

this offends your en e of "proper program
ming practice," then try the code u eel in 
the MORSER article (BYTE, October 1976, 
p,1ge 34). 

The clod.. tcp thr ugh digit~ .It .1 

roughly I kH1 rate. Since Lhe lock and the 
computer arc not '>ynchronil'.cd, it might 
take up to I I Jigit tim es for the pro •r·Jm to 
run to completion. The sub r utine thu '> 
execute in between 6 and 1 I ms. I t require\ 
about 80 hyte'> of memory. 

Now there is no excu e fo r your com
puter not to know the lime unless it clock 
stops. • 

~1 .1ndMd fl•,1111rL's l "ull -.,l'll'l' ll displ.1~ l,r:!-1 lim·-., Ii~ HO ch.i1-.1c tl·r-., Pr<lf,• -.,silHl•tl h1ghl\ 1,·!1.1l1k l,l.,1,,,,ml 111111 ~ 
l lL'~ r<lllnn·r :\111 t' n ' pl'•" ing n11·-.,l'I' I"''"· · -.,p,K'l' .111d · p,· n rn I 
l-" ull , \ '.-)( 11 d1spl. 1~ ul'11ppL' r,111d 11m· l"11L'l'L'd..,l' c h,1r.1\'tl'r.., plu-.,,11111iq11c ""' fur th,· di-.,pl.11 lli't·11ntrl1I d1"1'.1ltn-., 

C1111snll' sciL·c1,1lilc '1>,1gL' 11wd,· 11 ·i1h ll'llL' t•diti11;.: l11s,·rti,111 .111d d,·) ·til'" ,,r ch,11.1 l l'I.., u1 · lin,· -., 11 ith <1l1lu111.1 111 · 

displ.1~ l'L'arr,111g,·111,· 11t I ),11 ,1 r,11,•-., tu l!l:!OO li,111 d 

J\Jisolt1l(' L'llrSLll' IJllSi ! illl\illg . l'L'jJlll l \Ii' 'l ll"Sl•I pOSl t illl\ fi~l·d tdlJs. hl>ll\L' lip. ill'" L' l\ hl' Ill l'lll.1 ui' lll\L' ,\l\d L'l'<l -.,l ' 
l\\ L'lld or fill' ,\!'l' tlll -.,1 ,111d.ird :\ ·-.,11\<11'1 p,\gl' tr,\nSll\it igllll l\'S t l'olilrl\g 'iih1CL'-., 011\d !Jl,1111\ lim•s 

The I\ 'T-1 \ . ('\Ill\ • .., in t\\" l'llllfigur.11 iLll\S I11 ,, l'lllnp oll'I l'<lllll1l'I II ii houl 11\\H\ilt\r r,1r S.).i() l. \ l T I\ . \ ) \\r n 11 np ll' ll' 
\\'ilh I ~" d.11 ,1 1nl1111 tt1r ,111d m1111 · nc I\ ·~pad 1'0 1 ~t)()(I !. \CT- 1\ ' l ~ l :\ II un1h .1n· l'ull~ ,,..,..,L·rnlilnl .111d tl'.'slL'd ,\\ ,11,· 
det.1rlcd 1111'nrn1<1!irn1 cnnccrn111g t ill' ,\lT·I\ ' ·c111 '"·' ,,1it,\ i11L·d l'rnrn ,111~ di>.\Timi11.1t1ng 1·u111pt1tL'I -.,1n1\: 

Micro-Term Inc . 
P.O. Box 9387 St. Louis, MO 63117 (314) 645-3656._________ 
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What you should kno\¥ 

about our "V1orkhorse 111icro" 


The Peripheral Universal Processor 


~" """'"'
We have done it again - yes. Seal 's has designed and 

engineered the only truly continuous-duty 
micro computer. 

We are proud to announce the arrival of the newest 
member to the Seals' family of performance products... 
the PUP-1 Peripheral Universal Processor. The PUP-1 
was designed with the same reliability and attention 
to detail that has enabled Seals' products to set the 
quality standards for the industry. The PUP- 1 was 
designed from the ground up to meet all the needs and 
dema nds placed on a continuous-duty micro computer 
by OEM applications. 

The standard software package for the PUP-1 
includes DOS, EXTENDED BASIC, SAMPLE 
BUSINESS, and DISC OPERATING ROUTINES . 
To make repairs more simple, should a malfunction 
occur, the PUP-1 comes with a diagnostic program 
that w i l l locate the exact area of dysfunct ion . 

The PUP -1 is fully operational in temperatures from 
0 -55° C and can run on AC line voltages available 
anywhere in the world . 

Designed to deliver rel iabi lity, performance and 
maintenance-free operation. the PUP-1 makes 
optimum cost effectiveness available for you . 

PUP -1 SPECIFICATIONS 
PROCESSOR 
t1 -b1t z .ao CPU 2.5 MHz standard 4MHz option / other CPUs availab le. 
STANDARD SOFTWARE 
EXTENDED BASIC. DOS. diagnostics. sample business and disc 
ooeraung routine 
BUS 
Completely S-100 Compatible All accepted signals including 'P-sync' 
and 'Refresh ' Plug· in terminators on 16 address lines. a data in. and 
B data ou t lines 
MEMORY 
32K standard Expandable to 0 5 M egabyte without additional power 
or extended mother-board 

·"'""" am,.) 
DISK DRIVE 
Bu ilt-in dual 'Shugart' mini-floppy standard. a6K per disk. Also available 
without disk or w ith one drive only (Double Dens ity Coming). 
1/ 0 
Standard ports : 2 serial. 2 parallel Each complete ly independent (any 
port may be run al any address). Addresses switch-selectable with 
software override. 50 to 19,200 baud. 
POWER SUPPLY 
Full-load rating + av @ 23A, + 1av @ 6A, - laV @ 6A 
Input 95 - 125V ac and 195 - 250V ac. 50-60Hz. 
Oversize rectifiers 50A av. 25A ± 16V 
FRONT PANEL 
Push Buttons. ' INITIALIZE ', 'RESET' . 'STOP' 
Indica tors: 'RUN'. 'WAIT'. 'SINP'. ·sour. 
Security Lock: 'OFF', 'INITIALIZE'. 'RUN '. 'PROTECT'. 
REAR PANEL 
9 cutouts for standard 25 pin EIA connector. 2 cutouts for standard 37 
pin EIA connector 2 cutou ts for standard 15 pin EIA connector . 2 D holes 
for BNC connectors. Off-On Switch (main pow er). Fused main power. 
MECHANICAL 
Free-standing (rack mounung optional) 
11 -connector mother-board. Rigid main chassis. 
Removable front panel. 
Card-cage containing all components , except power supply and listed 
front and rear panel controls and connectors. removable for servicing. 
OPERATING TEMPERATURE 
Full speci fication at ambient 0 -55°C. 
ATTENTION SYSTEMS DESIGNERS: 
Seals Electronics Inc .. has developed a hybrid BASIC which 
combines the best features of both compiler and interpreter 
languages. Call factory direct or write Seals today for information 
explain ing how our fundamental software program will assist you 
in your systems construction . 

1..SERLS~. ELECTRONICS, INC. 
10728 DUTCHTOWN RD ., CONCORD, TN . 37922 

(615) 966-8771 TELEX NO. 55 -7444 

• 8V ANO 1 16V BUS LINES 
INDEPENDENTLY FUSED 

TR ANSF OR M ER WILL 
AUN ON AC LINE 
VOLT AGE AVAILABLE 
AROUND THE WORLD 
90 to 13SV ac 
190 10 260V ac 
SO 60 Hr IN PUl 

STANOARO COLORS GOLD WrTH BLACK TRIM 
OTHER COLORS AVAIL.ABLE 

Circle 127 on inquiry card. 



Figure 7: A simple circuit which processes a 6.3 VAC reference signal derived from the power companies' 60 Hz grid to produce 
a digital logic level square wave at 15 Hz which can drive an interrupt line ofa typical processor. The disable switch is optional 
and can be left out if the interrupt handlers are permanently loaded in ROM; otherwise, interrupts must be manually disabled 
while the systems software is bootstrapped into volatile memory. 
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ddin an Interrupt Driven eal T.me Clock 


James R Sneed 
13831 NE 8t h , Apt 86 
Bellevue WA 98005 

Whenever a computer is interacting with 
the real wor ld, either through sensors or 
ac tuators, a rea l time clock can be valuable. 
Using a real time clock, the computer can 
run programs at specified times or intervals, 
or the computer may record the times at 
which events are sensed. 

There are two basic types of real time 
clocks used in computing systems: the 
exte rna l (hardware) clock and the inter
nal (software) clock. An ex ternal clock uses 
hardware to keep track of time, and periodi
cally or on command transmits the time to 
the computer. (Robert Grappel's article on 
page 68 of this issue shows one approach 
to such a clock .. .CH/ An internal software 
clock has hardware which interrupts the 
computer at regular intervals, and software 
which keeps track of time by incrementing 
a register whenever the computer receives a 
timing in terru pt. 

The hardware clock imposes a small soft
ware burden on th e computer, and being 
separate from the computer, it need not be 
reset whenever the computer is shut off. The 
software clock imposes a larger software 
burden on the computer, and the clock must 

be initialized if the computer has been com
pletely halted or had its power hut off. In 
applications where the computer operates 
continuously, the advantages of the software 
clock due to hardware simplicity outweigh 
its disadvantages due to increased software 
burden, and the software clock is the logica l 
choice for a real time clock. 

There are two key considerations invol
ved in selecting the interrupt rate for the 
software clock. Fir t, where the interrupt 
clock is derived by dividing a higher fre
quency clock, such a a 1 MHL computer 
clock, hardware simplicity favors as high an 
interrupt rate as possible, but the computa
tional overhead of interrupt re ponse in
creases with increasing interrupt rate. 
Second, a low interrupt rate produces a low 
computational burden but decrease time
keeping re olution and programming flexi
bility. Si nce my system require no routine 
to be performed more often th n 15 times 
per second, I decided that a 15 Hz interrupt 
derived by dividing the 60 Hz power line 
frequency by 4 would be an adequate inter
rupt rate. This gives a minimum event Lo 

event resolution of 67 ms. 
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Listing 7: Interrupt handler. This routine contains the overhead needed to fie ld an NM / inter
rupt 011 a 6502 pro essor, save the state of the processor, call an interrupt processing sub
routine, restore the state of the processor, and return from the interrupt event. If the jump at 
location 206 is replaced by NOP operations, this program will spin its wheels 15 times a second, 
doing nothing in response to the 75 Hz signal produced by the circuit of figure 1. With the 
exception of the JSR at location 206, this routine is independent of the location in memory of 
the software discussed in this article. 

Hexadecimal Hexadecimal 
Address Code Op Commentary 

0200 48 PHA Push accumulator onto stack 
0201 8A TXA Transfer X register to accumu lator 
0202 48 PHA Push X register onto stack 
0203 
0204 

98 
48 

TYA 
PHA 

Transfer Y register to accumulator 
Push Y register onto stack 

0206 20 00 00 JSR Call CLOCK 
0209 68 PLA Pull Y register from stack 
020A A8 TAY Transfer accumulator to Y register 
020[3 
020C 

68 
AA 

PLA 
TAX 

Pull X register from stack 
Transfer accumulator to X register 

0200 68 PLA Pull accumulator from stack 
020E 40 RTI Return from interrupt 

FFFA 00 02 Interrupt address vector 

The circuit in figure 1 produce th e the processor status onto th e tack so that 
15 Hz interrupts. The 60 HL signal is taken it can return to the preinterrupt computa
from the econdary of a 6.3 V filament type tion as soon as it has processed the interrupt. 
tran former. (The term i a hangover from A switch is shown between the 15 Hz inter
vacuum tube days when many tube had rupt and the NM I line so that interrupts 
6.3 V filaments omewhat like inc ndescenl can be disabl ed after power is applied unti l 
light bu lb ). The input to IC I A, a CMOS the interrerupt handler for NM I has been 
buffer, is clamped betwee n 5 V and ground loaded in volatile memory. If the interrupt 
by diodes 01 and 02 , which can be any hand ler is in read only memory, this switch 
silicon small signal diode at hand. Resi tor can be omitted. 
R2 provide po itive feedback to produce The contents of the accumulator and the 
about a half a volt of hysteresis in the X and Y registers should be saved by soft
switching of the buffer. This hysteresis ware when the interrupt is received and con
reduces false interrupt due to line voltage trol switches to the interrupt hand ler pro
fluctuations and transients. The two 0 type gram. This is done by pushing them onto 
flip flop in IC2 are used as cascaded divide the stack using appropriate instructions. 
by-two circuit . The 15 Hz output fro m IC2 Once the preinterrupt state has been safely 
is buffered to drive TTL loads by I Cl B. To preserved, th e processing done as a result of 
prevent runaway power consumption and the interrupt is performed. After the inter
the resulting chip destruction, the unused rupt program has been completed, the 
input of the CMOS integrated circuits are preinterrupt contents of the Y and X re
grounded . gisters and the accumulator are restored by 

The nonma kable interrupt of the 6502 pulling them off th e stack. The processor 
i edge triggered; that is, the processor re then pulls the preinterrupt processor status 
ceives an interrupt whenever the vo ltage on and program address from the stack and 
th e non maskable interrupt line goe from returns to the previous computation. Listing 
high (>2.4 V) Lo low (<2.4 V) . The non 1 is a sample interrupt handler. 
maskab le interrupt line can then stay low Listing 2 is a 24 hour clock generated in 
with out generating nother interrupt. software by accumu lating 15 Hz interrupts. 
When the processor receives a nonmaskable This •)rogram contains only relative jumps 
interrupt it jump to the memory address and so is easily re locatable, either in volat ile 
tored al F FA and FFFB, and pushes the memory, EROM or PROM. 

addres from which it was interrupted and The operation of the program rea l time 
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Listing 2: Time of day clock. If the jump at line 206 in the interrupt handler of listing 7 re fer
ences the CLOCK routine, locations C4 to C7 in memory address space ore continously updated 
with hours, minutes, seconds and 7 / 7 5 seconds respectively as the 7 5 Hz interrupts invoke its 
action. The 6502 code of this routine has been constructed to use relative branches only, so 
that it can be relocated anywhere in memory address space at the convenience of its user 
without modification of the object code. 

CLOCK (R eal T ime Cl ock ) 

Hexadecimal Hexadecimal 
Address Code label 

0000 F8 CLOCK 
0001 18 
0002 AS C7 
0004 69 01 
0006 85 C7 
0008 38 
0009 E9 15 
OOOB DO 2C 
OOOD 8S C7 
OOOF AS CG 
0011 18 
0012 69 01 
0014 85 C6 
0016 38 
0017 E9 60 
0019 DO 1 E 
OOlB 85 C6 
001D AS cs 
OOlF 18 
0020 69 01 
0022 8S cs 
0024 38 
0025 E9 60 
0027 DO 10 
0029 8S cs 
002B AS C4 
0020 18 
002E 69 0 1 
0030 BS C4 
0032 38 
0033 E9 24 
003S DO 02 
0037 85 C4 
0039 DB END 
003A 60 

OOC4 HOURS 
OOC5 MIN 
OOC6 SEC 
OOC7 FSEC 

CLOCK is straightforward . T ime is stored in 
BCD in the first page of memory: hours in 
OOC4, minutes in OOC5, seconds in OOC6, 
and 1/15 seco nds in OOC7. Wh en an inter
rupt is received and the preintcrrupt state 
saved, the in terrupt handler wi ll cal l the real 
time CLOCK at 0000 {loca t ion 0206 in 
listing I ). The sccond's fract ion is incre
mented and compared to 15. I f it is les than 
·15 the proces or wil I jum p to the end of th e 
clock program for return, but if it equals 15 
the ccond 's fractio n is reset to Lero and the 
seconds arc incremented. Second, minutes 
nd hours are handled simi lar ly, coun ti ng 

modulo 60, 60 and 24 respecti vely. At the 
end of the program the processor re turn s to 
the interrupt handler. The clock can be set 
imply by loading the desired time into the 

time mem ory locat ions. 

Op Operand Commentary 

SED Set decimal mode 
CLC Cl ear carry 
LDA FSEC Load seconds lracti on 
ADC 1 Iner seconds fraction 
ST A FSEC Store seconds fraction 
SEC Set carry 
SBC 1S Subtract 15 
BNE END I f not 15, go to end 
STA FSEC Reset seconds fraction 
LDA SEC Load seconds 
CLC Cl ear carry 
ADC 1 Incr seconds 
STA SEC Store seconds 
SEC Set carry 
SBC 60 Sub tract 60 
BNE END If not 60, go to end 
STA SEC Reset seconds 
LDA M IN Load minutes 
CLC Clear carry 
ADC 1 Iner minutes 
STA MIN Store minutes 
SEC Set carry 
SBC 60 Subtract 60 
BNE END I f not 60, go to end 
STA MIN Reset minutes 
LOA HOURS Load hours 
CLC Clear carry 
ADC 1 Increment hours 
STA HOURS Store hours 
SEC Set carry 
SBC 24 Subtract 24 
BNE END I f not 24, go to end 
STA HOURS Rese t hours 
CL D Clear decimal mode 
ATS Return 

Storage for hours 
Storage for minutes 
Storage for seconds 
Storage for seconds/1 S 

By comparing desired program times with 
the time of the rea l t ime CLOCK program, 
the processor may perform programs at any 
desired in terval, up to one day, which is 
expressable as a mu ltip le of 1/ 15 second. 
As an example, a program to be performed 
once per second would be exccu ted only 
at those Limes when CLOCK has counted 
the second's fract ion equal to zero. 

It is important that the real time CLOCK 
should not impo e an unreasonable compu
tational burden on the computer. Using a 
15 Hz interrupt and the program shown 
here, this criterion is satisfied. When run in 
a computer using a 6502 processor with a 
1 MHz clock, the interrupt service requires 
about 1100 µ s per second. Thi s 0.1 %cannot 
be cal led an excessive burden on the 
computer. • 
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OSBORNE ~ ASSOCIATES, INC. 


~ The World Leaders In Microprocessor Books ~ 
Many books on microprocessors and their use are now on the market, and most of them have names that sound alike. But 
Osborne & Associates' books have dominated this market since 1975, when our first book appeared. With rave reviews from 
all over the world - with more than five hundred university text adoptions, our books are all best sellers. In fact, " An In 
troduction To Microcomputers: Volume I - Basic Concepts" now holds the world 's record in sales volume for any textbook 
sold for a profit . 


If you want information on microprocessors, begin with the Osborne books. 


An lntroduc11on 
" An Introduction To Microcom 
puters : Volume 0 - The Beginner's 
Book" By .tl "am Osborne. 

This is the book for the absolute beginner. 
Assuming that you know nothing about 
computers . math or science of any kind, this 
book explains what computers are all about 
- and it takes you to the point where you 
can read Volume I. 300 pages. 
Book No: 6001 $7.50 

" An Introduction To M icrocom
puters : Volume I - Basic Con 
cepts" By Adam Osborne. 

The world's best selling textbook. This book 
expla ins. clearly , concepts common to all 
microcomputers. yet specific to none. 350 
pages. 
Book No.: 2001 $7.50 

"An Introduction To Microcom 
puters : Volume II - Some Real Pro
ducts " (Revised June 1977) By Adam 
Osborne, Susanna Jacobson and Jeny 
Kane. 
This book describes every common 
microprocessor and all of their support 
devices. Information is new and clearly writ 
ten. Only data sheets are copied from 
manufacturers. 1200 pages. 
Book No.: 3001 $15.00 

8080A 

AND 8085 


ASSEMBLY 

LANGUAGE 


PROGRAMMING 


BY LANCE LEVENTHAL 

' 

For the m1crocompu1M user, a seines of bcX>ki prOVlde 
compiete programs, wrmen 1n BASIC. A" ihese boob ete 
by Lon Poole and Mary Botchers 
" Some Common Basic Programs" 200 peges. 
Book No: 21002 $7.50 
" Payroll With Cott Accounting - In Basic". 400 
pages 6""" No.· 22002 S 12.50 

""Accounts Payable and Accounts Receivable" 
6""" No.. 23002 $12.50 Avatlable Novoml>or JO 
1977 

" General ltKtger Syet•m" 
Book No.: 24002 $12,50 Avaolable December 31 , 
1977 

" '8080A and 8085 Assembly Language 
Programming" By Lance Leventhal. 

This book is for the assembly language pro 
grammer or student; it explains assembly 
language programming for the 8080A and 
8085 microcomputers. The book contains 
numerous examples. 400 pages. 
Book No.: 3 1003 $7 .50 Available 
October 31. 1977 

The ··p,0g,amm1ng FO< LOg>e Oes>gn" senes of boOks show 
how to use microprocessors 1n a digital k>g1c onv1mnment 

'"8080 Programming For- logic Oeaign" Sy Ad.em 
Osborne JOO pag<1s 
Book No.: 4001 $7.50 

"" 6800 Programming For L09ic Design· · By Adam 

Osborne. JOO -·· Book No.: 500t Sl .50 

" Z80 Programming for logic Design'" By Adam 
O!borne and Susanna Jacob~on. 

Book No 7001 S7.50 (Aveileble November 30 
19771 

OSBORNE & ASSOCIATES, INC. P.O. BOX 2036 BERKELEY, CA 94702 DEPT. I 

TITLE UNIT PRICE QUANTITY 1 

Volume 0 - The Begonner"s Book ( # 6001) $7 .50 ea. 

Volume I - Basoc Concepts ( 11 2001) $7 .50 ea . 

Volume II - Some Real Products ( #30011 
revised 1977 

$15.00 ea. 

8080 Programmong For Logoc Design ( 11 4001) $7.50 ea. 

6800 Programmong For Logic Design (#50011 $7.50 ea. 

8080A/ 8085 
( 11 31()()3) 

Assembly Language Programming 
$7.50 ea. 

Some Common BASIC Programs ( 11 21002) $7 .50 ea. 

Payroll W11h Cost Accounung ( #220021 $12.50 ea. 

We woll only onvo1ce for purchase orde<s of over 10 books . 

Sh1ppong charges for bulk orders to be arrenged. 

0 Check or Money Order enclosed (Calo!. residents mclude sales tax) 

I will be usong these books for------------------- 

NAME/ COMPANY 

ADDRESS 

CITY. STATE AND ZIP 

TELEPHONE 

Please check one space below: 

4th Class Mail Delivery (3-4 weeks within the U.S.A.! 


I have oncluded $.50 per book for U.P.S. (allow 10 days) 


I have included $1.50 per book for special rush shipment by air. 


I have included $.50 per book foreign surface mail. 


I have included $3.00 per book for foreign airmail. 


l require 1nformatt0n on consignments. discounts and distributors 


outside the U.S.A. 
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Floating Point Arithmetic 


0 
A SI 
STAN DAR D 
FOR TRAN 
SJ NGLE PRE CISI O 

~ ~'---~~~~~~----~~~~~~ 
SIGN 7 BIT 24 B l T MA TISSA 
BIT EXPONENT 

Figure 7: The American National Standard!> In titu te (A NS!) rtoaring poin t 
format for FOR TRAN. I t con isl of a 24 hit mantissa, a 7 bit exponent and 
a sign bit. 

Many computer hobbyists MC finding 
8 bi t in teger arithmetic inJclequdtc for d 
vJric tv of mJlhcm <Hic,tl applicdtion . 16 and 
eve n :32 bit fixed poin t ca lcula t ions Jrc being 
u eel wi th increasing rcqucncy because of 
their grea ter acc urJcy. However, thee 
tec hn iques a c st il l inherent ly in<1deq uate 
for cc1lcula tion performed over d wide 
range of number . 

U ing a 16 bit integc1 format, on ly nurn
be1 from 0 to 65,535 can be represented. 
Larger or ma iler numbers cc111 be repre-.cntcd 
by movi ng the imp licit 1t1dix point, but the 
range of discrete vc1lue )t ill remai ns co n Lant. 
The frdctiondl p.1rt of the quotient in J 

div ision of one IMge number by t1nother 
co ul d be lo t. 

If one could d narnically slide the r..idix 
point, the number r,inge would be drama
tica l! ~ increct ed. Using th e SJmc forma t , 
v ry srn<1ll fractions and very l..irgc integer 
can be represented as flo..i t ing point numbers. 
Thi is mad po sib le by keeping track of th e 
radix poin t' position eparJ tcly with an 
c po ncnt. 

Flottti ng Po in t Form ats 

There Jrc man wJy~ to rcprc cnt flodt · 
ing point numbers, but there .ire only 
three ba~ic formats; the ot hers arc vJriatiom. 
Two of these (the dominant ncs in the 
tr.iditional compute1 ind u ~ t ry) u c different 

Burt Hashizume 
POB 447 

M aynard MA 01754 

binary representation). The third forma t , the 
one with the mo) t Jriations, use~ d binary 
coded deci mal (BCD) rcpre cn tdtion , and is 
widely used in the electro nic cd lcul ator and 
home compu ter indu try. 

The first format, shown in fi gure 1, is 
used in American N.1 tiondl Stan dard Insti 
tute ( NS I) FORT R . It co n i t o f a 
24 bit mantissa, a 7 bi t expo nen t and a sign 
bit. 

T he m.111 t i a rcp rc ·ent a frac tio n with 
the rad ix poi nt assumed to be LO the le ft of 
the mos t significdnt digit. Thee ponc nt is in 
exec s-64 notat[on, which is d 7 bit two's 
complement notJt iun with the sign bit 
inverted , cg: d ..:ero expo ncn l ( 160) i 
100 0000, the minimum exponent ( 16- 64) 
is 000 0000, and the maxim um ex po nen t 
( J 6- 63) i 111 1111. The alge braic ign bi t 
of the value i· a ciJLed wi th the mant issa, 
Jnd the xponcnt's sign is inheren t in its 
formal: a one ign bi t indicate the nu mber 
i negative, and J Lero ign bi t indicates ,1 

po itive numbe1. 
Thi i-. the dat<1 storJgc fo rm ,1 1 of floati ng 

poin t nu mber. Al l such d.ita is J urned to 
be norrna li1ecl (ie: the mo t ignificc1 nt digi t 
in the ma ntissa is nonLcro unles the num ber 
itself is 1ero, in whic h case all 32 bit are 
Lero). BC'forc J c<1 lcu la tion, the num bers arc 
as urned norrnali..:ed; dfter" calcula tion they 
are normali1cd in the fl oating poi nt acc umu
lator bclorc being tored. 

The actua l calcul ,1 t ion take pl<1cc in the 
floating point .iccumu l<1 tor and o ther floa ting 
point rcgis tt:rs. T hese rcgiste 1s can be in the 
h,1rdw.ire r in m mury (sofl wJre) . HJrd· 
wJrc flodti ng point regis ters (ex pcn ivc, bLll 
much fas ter th ,1n oflwarc) arc used by 
large compute r dnd nuny minicom puters, 
wherc.i m )t sm<1l l com pu ters im plement 
flo,ni ng poin t in oftwarc Lo keep co ts 
down. 
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With the ANSI format d "guard by te" is 
used in the floati ng point rcgi ters to main
tain accuracy in performing the calculation . 
The gu,ird byte (sec figure 2) is an 8 bit ex
tension to the lea t significant end of the 
24 bit mantis a, temporarily creating a 32 
bit mantissa during calculations. By keeping 
trc1ck of 32 bit of accuracy throughout th e 
opera tio n, signi ficance will not be lost when 
storing numbers because the 32 bits can be 
rounded off to 24 bits. If a guard byte is 
not used, no roundi ng off is pos iblc, and 
th e effect would be the same as truncation 
(which can result in loss of accuracy very 
quickly, a will be hown later}. 

Nu111bc1 from 1 .00 X 16- 65 to 
F. FFFF X 15+62 can be represented by 
thi format, re ulting in an approx imate 
range of from 10- 79 to 1O+76 with an 
accuracy of ix or even decimal digit . 
Table ·1 list several de ima l number along 
with their hexadecimal ANSI FORTRAN 
format equ ivalents. 

The next formd t, how n in figure 3, i 
also a binary formal and is implemented by 
Digital Equipment Corp ration (DEC) and 
Hewlett -Packard in their BASIC interpreter. 
It consists of a 23 bit mantissa plus a "hidden 
bit," an 8 bit exponen t dnd a sign bit. 

Thi furm.:ll a umc that the number i 
alway normali1ed. Therefore, the most 
significant bit (MSB) of the manti a is 
always one unless the entire number is zero . 
If the number is zero, (indicated by th e 
pccial case of a 0 exponen t) then the 

hidden bit i also zero. The sign bit is 1.ero 
for a positive number and one for negative. 
Because all n n1.ero number have an MSB 
o one, it need not be explici tl y represented 
in the formal; hence only 23 bits in the 
manli~ ..i. 

The exponen t represents a power of two 
in exec -128 not.ition, which i im il ar to 
exec s-64 notation . The largest exponent, 
2+ 127 i re presen tcd by the largest number, 
1111 1111, c1nd the smal lest exponent , 
2 127, by the malle t nonzero number, 
0000 0001 . An exponent of 1.ero (20) i 
represented by 1000 000, while th e number 
Lero is reserved to indica te a 1cro mantissa. 

A in the case of the first binary for mat, 
d gu.ird byte must be used during ca lcul a
tions so that round off is po siblc before 
returning from the floating point accumula
tor for storage in memory. In thi format it 
i di o neces My to explicit ly represent the 
hidden bit during calculations. Thi i dC· 
compli hcd by e panding the 4 byte format 

0 39 

/ '----...,.----/~~~~~~----~~~~~~ 
SIGN 7 BIT 24 91 T MA TISSA GUARD BYTE 
BIT EXPONENT 

Figure 2: The ANSI FORTRAN floating point format showing the location 
of the ''guard byte." The guard byte is an ex Ira field which holds portions 
of intermediate calculations so that the final calculated value can be rounded 
off rather than truncated prior to further use. 

0 3 1 

! ~~~~~~~-.....~~~~~~ 
SIGN 8 BIT 23 Bl T MANT ISSA 
BIT EXPONENT 

Figure 3: A binary floating point format used by Digital Equipment Corpora
tion and Hewlett-Packard in their BASIC interpreters. It consists of a 23 bit 
mantissa with a "hidden" bit, an 8 bit exponent and a sign bit. The format 
assumes that the number to be represented is always normalized: the most 
significant bit of the number is al ways understood to be 7 unless the entire 
number is equal to 0. This assumed "l" bit is the so-called "hidden" bit. 

Hexadecimal Floating Point 

Decimal Number Number (Hexadecimal Digits) 

1.00 41 100000 
6 .00 41 600000 

- 1.00 C1 100000 
0.50 40 800000 

- 0.50 co 800000 
100 42 640000 Table 7: Several decimal

216 (= 65 ,536) 45 100000 
numbers along with their 2- 16 3D 100000 
ANSI FORTRAN floating- 2- 32 B9 100000 
point hexadecimal format 0 00 000000 

16- 65 00 100000 equivalents (see figures 7 
15+62 7F 100000 and 2). 

Binary Floating Point Number 

Decimal Number (Hexadecimal Digits) 

1.00 40 800000 
6.00 41 cooooo 

- 1.00 co 800000 
0.50 40 000000 

- 0.50 
100 

216=65,536 
2- 16 

co 
43 
48 
38 

000000 
C80000 
800000 
800000 

Table 2: Examples of 
decimal numbers and their 
equivalents as encoded in 

- 2-32 BO 800000 the binary floating point 

0 00 000000 format used in several 
2- 128 00 800000 BASIC interpreters (see 
2+126 7F 800000 figure 3). 
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Fitjure 4: II BCD ffo11tinq point format consisting or an 8 bit sign, an 8 bit exponen t and a 
32 bit (8 diqil) mantissa. 

Table 3: Several decimal 
numbers along with their 
equivalent floating point 
representations as encoded 
in BCD hexadecimal digits. 

into six bytes: one byte for the sign, one 
,/ byte for the exponent, and four bytes for 

the manti s,1 (including th e guMcl by te). t\ 
a re ult there is a fair amo unt of processing 
nece sary lo lode! ,ind Lore the flo.tting 
point regi Lei . 

Th i forma l h.i a range of from ?+ 126 to 
2 128 or from dpproximalc ly 10+38 lo 
IO 38 wi th a 7 decim<1I digit ,1ccur.1cy 
(scvero:1I examples Mc repre cntccl in table 2) . 

Th re Jrc num rou BCD flodling point 
fo1m.1ts currently in use. Mantisst1s rt1nge 
from a~ flow as fou r digits to <JS many as 
16 digits f <1. cur.icy, and exponent cJn 
lyp icJ lly range from 1o+99 to 1o - 99, or 
eve n 10+127 to 10 127. Themot popular 
forma t (sec fig ure 4) ha ,m 8 digit rn.inti >a 
(fo ur bytes of two digits per byte) with the 
clccirn I point a - urned to be to the left of 
the most significant digit. 

The rn.inti a ign i typically repre~e nt ed 
1
/ by .i whole byte: 00 for positi c and OFF for 

ncgJtive. A v.iricty of format Lise one byte 
lU represent th e rxponcnt. 

One o the more frequen tl y used format 
is binary in the form of exec s-128 not.ition. 
The exponent formJt it elf is iden tic.il to the 

BCD Representation 
Decimal Number (Hexadecimal Digits) 

1.00 	 00 81 10000000 
6 .00 00 81 60000000 

- 1.00 FF 81 10000000 
0 .50 00 80 50000000 

- 0.50 FF 80 50000000 
100 00 83 10000000 

2 16 ~65 ,536 00 85 65536000 
2 - 16 00 7C 15258789 

- 2- 32 	 FF 77 23283064 
0 00 00 00000000 

10 126 00 FF 10000000 
10- 128 00 01 10000000 

Digital Equipment Corporation formJt dis
cussed ear li r, but represents a power of ten 
in tcad of <l power of two. Thu , an expon
ent Jf 84 base 16, using DEC's format, 
signifies two to the fourth power, and 
u ing the BCD form<lt, ten to the fou rth. 
The exponent represents the same power 
in both ca es, but of different b<1 e . 

Eight digit'> arc packed into four bytes 
in wh.it is 1--nown a~ pdcked B D (foLir bit 
represe nt one BCD digit). 

The ,une format i u·ua ll y used for both 
~tor,tge of data <lnd .ictual calc.:ul.itions. Thi 
mean neither a guard bytl.' nor round off is 
used. The need for· a guard byte is c ircurn· 
vented by u~ing more ~ignificdnt digits than 
arc <1ctually nccc sary, cg: ca lcul ating 10 

eight digit for 6 digit re~ult), or calculating 
to nine digits for 8 dign re ults. This af 
cour e makes it neces ary to u e more 
memory per number for storage . 

Some c>..Jrnples of numbers in this formal 
.ir·e ound in t,1bl e 3. 

Format Pros and Cons 

EJch of thc . c b<1)iC flo<lting point formd ts 
h.ts it own pdr ti<.ulJr ddvant,1ges .ind cJis 
t1dv<1ntage). Which formrt t is be ti> dependent 
upon the requ irement of thl' particular 
,1pplic,llion : pcecJ, smct ll memory siLe, 
vMi.iblc 111<111lissd length, case of coding in a 
givl'n computer arc hitecture, case of inter
facing to other oftwMe rout inc;, e tc . 

Tlw BCD form,tt with ib v,1ri<1Lion; is by 
far the mo;t pupular in thl' per on,il com
puting field, prob,1llly be.:.iuse it is th e 
easiest to proi;?.ram. The 1 clatiVl' c<1sc in 
converting from <1n ASCI I rcprescn t1tion 
ol a nu111bi:1 tu the B D form ,ll Jnd b.icl-. 
is .1 key f.tc tor, .ts is the ca c with which the 

Continued on page 180 

78 BYTE ll\ l' t1l h c.'r 11) 77 

http:identic.il




Photo l : The author's computer, seen from the componen t side, wa 
assembled using two sections of perforated board (0. 1 inch grid) and ocket 
for all integrated circuits. The aritl1meti unit is in the lower right hand 
section in this photograph, the eight memory circuits are in the lower left 
hand region, and the control section is implemented by the parts on th e 
board at the top of this photograph. 

•
I 

Hilary D Jones 
364 Prince ton La 
Danv ille CA 94526 

•1n a Comp er 


With so many excellen l microproce~sors 

ava il able today, Lhe experimenter needs 
a good reason to design and build a personal 
computer from scratch. That reason will 
ce rtai nl y not be one of eco nomy. The besl 
avai lable microprocessors offer so much 
capability at such a low price that one 
ca nno t hope to save money by bui lding 
a computer from cratch. or many, the 
reason will simply be the chall enge of doing 
it. For other, the reason will be more prac
tical (perhaps to ga in some capab il ity not 
readi ly availab le from an off- the-shelf micro
proce or). And for t il l other , Lhe rea on 
will be to learn more abou l Lhe techniques 
of computer design. 

While any of the e rea ons is certainly 
val id, Lhe design of a com puler from the 
ground pla ne up i ti ll genera lly reg.1rded as 
an ar t that onl y the foo lh ardy would under
take . In reality , tho ugh, the job is not near-iy 
as mysterio us as it eems. For proof I offer 
the fact th at when I began this project I had 
no design experience with TTL (or 
experience with any form of electronics 
design for that matter). Indeed, I ch e thi 

m ratch 


project to learn how Lu u e TTL part , on 
the a umption that the microprocessor I 
pl anned L buy would eventually become 
bored tal king to my TV set. 

Becau e of my inexpe ri ence with TTL 
circuit ry, I chose to implify the design as 
much a po ible at every tep . a result, 
th e major st rengths o f this compu ter arc ib 
low cost and it si mpl ici ty. With j ud iciou~ 

shoppi ng, it should be po ible to con truct 
th e computer for around $65, including 
everything but the power supp ly. With only 
four in tructions, the com puter offers an 
in truction c t that i guaranteed no t Lo 
overwhelm th e novice . At the same time, 
the signal that drive the various modules o f 
th e computer arc readily accc iblc so tha t 
the elec tronic ca n be see n to work "as 
adveni ed. " 

Despite the simp li city of the compu ter, 
it microprogrammed bus orie nted architec
ture conforms to the design princip lcs in the 
most modern of minicomputers. 

Th is article gives the groundwork from 
which d eriou tude nt or hacker can de~ign 
and bui ld hi / her own personal compu ter-. 
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'TE~~T:A~ART' 

TARZANA, CALIFORNIA 91356 


IN THE L.A. AREA (213) 344-0153 


$B75IMSAI COMPUTER 
ASSEMBLED

MODEL 8080 MICROPROCESSOR SYSTEM AND TESTED 

INCLUDES CPU , MAINFRAME WITH 22 CARD SLOTS, FRONT PANEL, 

AND POWER SUPPLY. COMES ASSEMBLED AND READY TO PLUG IN AND ENJOY! 


$225BK RAM BOARD 
250 nS LOW NOTA ASSEMBLED 

AND TESTED ACCESS POWER KITI I 
• SlOO BUS: PLUGS RIGHT INTO ALTAIR / tMSAI, OR ANY COMPUTER USING THE " ALTAIR " BUS 
• CONVENIENT DIP SWITCH SELECTION OF ADDRESS ASSIGNMENT AND WAIT CYCLES 

• MEMORY PROTECTION DIP SWITCH SELECTABLE IN INCREMENTS OF 256, 512 lK, 2K, 4K, or BK BYTES 

• FULLY BUFFERED ADDRESS LINES ALLOW USE IN LARGE COMPUTER SYSTEMS 

16K 270B EPROM BOARD $99 
INC LUDES ALL SUPPOR T CIRCU ITRY AND SOCKETS READY TO PLUG-IN 16 2708 IC'S 2708'S NOT INCLUDED 

• ALLOWS CONVENIENT STORAGE AND ALTERATION OF YOUR OWN CUSTOMIZED COMPUTER PROGRAMS 

• SlOO BUS: PLUGS RIGHT INTO ALTAIR / IMSAI, OR ANY COMPUTER USING THE "ALTAIR" BUS 

• DIP SWITCH SELECTION OF MEMORY ADDRESS ASSIGNMENT 
• DIP SWITCH SELECTION OF MEMORY WAIT CYCLES 
• ASSEMBLED AND TESTED, NOT A KIT 

BK 270B EPROM PROGRAMMER BOARD $145 
COMPLETE SYSTEM FOR " BURNING IN" PROGRAMS INTO THE 2708'S 

ELECTRICALLY ALTERABLE 2708 MEMORY NOT INCLUDED 

• SlOO BUS ALTAIR / IMSAI COMPATIBLE 

• COMPLETE 270B PROGRAMMING SYSTEM 

• DOUBLES AS BK NONVOLATILE PROGRAM STORAGE 
• ASSEMBLED AND TESTED , NOT A KIT 

270B EPROMS $1850 I 21L02 250 nS $175 
TOP QUALITY PARTS - NOT SECON OS 


74 SERIES IC's 
 COMPLETE LISTINGS
74LS SERIES IC's 

IN OUR CATALOGLINEARS 
=---- -- -- 

SOROC 10-120 TERMINAL $995 
• RS -232 COMPATIBLE 24 LINES X 80 CHARACTERS INCLUDING BLOCK MODE OPTION 

-

8080 A s14 I POWER SUPPLY 
--

12 VOLT $995 


PER SCI DUAL DRIVE --r $1400 
• 8-INCH FLOPPY WITH IMS CABINET AND POWER SUPPLY 

Many other parts available-Just call or write for free catalog 

NEW PRODUCTS COMING - WATCH FOR OUR ADS- INFORMATION AVAILABLE 

WE WELCOME INQUIRIES 
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switch register. When the continue butwn 
is pressed, the data will be written inlO 
memory location , thus destroying the 
dat ju t displ ayed. In effect, th e instruc
tion combines the wait, input and output 
instructions of the conventional computer. 

particular ly u eful application of thi s 
instruction occurs when the instruction at 
location N is a WIO N+ I instruction. t 
that point the data entered by the user 
becomes the next in truction to be 
executed! 

The most important program for this 
computer is the bootstrap program. Other 
programs are left to the reader to devise . 
The bootstrap program, which provides the 
simplest practical way to load data into the 
computer, is loaded as follows . When the 
reset button is pressed, the computer will 
wait to accept data into location 0. The 
data will be stored, then executed when the 
continue button is pressed. Needles to say, 
the data loaded must be chosen carefully if 
the user is to be able to keep control of the 
computer. The data that permit this is the 
WIO 1 instruction. When this in truction i~ 

loaded into location 0 and executed the 
computer will halt, ready to accept dat; into 
location 1. When the con tinu e button is 
again pressed, the new data is stored. The 
computer resumes execution with the next 
instruction in memory, namely , the in. 
struction just entered into location 1. Again, 
that instruction must be careful I y chosen: 
a WIO 2 is a good choice. The computer 
will again halt, at which time a JGE 0 should 
be entered. After JGE 0 is loaded into 
location 2 and executed, we will have com
pleted entering the bootstrap program. The 
JGE 0 will unconditionally jump to the tart 
of the bootstrap program (location O) 
because the accumulator is cleared at restart 
time. 

To use the bootstrap program, enter pairs 
of bytes as fo llows: a 6 bit address followed 
by eight bits of data to be placed at that 
address. For example, if, in response to the 
first two halts in the bootstrap program, we 
enter an octal 003 fo ll owed by an octal 010, 
then the value 10 wi ll be placed in location 
3. In this case, the bootstrap program 
returns to location zero, where it is ready to 
accept another pair of bytes. Once a 
program is loaded, we can execute it by 
en tering the appropriate JGE instruction in 
response to the next halt instead of the 
address data pairs. 

Hardware for the Computational Unit 

The computer is shown in block diagram 
form in figure 1. The control unit, to be 
discussed later, in terprets the instruction 

Mnemonic 

WION 

ADON 

STN N 

JGE N 

Object Code 


OOnnnnnn 


01nnnnnn 


10nnnnnn 


11nnnnnn 


Operation Performed 

Wait lor input to location N. 

D isp lay current contents of Location N whi le 

waiting. 


Add data in locat ion N to accumulator . 

Store negative of accumulator i n location N . 

Jump to location N 1f accumulator 1s greater 
than or equal 10 zero . 

Table 7: The instruction set for the computer. N is any 6 bit integer. The bits 
of N are denoted by nnnnnn. 

At the ame lime it also desc ribes a very 
simple computer, one that can be built by a 
student as a science project, by a teacher for 
a lab ratory demonstration, or by a novice 
hacker who just wants lo learn about com 
puters without a large investment. 

The In truction Set 

The most important task facing the 
computer designer is choosing the 
instruction set. In the case of this com
puter , every effort was made to choose the 
simplest possible instruction set. There
fore, multiple word instructions, stacks, 
register fi les, interrupts and elaborate 10 
faci litie were not permitted. An 8 bit word 
length was chosen because it is the smallest 
size that can be reasonably expected to use 
one word per instruction. This constrained 
me to an instruction set of four op codes 
and a directly addressed memory space of 64 
bytes. The instruction set is summarized in 
table 1. 

The ADD instruction is included for 
obvious reasons. The STN instruction was 
chosen to store the negative value of the 
accumulator's contents so that both sub
traction and additi on could be done. (In 
particular, by executing STN N and ADD N 
in sequence, the accumulator can be 
cleared .) 

The JGE instruction is an all purpose test 
or branch instruction . By clearing the 
accumulator before executing a JGE, an 
unconditional branch re ults. Alternatively, 
by placing a number in the accumulator, 
the JGE tests whether the number is positive 
or negative. 

The WIO instruction provides the only 
means for loading and ex amining memory. 
There are no front panel switches for this 
function, so everything must be done under 
the control of a suitable program (including 
the loading of that program it elf). There
fore, the WIO in truction requires special 
attention. When executed, WIO N brings 
the computer to a halt with the contents 
of location N displayed in the LED display. 
At this point, the user will enter data into a 
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Figure l: Bloc/? diagram of 
the author's computer, 
which is organiLed around 
1111 8 bit bidirectional bus. 

r- ------- 

CONTROL 
STORE 
AO DRESS 

CONTROL 
FEEDBACK 

CONTROL 
COM MANDS 

I-- - -------- ----------~ 

----- ...,' 

SWITCHES 

set ,ind generate the control ignals which 
tell the compu tational unit how to execute 
instruction . This is a true microprogrammed 
computer with a 32 word by 16 bit control 
tore. (For contro l store contents see table 

2.) The ystem is organiLed around an 8 
bi1 bidirectional bus. Because of this, each 
module that uses the bus may be built as an 
independent unit without regard to how the 
other modules work , an obvious advantage. 

When two modules need to exchange 
data, one will put the data on the bus while 
the other will read it from the bus. The 
arrows in figure 1 show the directions in 
which such data transfer can be made. The 
only r·e triction is that no two modules are 
permitted Lo put data on the bus at the same 
time. The use of the bu system allowed me 
Lo build the entire computational unit 
before giving detailed thought Lo how th e 
control unit would be implemented {the 
algorithm for ucce sful computer design 
being "divide dnd conquer"). 

The arithmetic logic unit buffer regi ter 
de erve commen t. During an ADD opera

-- - ------- ---1 
I 
I 
I 
I 
I 

BUS 

tion, data from memory is placed on the bus. 
The arithmetic logic unit reads the data from 
the bus and adds it to the accumulator. The 
output of the arithmetic logic unit must 
eventually find its way back to the 
accumulator. This is done by putting the 
data on the bus, an action permitted only 
after the memory is no longer using the bus. 
The arithmetic logic unit buffer is provided 
to give a temporary holding place for the 
sum until the memory can release the bus. 

Note that there is no instruction register 
or memory data register. This represents a 
departure from conventional computer 
design made possible by the simplicity of the 
instruction set. The conventional memory 
address register and program counter are 
present, however, and serve their usual 
purpose. 

For even this simple computer, there are 
some 30-odd signals between the control 
and computational units. Therefore, I found 
it essential to establish a system for naming 
the signals. Names are best chosen to suggest 
what the signal does as well as the voltage 
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13 50 

14 60 

6 30 

ID 

I CLR 

9 CLK 

50 
12 3 B 

60 15 

30 7 

20 5 

I 0 z 

2Y3 
12l=-----<..__~~~~~~2~SEL 

I A 

15 B 

14 c 

13 0 

r--+--+-t--+--+--'-13 
WRITE 

IC4 
13 D 74 89 

14 c 
15 B 

'A 

~--~---2~ SEL 
:r~------~~~~~-----~--.~~~~~~~-13 WRITE 

1 4 
MEM · ENABL - L :r-------~~~~-i

ICI 
74174 10 1311 4 0 40 


BUS 4 


BUS 3 


BUS 2 


BUS I 


BUS 0 


MAR·CLR· L 


AR-CL K 


BUS 5 

WR I TE - MEM· L 

Figure 2: The memory 
address register and the 
memory . Data is addressed 
by six bits of the 74 774 
memory address register 
and stored in the 7489 
memories, each of which 
has 76 4 bit registers. A 
total of eight 7489s are 
required to make up the 
64 by te memory. 

re qu ired to achieve the effec t. For example, 
AC-CL R-L is <1 signal th at, when brought 
low, clears the accumulator. Conversely, 
when PC-I CR-H is brought high, the 
program counter is incremented. The eight 
bus lines are named BUSO thru BUS7 (in 
order of arithmeti c signi ficance). The ma ter 
clock is named MCLK ; it complement is 
ca ll ed CCLK. 

Th e memory and memory addrc s register 
arc shown in figure 2. I chose to base my 
system around the 7489 64 bit memory 
integra ted circuit lar-gely because I happened 
to have them. In a rcdc ign, a 2'I01-ba ed 
memory might be a slightl y better choice, 
but the pre cnt design does have the advan
tage of showing how multiple chi p memories 
are cont rolled . Each 7489 contains sixteen 
4 bit registers; eight 7489s are req uired for a 
64 byte memory . Data is ddressed by a 6 
bit memory address reg ister (a 74174). 

The memory add res · register is loaded 
with data on the bus by MAR-CLK. Alter
natively, it can be cleared by MAR-CLR-L 
(eg: when the reset button i pres ed). The 
two high biL of the memory add ress register 
are decoded toge th er with MEM-E ABL-L 
by a 74155 decoder. If MEM-E NAB L-L is 
low, the hi gh two bits select one of fo ur 
pairs of 7489~, <1n d the low four bits elect 
one of the 16 register in the se lected pair. 
(If MEM -EN BL-L is high, the memory i 
disabled. ) In th i way, J byte of memory is 
addre sed. ow, if WR ITE-MEM-L is low, 

I C 2 


7 4 I 55 2 Y2 i-'-'----I 
 T O T~REE OT HER PAIRS OF 

~0-~--t 7489 S SI MILARL Y WIRE D2G 2 v1 1~
11c 's

}2 Y O 1-9~---t 

A 

5 THRU 10 ) 

SV DC 
PULLUP RESISTOR 
( TYPICAL FOR 8) 

2 2K 

BUS 7 

BUS 6 

BUS 5 

BUS 4 

BUS 3 

BUS 2 

BUS I 

BUS 0 

that byte wi ll be written using data from the 
bus. But when WRITE-MEM-L is high, the 
complement of the data at the addrcs ed 
byte wi ll be placed on the bus. Th e fac t th at 
th e 7489 com plem ents data stored in it is 
used to advantage by the STN instruction , as 
we will cc later. 

The acc umulator (AC). ar ithmetic logic 
unit, and arith metic logic unit buffer are 
shown in figure 3. The accu mul ato r i con
structed rum a pair of 74175 integra ted 
circui ts. It is cleared by AC-CLR-L (cg: a t 
re tart time). and it is loaded by AC-C LK. 
The sign bit o f the accu mul ato r is cnt (as 
AC-GE-L) to the con trol hardware, where it 
is u cd for the JGE instruction. The ar ith 
met ic logic unit , in the for m o f a pair of 
74181 , i used in two way . Wh en 
executing an ADD instructio n, ALU-AD D-L 
wil I be brought low, so that the ari thmetic 
logic unit com putes AC plus memory. This 
sum is then latched into the arithmetic logic 
unit buffer (a pair of 7417 3s) . Once memory 
is no I nger using the bus, BUS-BUF-L ca n 
be brought low to place the sum on the bu s. 
The sum can then be latched back into the 
accumul ator to complete the add cycle. 
Alternatively, to exec ute th e STN instruc
tion, ALU-ADD-L will be brought high . Now 
the 74181 will compute "accumul ator 
minus one," which is la tched into the buffer 
and eventually written in to memory. The 
conveni ence of a compl ementing memory 
can now be appreciated, since in two's 
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complement arithmetic th e complement of 
AC- 1 i - AC. (With a 2101-based memory, 
the inversion would have to be done with 
ex tr.i htirdware.) 

Th e 1.ist part of the computational unit, 
shown in figure 4, con ists of a program 
cou nter, LED disp lay, and switch register. 
The program counter consists of two 
74LSl61 counters and two three state 
buffer. (The 74161 is not an acceptable 
substi tute for the 74LSl61 bcc<1usc of 
difference in the way their clocks behave, 
a fact I learned the hard way . The program 
counter is cleared by PC-CLR-L. It can be 
loaded (incremented) on the next clock 
tran ition ,1fter PC-LOA D-L (PC-INCR-H) 
becomes low (high) . The output of the 
progr·am counter is ena bl ed onto the bus by 
PC-BUS-L. 

The LEDs arc driven by ordinary 
in er ters. The inverters insure that the LEDs 
.1rc lighted for the high bus line rather than 
th e low ones. The switch register (a DIP 
witch) i wired o th at lo d witch 

dr ive the .i ;o iated bu line low. Thi is 
becau e the memory complements data. The 
witch output are enabled onto the bus by a 

pair uf 74125 three ·tate buffers under the 
control of BUS-SW l-L. 

s 20 20 
7 

12 3 0 30 10 

9z AO 	 14 I 0 F 

BUS BUS BUS BUS 
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Hardware for the Control Unit 

The control unit, shown in figure 5, is 
responsible for providing the variou ignals 
in th e proper equcnce to drive the com
putational unit. To sim pl ify the design , a 
microprogrammed architecture wa chosen. 
In this de ign , th e control logic is held in a 
pair of 74288 programmable read only 
memorie in th e form of a 12 word (16 bit 
per word) microprogram . When one or 
another word is selected from the program
mable read only memory, the individual bits 
of th e selected word are delivered more or 
less directly to the com putational unit as 
individual signals. For example, th e 
PC-INC R-H bit of the microprogram directly 
drives the PC-INCR-H line to the program 
counter. Similarly, the BUF-LO D-L bit 
directly drive the BUF-LOAD-L line to the 
arithmetic logic unit buffer. 

Several other lines can be readily 
identified that are directly driven by the pro
grammable read onl y memory. From this it 
is clear that the problem of de igning a 
control unit reduces Lo deciding which 

Figure 3: The accumu
lator, arithmetic logic unit 
and arithmetic logic unit 
buffer. The accumulator 
is made up of two 
741 75 quad D flip flops, 
while the arithmetic logic 
unit con ists of two 74181 
arithmetic units. Two 
74 173 integrated circuits 
form the arithmetic logic 
unit buffer. 
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Figure 4: Program counter circuit1y. 

IC 17 
74LSl61 

1 3	 54 B os ~~-------'-<
14 2 

BUS 5 

3A OABUS 4 

2 CLK 


CLR 

+5V DC 4 

p 7 I 

BUS-PC-L 

PC - CLR-L 

PC-LOAD-L 

MC LK 

~----"l

.-----t 
1 

9 LOAD 

10 T 

9 

I CL R 

2 CLK 

I' TYPICAL LED 
15 

IC 20 
(ONE OF 8)13 4 C 7412 5 

10 3C 

LOAD CARRY 

-t-5 V DC 
4 IC21 OR 1C222C 

p 7 (1/6 7404)
I ICICIB 


74LS161 


6 0 OD I I 	 3Y B3A BUS 3 

12 5 

BUS 3 

5 c 	 2 y 6oc 	 2A BUS 2 

13 II 

BUS 2 

4 B 	 12 4ABUS 	 I OB 	 4Y BUS I 

14 2 33 A QA 	 IA IY BUS 0 
10 T 

BUS 0 

PC-I NCR- H 

US-SWl-L 
\ TYPICALJ !ONE OF Bl 

2 ?.K 

SWI CH 

IC19 
74125 

2A BUS 5 

1A BUS 4 

2C 

IC 

+ 	 5V DC 

-4 7051 

signals are to be high or low at what time, 
programming a programmable read only 
memory lo co ntai n th is information, and 
devising a Wd Y to select the proper word 
from the programmable read only memory 
at the proper time so that the appropriate 
signals ca n be generated. 

Occasionall y, micrnprogram bits do not 
drive signal line directly but must first 
undergo ome tran formation. For example, 
in figure 5 we see that the AC-LOAD-L bit 
of the microprogram is gated with CCLK to 
create the clock that loads the accumulator. 
{It would not be permiss ible Lo drive the 
accumulator direct ly from AC-LOAD-L, 
becduse the signal ha Lo be de layed by a 
hair clock cycle.) Sim ilarly, MAR-CLK i 
derived by gating MAR-LOAD-L together 
with CCLK, and PC- LOAD-L is created by 
gating together AC-TEST-L and AC-GE-L, 
o that the program co unter is loaded only 

when the microprogram allows it and the 
accumulator i not negative. 

The BUSDATO ancj BUSDATl lines are 
another case in which a transformation is 
required. In this case the two line are 

decoded by a 74155 decoder to select one of 
four po sible sources of data for the bus, 
namely, the switch register , program 
counter, ALU-BUFFER and memory. hesc 
arc selected by BUSDATl, BUSDATO values 
of (L, L), (L, H), (H, L) and (H, H), respec
tively. This arrangement saves bits in the 
microprogram as well as insuring that only 
one device ca n put data on lhe bus at any 
one time. Note that the open col lector 
memory used is logica lly connected to the 
bus by enabling an appropriate memory 
chip. (The memory ch ips must also be 
enabled before writing memory.) 

In order for the microprogram to de liver 
its control signals to the computat ional unit 
in the appropriate order, some means must 
be provided for sequenci ng thru the words in 
the programmable read only memory . In th i 
computer, we have allocated six bits (BASEO 
thru BASE4, and OPJMP-H) to ,iccompli h 
this. First, assume th at OPJM P-H is low. 
"BASE" then determines a microprogram 
addres (the base addres ) which is fed for
ward direct ly to the 74 174 microprogram 
address register. When CCLK goes high, the 



Talk to your computer for $299 

vvith SpeechLa6. 


Use SpeechLab to directly 
control any S-100 Bus Com
puter such as Sol , IMSAI , Altair 
and so on. SpeechLab can 
teach you almost as much as the 
Bell Laboratories know about 
voice recognition , voice control 
and computer input. 

SpeechLab digitizes and 
extracts data from speech wave 
form and applies pattern 
matching techniques to recog
nize the vocal input. Response 
is real time. The system 
features 64 bytes of storage per 
spoken word and can handle 
up toa 64 word vocabulary. And 
recognition after very little 
practice is 95 percent or better. 

$299'"' as embled and tested 
When we talk price every

body's skeptical. And why 
not? We give you a complete 
hardware/ software system, 
a 275 page laboratory manual 
95 page hardware manual 
and high fidelity microphone. 

The lab manual includes 
35 graded experiments with 
over 100 tables and graphs. In 
fact , it's the only introductory 
volume on speech recognition 
currently available . 

Software includes 
SpeechBasic Basic program
ming language in source and 

•Ava ila ble in kit fo rm for s lig h tly less. 

paper tape , assembly language 
speech recognition program 
in source and paper tape. hard 
ware self-test program in 
source and paper lape. 
SpeechBasic plot, correlation , 
recognition and advanced 
recognition programs are 
offered in source. 

Hard to believe, you bet. 
True? A Los Angeles customer 
says, "I love your kit!!! I 
have 40 boards and 2 IMSAI's 
and your kit was the best 
documented of them all. I love 

the way you integrated the 
software and hardware to
gether. I love your lab manual'.' 

We loved those comments. 
They tell the story better than 
we ever could. The LA cus
tomerdid ask who the founders 
of the firm were so he could 

gifted young engineers who 
got tired of the big firm big tech
nology trip and decided to take 
a chance with a better idea. 
You can't get better quality 
You can't get more performance 

Sure, more complex 

higher price equipment is avail
able for about 50 times more 
money. It won't do much more 
than you can do with Speech-
Lab. And the quality and 
state-of-the-art engineering 

cant be any better. We use 
CMOS design for low power
and ultimate reliability. 

See SpeechLab at your nearb y 
computer store 

Selected computer stores 
have SpeechLab on display. 
Visit your nearest. If he doesn't 
have it, ask him to contact us 

relate better. They're a couple of or simply write us directly.r -----------------------1 
I Heu rislics, Inc. D Master Charge I

I Box 8 , 900 N . San An tonio Rd. D BankAmericard (Visa) I 


Los Altos.CA 94022.Phone(4 15J948-2542 Acct. No. ________ 

I D Send me Speech La b. I enclose $299. Date Card E xpires I

I Cal ifornia residen ts add sa les tax. Interban k No. I 

I D Send me more information . l Master Charge only) I 

I Name 

I Street 

I City 

I In Ca nada: Trintronics Ltd . 

I !to~Si~~.ecas~~:·MSV IZI 
I Telex 06-22634 

L--------

I 
I 

State Z ip IH • t •
eur1s I 
·~s I 

INC. I 
---------------~ 

Circle 65 on inq u iry card . 
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•5VDC Figure 5: The microprogrammed control unit of this computer. 
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SOFTWARE -- TSC 

TEXT EDITING SYSTEM: This 6800 editor is 
unlike any other micro editor. As well as the usual 
features. it also includes; content oriented commands. 
local and global commands. block move and copy. 
append and overlay features. as well as very com· 
prehensive string manipulators. SK 

Sl68-24 MANUAL & SOURCE USTING S23.50 
CT68·7 OPTIONAL CASSETTE 56.95 
PT68-6 OPTIONAL PAPER TAPE 58.00 

TEXT PROCESSING SYSTEM: A great 
companion to the TSC editor. The processor will 
allow convenient paragraphing. right hand j ustifica
tion. paging , titling. and general text formating. 4K 

Sl68-29 MANUAL & SOURCE USTING S32.00 
CT68-9 OPTIONAL CASSETTE 56.95 

TSC 6800 ARITHMETIC ROUTINES 
SOAP: A very fast. 4 byte binary. noating point package. Includes 
integer and conversion routines as well. 

SL68·25 5 10.00 
FLOATING POINT PACKAGE: A BCD math package with 9 
digits of precision. 

SL68-4 56.50 

SCIENTIFIC FUNCTIONS: Requires SL68-4 and provides all 
scientific functions including SIN, TAN. LOG, LN. HYPSIN. and others. 
SL68·20 

DIAGNOSTICS FOR 6800: 
No system Is complete without a set of 
diagnostic programs. Includes 5 memory 
tests. serial 1/0 tests. parallel 1/0 tests. plus 
others. 
Sl68-23 SOURCE LISTING 5 I 0 .00 

MICRO BASIC PLUS: The best 
small BASIC available for 6800. In just 3 1h 
K. a complete interpreter including GOSUB. 
IF THEN. FOR NEXT. DIM, ON GOTO and 
GOSUB, READ DATA. plus the functions 
RND. SPC, TAB. EXP. and ABS. Five full 
digit integer math is supported. 

SL68-19 MANUAL & SOURCE 
USTING S 15.95 

CT68-5 OPTIONAL 
CASSETTE 56.95 

PT68-5 OPTIONAL PAPE.R 
TAPE 56.00 

TSC MNEMONIC ASSEMBLER: Another 6800 resident assem
bler? Yes' But this one is many times faster than others due to a very 
efficient symbol handler. All the standard motorola options included as well 
as psuedo ops. It is very modular making it quite easy to adapt to most 
systems. SK 
SL68-26 MANUAL & SOURCE USTING 523.50 
CT68-8 OPTIONAL CASSETTE 56.95 
PT68-9 OPTIONAL PAPER TAPE 58.00 

DISASSEMBLER FOR 6800: Now one that is reasonably priced 
and includes the source listini:J ! 
SL68-27 MANUAL & SOURCE LISTING S9.00 
PT68-7 OPTIONAL PAPER TAPE 54.00 

5 10.00 

SPACE VOYAGE: A full blown 
Star Trek program written in 8080and 
6800 assembler language. Runs 
much faster than similar BASIC ver· 
sions and requ ires about I / S of the 
memory' Each game is different as 
you try to save the federation using 
your phasers. photon torpedoes. and 
shields. Searching out the menacing 
Klingons is accomplished using the 
short and long range scanners as well 
as moving about by firing the warp 
engines. Beware of sudden attacks. 
space storms. supernovas. and other 
unexpected events. This game is very 
addicting! 4K 

SL68-5 6800 SOURCE 
LISTING 5 12.00 

CT68-1 OPTIONAL 
CASSETTE 56.95 

Sl80-9 8080 SOURCE 
LISTING 5 12.00 

PT80-1 OPTIONAL PAPER 
TAPE S7.00 

6800 MUL Tl-OSER SYSTEM! 
Now you can have 4 simultaneous users. all runn ing BASIC, and in
dependently! Give your micro the power of a large mainframe. Applica 
tions include: a great educational tool. small business applications such as 
multi station inventory system, industrial computer power expanding the 
personal computer system .... etc. The system is presently available only 
for the SWTK 6800 computer system and will support cassettes. noppy 
discs. and a printer. For complete details of the multi-user system. write for 
our 4 page brochure. 

MUB-68 5129.95 

ALL SOFTWARE CONTAINS: Complete commented source listing. users manual with 
complete instructions. printed hex dump. sorted symbol table. and sample output 

PROGRAM-OF-THE-MONTH CLUB. ' • s2.oo for a one year membership. No obligations! 

HOW TO ORDER: All orders should include check or money order. Add 3% for postage and S 1.00 for 
handling for orders under SJ 0.00. Send 25<: for complete TSC software catalog. 

TECHNICAL SYSTEMS CONSULTANTS. INC. 
Box 2574 W. Lafayette, IN. 47906 

C11 cle 146 o n 1nqu1ry card . UY T£ O\emht• 197 7 89 



Figure 6: A finite state 
graph representation of S TART 

the microcode shown in 
table 2. The five digit 
bina1y numbers shown in 
each state are the con trol 
memory addresses when 
the computer is in that 
state. Note that a 4 way 
branch occurs at state 
0007 0 (left side of the 
graph), indicating the four 
different op codes imple
mented for this computer. 
The resulting initial states 
for the four op codes are 
shown in contrasting 
co lor. 

OP CODE •0 
( W IO Ill ) 

OP COO E •2 
!STiil 111 1 

base address becomes the new microprogram 
address, thus defining the next micro
program word to supp ly co ntrol signals. 
Conti nued clocki ng of the 74174 thus causes 
the microprogram to sequence thru what
ever steps it has chosen for itself, and at the 
same time, to dcl iver control signal to the 
computational un iL 

To th is next address scheme we must add 
some means of vary ing the microprogram 
flow based on the op codes encountered . 
This is the reason for having the OPJMP-H 
bit. When it is high , the base addre is no 
longer the nex t address. The latter is formed 
by performing a logica l OR of the base 
address with the op code (a suming that 
the bu holds the instruction t be 
executed) . Ordinarily OPJMP-H will be set 

high in a microinstruction that ha the two 
lowest bits in BASE set to zero. In that case, 
eac h op code will produce a different nex t 
address. 

To see the next addre s scheme in action, 
consider table 2 and figure 6 in which the 
microcode fo r th e computer i hown. Ir we 
start at microcode address 00000, wh ich is 
the case when the restart button is pressed, 
then we find that OPJMP-H is low, so the 
next add res wi ll be at BASE=OlOOO. Sub
seque nt addresses are 01001, 00001, and 
finally 00010. At this poin t, OP JMP-H goes 
high. Let us assume for ake of example that 
an ADD instruct ion has been pl aced on the 
bus (op code = 01 ). Then the next address 
will be 00100 v 01 = 00101 . The subsequent 
add res es arc then 01010, 01011, 00001, 
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Control Source Programmabl e Read Programmabl e R ead 
Address (Binary) Only M emory A Only M emory B 

0 0 0 0 0 0 1 0 0 0 0 . 1 0 1 1 . 1 1 1 

0 0 0 0 1 0 0 0 1 0 0 1 0 1 1 0 1 0 1 1 

0 0 0 1 0 0 0 1 0 0 1 . 1 1 1 1 1 , 1 , 1 

0 0 1 0 0 0 1 0 0 0 0 . 1 0 , 1 1 , 0 1 , 
0 0 1 0 1 0 1 0 1 0 0 1 0 1 1 1 1 0 1 1 

0 0 1 1 0 0 1 1 0 0 0 1 0 1 1 1 , 0 , 1 

0 0 , 1 1 0 0 0 0 1 0 . 1 0 1 0 , 1 , 1 1 

0 , 0 0 0 0 1 0 0 , 0 . 0 0 1 1 1 1 1 1 1 

0 1 0 0 1 0 0 0 0 1 0 . 1 0 1 1 0 0 1 1 0 

0 1 0 1 0 0 1 0 , , 0 0 1 0 0 1 1 1 1 1 1 

0 1 0 1 1 0 0 0 0 1 0 1 0 1 1 , 0 1 0 1 

0 1 1 0 0 0 1 1 0 1 0 1 1 0 0 1 . . 1 , 1 

0 1 , 0 , 0 0 0 0 , 0 . 1 0 1 1 1 0 , , 0 

~----~ 

L
j Enables or disables control store 

Note : "·" Indicates a " don ' t care" bit. 

and o on. Note that addrcs 00001 mark 
th e begi nni ng of an infi nite microprogram 
loop that fctchc , interprets and executes 
the instru cti on set. 

One more microprogram bi t (WA IT- L) 
remains to be described. It provides a way 
to ha lt our computer at the WIO in truction. 
A long as thi bit remains high, the rather 
involved network of NA D gates conspires 
lo pa s clock pul cs so that the micro
program executes freely. But when the 
WA IT-L bit goc low , a flip flop change 
stale and permit s the clock synchronization 
network to turn off the clo k at the end of 
the current clock cycle. This top the 
computer, but it can still be single stepped 
by hand o that we can tud y the micro
program. Clo k pu l es will rema in d i abled 
until the continue buuon is pres cd; then 
the flip flop reverts to it origina l tate, 
enabling the clock sy nchronization network 
to pas pul c at the tar t of the next clock 
cycle. Thi restart the microprogram, and 
hence the computer. The edge trigger o n the 

. 
l address modihcation. 

Low order address of next program step 
\ (modified by ins t ruction code of user 
~program through IC33 and IC34) . 

{ High o rder address of next program step . 

Table 2: Standard micro
code to implement the 
instruction set listed in 
table 7. Six bits or each 
word (BASE 0 thru BASE 
4 and OPJMP-H) have 
been reserved to tell the 
computer where the next 
word in the program se
quence is located. For 
instance, upon startup, the 
computer is at control 
source address 00000. 
BASE 0 thru BASE 4 
(BASE 4 is the most 
significant bit) have the 
values 0 I 000, indicating 
that the computer is to go 
next to control source 
address 01000, and so on. 
When control ource 
address 00070 is reached, 
OP/MP-His set equal to I. 
At this point one or the 
four possible instruction 
will be executed de
pending on the values of 
the op code on bus lines 6 
and 7 (see figures 5 
and 6). 

conti nue butto n prevents the computer 
from continuing right thru several WIO in
structions. (A properly debounced continue 
button is essentia l here for the same reason.) 

The res tar t button shown in figure 5 
al lows us to prime the computer or to 
abort a malfunctioning program . Pressing it 
causes the accumulator, program counte r, 
memory address register and microprogra m 
address register to be cleared and paves the 
way for the bootstrap program to be re
loaded. 

In table 2 I have Iis ted the version of 
microcode that implements the in tr uction 
ct laid out earlier. The various fields are 

identified at the top of the table, with 
additional explanatory notes at the bottom. 
Figure 6 uses the information in table 2 to 
how a comp lete tate diagram of the in
truction er. Each state (a colored circ le) is 

one address in the control memory 
represented by one line in table 2. 

One poi nt worth keeping in mi nd con
cern timing. At the beginning of each cycle, 
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Tobie 3: Power wiring table for the circuits in figures 2 thru 5. 

TypeNumber +5 voe Gnd 

74174IC1 
IC2 74 155 
IC3 7489 
IC4 7489 

7489IC5 
IC6 7489 

7489IC7 
IC8 7489 
IC9 7489 
IC10 7489 
IC11 74175 
IC12 74 175 
IC13 74181 
IC14 74181 

74173IC15 
IC16 74173 
IC17 74LS161 

74 LS161IC18 
IC19 74125 

74125IC20 
7404IC21 
7404 IC22 
74125IC23 

IC24 74125 
IC25 74288 

74288IC26 
74174IC27 
74155IC28 

IC29 555 
IC30 7400 
IC31 7400 
IC32 7402 
IC33 7432 
IC34 7408 

7410IC35 

16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
16 8 
24 12 
24 12 
16 8 
16 8 
16 8 
16 8 
14 7 
14 7 
14 7 
14 7 
14 7 
14 7 
16 8 
16 8 
16 8 
16 8 

18 
14 7 
14 7 
14 7 
14 7 
14 7 
14 7 

[)~[j~TfiL 1':1H~t1[] SYSTl:f:'IS 
PRESENTS: 

A 16K STATIC RAM s525 
16K KIT 

FOR TH E S HJO BUS 

Uses lhe new Inlet 2114 4K S1auc RAM ~which will als.o DO bulll by Mo101ota , Stgnencs 
Fairchi ld , N11t1onal TI Synortell.. NEC. ln1ers1t , anti Fu1 11su 01c) Fealure s i:omp1e1e 
s1a11c ooetat1on ~No rt!ltresh or cloc11.eo: chip soloct l. so1twa1e pro104;t pagmg 1nchv1dua11y 
addressable 4K Clocks. comple1e1y t1ulle1ed aocites~ ana dttta 11nes. lu lly socf..elecJ 
Availablo wllh 8K or 16K ol memory 
Pricu 8K kl! S295 16K kn S525, BK '!xpans1on k•I $250 161< auoin leCJ and te:!l teCI S595 

S-100 BUS TERMINATING CARD 525 K11 
Aosorbs noise, overshoot Hngmg re11ec11on P1a1ed tnru holes gold plated 11nger5 

EXTENDER CARD FOREAsvrnouBLESHOOTING 516 1m 
W11h Jumpers 1n power supply Imes !or current measurement Low prol1l tt so cara cotn 
remam in the macrt1ne w11h lhe <:over on W1in e-dge connec101. gold hngors 

PLASTIC KEYBOARD ENCLOSURE 
Blank molded ABS plas tic enclosure tor use w11h eybo<iird , controls. moctem. etc S17e 
1J\, jl[ 111.1x2 YJ PRICES Bta11k enclosure S20. With cutout fork yboaro available ham 
Flaa10 Sh3.Ck. etc S27 

Pr ices snown 1ncluO U.S 5n1pp1ng Ca:sn1er5 cnec or M 0 pretered Personal cnech. may 
delay sh1pp1ng 3 weeks Add s.J ror C 0 0 . Puu;.h.as.e 01ders add 4 ~ - 11e1 30 Utal'l 
1es1oen1s add' 75% 

01G.Till. ~ICf\O S Tfl:l" BOX1212,0REM, UTAH540'>7 
hll l•H H~"' 0,.1., D••~ 1800) 4U •1H4 , I• U1... c•ll ( IO I) 224 - )tO) 
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as CCLK goe high, a new microinstruction 
will appear al the output of the program
mable read only memories. This might cau c 
data to be placed on the bu , or a sum to be 
formed by the ari thmeti c logic unit, etc. In 
any ca e, by the middle of the clock cycle, 
when CCLK goes lo w, it is as urned that all 
such data has settled. Therefore it will be 
safe to latch the data set up during the first 
half of the cycle in to some appropriate 
device. By the en d or the cycle, the latc hed 
data will also be stable, o that a new micro
instruction can be afcly executed. In th i 
way we have avoided timing problems with 
out going to a two phase clock. I es timate 
th at th e cycle time of the compu ter co uld 
approach 300 n , although I have not pushed 
th e computer to its limit. 

Summing Up 

The design of this sim pl e com puter will 
certainly not appeal to everybody. Expand
ing the de ign to a 12 bit word length would 
perm it much more flexibility in the in true · 
tion set, perhap enough to even make the 
computer prac tical. For exam ple, indirect 
addre sing might be thrown in, or a sub
routine calling mechanism. The WIO in 
lruc tion could be broken do wn into 

separate wait, inp ut and output in tructions, 
allowing the computer to do things like flash 
it lights. (The present design comes to a 
grinding halt with each flash.) A more 
elabo rate bu Struc ture, an d some Ort or 
flexible 10 faci lity Jre other obvious 
improvements that one cou ld try. Alter· 
natively, a 12 bit word length could be used 
to inc rea~e the address space. ach of these 
change would add to the cos t and com· 
plcxity of th e design, bu t could le, d to a 
more useful computer . 

Although the requireme nts of th e boot-
trap loader do impose ome severe 

const raint on th e instruction cts th at can 
be implemented with thi archi tecture, you 
will probJbly want to try a few variations. It 
might be possible to implement two in truc
tion se t : one defi ned by the lower 16 
words or the programmdble read only 
memory for loading programs, and the other 
in the uppe r 16 wo rds for ex pcrimcnt,iti n. 
A switch would be u ed tu se lec t between 
the in trucl ion se ts. 

Once you have ma tered the idea behind 
the deign of this com puter, you 'll be we ll 
on your way to building a >eriou computer. 
All you ne d to do i >it down and write out 
Jn in truction set that be t fits your per ona l 
need and th en im plement it in hard w.ire. 
Bit li ce microproccs>ors ·uch <ts the 

M2900 series offer a ve ry attrac tive way of 
doing thi . • 

SEE DEALER LIST ON PAGE 165. 
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The RM64 prov ides this 

Write pro

RM64 

64K bytes 


fHE EXTENSYS 
FIM64 MEMORY tection in 
BOARD provides 16K blocks; and 
rhe most cost 
!ffective system Fully socketed for 64K,
Tiemory found in the allowing 32K and 48K versions 
ndustry. to be upgraded at a later date. 
lecause of our low cost per byte when 
;ompared to our competition plus the increased reliability of a 
;ingle board over multiple boards containing less memory. The 
loard is S-1 DO bus compatible making it usable in over a dozen 
jifferent m icrocomputer systems including ALTAIR and IMSAI. 
fhe RM64 is available in three configurations: 32K, 48K or 64K 
:>ytes of memory all on ONE board. The board is completely 
1ssembled, checked out and burned in for at least 50 hours prior 
10 shipment . Th is complete testing procedure allows Extensys 
to provide a one year warranty on parts, labor and materials 
:assuming no misuse of the board occurs). 

On board hardware is provided for : 

Individual memory bank address selection in SK byte 

increments; 


Complete dynamic refresh logic without loss of processing 

efficiency while programs are running; 


Board select logic which allows more than one 64K byte board 
per system; 

S-100 bus compatibility including on-board voltage regulator; 

Memory overlap which allows memory sharing the same address 
space to coexist in the same system; 

Del ivery of the RM64 is 15 to 30 
DAYS upon receipt of order. Prices for the RM64 include shipping 
and handl ing prepaid in the continental United States. 

EXTENSYS Corporat ion is also announcing several other new highly 
cost effective products. These include a total floppy disk system 
based around Fi le 1/0 board and a multiprocessor operating system. 
The other product, which interfaces with the RM64 memory board 
to create a megabyte or more of memory and adds ful l OMA 
capab ility to the File 1/0 board, is a Board Select/ OMA 
board. Both of these products are S· 100 compatible. 

Circle 58 on i nqu i ry card. 
Contact your local computer store r - - - - - - - - , 
or order directly from EXTENSYS B-5 Iexm 
r----------~ I 
I ~;~R PlltCit my Obd;~~,, ~;~~~IOw•no AMOUNT corporation I 

RM64-J2< bvo• """" " s 895" 592 Weddell DriveI IA M64 ·4.8Kby1e!)Olfd~ $ 1195uI RMS4-64KOY1•,,..•• 1> s1•95.. Sunnyvale, California 94086 
S..b101•I (408) 734-1525 I

I ICllihfom1.1 rtstdt-nu add 6 Y,. I.lit Plut.1! check mtothOd of p.iyl'TWflt 
TOTAL -- Ct\tck EncloW!'dI Sh1~0 ng and til'f\Glmg 0t4'S)a1d In con11ncn11I Un11ed S11ott\ tl.inlc.Ame• iurd No . ___ I1 
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David Brad er 

POB 483 

Elect ric C it y WA 99123 

A 6502 Personal System Design: 

Documenting Kompuutar - A Guide to the Detail 

The desi_qn informal ion illll11ded 11 ·ith lhi1 arlh/e, loqether 11•ith the excellent docume11tu/ion 
pro11ided by MO frchnoloyy on 1he 6502 de5iqn, _)hould be complete enough to enable the 
adl'anced e,,per1menter to build a .1imilar Kompuutar_ The de/oils pro1•1ded here coi•er o ho.,ic 
proceswr, hut do 1101 iinlude a detail de ign of a programmable memory board which is a 
necessary part of a usable system. Da11id Brader is currently worl?ing on an 8 K dynamic mem
ory board, with invisible refresh, to be used in Kompuutar. The details of the wirinq and con
struction of Kompuutar are shown in the several figure , tables and photographs, as well a 
listing 7. As a short guide to these materials here is a detailed table of content to the article. 

Fron t Panel A embly : rt11\ i1 the ciru1it with 11uriot1) di playi, ond 111•illhe, 1vhich i!>. mou11ted 
011 the front panel, um! iulkl to thl' front pone/ interface module 11w u 111ultho11ductor cahle 
from P2 10 /2. 

Pholo I: U1er\ Fiew of !he Iron/ panel. page 95 
Fic;ure I: Fro111 panel bloc/? diagram. page 704 
Fiqure~ /.I 10 1.8: /7011' cin uit de1ail1. pages 106 to 114 
Photo 2: Rear of Ihe front punel. page 700 
Fiqure I .CJ: Phy.1ical layout drawinq of front panel 

("1111e l'iew u_1photo]). page 776 

Front Panel Interface Module: 771is i1 the logical interface between !he proassor\ bad?plune 
bus and the front panel. I t is the home of addre ':. detodinq und the read only memory with 
the front panel ~en •ile proqrarm. 

Photo 2: Shows the cables from the front panel interface module 
to the front panel assembly (al the left}. page 100 

Figures 2. 1 to 2."-1: Show Lircflil detail<,. pages 7 78 Io 721 
Figure 2.5: Shows the physical layout on a Vector =3677-2 

prototvping board. page 126 
Tuble ·I: Show the 1virinq definition.\ of the/2-P2 cable from 

!hi) board to the front panel as1embly. page 702 

Cent ra l Processi ng Modu le: /hi) i the heart of the Kompuutar '>J')/em, a hourd which lOntaim 
th ' 6502 proces>:.or, cmd a.s>:.ociated bufferin_q and <lotking cirwit1y ll'hith define.1 the bacl?
plune bu_\ .1truu11re or the ~y~tem . 

Photo 3: Show) the componmt 5ide of the central prole.\':.inq 
module, the 1eco11d curd from the left. page 702 

Figure 3.1: how.\ !he lugic diagram or !he proce.\\O/' curd. page 727 
Figure 3 __ : Show1 the phy)iLal layo111 of the prole11or module 

on a Vector =3662 prototyping ((lrd. page 728 
7able 2: Detuil5 the bac l?p!une pin deli'nitiom (PI or eac h wrd) 

for I he /Ju5 of K 0111p1111 Iar. page 98 

TIM Interface Module : 7 his card i1 provided m !hat the MOS Telhnoloqy "' I erminal Interface _
/\10111/or. ··or FIM proqram, wn be u ed IVith Komp11uta1. 

Fiqure "-I. I: Shows the /oqn dioqrum or the I IM !111erfau: 1\!lod11le. 
Fiqure -1_2: Sho11 ') !he phy1nal loyrwt of the 7IM m"dule on u 

Veuor =JG62 card. 

page 730 

page 732 

Miscellaneous Items: 

Table 5: ho1-v a master list ofall integrated circuits, where they 
appear by fiqure, 11-'irin_c;, map localiom tor !he phy1iwl luyout>:. 
1holl'n, und power 1viri11g co1111euio1H. 

I able I: Show5 the o!locatiom ofmPmory for Kompuutar, a · 
implemented here. 

U~tinq I: Show~ the front panel control program ll'hich rnn be 
u_1ed to manipulate Kompuutur without any other monitor 
program. 

page 134 

page 96 

pages 136-7 37 
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Kompuutar 


Kavea t Kornpuutar 

II i\ ll'ilh wme 1repida1io11 //wl we 
pre,enl the detuils of !he Kompuutur 
de,ign. I he desiq11 is complete and com
pre/Jemive, bu/ Murphy is addicted to 
co111p/e/e and comprehen ive desiqm. 
Thu we'd /il~e readers to be uware that 
there i u 11011/ero probability that error 
eA i\I in thi' muga/ine representu!ion of 
author David Bruder' design. We ugqest 
thut \l!riom homehrewers o( Kompuutur 
/real these puqe, u u detailed de ign 
guide, tu /Je used with /he . landard design 
documenta1ion of !he chips involved. But 
as wilh any road map, do not be afraid to 
que\I ion and verify what you see wilh 
your own !mow/edge and experience. 

David Brader reports that a local 
friend of his has built a econd Kom
puutur from the same set or blueprints 
which were the source of the circuit in 
this artille. The experience of the econd 
builder were reflected in his correction 
and l hanges 10 /h e drawings which are 
par/ or /h e normal "author proof" cycle 
applied lo articles. Based on our own 
experiem.es wilh microprocessor , thi 
reporl from Da11id, and a tremendous 
amount of "desk debugging" or the 
urlicle, we believe 1he information pre
en led here is complete and buildob/e. 

However we highly recommend tho/ 
reader who attempt to dupli ate the 
design hal'e ufficient experience with 
digital hardware und logic so thal detailed 
underslanding of it operation is possible. 
Thi:' is not a novice '.s project. 

IL al l started at WESCO 1975, in San 
F ranci c . It was there that I di covered 
what a " hosp ital ity uite" is. In a hotel 
not far from the convention itc, MOS 
Technology In had ~ct up th eir WESCO 
hospi tali ty suite . A ho pitality ~uite i a bit 
like La Vegas: some refreshment , a coup le 
of elegantly decorative ladies, flashing 
light · and shin y gi1mos, and the age old 
desire to per uade you and your mone 
to part company. 

I decided to top and at le.1 t get ct 

free dr ink. A man by the bar aid, " Help 
your elf," o, being afraid of a one drink 
limit, I poured a double. As I left the bM 
c1rca, I spotted a friend. We struck up a con
ver a ti on about common friends and assign
ments, which la ted through half my drink 
and a ll of my clearheadedne s. A our 
conversation ended, I noted s me blinking 
LEDs and hiny new printed circui t board . 
These boards were surrounded by everc1I 
profe sional looking gue t , giving the hard· 
ware an illusion of igniri ca nce. So I went 
over to investiga Le. 

I lisLened, wide eyed, to th e saga of the 
MCS6502 as I slowly finished my drink. 
After· the story ended, everyone eemed 
to be formi ng a lin e in a different part 
of the uite. Feeling part or th e group 
now, I moved to the line. A little bit later 
I remember being at the head of the I in~ 
and the la t Lhing I recall was handing two 
20 dollar bill Lo a very pretty lady. 

Th at evening, after obering up, I di 
covered what I had d n . There on my 
bed, stark naked, was a brigh L new MOS 
Technology Inc MCS6502 microproce sor 
chi p and its manuals. Well, now the onl y 

Photo 1: The completed 
Kompuutar, viewed to
wards its front panel. The 
controls or the front panel 
are chosen with the Data 
General NOVA 's front 
panel as a mental model. 
In addition to the binary 
data display, there is a 4 
digit hexadecimal address 
di play (black rectangle) 
and an 8 bit binary flag 
display. The control panel 
is erviced by a read only 
memory routine. 
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Backplane (P1) 
Pin 


Designation 


A 

B 

c 
0 
E 

F 

H 
J 
K 
L 
M 
N 
p 
R 
s 
T 
u 
v 
w 
x 
y 
z 

Logic Diagram 
Mnemonics 

+5V 
IRQ 1 
AO 

A2 

A4 

A6 

AS 

A 10 

A 12 

A 14 

IRQ2 

IRQ3 

DO 

02 

04 

06 

so 

PHICLK 
MASRST 
R/W 
IRQ4 
GNO 

Description 

voltage supply 
interrupt 1 

address bus lines 
(even) 

} 

interrupt 2 
interrupt 3 

data bus lines 
(even)

} 

set overflow flag 
<M clock 
master reset 
read and write 
interrupt 4 
ground 

Backplane 

Pin 


Designation 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Logic Diagram 
Mnemonics 

GND 
IRQ 5 
Al 
A3 
A5 
A7 
A9 
A 11 

A 13 

A 15 

IRQ6 

IRQX 

D 1 

03 

05 

07 

SYNC 

PH2CLK 

ROY 

PANRST 

NMI 

+5V 


Description 

ground 
in terrupt 5 

add ress bus lines 
(odd) 

} 

interrupt 6 
any interrupt pending 

data bus lines 
(odd)} 

synchronize 
<1>2 clock 
ready 
panel reset 
nonmaskable interru pt 
voltage supply 

Table 7: Kompuular bus list. This table gives the bac/?plane socket pin identifications, mnemonics used in the logic diagrams, 
and a short description of the line's use. The pin designations are the standard ones printed on the Vector prototyping cards and 
embossed in the typical 44 pin sockets. 

thing to do wa to build a computer with 
the chip. After everal days reading, I 
realized that building a computer was 
not going to be all that easy. I also realized 
th at the initial $36.75 investment was but 
a drop in the proverb ial bucket of costs. 

Designing the Kompuutar System 

Since my $36.75 investment was going 
to need considerable financial and design 
support, it wa clear that making a projec t 
out of the computer would require planning. 
The fir t thing I had to accomplish was a 
specification of the feature I wan ted in 
my machine. I had had a good deal of 
experience with the Data General NOV A 
1200 minicomputer, which led me to favor 
it functional front panel witch setup . 
With thi input , I decided that the new 
machine would have the fron t pan el func
ti ons of mas ter reset, ha lt, program run, 
single instruction step, memory examine, 
ex<1mine the next memory location, depo it, 
de posi t to the next memory locat ion, 
load processor register, and enter data or 
addre information from switches. I also 
knew that I wanted lo be able Lo display 
the information on the data Ii nes and 
address lines . I decided to use hexadecimal 
LED display for the address bus infor
mation, but not for the data bu . My reason
ing wa that the address bus is always con
idered to be a numerica l value, whereas 

the data bus is sometimes considered to be 
numeric data, but is sometimes viewed 
as a combination of individual bit . {If the 
data bus was showing hexadecimal E6 and 
you wanted lO know if bit 5 was on or off, 

you would probably have to think for a 
while to make sure.) Another argument 
in favor of di crete LED indica tors for 
each bit is the fac t that hexadecimal displays 
are a bit more expensive. 

After reading more about the MCS6502, 
a trait common to the other single chip 
processors revealed itself. The status register, 
accumulator, index register X, index register 
Y and stack pointer register do not come 
out of the chip on their own sets of pin . 
All that information was going to be hidden 
from the operator (me) sitting in front of 
the machine. I knew I would have to design 
digital logic to get that information out of 
the chip and displayed upon some sort of 
front panel. I even decided to go one step 
further and build in the capability to set 
or reset the tatu flags from the front 
panel. Being able to throw a switch and set 
the carry flag, for example, is a very handy 
capability when debugging a conditional 
branch in some program. 

I decided to use toggle switche for the 
16 data inputs becau e the state of indi
vid ual switches could then be tested in 
oftware and used to control options in a 

program. Th is complicates the entry of an 
address (which is displayed in hexadecimal) 
but gains an ability to write application 
programs which can be modified by the state 
of these inpu t switches . 

With these considerations in mind, the 
front panel design was firmed up as a start
ing point for the processor. I then started 
to work on the detailed logic de ign of what 
came to be called Kompuutar in my lexicon. 
After a month's work, I realized that the 
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The 8a51c Bo x (left) and th e Pe riphe ral Pla te 

With no-nonsense 

organizers from the Digital Group. 

Not so long ago, the microcomputer domain 
belonged to a special group of creative, inventive 
folks - the inveterate hardware hackers who de
lighted in making a thing work and didn' t really care 
all that much about how it looked . 

The Digital Group was a part of it. Our original 
microprocessor systems were designed not to 
require any cabinets at all - they simply worked 
well . 

Of course , along the line we couldn' t resist making a 
good thing look good too . . . and we added our 
complete line of custom, deluxe cabinets to cover up. 

Well, we haven't forgotten those no-nonsense com
puter builders who just want a way to organize their 
systems. So the Digital Group has taken a step back 
to come up with a basic answer: The Organizers 
the Basic Box and the Peripheral Plate. 

Beautifully simple . No paint . No anodizing. No frills. 
Jus t exactly what you need. 

The Basic Box houses your CPU, power supplies, fan , 
switches and 110 connectors in one tight Ii ttle 16" by 
17" package. It's available completely naked - a 
metal box with a card rack so you can add to it from 
your own parts supply; or we' ll spiff it up for you 
with optional equipment. 

The Peripheral Plate is a piece of bent metal with 
room for your keyboard , video monitor, two Phi-

decks or an audio cassette recorder. All at your 
fingertips . For organization. 

Ca rd rack sw i ngs ou t for ser vice. 

Naturally, our basics have down-to-earth prices, too. 
The Peripheral Plate is a mere $19.50 .. . the basic 
Basic Box goes for $45 (a little more depending on 
options) . 

Want to up your organization? It's simple . Just call or 
write the Digital Group for details. 

Circl e 45 on inqu iry ca rd . 

C~_' 1 ~~_~·~": · __~ff· 1_=__ :-~-~___J" ..___ ~U·~~~___.) 
P.O. Box 6528 • Denver, Colorado 80206 

(303) 777-7133 
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Address Range 

0000 to 3FFF 

4000 to 6FFF 

7000 to 73FF 

7400 to 7FFF 
8000 

8001 

8002 

8003 

8004 
8005 

8006 

8007 to 8008 

8009 to sooc 
SOOD 

800E -800F 
8010 
8011 
8012 
8013 
8014 
8015 
801F 
8020 co 80FF 
8100 m EFFF 
FOOO to FDFF 

FEOO to FFFF 

front pJnel logic wa going to contain nearly 
220 TIL in tegrated circuits if I implemented 
it with J conventional logic design. After 
that fal e tan, I though L about d simpli
fication mdde pos ible by a read nly mem
ory program , or " fi rmware" as it i some
times cal led. I ould replace mo t of the 
front p.111el log ic with a program burned 
into a single read only memory integrated 
circuit. With a PROM progr·am and 16 byte 
of vol atile progr,1mmable memory, the 
6502 processor it elf would operate the 
front panel of the ystem. The integrated 
circuit count for the fronr panel including 
the programmable read only memory and 
16 byte of volatile solid state memory 
was now reduced to just over 50 package . 

System Design Philosophy 

During the prnccss of designing th e 
fro nt panel , I worked out <1 to tal system 

Type of Hardware Usage of Region 

design ph iloso phy which goes like thi : 

• 	 There wouid be a central process
ing unit and peripheral . The periph
era ls would be interfaced to the 
proce sor with a minimum of hard
ware by using memory ciddre s inter
faces wherever po sible. 

• 	 The system would be modular. A 
common backplane would be defined. 
Each module would be connected 
to the other module through this 
backplane. Each ockct on the back
plane would be wired pin by pin to 
every other oc ket on the backplane. 

• 	 n address <1 llocation map for the 
system would be de ined . This would 
define addre sc for hardware (periph
era ls), firmware (read only memory 
programs) and main programmable 
memory use . 

The front panel design I had already 
created fol lows the firs t point of this phi
lo ophy quite well. It has several eparate 
peripheral . Some arc input device , some 
arc output device , and some arc a com
bination of both func tions. Each i~ inter
faced dS a memory ciddre s dnd operated 
by firmware with a minimum of supporti ng 
hardware. Detai ls of front panel operation 
will be discussed a little later in thi s article. 

The physical arrangement of the design 
implements the detai ls of the second point 
in the philosophy. Th e front panel assembly 
is connected Lo the top of a Vecto r· proto
typing card which contain the program
mable read on ly memory with the front 
panel ervicing routines . This card in turn 
plugs into the back pl ane bus which is 
implemented with a Vector card cage <1 nd 
edge connectors. By pulling the front panel 
card out of the backplane, the Kom puutar 
y tern can be isolated from the front panel 

completely. Similarly, the rest of the Kom
puutar system is fabricated on Vector 3662 
cards. Ecich card module con Lain one com
plete ect ion of the system. These modules 
include the centra l proce sing unit card 
with the 6502 and bu interfacing chips, 
and a terminal interface card. Eventually 
8 K byte programmab le (volatile) memory 
cards will be part of the system. The cage I 
used has room for eight memory cards for a 
total of 64 K bytes. Since the backplane 
is wired from pin to corresponding pin of 
each socket, the cards can be placed in 
any available socket in the card cage. Table 
1 shows the definitions of all the bus pins. 
In developing the system, I used an ex tender 
card plugged into the backplane so that I 

Volat i le programmable 
memory 

Unimplemented 

Tl M read only memory 

Unimplemented 
Scratch pad memory with 

external visibility 
Scratch pad memory with 

external visibility 
Scratch pad memory with 

external visibility 
Scratch pad memory with 

external visib ili ty 
Scratch pad memory 
Scratch pad memory with 

external visibility 
Scratch pad program 

begins here 
Scratch pad 

Scratch pad program area 
Scratch pad memory with 

external visib ili ty 
Scratch pad 
Read only data input 
Read only data input 
Read only data input 
Write only display 
Write only display 
Write only d isplay 
Idle command address 
Peripherals 
Unimplemented 
Programmable read only 

memory allocations for 
systems programs 

Read only memory 

This is the general programmable memory 
region for user applications programs. 
Locat ions 0000 to 01 FF are dedicated to 
sc ratch pad and stack use by the architec
ture of the 6502 processor. 

This region is reserved for 12 K of general 
user memory expansion. 

When the Tl M monitor interface card is in 
the system, th is area is reserved. 

Current accumulator value maintained by 
front panel service program 

Current X register value 

Current Y register value 

Current processor flag values 

Current stack pointer value 

Current address register value, displayed 
through locations 8014 and 8015 

Current data at memory location in 
address register locations 8007 to 8008 

Front panel request register (see table 3) 
Low order address and data switch register 
High order address switch register 
Flag data latch and binary disp lay 
Low order address display latch 
High order address display latch 
References cause processor to idle 
Unimplemented hardware device addresses 

This area is expected to be used by inter
rupt service routines, utility subroutines 
and the like, programmed into read only 
memory parts. 

This region is allocated to the f irmware 
which controls the front panel. The 
6502's interrupt vectors are programmed 
into the last portion (see listing 1). 

Table 2: A memory allocation map for Kompuutar. When interfacing both could have access to the various modules 
peripherals and programming to a single memory address space, it helps to with an oscil loscope probe. 
make a memory map to keep track of a/locations. The third part of the design philosophy 
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weigh 16 tons. Despite their size, function is confirmed by three ory access, 16k addressing, solder masked , 

·(heyfit together with a tolerance stages of testing and·a bum in assembled with sockets. tested, burned in, 

that is less tJ1an·ftalf the width of a cycle that runs 72 hours at 10° c guaranteed one year. 

tiumanhair. (158°). D b t 
Dynabyte builds Its 16k When we build them that yna y e 

dynamJc RAM boards with the soUd we can guarantee them 
same exceptional precision for a full year. Builders of the Great Memory 
and care. Their reliability is as If a Dynabyte board ever needs 
solid as a rock. repair, we provide factory service 

Dynabyte's design meets rigid with a 24 hour turnaround for both 

industrial grade standards. The warranty and non-warranty work. 

design is so good, in fact, that one The Dynabyte l 6k dynamic 

of the largest, most experienced has the widest compatibility of any 

electronics manufacturers has dynamic memory. So it will work in 

tried to imitate it. (We were your system. 
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Photo 2: The reverse side 
of the front panel assem
bly for Kompuutar. Th e 
various switches, indi
cators and the front panel 
electronics board are seen 
in this picture. Th e P2-j 2 
cables run to the front 
panel interface module at 
right. 

Table 3: Control request 
word layout. The control 
request word, located at 
address 807 0 in memory 
address space, is an input 
to the processor with this 

Bi t 7 Bit 6 Bit 5 I Bit 4 I Bit 3 Bi t 2 Bit 1 Bit 0 

_......_o <:A~Rv 11;g "1" = set flag 0 Null command (pass NMI) 
1 ZERO flag " O" = reset flag 1 FLAG MODIFICATION 

was implemented by picking add1·css all oca
tions . (Sec table 2 or a detailed list of the 
al locations.) I decided early in the project 
that 16 K bytes of memory would be a good 
start for general programming uses. I had to 
allocate this volati le user oriented program
mable memory, as well as all the addresses 
for peripheral hardware and "firmware" read 
on ly memory program . The address ra nge 
of the 6502 is from 0 Lo 65,535 (0000 to 
FFFF in hexadecimal). Since the arc hi · 
tecture of the chip itsel f use addresses 
0000 to 01 F for dedicated functions which 
must be in programmable memory, I a 
signed the 16 K byte block of main memory 
to the lowest part of the addres ing range, 
from hexadecimal 0000 to 3FFF . I was 
in terested in the possibility of occasionally 
using the MOS Technology TIM monitor, 
so I re crvcd locations 7000 to 73 F for use 
by that program's read onl y memory. I 
allocated the control panel scratch memory 
and peripheral ports tarting at address 8000 
hexadecimal, with the addrc ses starting at 
8020 reserved for ge nera l peripheral use a 
I expand the sy tern. At the end of the ad
drcs range, I re ervcd the 4096 byte from 
addrc ~cs FOOO to FFFF for read on ly 
mem ory contdining various system routines. 
The high end of this rdngc is reserved for 
th e control panel support program and the 
interrupt vectors of the MOS Technology 
6502 design. 

Backplane 

The backplane of the card cage (sec table 
I) carries the addre s bus, the bidirectional 
data bus, i vectored interrupt lines, and 
other funct ional signals a detailed in table 
1. All signals that pass through the back
plane are interpreted to be logical 1 or 
"true " in a low voltage (TTL O) state. A 
high vo l tagc (TTL I) state is interpreted 
as a logical 0 or "fal c" state. Each module 
which con nects to the backplane uses TTL 
inverting buffer circuit for signals ent or 
received. The +5 V (VCC) and ground 
(GND) connections arc arranged on the card 
edge connectors such that by plugging a 
module into th e backplane up ide down, 
polarity to the card will not be reversed. 
This simple arrangemen t eliminates the need 
for key in g the cards; wh ile it prevents 
physical destruction of the card due to 
inadvertent reversal of orie ntation, ·the 
system should not, of course, be ex pected 
to work with one or more card reversed 
re lat ive to the balance of the cards in the 
system. 

The vectored in terrupt lines of the 
backplane arc defined by some logic imple
mcptcd on the central proce sing unit 
card (see figures 3). This c rd con tai ns 
logic nece ary LO cause hardware vectoring 
of interrupt levels to one of the six possi
ble interrupt service routines. The vectoring 

format. It is used by the 	 2 IRO DIS flag 2 DEPOSIT NEXT 
3 DECIMAL f lag 3 DEPOSITfront panel service pro
4 BRK CMD f lag 4 EXAM INE NEXT 

gram of listing 7 to govern 5 Not used 5 EXAMINE 

the operation of the panel 	 6 OVRFLW flag 6 STEP 
7 NEG flag 	 7 HALT

based on sellings of va 8 REG LOAD 
rious switches. 9 to 15 = Unused 



4800 BAUD CASSETTE RECORDER 
An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error 

rate 108 at 4800 BAUD. Can be used from 110 to 4800 BAUD into a UART or "Bit 
Banger PIA" - no clocking required. This is not an audio recorder. It takes RS232 or 
TTL signals from the terminal or computer and gives back the same signals. No audio 
interface is used. Motor start/stop is manual or through TTL or RS232 signals. 

Tape speed is 3.2"/second nominal ; 1.6"/sec. optional . 110 volt , 60 Hz, 5 watts. 
(220 Volts on special order). Can use high quality audio cassettes (Philips Type) or 
certified data cassettes. Can be used in remote locations from a 12 Volt battery. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PRO· 
GRAM RELOADING and DATA STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 8080 software for file or record searching 
available on request with order. Used by major computer manufacturers, Bell Tele· 
phone and U.S. Government for program reloading and field servicing. 

MODEL CC-8 $175.00 AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM. EXPANDS 6800 CONTROLLER for SWTP 
MIKBUG with l K of ADDITIONAL ROM PROGRAM. 

This is a complete tape con troller for the SWTP 6800 system. Has 3 K of EPROM 

space for your own programs. A 1 K ROM (2708) is provided with all tape and moni 

tor functions . The ROM program is iden tical to our extensive 8080 ROM program. 


Has one AClA for one or two tape drives, one USART for an additional Serial port 

and a 4 bit parallel port for motor control. Will con trol one or two CC·8 or 3M3A 

drives with the software provided . Can be used with other tape drives controllable with 

4 TTL bits if appropriate software changes are made . 


Extra serial port is provided for your use with a second terminal or printer. (RS232, 

TTL or 20 ma} 


The ROM program supplements the MlKBUG program and is entered automatically 

on reset. 


AVAILABILITY - Off the Shelf. $190.00, Tested & Assmb. ($160.00, Kit) 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM TERM INAL and 
TAPE PORTS on SAME BOARD CONTROLS ONE or TWO TAPE UNITS 
(CC-8 or 3M3A} 

This is a complete 8080, 8085, or Z80 system controller. It provides the terminal 
1/0 (RS232, 20 mA, or TTL) and the data cartridge 1/0, plus the motor controlling 
parallel 110 latches. Two kilobytes of on board ROM provide tum on and go control 
of your Altair or lmsai. NO MORE BOOTSTRAPPING. Loads and Dumps memory 
in hex on the terminal, formats tape cartridge files, has word processing and paper 
tape routines. Best of all, it has the search routines to locate files and records by 
means of six, five, and four letter strings. Just type in the file name and the recorder 
and software do the rest. Can be used in the BiSync (IBM), BiPhase (Phase encoded) 
or NRZ modes with suitable recorders and interfaces. 

This is Revision 7 of this controller. This version features 2708 type EPROM 's so 
that you can write your own software or relocate it as desired. One 2708 prepro· 
grammed is supplied with the board. A socket is available for the second ROM 
allowing up to a full 2K of monitor programs. 

Fits all SI 00 bus computers using 8080 or 280 MPU 's. Requires 2 MHz clock 
from bus. Cannot be used with audio cassettes without an interface . Cassette or2510 (R) CONTRO UER cartridge inputs are RS232 level. 

$190.00 ($160.00 Kit) AV AILABIL!TY - Off the shelf. 

80 BOARD for SWTP COMPUTER: Now you can use the 8080/Z80 software programs in your SWTP 680J 
machine . Replace your MPU board with a Z80 and ROM so that you are up and running with your present 
SWTP memory and MPC card. 200 assembled and tested. ( $160 kit) 

AVAILABLE - November '77. ~ 
OVERSEAS: Export Version 220 volt 50 hz. Write factory or: M egauon·Datameg, 8011 Putzbrunn, Munchen, Germany; Nippon Autom11 tion 
5-16-1 Shiba, Minato-Ku. Tokyo. Japan; Hobbydata, FACK 20012, Malmo. Sweden; G. Ashbee. 112 /field Road. London SW 10-9ag: Trin · 
cronies. Ltd.. 186 Queen Street W., Toronto. Ontario, Canada: EBASA. Enrique Barges 11. Barcelona 14, Spain: ARIES. 1, rue Sainr Phillipe du 
Roule. 15008 Paris; Micro/em 20131, Milano. Italy ; Eagle Electric, Capetown, S. Africa. 

For U .P.S. delivery. add S3.00 Overseas and air shipments charges collect. N.J. Residents add 5% Sales Tax . WRITE or CALL for further 
inlormation. Phone Orders on Master Charge and BankAmericard accepted. 

~ati()nal Multiplex C()r-p()r-ati()n 
3474 Rand Avenue , South Plainfield NJ 07080 Box 288 Phone (201) 561 -3600 TWX 710-997-9530 
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Photo 3: Th e front side of 
the backplane framewor!? 
with card guides. This pic
ture shows the front panel 
interface module at the 
left, the cen tral processor 
module, a gap of several 
card slots, then the TIM 
interface module's edge 
with cables dangling. 

is accomp lished by u~ing the se lected ervice 
rou ti ne address for the interrupt vector 
requested by the 6502 proce sur during 
its interrupt ~equence. he service rou tine 
are assumed to 1·eside in programmable 
read o nl y memory chip I c<1 tecl in a ep;ir
ate module elsewhere on the backplane 
bus. Th e proces or h<trdwMe al o incOl·por
a te a p1·iorit arr.ingemen t of thee six 
in terrupts . Thu when two interrupt oc Lff 

im ultaneou I)> the system ha no problem: 
th e higher priority one i servicetl fir t. 

This becomes important when several 
interrupt driven peripherals MC used with 
the sy tern. An au toma tic 1·esct func tion 
initializes the syste m when power is turned 
on, a separa te interrupt for the 6502 which 
i supported on the proces or board. 

As an alternative lo the front panel logic, 
the memory map of tab le 2 shows alloca
tions for th e MOS Technologv TIM monitor 
intcgrdted cir uit, MCS6530-004. This "Ter
minal Interface Monitor" a l low~ the u er 

L ogic D iagram 
Wire Mnemonic Descr iption 

1 t o 4 +5 v voltage source 
5 DO 
6 D1 
7 02 } d"' '"' ''"" 
8 03 
9 <1> 1 CLK phase 1 clock 

10 •1>2 CLK phase 2 clock 
11 IROX any in terrup t pending 
12 A3 address bus lone 
13 04 
14 05 data bus lines 
15 06 
16 07 ~ 
17 A 2 
18 A1 address bus lines }19 AO 
20 R/W read /wri te 

to u e an ASC II seri,11 dev ice uch a a 
Teletype r other terminal. In making a 
board to upport T l M, I al o included an 
8 bit para llel interface to allow the possi
bil ity of using a hi gh speed paper tape reader 
with Kompuutar. Det<1i l of the T IM module 
are shown in figure 4. 

Front Panel Logic 

Gerting into more of the detai ls of the 
ys tem, I'II concen trate m<1inly on th e 

place where I started my design, the front 
panel. The fro nt panel logic i com posed 
of in put device , output devices, 16 byte 
of cra tch pad memory, logic of the ready 
and nonmaskable interrupt timing, address 
decoder , switch debouncers, a data bus 
multiplexer, command encoder, line buffers 
and th e cont ro l program in a programmable 
redd only memory. The overa ll de ign of 
the front panel is fo und in fig ure 1, with 
detail pread out in ligLrre_ 1. 1 thru 1.9. 
Photos 1 and 2 give lurth er detai l . 

There JrC fo ur input source~ of data 
in the front panel design. Each source is 
elected by the addres decodi ng logic, 

which in turn all ows th e proper source 
to be input through th e data bus multi
plexer. The fi r l source of input is the 
control reque t regi~ter. Thi ource carr ie 
data from the command encoder, the fl ag 
election witch, the flag modification 
witch and the regi ter load switch. Table 3 

shows the bit a signment) of th is so urce, 
which is located at hexadecimal addre s 
8010 in memory c1d dress pace . 

The second ource of in put is the low 

Text cont inued on page 112 

Logic D iagram 
Wire M nemonic Descript io n 

21 X800X 
22 X800F address selec t ion 
23 X8013 li nes 
24 X8014 
25 SEL 1 multiplexer select\
26 SE L 2 Iones 
27 BSOUT multiplexer disable 
28 
29 X8015 address selection
30 XFEEA } 
 l ines 
31 X801F 
32 
33 
34 REST fron t panel reset 
35 ROY ready 
36 NMI nonmaskable interrupt 
37 to 40 GNO gro und 

Table 4: Wiri11g list for the j 2-P2 cable. This cable runs from the fro11t panel i11terface board in 
the card cage to the front panel assembly, as seen in photo 2 and 3. /In the, utho1" ver ion of 
Komp uutar, the wiring wa direc1 without use of a plug and jack; in order to simplify nomen
clature in presenting the or tic lc, we've used a numerical indentification of igna l paths a if a 40 
wire cable and connectors had been used . ..CH/ 
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Our prices arefantastic 

Our service...is betterI 


Specialization is the only way of doing a job well. S-100, Inc. is committed strictly to the needs of S-100 
based minicomputer systems. We don't sell books, Teletypes, video terminals, or products that do not 
directly plug into an S-100 bus. 

ABSOLUTELY NO BACK ORDERS! If we can't ship from stock, we will return your check. We 
deliver "off the shelf" - and we intend to inventory not only the best of the S-100 products, but also 
the items that are the best values as well. We don't plan to inventory everything made for the S-100 bus, 
but we intend to inventory anything you should bave. 

We stock mainframes but will concentrate on a variety of memory and interface boards, offering the 

most popular and the obscure. 


If it's made for the S-100 bus, call or write us first ... second ... or last - but be sure to get our prices 

before you buy! Write for our complete catalog. 


-TYPICAL PRICES ON SOME OF OUR ITEMS

IMSAI 22-SLOT MOTHERBOARD, KIT .................... (List $ 751.00) 
Z-80 CPU BOARDS-

Our Kit ......... ......... ... . . ........ .. . . . . ...... . . 
D' . I I . (S ' ·1 TD L) (List $ 169.95)1g1ta nnovat1ons 1m1 ar to ... .. ....... ... . ..... . 
TD L ZPU . ......... . . . ... ..... . ... . ......... .. . ..... (List $ 269.95) 

S-100 SYSTEM, complete, all self-contained and partially assembled, 
includes keyboard, power supply, 10-slot motherboard, Z-80 
CPU, 16K of RAM, 1/0 board with audio cassette, monitor in PROM, 
and BK BASIC-all for ONLY .................... ... ........... . ... . 

4K S-100 MEMORY BOARD, low-power, 450ns .... .. ..... .. . 

8K S-100 MEMORY BOARD, low-power 450ns ... ... . __ .. . . .. .. . _ ..... .. . 
16K S-100 STATIC MEMORY BOARD .. .............. ... ..... . ....... .. 
16K S-100 DYNAMIC MEMORY BOARD (assembled and tested) ............. . 

CYBERCOM VIDEO BOARD VB1A ....................... . (List $ 189.00) 

NORTH STAR MICRO DISK, Kit ..... ..... ... .. ... .. .. ... . (List $ 699.00) 

All Processor Technology and Crnmenco items and TD L Software  LESS 10% 

OUR PRICE 

$ 589.95 

144.95 
149.95 
239.95 

1,495.00 

89.95 
144.95 

439.95 

299.95 

149.95 

594.95 

We distribute S-100 items from all major manufacturers and from many smaller ones. 

Unless otherwise specified, all boards or kits are fully socketed (sockets are extra for 
IMSAI boards or kits)_ 

An organization dedicated to the users of the S-100 bus __S-100 Inc
Circle 118 on inquiry card . I 7WHITE PLACE 

CLARK, NEW JERSEY 07066 
(2011 382-1318 
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16384 BYTES for $485.00 

assembled (with sockets) •• tested - blll1led-in - guaranteed 


A new hi gh in I00 bu me mo ry cos t effectiveness. Fully :.issembled 
(with ~ockets ) , te ted . bu rned-Ill and gu:.irant eed. 4Kx I dynamic 
memory chips (the same ones used by the ton in IBM co 111pat 
ible memory sys tems) co111bincd \ ith elf contained control 
logic. ield a memory system with these features : 

• 	 Low power consumptio n_total hoard_- watt s. 

• 	 Transparent refresh. wh ich mc::i ns the 
memo ry loo ks ta tic to the o ut side wutl J . 

• 	 o waiting. In fact. XRDY is not even con
nected to the memor 

• 	 Full DMJ\ ca pab ilit y. 

• 	 Relinblc . low level clock and control 
signal . 

e 	 Three full Jay ccmng ar 70° C ( 185° F). 

SPECIFICATIONS 

Capac ity : 16384 bytes 

Addressing: I6K bounJar ic.' ~ 

Bus struc ture : SIOO - Plug compat ibl e with IMSA I 8080. POLY 8 c' . ALT IR ''00. BYTE-8. SOL 

Address and Da1a Buffering: < 200 uJ\. special high 1111pedance buffer · - less than one low power Schottky load 

Access ti me: 3-0 nSec 


Me mory chips: MM 5271 ( 1ational Semicondu ctor :ind o th ers ) 4K dynamic 


Dynabyte Inc. 
-i020 1', ahian Wa)', Palo Alto La. 94 303 

for m o re i11for111a 1io11 call or write 10: R.H .s. MARKE TING DE Ll:.R I 'QUIRl:."S INV/ Tf:_"D 
B of A & Mastercharge accepted 2233 1::1 Camino Real 

Palo Afro, California 94306 
(415 ) 321-6639 

bring to the SI 00 Bus a state of the art, industrial quality memory sys tem. Dynabyte® 16 K on a single boa rd for $485.00, Guaran teed for I year. 

Circle 122 on inqu i ry card . lt'I 1t N11\t:'l1lhl·1 1117 7 105 
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NOH 	 ALL PULLUP RESISTORS ARE PHYSICALLY 
MOUNT ED ON THEIR ASSOCIATED SWITCHES 

Figure 7. 7: Switch debouncing logic. This is a detail logic diagram uitable for construction o f Kompuutar. As in all the logic of 
this design, all resistors are 7 /4 W unless otherwise noted, and standard TTL integrated circuits are used for miscellaneous 
functions. Debouncing is done with set-reset flip flops contained in the 74279 part, which we have noted in the discrete logic 
form in ternal to dotted lines. The flip flops can be wired out ofgates (7400, 74 70) if desired, should the 74279 be unavailable in 
the builder's parts bin. Integrated circuit power wiring for the entire design is summariLed by IC number in table 5. 



MSD 

We Beat the Systems!


Now, Everyone Can Afford a Computer System. 
Introducing: 

MSDD-100 

Floppy Disc System software: 


The user is prmided with two diskeues. One is 
available for user programs and files. the other 
contain~ an arr.ii of progr.ims for the S) ' tem 

An 8080 monitor is pro,ided that permit · the 
user to fo rmat cliskenes and perfom1 diagnostic 
check.~ on the ~)'Stem In addition . the user b 
prmided with a short Bootstr:tp loader and a 
short memOl) ·to-dJsc routines for dumping 
exL~ting data omo a diskette . A complel<' set of 
disc input-output routine~ arc pr<l\ided to speed 
program development around the .\1 '0D-100 
S}SICm. 

Alink is provided which permits a u~cr to run 
MITS basic software with the .\ISD0-100 S)'Stem 
This Link , pro,ided for MITS basic versions 811 
3.2. 811 'f .0, and Extended ba!>ic ('f 0/-i I). 
permits the user to save and load program~ on the 
disc. The Basic Link ):tem is quite flexible . 
supporting three disc drives and cassette 1/0 . In 
addition , number matri es ma\ be saved and 
loaded as named files (versio n·~ 'f .0 and later 
only) The link also supports sector level 1/0 . 
permitting fast random file operation. 650 128 
b11e records ma) be tored on one diskette 

The MSDD-100 ~1opp) Oise System c a 
igni6cam ad\'ance in low cost. high density mass 

storage S}-Stems. Utilizing the industry standard 
Shugart 5A'f00 miniOoppyT" drive and a highly 
reliable LSI controller. the single card ,\ISDD-100 
floppy Disc System represents a ma1or 
cos performance breakthrough for the hobb)ist 
and businessman 

Manyfeatures not pro,ided on the larger disc 
systems arc standard on the MSDD-100 Disc 
system. The controller will su pport up to three 
drives . The controller provides all disc timing 
functions. therefore no software timing loops are 
required The controller also supports three 
modes of programmed 1/0 (no DMA) . Firs!. there 
is simple command 1/0 Second, there is a 
standartl interrupt \\ith all command completion 
and data request conditions interrupting to 
Restart . Third, the controller has the swi tch 
selectable facilil)' to vector the proce · or to an) of 
the Restart location upon generation of an 
interrupt This allows data request and command 
completion interrupts to be vectored separately. 
This type of interrupt structure is ideal for 
multi-user / multi -tasking appLications 

The controll r design is totally synch ronous, 
requiring no ·one shots". Ease of maintenance is 
evidenced by the fact that there are no 
adjustments required for operation . 

The controller is a single board design, \\1th 
l'CI)' low power consumption 

For ease of construction, the klt version 
provides: 
I) Preasse mbled cables 
2) Qualil)' IC sockets 
3) Silk Screen legend 
4) Solder mask 

Circ le 100 on inqu iry card. 

MSDD-100 Floppy Disc System 
specifications: 
Drive: 89.600 b)1e maximu mdata capacil) 
(formatted) 
55 !rd.Ck!> 
Variable format: 128 - I02-J b1-1cs / record 
l:ser Definable fo rmat: 16 · 2560 bytes / record 
Track to track step lime: 'iO milliseconds 
Average access time: 600 milliseconds (Random 

read/write) 
L:11cnc\ : lOO milliseconds 
Power.requi rement: 12 \' rt-gulaied .9A 1yp, 

I. IA max , 1.8 Asurge. 5 I' regulated .5A l')'Jl . 
-A max. 

Controller commands: 
Read/Write record, Seek. Step i Step oul. Read 

tmk. Write track (format) , Read ID field. 
Force interrupt (conditional or immediate) 

Interfacing: 
Controller 10 drin:: }1 conductor ribbon cable 

(prmided) 
l nterrupL~ : standard , internal ,·ec1ors (S\\ itch 

selectable) or external vectors 
1/ 0 : Programmed b)1C Input and Outpu t 
Addressing: L'ser se lectable port definitions. 

occupies six contiguous ports addresses. 
Controller power requirements: 

8 Volts unregulated, 200 milliamperes 
ma\imum 

15 \olts unregulated. 20 milliampere~ 
maximum 

- 15 \'olts unregulated. I 0 milliamper~ 
maximum 

Introducing: 

MSDV-100 

Video Display Systems: 


The \ideo Oispla) S)Slem is a high qualil) 80 
charJcter. 2-i line \ideo output device for the 
. - I00 bus Manyadvanced features ha,·e been 
incorporated which are normally nm found on 
units costing many times the price. 

The character set includes upper and lower 
case characters as well as fuU punctuation Any 
character can be underlined, a feature useful in 
work processing. A character can also be made to 
blink a l a user selectable rat!' . often used for 
alarm or warning situations. AdditionalJ). a 
character can be made to appear brighter than 
normal or to appear in a reverse field (black on 
white) . useful in order Cntl)' or other applications 
10 highlight text 

Also included m the MSD\'- 100 is the ability to 
generate high qualil)' forms o,·erlays. Margins can 
be either ingle or double \\ide with continuous 

intersections. Charts. graphs, or order ent l) 
fo rms are easy 10 produce on the ,;deo "Crecn 

Athird significant feature of the MSD\'-100 
\'ideo Display System is the ability 10 display 
conunuous grey scale elements in any of nine 
le,·els in any of 1920 positions on the screen . This 
is especially useful for bar graphs and for grey 
scale graphics or animations. :I! well :I! in form 
applications. 

Though these capabilities are standard and 
pro\ided with eveq unit , .\1SD ha~ the capabilit1' 
to. gencr.ue and deli\u ~1SDV- I 00 \ideo )'Stem 
With custom character sets as de6ned bv the user. 
This could include mathematical S't'l11bo'rs. API. 
char.icters, or Boolean logic svmbols to name a 
few · 

lnternall). the ~IS0\ - 100 is a two board S- 100 
ha-;cd ~ 1cm which occupies 211 of RAM address 
space and two Input/Output ports. Being a bus 
device. the microcomputer can write to the screen 
as fast as it can 10 any memory. For diagnostic 
purpose · a memory test can be performed on the 
screen. 

. Software support fo r the MSD\ -100 is complete 
with both machine language code. Including fully 
commented source listings. and a comprehensiw 
Basic software package implementing all 
,\ISD\'-100 fearures. 

The assembly language drh'Crs allow the 
sophisticated user 10 easi]\' customize the svstcm 
for specialized applications · 

Progr.ims are provided that pe rmit the user to 
link the ,;deo system to high le1·el progr.imming 
languai:es such a!> Basic. A link progr.im , provided 
in Basic. permits the user \\ith no knowledge of 
assembl) language programming 10 immedia1el1 
obtain 1ideo output from that software The link 
fully implements the fo rms capability of the 
~!SD\'- I00. proVJdes direct cursor addressing. and 
1~ full) upwards compatible with the LSI ADM-5A 
\ideo terminal. 

171~ So C~Of•dO 8Jwd Sw ill '100.tt•• I C080221 (JOJP»-7411 

"Beat the System" 
Introductory Price. 

Micro-Floppy Oise System ........ $499 

(Assembled) ... ....... ......... $599 


Video Display System .. .. ........ $285 

(Assembled) .......... .. ... . ... $385 


Add itional Drivers .. . ............. $350 ea. 

Diskettes ..... . ....... .... .... . ..$4.25 ea. 

To place Order. send check. money order or BA 

or MC Card .f w11h exp dale and signature 

Uncer11f1ed checks require 6 wee s process· 

1ng Phone orders acceple<l 

Please Send me the following AMOUNT 

TOTAL : 
Name 

Address 

C1ry. S1a1e. Zip 
- Send me more information 

http:progr.im
http:gencr.ue


+ 511 TO 
FIG I 6 

IOK I 
FP-RE05 

57 

Figure 7.2: Flag selection switch. The control panel service program of 
Kompuutar uses the binary en oded 3 bit value on the output of this switch 
to determine which proces or flag is to be set or reset using an appropriate 
function selection. This switch is a rotary witch which has three poles and 
eight positions. 

57A 0 P3 p@cp0 
rh 
T

+511 

IOK 

FP -RE06 

578 PT 0 3pcp@0 
rh 

+5\1 

IOK 

FP -RE07 

3 ©®©0 

Figure 7.4 : Display data selection switch. 
The control panel service program uses the 
binary encoded 4 bit value on the output of 
five possible words for default display from 
the control panel scratch pad located at 
addresses 8000 to 800F. The five addresses 
selected are for the accumulator (0), X index 
(7 ), Y index (2), stack register (5) or data 
register (D). 

+5\1 

FIG I 7 

IOK I 

Figure 7.3: Front panel data entry switches. The entry of static data is ac
complished by 76 toggle switches. These switches are connected to either 
logical l (+5 V through a 7 K resistor) or logical 0 (ground). 
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Figure 1.5: Control logic for front panel functions. This logic generates the function request code (read from addres 8070 bits 0 
to 2), and control the NM/ line of the 6502 to implement single tcp execution of the processor. 
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Figure 1.6: Data source multiplexer and bus interface. The sources of data read from the front panel logic are four: the two 8 
bit data entry witch regi ters of figure 1.3, the 8 bit control request word from figure 1.5, and the output of the scratch pad 
programmable memo1y (lines labeled " RAM") from figure l . 7. These are elected by a 2 bit addressing code generated on the 
front panel interface board of figure 2. 
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Text continued from page 102 

order byte of the cl,it.i entry switches_ he 
eigh t toggle ;witchc> of thi~ switch register 
,1re used to enter c1 byle inlo the dcttJ bu . 
or into the least significant byte of the 
address register which i maintained by 
the cont rol p,incl program in its scrc1tch 
pc1d. These toggle >witd1c> c1rc located 
at address 80 11 in memory c1ddrcs space. 

The third source of data fo 1· the con tro l 
p,111cl p1og1·Jm is the >Ct of toggle switchc 
which define the most significant byte o 
c1n addrc>s. Thc;c eight >Wi tch es arc located 
at .tddrc 8012, .ind Me on ly used for 
.tddrcs input . 

The l,1s1 ;ourcc of d.ita i the output of 
the 16 byte cratch pad memory in the 
control pdncl. The scr<1tch pad responds 
Lo ,1 ddrcs c 8000 thru 800F . 

The address decoding log ic is fo und in 
figure 2.1. The outpu ts of thi decoding 
logic include miscellaneous individual ad-

dre;s elections, plus the selection ignal 
which arc used to contro l Lhe data inp ut 
multiple er found in figure 1.6. Th elec
tion sign<1I Jrc generated by the priori ty 
encoder I C35, .ind arc u cd [() pick one 
o the four sources for routing Lo the bus 
inter ace g.ites IC7 3 ,u1d I 74. Th ese gate 
connect to the backplane data bus from 
the front panel viJ P2' con necting cable 
between the fro nt panel .ind the front 
panel interface board. 

The front panel also includes severa l 
possible output for dat a. In addi tion to 
the input po sible from the scratch pad, 
the processor can ,1 dd rcss and write data 
to the crc1tch pad in any one ol the loca
tion 8000 to 800F. The .ic tu al conten t 
of the data in the cr,nch pad can be dis
played for addresses 8000, 8001, 8002, 
8003, and 8000 by moving the rotary 
S\Vitch 524. Thi witch ( cc figure 1.4) 
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Figure 7. 7: Front panel scratch pad programmable memo1y. The front panel implements a I 6 byte scratch pad programmable 
memory at addresses 8000 to 800F. This memo1y is used for data torage and for storage of a scratch pad program egment 
which is modified during execution of the front panel service routines. 
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Microtech, Incorporated continues to provide a number of soph isticated software packages for microcom· 
puter users. Our software is created expressly for microprocessors, making it fast and memory -e fficient. Our 
higher level language, MICAOTECH BASIC, provides features never before offered for microcomputers, and our 
applications and documentation allow even first-time users to be up-and -runn ing quickly and effortless ly . 

MICAOTECH BASIC is designed with great flexibility. The structure easi ly accommodates driving a wide 
range of periphera l devices through BASIC commands. The language is constructed expressly for Z-80 based 
microcomputers, afford ing a truly sophisticated higher level language with a smal l (under 7 K without 1/0 
drivers) memory requirement. Briefly, MICROTECH BASIC has all of these features : 

• 	 FULL FLOATING POINT ARITHMETIC PACKAGE (Integer versionalsoavailable, seebelow) 
• 	 COMPLETE STRING VARIABLE PACKAGE. 
• 	 TABLE DRIVEN VARIABLE STORAGE - reduced memory overhead for variable storage. 
• 	 MASS STORAGE DATA FILE HANDLING - allows data to be read or written to mass storage devices 

either sequentially or randomly. 
e 	 MASS STORAGE PROGRAM FILE HANDLING - a full directory based program file capabili ty has been 

implemented. Commands available include PGAM (used to create a d irectory entry). SAVE, ERASE, 
LOAD, and RUN (load and go). 

e 	 COMPLETE PROGRAM OVERLAY CAPABILITY - a powerful programming technique that allows an 
executing program to load and execute any other program currently in the directory with all var iable 
values passed to the new program. 

MICROTECH BASIC is currently available in audio cassette form for Digital Group Z-80 systems. We have 
hooked MICROTECH BASIC to our own Phi-Deck driver software to create TOS (Tape Operating System) 
BASIC. Up to four Phi -Decks may be used for mass data and program storage. All tape control is provided 
through BASIC commands. This package, with all aud io, video, and mass storage drivers, requires roughly 9.5 
K. A min imum 18 K system is recommended 

MICROTECH BASIC will soon be available for many Z-80 based microcomputers and will include a variety 
of drivers for tape and disc mass storage systems . Write for complete details . 

APPL/CATIONS APPL/CATIONS APPL/CATIONS 
MICROTECH has an extensive library of applications written in MICROTECH BASIC. As examples, we 

have : 

• 	 BASIC GAMES - a collection of 10 programs on tape (to be used with our Phi-Deck BASIC) . This is 
a comprehensive package including Cas ino Games, Educational Games, Space Battle, and Tic·Tac·Toe. 

e 	 PERSONAL CHECKBOOK MANAGEMENT SYSTEM - a group of programs that allows checkbook 
management, bank reconc iliation, and track ing of deduct ibles for tax purposes . It uses a single tape 
dr ive for programs and data storage. 

You may purchase our products through computer retailers or d irectly by mail. 

PRICING 

TOS BASIC (for D igital Group Systems) - includes BASIC (with Floating Point}, 
data tape formatting rout ine, and deck·to·deck copy ing 
routine - 28 page user's manual and free updating service .......................... ... ....... $64 .95 

TOS BASIC (for Digital Group Systems) - Integer Version 
(arithmetic range +2, 147,483,647) - includes 
all of the features Iisted above ...... ... ... ............... .... . ................. ... .. . ... $59.95 

(specify 32 or 64 character video when order ing) 
BASIC GAMES - Program tape and documentat ion .. .. .... . . .. ........ . . ... ........ .. .. . ... $20.00 

PERSONAL CHECKBOOK MANAGEMENT SYSTEM 

Program tape and documentation .... . .. .. . .............. .... .... . ..... . .......... . ... $30.00 


Dealer and Manufacturer Inquir ies Inv ited 

POST OFFICE BOX 599 
BRUNSWICK, N. J. 08816 

INCORPORATED 

Circle 88 on inqui ry card . 	 BY T Novrmhcr 197 7 113 
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Figure 7.8: Displays. The front panel dis
plays are detailed here: (a) is the output 
latch used to drive LED indicators for the 
eight flag bits, located at hexadecimal 
address 8073. At (b) are the four digits of 
hexadecimal address lamp display, addressed 
at locations 8074 and 8075. These displays 
incorporate latching logic as well as the 
needed decoding of 4 bit hexadecimal 
patterns into on array of LED dots. And at 
(c) ore two miscellaneous indicators for the 
front panel. 

(c) 
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(INTERRUPT) 

RO8 " 
(RUN) 

TO FP 	 INTERFACE 
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Vo l. I - $24 .95 Vol. Il l - $39 .95 
Bookkeeping Advanced Business 
Games Billing, Inventory 
Pictures Investments 

Payroll 
Vol. II - $24 .95 Vo l. IV - $9 .95 
Math I Engineering General Purpose
Plotting I Statistics 
Basic Statement Vol. V - $9 .95 

Def. Experimenter's 
Program 

~ 
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. 

• 

BAllKAllERIWD 

You can 
buy software 
from anybody 
but ours works 

in your system. 

We only sell one product, 
Quality. 
We have been in business for over nine years building a reputation 
for providing a quality product at nominal prices - NOT what the 
traffic will bear. Our software is: 
• 	Versatile - as most programs allow for multiple modes of 

operation . 

• 	Tutorial - as each program is self prompting and leads you 
through the program (most have very detailed instructions 
contained right in their source code). 

• 	Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also includes FFT's, 
Inverse-transforms. Windowing, Sliding Windows. simul
taneous FFT's variable data sizes. etc. and as a last word 
our software is: 

• 	Readable - as all of our programs are reproduced full size 
for ease in reading. 

• 	Virtually Machine Independent - these programs are written 
in a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just in case your Basic might not 
use one of our functions we have included an appendix in 
Volume V which gives conversion algorithms for 19 differ· 
ent Basie's; thats right , just look it up and make the sub
stitution for your particular version . If you would like to 
convert your favorite program in to Fortran or APL or any 
other language, the appendix in Volume II will define the 
statements and their parameters as used in our programs. 

Over SS % of our programs in the first five volumes will execute in 
most SK Basie's with 16K of free user RAM . If you only have 4K 
Basic, because of its ' lack of string functions only about 60 % of our 
programs in Volumes I thru V would be useable. however they 
should execute in only SK of user RAM . 

All of our programs are available on machine readable media. For 
those that have specific needs, we can tailor any of our programs for 
you or we can write one to fit your specific needs. 

~1;~~!;JmTn~~~~ou~~~:~!~~4 
Phone orders call (800) 638-9194 
Information and Maryland residents call (301)721·1148 

Add $1 .50 per volume handling , all domestic shipments sent U.P.S. except 
APO and P.O. Box which go parcel post. Foreign orders add $8.00/volume 
for air shipment and make payable In U.S. dollars only . 

AVAILABLE AT MOST COMPUTER STORES 
Master Charge and Bank Amerlcard accepted. 

Our Software is copyrighted and may not be reproduced or sold. 
U'I T[Novtmhtor l 977 115 
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Text continued from page 112 

defines an addres value which is presented 
to the 7489 scra tch pad memories IC61 
and IC63 by 74157 mu ltipelexer IC62 when 
the scratch pad are not being referenced 
by the processor. Since the control panel 
program reference the scra tch pad onl y 
occasionally, the normal state is an address 
selected by 524 determining which of the 
five scratch pad loca tions is seen in the dis· 
play lamps for scratch pad data. Thu s the 
cratch pad memory has several potentially 

vi ible by tes of memory addre s space 
and acts as an output device. 

A second output device is an 8 bit data 
latch whose outputs activate eight discrete 
LED devices . This device, located at address 
8013 in memory address space, is used to 
display the processor's status register bi ts . 
The fro nt panel control program is re 
sponsib le for maintaining cu rrent informa 
tion in this display (as is the case with all 
the display outputs). 

Address display in formation is latched 
into four digits of hexadecimal display 
provided by Hewlett-Packard HP5082-7340 
parts, IC65, IC66, IC67 and IC68 in figure 
1.8b. Each of these disp lays ha a bu ilt-i n 
4 bit data latch which retains information 
defi ned by writing to the memory locatio ns 
8014 {low order) and 8015 (high o rder). 

Two miscellaneous ind ica tors are also 
inc lu ded in the design. These single bit 
LED di plays are connected to the proc
essor's ready (RDY) and main interrupt 
(I RQ) lines. The RUN indicator lights 

Text continued on page 119 

Figure 7.9: Front panel mechanical layout. 
This is a detail drawing to scale of the phy
sical layout of the front panel as seen in lhe 
photographs, along with the front panel 
electronics board wh ich is mounted on 
standoffs behind the panel. 

NOTES: 

1. 	 A ll I Cs except locati ons E 1 and E2 are Texas 
Instruments SN74 XXX series TTL logic . El and 
E2 are th ree-state bidirectional bus drivers 
made by National. 

2. 	Swi tches Sl thru S6 are Al co model 
MTF-206SA. 

3 . 	Swi tches SB thru S23 are A lco model 
M TF -106D. 

4. 	 Switch S7 is a Cen tralab model PA-2009 rotary . 
5 . 	Swi tch S24 is a Cen tralab model PA-2011 

rotary . 
6. 	RD, ID, DDO to 007 and SDO to SD7 are 

d iscrete LED d isplays . HP model 5082-4860. 
7. 	X 1-X4 are dot matrix hexadecimal LED d is

plays . HP model 5082-7340. 
8 . 	All pull up resistors shown on schem ati cs in 

con junction with front panel swi tch es are 
mounted on those sw itches. 

116 BYTE N o\t rnber 19 77 





~
 

~
 

(I
) 

J
2

 
T

O
 F

R
O

N
T

 
P

A
N

E
L

 
~ 

X
A

 Q
Q

X
 

.i!_
 ~

FR
O

M
 F

IG
U

R
E

..., 
2

.3
 

,
.., 

F
P

· A
5

 

~ 
I 

I 
I 

12
 \ 

'
-
-
-
-
-
-
-
-
-
-
-
,

I 
• 
~V

 
:

3 
F

P
·A

 4
 

I 
4

1
c
2

9
 a

[ 
I 

IC
1 

9 
7

4
1

4
 

B
P
·
A
I
~
 
~
 

-.-
v 

L..
! 

7
4

2
0

 
B

P
-

A
l4

 

2 ~
-

LO
 W

 O
R

D
E

R
 

4 
IC

2
 4

o
 

6 
X

8
X

X
X

 
D

E
C

O
D

E
R

S
 

O
F 

B
P

-
A

ll
 

J 
B

l T
 O

C
T

A
L 

IL
.-

G
R

O
U

P
IN

G
S

 
B

P
 ·A

1
2

 
5 

•5
V

 
IC

2
5

 
7

4
1

)8
H

IG
H

 
O

R
D

E
R

 
Y

7 
7

D
E

C
O

D
E

R
 

~
G

I
I 

• 
L

J
 G

2 

G
J

c 
9

P
· 

A
l l

 
I 

C
 

B
P

-A
IO

 
2 

B
 

B
P

-A
9

 
J 

A
 

IC
2

 6
 

7
4

1
3

8
 

..
._

_
\i

 G
I 

ox
xx

o 

o
o

xx
x 

o
x

x
x

 1
 

~ 
" 

" 
" 

~ 
~ 

O
X

X
X

2 

--
,,

 
)<

 
>

 

" 0 )
(
 

0 

" 
)
(

N
 

X
 

" 
0 

x 
" 

0 
0 

)
(
 

)
(
 

0 0 

T
 

7
4

2
6

0
 

• "' 
• 

O
C

 T
A

 L
 0

0
2

0
10

 I
 

9
f 

IC
 2

9
 D

 

"' 
Y

o>
J 

I 2
\ 

,; 
) 
1

0
0

. 
11

/ 

X
8

0
0

X
 

q 
7

4
2

0
 

I 

IC
 2

J 
7

4
0

4
 

'f!
E

X
 0

1
0

 

X
S

O
IO

 
.: ~

X
80

11
 

12
 

IC
2

4
 

X
80

12
 

I ~
 

..
--

-'
 

5
&

o
n

 
l.3

 

J 
2 

IC
2

 1
d 

4>
 2

C
L

K
 

74
 3

8
 

10
 

12
 -

+
5

V
 

I 
IC

J
5 

J 
• 

13
 J

 
7

4
1

4
8

 

O
C

T
A

L 
0

0
2

1 
r-:a

~ B 
12

 
2 

II
 

I 
A

 I 
7 

a 
H

E
X

 0
11

 
v • 

E
l 

A
O

 g
 

,__
 r
t

G
2 

G
J 

F
P

-A
8

 
3 

A
 

F
P

-
A

7 
2 

B
 

F
P

-A
6

 
I 

C
 

I I I I 
IC

 2
7

 
I 

7
4

1
3

8
 

I 
L

.J
 G

I
I 

.....
 ID

 G
2 

G
3 

FD
 · 
A

' 
3 

•
,...

 c 
Y

2 

F
P

-
A

4
 

2 
B

 
F

P
 -

A
l 

I 
c

-;
 I 

Y
l 

IC
 2

B
 

I 
7

4
13

8 

~
 

I 
G

I 
I 

~
 G2

 
I 

v
o

&
-

G
3

I 
F

P
· •

 >
 

J 
A

 
F

P
-A

 I 
2 

B
 

y 

F
P

·A
O

 
I 

C
 

I 

L
IN

E
 

D
E

C
O

D
E

R
S

 8
 5

 I
N

P
U

T
 

P
O

S
 

N
O

R
 G

A
T

E
S

 

YO
 

15
 

o
xo

xx
 

O
X

X
X

.}
 

N
 

,., 
" 

~
" ~ 

~ 

13
 

0
X

X
2

X
 

12
 

O
X

X
lX

 

y 
I 

14
 

O
X

X
IX

 
" N " )( 

q 
c 

)
(
 

" 
)
(
 

" 
~ 

)
(
 

IO
 

0 
lr.

ix
xx

5
y Y
I
~
 

yz
 ll

 
0X

X
X

2 
12

 
O

X
X

X
.3

 

Y
4 

II
 

0X
X

X
4 

Y7
 

7 
o

x
x

x
7

 

x 
,..

 
)(

 
s 

7'
1 2

6
0

 
'"°' B

: ><
 

X
 

0 

~~
~

2 

-
~
'..

..·' 
'"""

" 
...

, 
O

 
o 

-
t~
;
 IC

 3 
4

0
 

I 

I 
IC

23
1 

I 
~ 

74
 0

4
 

I 
~
 

1
II

 
~

12
 

l=
'P

·B
U

S
O

U
T

 
--

--
-y

 
2

7
 

; 
·--

'I 

I 
r
-
-
-
-
-
-
-
-
-
-
-
-
-
.J

 
--

' 
I I

, 
__

!_
 

!..
... L 

I 
M

U
L

T
IP

L
E

X
E

 R
 

S
E

L
E

C
T

IO
N

S
 

1¢
 

L 
IN

V
E

R
T

E
D

 
I 

L
A

D
D

R
E

S
S

 ' 
' 

I
1.Q

__
I

B
IT

S
 

FP
· S

E
L

l-
fi

l>
• 

I 
F

p
. c

.c
1 

n 
.!

!.
.' 

H
E

X
A

D
E

C
IM

A
L

 
IN

P
U

T
 

F
P

S
E

L
I 

F
P

S
E

L
O

 
A

D
D

R
E

S
S

 
.I 

0 
0 

8
D

IO
 

2 
0 

I 

I 
I 

0 
0 

I 
I 

8
0

1
 1

 

8
0

 1
2 

8
0

0
X

 
I

l 
I I

=
 

r
-
-
-
-
-
-
-
-
-

--
..
..
!.
X~
8~D
~IJ

~-
li1

...
~''

>" 
F

L
 A

G
 

S
E

L
E

C
T

-
O

IS
P

L
A

 Y
 

I 

FR
O

M
 

F
IG

U
R

E
 


2 
3

· 

X

8
0

1
4

 
~

A
D

 D
R

E
S

S
 O

IS
P

l.
A

Y
·L

 

c 
I I

X
8

0
 10

 
~
"
i
.
 

A
D

D
R

E
S

S
 D

IS
P

L
A

T
 

I I I I 
X

8
0

0
F

 
--'


I 

-t
g

>
 

I I 
I 

I 
I I 

X
8

01
F 

I ,, 
S

O
F

l 
W

A
R

 E
 

1
0

L
[ 

I 

I 
I 

I I 

N
o

te
: 

X
 

fo
llo

w
e

d
 b

y
 a

 4
 d

19
1t

 
he

xa
d

e
ci

m
a

l 
n

u
m

b
e

r 
in

d
ic

a
te

s 
an

 a
dd

re
ss

 s
e

le
ct

io
n

 l
in

e
. 

A
d

d
 i

ti
o

n
a

l 
X

s 
in

d
ic

a
te

 "
d

o
n

't
 c

a
re

" 
I 

F
R

O
M

 F
"I

G
U

R
E

 
h

e
xa

d
ec

im
a

l 
d

19
1t

s.
 Q

 
fo

ll
o

w
ed

 
b

y
 

a 
4 

d
19

1t
 

o
ct

a
l 

n
u

m
b

e
r 

(o
u

tp
u

ts
 

o
f 

7
4

1
3

8
s)

 
w

it
h

 
X

s 
F"

R
O

M
 I

C
 .1

8 

fo
r 

"d
o

n
' t

 
c
a

re
" 

in
d

ic
a

te
s 

a
~~

~:
 

lo
w

 
o

rd
e

r 
12

 
b

it
 

ad
dr

es
s

1
C

2
3

 
. 

X
X

 3
X

 

-
7

4
0

4
 

..-
X

X
X

7
 

d
e

co
d

e
 . 

~)
0-

_ 
_

,.
,

f::
:><

:>'l
2

:_
_

_
;0

:..
l.:.

.A
::..

..:0
:..:

0:.
.:3

:.:7
_•

H
> 

13
qf:

....
J.

:..
C

.:.
L

_
.:.E

:..X
c..

..:0
.:.I

F"
:__

_
_

_
, 

,.-
, 



Text continued from page 116 

up when the m<1chine is in the run mode, 
and the interru pt indicator r main lit while 
,tn interrupt is pending. Interrupt control 
logic i contai ned in the devices requesting 
clll interrupt, with the procc sor's priority 
encoder defining the backplane signal I RQX 
(b.ickplane pin 12) which indicates th at 
ome interrupt i pend ing (and also signal 

th e proces or th rough its I RQ inpu t, pin 4.) 
Thus when int rrupt driven 10 i used, 
the interrupt indicator lam p will flicker if 
appreciable interrupt processing wait states 
occur as v<1rious device reque l <1Ltcntion. 

Other Fron t Panel Functions 

The front panel logic includes logic of 
the ready (ROY) and nonmaskable interrupt 
(NM I) timing, shown in detail in figure 1.5. 
These lines arc u cd to generate ignals 
which affect the proce sor in a manner 
very similt1r to in terru pt . The HALT and 
single STEP switch arc used to generate 
signa l for these lines. This timing logic 
cause the 6502 proce or and it control 
program to implement fair ly convent ional 
single stepping <1nd program halt or re tart 
functions. HALT or STEP switches Me used 
to came the procc sor to com pl ete the 
present in truction, then execute o ne more 
in truction. Any other witch activated 
on the from pdncl causes this logic to allow 
the proce sor to comple te only its presen t 
instruction. The hardware protocol of 
thi logic lock ou t all fron t panel functions 
when th e proces or running, except 
for the HALT witch. 

The front pane l' interface to human 
fingers t1rc through variou function 
~w itchc~. These witchc ctrc dcbounccd 
u ing ct-re ct flip flop which come four 
to a package in the 74279 part. The de
boun ing logic guarantees that only one 
pulse is received for each activation of a 
·witch. 

Getting Kom puutar Into Operat ion 

The opera ti on of the fr nt panel's control 
logic with respect to the dCtual processor 

Figure 2.2: Buffering of processor control signals al the front panel interface 
module. 
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Figure 2. 7: Fron I panel interface module address decode logic. This logic decodes the several addresses in the 8000 to 807 F 
range which are used by the front panel design of Kompuutar. Since 3 bit decoders are used, octal intermediate terms are used to 
symbolize the outputs of the 74738s prior to logical sums performed by the 74260 OR gates. Outputs of the circuit are discrete 
elect lines for several addre ses, plus two source selection lines for the data bus input multiplexer of figure 7 .6. 
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Tempe 16021 894 1179 

ARKANSAS 
Computer Products Unl1m1 1ed, L•tll t! Rock 1501 > 371 
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Byte Shop, Lony ScJch l7131 5917771 Compu1e1 
l1Jnd, M 1'>\1Un V~1• 1 0 t1141 7700131. Computer Em· 
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898 8330. Computer Components, V.111 Nlll"• (213) 
786 741 I 

COLORADO 
Byte Shop, Boul1h'< 13031 449 6233 M 1ghtv Mini 
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wuo<I !3031 76 1 6237 
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GEORGIA 
Com1m1er Sv~tem s Cen t r, A1 l,1 1H.1 (tlQ111 731 1691 

HAWAII 
M1crocgmpu1er Synemi, Hono lulu t808f 5Jfi 5288. 
Small Computer Syuems, Honulu lu ~8081 9JJ6 3859 

ILLINOIS 
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can be illustrated by walki ng verbally mable memory region. ex t , pres the fro nt 
through a typical sequence of operation . panel' HALT switch, SI. Upon release 
Fi r t, let' a ume that the machin e is in of the HALT switch the debounce logic 
RUN mode, which i indicated by a low com pl etes one HALT pul e which i proc
level on the output of the execution state c ed b the ommand encoding logic 
flip flop, IC49b pin 9. Th i is the normal of figure 1.5. When the HALT line make 
ituation for a ful ly executing 6502 program 

contained in the ys tem 's main program- Tex t continued on page 128 
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Figure 2.3: Pull up resistors for backplane address lines, and inverting receivers for local use in the front panel interface. 
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•ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 
•THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED ONLY BY THE SIZE OF THE DISC 
• MERGING FILES REQUIRES NO EXTRA DISC SPACE 
• NO WAITING FOR THE DISC TO RE-PACK 
• LONGER DISC LIFE- MORE EVEN DISC WEAR 

Our Basic Floppy Disc System (BFD·6S) must. in all m od· 
esty be called superb. It comes completely assembled with a 
disc controller that is plug compatible with the SWTPC 6SOO. 
In fact all our products use the 6SOO standard SS-50 (Smoke 
Signal 50) bus used by SWTPC. The cabinet and power supply 
are capable of handl ing up to 3 Shugart Mini-Floppy Drives. 
One drive is included in the price of the BFD·6S and others 
may be added easily at any t ime. Or you may save money by 
ordering the dua l-drive BFD·6S·2 or triple drive BFD-6S-3 (pie· 
lured) . Price : BFD-68 $795. BFD-68-2 $1139. BFD-68-3 $1479. 
SA-400 Drive $360. 

The BFD·6S includes our Disc Operating System Software. 
Our software provides for a soft-sectored disc format consist
ing of 12S bytes per sector, lS sectors per tra ck and 35 tracks 
per disc. The software provides d irect commands to name and 
rename files, transfer memory to disc and disc to memory and 
to automatically jump to the starting location of any program 
loaded from d isc to memory. The direct command names are: 
RUN, GET, GETHEX, CLOSE, SAVE, DELETE, APPEND, RE· 
NAME, COPY, LIST, FIND, LINK and PRINT. In add it ion , the 
Disc File Management subroutines are available to create fi les 
under your program control. 

A bootstrap PROM is included on the controller board to ini · 
tiate the Disc Operating System which loads into a 4K memory 
board located at 7000 or optiona lly at 0000. Thus, you can be 
up and running from a cold start in just a few seconds. 

SUPER SOFTWARE 
Free patches are provided for SWTPC BASIC version 2.0 and 

Co-Resident Ed itor I Assembler. These patches allow the SAVE 
and LOAD commands to work with the disc or the cassette at 
your option . 

SUPER EDITOR: Smoke Signal Broadcasting now has its 
own editor. It is a content oriented editor with string search 
a.nd block ~ove capability. C~anges may be made by referring 
either to line number or string content or a combination of 
references. Naturally. it 1s designed for file transfer to and from 
the BFD-68. Price: SE-1 $29 on diskette or cassette. 
ALL OUR PROOUCTS EXC EPT THE PS· l ARE COMPLETELY ASSEMBLED 

SUPER ASSEMBLER: Inputs source code from f i le on the 
BFD·6S d isc system and outputs object code to d isc f i le. As· 
sembly listings include alphabetized and tabulated symbol table . 
Price: SA-1 $29 on diskette or cassette . 

Complete source listing included for both ed itor and assem· 
bier. Order both for $53 and save $5. 

SMARTBUG - A CURE FOR MIKBUGITIS: A super smart 
Motorola·Mikbug replacement that preserves almost all Mik· 
bug entry locations so your present programs will run without 
modification . Uses ACIA instead of PIA and includes many 
additional features including a software single-step trace com · 
mand . A SMARTBUG listing is included and object code is 
provided on a 270S free with each P-3S series board pur· 
chased . Source listing available separately for $19.50. 

NEED A FULL SIZE FLOPPY? Our P·3S·FF is a plug-in inter· 
face card to the ICOM Frugal Floppy™. It includes all the fea · 
tures of the P·3S·I plus one 270S EPROM conta ining the ICOM 
bootstrap software. Just plug the P·3S·FF into your SWTPC 
6SOO and your ICOM into the P-3S·FF and you're ready to 
use the Frugal Floppy and ICOM's 6SOO software package. 
Price $299. 

Our P·3S is an SK EPROM board conta ining room for S 
270S's. Or, you may use it to hold up to 7 270S's plus your 
Motorola Mikbug or Minibug II ROM . The P·3S address ing is 
switch selectable to any SK location. Price $179. 

The P-3S·I contains all the features of the P·3S plus an inter· 
face to the Ol iver Paper Tape Reader and our EPROM Pro· 
gram mer. Price $229. 

The PS·l Power Supply Kit provides plus and minus 16 volts 
required for the P-3S series boards. Also, it allows a wiring 
modification to be made to the S volt supply that will increase 
its output by one vo lt. Price $24.95. 

Our M· l6·A is a 16K single power supply STATIC RAM mem· 
ory system . The M·l6·A is fully buffered and requires only half 
the power of a similar size system using low-power 2102's . 
With the M-16-A, you can expand your system to 4SK and still 
have room left for one of our EPROM boards. The M· l6·A is 
switch selectable to any 4K start ing address and hardware write 
protect is included. Quick delivery. Price. $529 . 

BANKAMERICARO. VISA ANO MASTER CHARGE WELCOME. 
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Figure 2.4: A continuation of the front 
panel interface module address decode logic. 
This is a 57 2 by 8 bit fusible linl? program
mable read only memory module with de
code logic. This Intel 3624-4 PROM contains 
the front panel monitor program of listing l 
and responds to addresses FEOO thru FFFF 
in memory address space using decoding 
in the figure. Output is directly to the data 
bus, which is also connected to the back
plane and to the front panel assembly. 
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24 channel 
Logic Analyzer 
plugs into 
your S-100 Bus 

24 Channel LOGIC ANALY ZE R , complete with 2 cards and 
3 se ts of probes (only one set shown). 

Features 
24 channels with 256 samples each. 


Display of disassembled program flow. 


Dual mode operation - external mode analyses 


any external logic system. Interna l mode monitors 


users data and address bus. 


Selectable trigger point anywhere in the 256 


samples. 


0 -16 bit trigger word format or external qualifier. 


10MHz sample rate (50ns min . pulse width) 


Synchronous clock sample with coincident or 


delayed clock mode. 


User defined reference memory. 


Displays and system control through keyboard 


en try . 


TTL Logic level compatible (15 pf and 15 µa 

typical input loading). 


Includes annotated source listing. 


~-., ..,jll)fir, 
Cl 	 ... ' 

- LC ..................,.• ...au•..,.... .. . 
8U tr.'Y 
.. c., 

.. :C? "' 
Display of disassembled 

program flow . 

Databyte, Inc. 

P.O. Box 14 

7433 Hubbard Avenue 
Middleton, Wisconsin 53562 
Tel: (608 ) 831 -7666 

Circle 43 on inquiry card . 

The DATALVZER 

The Databyte Logic Analyzer (DATALYZER) is a con
venient, flexible, high quality device. Efficient 

engineering has allowed a combination of features 
previously available in only the most expensive units. 

Designed to plug easily into your S-100 Bus, the 
DAT ALYZE R is a complete system -- for only 

$495. Display of d isassembled program flow is a 
standard feature, not an extra. And the low price 
includes 30 logic probes, so you can hook up 

immediate ly, without additional expense. 

The DATALYZER is available in kit form ($495), 
and as a fully assembled device on two PCB's ($595). 

Four-week delivery, a substantial warranty, and the 
Databyte, Inc. commitment to service make the 

DATALYZER a worthwhile investment. Begin 

debugging by sending the coupon now. 

G • - .. -·-
·-
·-·
·-·
.. --·---·
·-·-
·-· I..:· 
I mE•.-C 

l -· -·
D isplays in Hex 	 Displays in Binary 

["Eea~endme7he 24Ch~elLoGiCANALYZeR -I 
D Kit - (manual included) $495.00 (Wis. res. add 4%)

ID 	 IAssembled and Tested (manua l included) $595.00 
0 Operators' manual only $7.50

I Delivery of all items in four weeks to : I 
Name_____________________ 

I Address 	 I 
City State ------ Zip

I Telephone ----------- --- 1 
Payment Enclosed : 0 Check D Money Order I

I 0 BankAmericard D Master Charge Exp. Date___ 

Number ------------------- ! Signature ------------------ 
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Figure 2.5: Mechanical layout of the front panel interface module. This board is built on a standard Vector Electronic Co 
prototyping card, and plugs into the 44 pin backplane connector (two sides with 22 pins each). 

VECTOR BOARD 36 77 -2 

HARDWARE 
MAP 
COO RD INATES --- 2 3 4 5 6 7 
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B 

c 

D 

A l 

14 8 
IC36 

74260 

A2 

IC 18 
INTEL 

3624 - 4 

TR I- STATE 

PROM 

512X8 BIT S 

Bl 

[J 
Cl 

IC 25 

74 138 

DI 

PULL 
UP 

RES 

B2 

IC29 
74260 

CZ 

IC26 

74 138 

J2 CONNECTIONS TO FRONT PANEL 

I 2 3 4

• • • • 
5 6 7 8 9 10 11 12 21 22 23 24 a 2s 21 28•••••••• 
13 14 15 16 17 18 19 20 

• ••••••• 
29 30 31 32 33 34 35 36 •••••••• • ••••••• 

A3 

IC35 
74148 

B3 

IC 30 
74260 

C3 

IC 27 

74 138 

03 

37 38

•• 

A4 

LJ 
B4 

IC31 
74260 

C 4 

IC28 

74138 

IC 38 

74 2 79 
3 

SPARES 

85 

IC32 
74260 

05 

39 40• • 

A6 

IC37 
74260 

B6 

IC33 
74260 

A7 

IC34 
74260 

I 
SPARE 

Figure 3. 7: Processor module diagram. The 6502 processor module contains the 6502, its data bu and address bus buffering 
logic, and logic of the priority interrupt stru ture which substitutes one of six interrupt vector addresses on the low order 
address lines based on the priority of an interrupt. This overrides the processor generated addres of FFFE or FFFF for an 
interrupt via the IRQ input. IRQ interrupt vec tors are located at addresses FFE4 to FPEE in memory address space, with six 
priority levels. Note that the BR K instruction maps to vector FFEO (see listing I). 
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Text cont inued from page 122 

its rising tran ition at the end of the pul e, 
the state of the execution tale nip flop 
change , causing the ha lt mode to be 
entered. 

The logic which drives the RDY and Ml 
lines i responsible for assuring that the 
processor runs one extra instruction before 
dropping off into d hc1IL. The process of 
going into a halt is accomplished through 
th e nonmaskable interrupt. A halting of the 

HARDWARE 
MAP 
COORDINATES- 2 3 

user program really means return to the 
front panel ontro l program thrnugh the 
NM I ignal generated here, o that the front 
panel control program can use the register 
information tacked up during the interrupt 
to update the external di plays. 

After such a halt, the front panel address 
display how the location of the next in
truction which can be executed in the pro 

gram just ha lted. By etting the data di splay 

Text continued on page 134 

4 5 6 7 

0 @560 
B 

© 560 ® 

0 
@ S60 ® 

N 

0 

0 
@ 

G> 3K @ 
21 

© 560 @) 
19 

® 3K @ 
20 

© 560 @ 

PULL UP RESISTORS FOR PROCESSOR 


BOARD ASSEMBLY 

A 

+5 v 
COMPONENT 
CARRIER MAP 
LOCATION 

IROI 

El { 
IR05 

B 
IR02 

"{ IR03 

IR06 

cIRQ4 

I ROX 

NM1 

E7 

ROY 
D 

PANRST 

so 

Note: To reduce possible noise 
problems, small 0.01 µF bV· E 
pass capacitors should be add· 
ed to board assembly. They 
can be wire wrap installed 
from +5 V pin to ground pin 
of every other IC socket. 

VECTOR 
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Figure 3.2: Processor module mechanical layout. This map shows placement of the processor integrated circuits on a Vector 
prototyping card. 
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Peripheral Vision is a young , fast-moving company 
that's dedicated to selling reasonably priced 
peripherals for various manufacturers' CPU's. 

So now, when you build your microcomputer 
system, you 'll know where to look for all the 
peripherals that will make your system do what it's 
supposed to do. 

Peripheral Vision may be young, but we have some 
old-fashioned ideas about how to run our business. 

We know there are serious incompatibilities among 
the various manufacturers' peripherals and CPU's. 
We want to get them together. And we want to bring 
significant new products to market--products 
consisting of everything from adaptation 
instructions/ kits for hardware and software to major 
new designs. 

Most important to our customers, Peripheral Vision 
is committed to helping you get along with your 
computer. We'll do all we can to make it easy. 

Our first product is a real reflection of this 
philosophy. It's a full-size floppy disk for the Altair
lmsai plug-in compatible S-100 BUS. And it's 
available for as low as $750.00. 

Our floppy disk has many exciting features: 
•1 interface card supports 4 or more drives 
•Stores over 300,000 bytes per floppy 
•Bootstrap EPROM included--no more toggling or 
paper tape 

Circle 114 on 1nqu1ry card. 

•Completely S- 100 plug- in compatible 
•Drive is from lnnovex (the orig inator of the floppy 
concept)--assembled and tested 
•Disk operating system with file management 
system included on floppy 
•Cabinet and power supply optional 

Also in the works are many new products we' ll be 
letting you know about soon . if you'd like to take a 
closer look . Like 1/0 cards, tape drives, an impact 
printer--all for the S-100 BUS--and we're designing 
peripherals for a lot of other CPU's too. 

We've given you a little glimpse of who we are and 
what we're doing . If you want to see more, just fill in 
the coupon below. 

PO. Box 6267 Denver. Colorado 80206 3031777-4292 

;o....1mC" ----------------

AdJrt''' ---------- ---- 

( 11, '>t ,11 ~ Z•P-------------
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NOW! Every Business 

Can Own One 


A secretary, accountant, 
and financial advisor 
all rolled into one for 
less than $1.50 per 
hour. Sound too good 
to be true? Let the 
ADMINISTRATOR do 
it for you. 

Our "General Ledger Program" is a complete comprehensive business 
system designed to keep all of your company's records without the need for 
updating from other programs and there is no need to keep monthly tear 
sheets to be added together for the end of the year reports as our system will 
provide you with year end account totals for cash, accural, hybrid and chart of 
accounts systems. This program generates over 30 major reports. Including: 
941's , P/L's, Balance Sheets , and year end account totals for filing Federal 
Income Tax Schedule C's and/or 1120's plus a lease purchase plan and 
24-hour field service in most areas. Hard to believe! For less than $250/month 
you can lease your very own , nothing else to purchase. 
ADMINISTRATOR I includes a miniature micro computer; S-100 Buss, with 
over 65K of user RAM . No switches to set, Power-on operation , multiple 1/0 
interfaces, line printer, Video Terminal , Double-Density Disk, Disk Extended 
Basic and applications Software diskettes complete with full documentation 
(includes General Ledger, Payroll , Word Processing, Medical A/R , A/P , 
Engineering, Statistics , more) includes " Help" and Tutorial Software. 

ADMINISTRATOR 1. ....•..$8999.00* 
Additional 600K disks opt ional . 

Business 
Software Too! 
Includes over 
$75,000.00 of busi
ness programs free 
and that's only part 
of what we're giving 
away. We built our 
reputation providing 
quality software at 
affordable prices. 
Now we are going to 
do the same with our 
Administrator I 

Compare at $30,000 for other micros or $70,000 for mlni 's 
·Add $100 for Express shipping and handling • No Purchase Orders - Include 50% deposit with all COD orders. 

SCIENTIFIC RESEARCH 

1712-B Farmington Court • Crofton, MD 21114 

(301) 721-1148 

Dealer Inquiries Invited 
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2 3 4 5 6 

A 

B 

c 

J4 : Parallel Interface 

Pin Mnemonic Description 

DO 

l
1 
2 D1 
3 D2 
4 D3 

data bus lines 

5 D4 
6 D5 
7 
8 GND ground 
9 D6 } data bus lines 

10 D7 
11 DADY data ready 
12 DAKN data acknowledge 
13 
14 
15 
16 GND ground 

D 

E 

3662 

83 85 
I 16 I 16c c 

oc oc 
MA MA 
p R p R 
OR 0 R 
NI NI 
E E EE 
NR N R 
T T 

Cl 8 9 8 9 
40 

C 4 C5 
14 14IC77 

MOS 

TECHNOLOGY 
 IC 75 IC76 


MCS6530 
 LM 1489 LM 1488 
- 004 
T I M 7 8 7 8 

03 
I 16 04 05c 

oc 14 14 
MA J4 * 
p R 
OR 1:IC80 IC81 
NI 74260 7400 
EE 
N R 

20 21 T 
7 87 88 9 

E2 E3 

El 
 E4 E5 E6 

14 
16 16 

14 14 14 

IC84 IC85 
IC83 IC82 IC79 IC78OM8835 0M8835 
7417 

7 8 8 9 8 

• Jacks 2, 3 and 4 are standard J2: RS -232 Interface 
IC wire wrap sockets . They 
are used as cable connectors Pin Mnemonic 
by mating with special 
"Augat " plugs . 1 

2 RS·232 OUT 
3 +10 v 
4 - 10 v 
5 RS -232 IN 
6 
7 GND 
8 
9 RS-232 OUT 

10 +10 v 
11 - 10 v 
12 RS -232 IN 
13 
14 GND 

Description 

seal data standard (out) 
voltage source to peripherals 
voltage source to peripherals 
seal data standard (in) 

ground 

seal data standard (out I 
voltage source to peripherals 
voltage source to peripherals 
seal data standard (in) 

ground 

7414 74147414 

7 8 7 8 89 

J3 : Teletype Interface 

Pin Mnemonic Description 

1 - 10 v 
2 TTYOT 
3 +10 v 
4 +10 v 
5 TTYIN 
6 BIASIN 
7 GND 
8 - 10 v 
9 TTYOT 

10 +10 v 
11 - 10 v 
12 TTYIN 
13 BIASIN 
14 GND 

voltage sou rce to peripherals 
Teletype (out) 
voltage source to peripherals 
voltage source to peripherals 
Teletype (in) 
pull up voltage source 
ground 
voltage source to peripherals 
Teletype (out) 
voltage source to peripherals 
voltage source to peripherals 
Teletype (in) 
pull up voltage source 
ground 

Figure 4.2: TIM interface module mechanical layout. This shows the physical arrangement of the wire sockets used to 
implement the TIM terminal interface for Kompuutar. 
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II 

Building a better computer 

wasn't easy. But we did it. 


Introducing the MSI 6800 Computer System 

When we set out to build the new MSI 6800 Com
puter System, we knew we had our work cut out for 
us. It had to be at least as good as the now famous 
MS! FD-8 Floppy Disk Memory System which is also 
pictured below. So, the first thing we did was analyze 

the problems and drawbacks we had encountered 
with other 6800 systems, and then put our engineers 
to work on solutions. The objective: Build a better 
computer. 

We started with power 
supply. We had big ideas, so 
we used a hefty 18 amp pow
er supply . You can run full 
memory and several peripher 
als without the worry of run 
ning out of juice. We also put 
it in the front of the cabinet 
so it 's ou t of the way. 

The next step was the 
CPU Board. A separate baud 
rate generator with strap 
pable cloc k outputs allows 
any comb ination of baud 
rates up to 9600. A separate 
strappab le system clock is 
ava ilable and allows CPU 
speeds of up to 2 MHz. The 
new MSI monitor is MIK 
BUG software compatible, so 
you will never have a prob
lem with programs. Addi 
tional PROM sockets are 
available for your own spe
cial routines and to expand 
the monitor . The CPU also 
contains a single step capa
bility for debugging software. 

When we got to the Mother Board , we really 
made progress. It has 14 slots to give you plenty of 
room to expand your system to full memory capabil
ity, and is compat ible with SS-50 bus architecture . 
Heavy duty bus lines are low impedance, low noise , 
and provide trouble-free operation. 

With all this power and potential, the interface 
had to be something special. So instead of an inter 
face address in the middle of memory, we put it at the 
top ... which gives you a full 56K of continuous 
memory. Interfaces are strappable so they may be 
placed a t any address. An interface adapter board is 
compatible with all existing SS-50 circui t boards and 
in terface cards. All MSI interface cards communicate 
with the rear panel via a short ribbon cable which ter 
minates with a DB-25 connector. All baud rate selec
tion and other strappable options are brought to the 
connector so they may be automatically selected by 
whatever plug is inserted into the appropriate inter 
face connector. Straps may also be installed on the 
circuit board. 

To complete the system, we used an MSI 8K 
Memory Board which employs low power 2102 RAM 
memory chips and is c onfigured to a ll ow battery 
back-up power capability. A DIP switch unit allows 
quick selection of a starting address of the board at 
any 8K increment of memory. 

If you're one of those people who understands 
the technical stuff, by now you'll agree the MSI 6800 
is a better computer. If you're one who does not un 

derstand it yet, you'll be more 
interested in what the system 
can do . . . play games, con
duct research and educa
tional projects, control lab 
instruments, business appli
cations, or just about any 
thing else you might dream 
up that a microcomputer can 
do. The point is ... the MSI 
6800 will do it better. 

The MS! 6800 Computer 
System is available in either 
kit form or wired and tested. 
Either way, you get a cabinet, 
power supply, CPU board, 
Mother board, Interface 
board, Memory board, docu 
mentation, instructions, sche
matics, and a programming 
manual . Everything you need. 

There is more to say 
about the MSI 6800 than 
space permits. We suggest 
you send for more informa
tion which includes our free 
catalog of microcomputer 
products. 

Building a better computer was not easy. Becom
ing the number one seller will be. 

220 West Cedar • Olathe, Kansas 66061 • 913/764-3273 

TWX 910 749 6403 (MSI OLAT) • Telex 42525 (MSI A OLAT) 


000000000000000000000000 

Midwe t Scientific In trument 

220 W. Cedar, Olathe, Kansas 66061 


NAME ----------------~ 
ADDRESS -------------- 
CITY -----------------
STATE ____________ ZIP ____ 

Cucle 92 on 1nqu11y c~.H d . 

011177 



Text continued from page 128 discrete LED outputs at location 8013 in 
memory addre space. 

selec tion witch to point to the DAT A posi If it is desired to modify a ta tu flag, the 
tion, the contents of memory at th is loca flag selec t switch can be ro tated to the de
tion arc di played , hdvi ng been transferred ired bit, and the flag set or flag reset func
to the ront panel cratch pad loca tion 800D tion be used to alter the flag state. If desired, 
by the service program during the halt o pera memory can be examined or altered u ing 
tio n. At o ther positions of the switch, it is th e deposit, deposit next, examine or 
pos ible to view copies of the X regis ter, Y exam ine next routi nes activated by appro
rcgi tcr, accumulator A or the tack pointer pria tc panel switche . Pres ing RUN con-
register. The current contents of the pro
ce or StdtU regis ter are shown in the eight Text continued on page 137 

Front Panel Assembly Circuits 

Map location in 
IC Type +5 v GND Figure 1 .9 

40 74279 16 8 OS 
41 74279 16 8 ES 

Central Processor Module Integrated Circuits 42 74279 16 8 E6 
43 74279 16 8 F8 

Map location in 44 7400 14 7 E3 
IC Type +5 v GNO Figure 3 .2 45 74197 14 7 01 

46 7400 14 7 F9 
1 MSC6502 8 1, 21 A3 , 4,5 47 7400 14 7 Fl 
2 74121 14 7 B7 48 7404 14 7 Cl 
3 7402 14 7 C7 49 7474 14 7 F4 
4 7414 14 7 C6 50 74148 16 8 F7 
5 OM8835 16 8 C5 51 7474 14 7 FS 
6 OM8835 16 8 C4 52 7400 14 7 F6 
7 7404 14 7 Cl 53 7410 14 7 F3 
8 7416 14 7 06 54 7400 14 7 cs 
9 74148 16 8 04 55 7474 14 7 F2 

10 7416 14 7 82 56 74197 14 7 A4 
11 74260 14 7 C3 57 7416 14 7 BS 
12 7416 14 7 81 58 7400 14 7 C4 
13 74260 14 7 C2 59 74197 14 7 B4 
14 7410 14 7 03 60 7416 14 7 B1 
15 741S7 16 8 02 61 7489 16 8 A3 
16 7417 14 7 E2 62 74157 J6 8 C3 
17 7404 14 7 B5 63 7489 16 8 B3 

64 7416 14 7 Al 
65 HP-5082-7340 7 6 X1 
66 HP-5082-7340 7 6 X2 

Front Panel Interface Module Circuits 67 HP-5082-7340 7 6 X3 
68 HP-5082 -7340 7 6 X4 

IC Type +S V GNO 
Map location in 

Figure 2.3 
69 
70 
71 

74153 
74153 
74153 

16 
16 
16 

8 
8 
8 

A2 
B2 
C2 

18 I nte13624-4 22, 24 12 A2 72 74153 16 8 E4 
19 7414 14 7 02 73 OM8835 16 8 E2 
20 7414 14 7 04 74 OM8835 16 8 El 
21 7438 14 7 06 
22 7414 14 7 C6 
23 7404 14 7 A4 
24 7420 14 7 cs Tl M Interface Module Circuitl 
25 74138 16 8 C1 
26 
27 
28 

74138 
74138 
74138 

16 
16 
16 

8 
8 
8 

C2 
C3 
C4 

IC Type +5 V +10 V - 10V GND 
Map locat ion in 

Figure 4 .2 

29 74260 14 7 B2 75 lM1489 14 7 C4 
30 74260 14 7 B3 76 lM1488 14 7 cs 
31 74260 14 7 B4 77 MCS6530 20 1 C1 
32 74260 14 7 BS 78 7414 14 7 E6 
33 74260 14 7 B6 79 7404 14 7 ES 
34 74260 14 7 A7 80 745260 14 7 04 
35 74148 16 8 A3 81 7400 14 7 OS 
36 74260 14 7 Al 82 7404 14 7 E4 
37 74260 14 7 A6 83 7417 14 7 E1 
38 74279 16 8 AS 84 OM8835 16 8 E2 
39 7400 14 7 Bl 8S OM8835 16 8 E3 

Table 5: Integrated circuit summary for Kompuutar. This table summarizes the 85 integrated circuits used in Kompuutar, 
arranged in groupings by the circuit modules of the system. The column labelled "Map Location " identifies the physical position 
of the circuits on the various boards of the system, as shown in the physical layout diagrams in the figures. Note that the phy
sical layouts represent a good workable arrangement of sockets. There is no logical requirement that the particular map positions 
used in these diagrams be followed to the letter in another implementation of the system. 
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8 20, 21, 22 JUNE, 1978 International ~ 
Palais des MictOCOmputcg 

ExpositionsMinicomputcti Geneva,MictoptOCCUOti Switzerland 

ANOTHER PRIME OPPORTUNITY TO SELL 
TO THE EUROPEAN MARKET 
Microcomputers, Minicomputers, Microprocessors, Peripherals, Components and Services 

A 50% LARGER EXHIBITION 
IS PLANNED 
The sales results IMMM obtained 
for its 1977 exhibitors is clearly 
indicative that in 1978 more and 
more producers wil l be displaying 
products for use in every type of 
industrial, commercial , consumer 
and military applicat ion. Their 
enthusiasm has prompted many 
add itional manufacturers of small computers (firms 
wh ich attended and observed in 1977) to make serious 
comm itments regarding partic ipat ion in the next show. 
With these new exhibitors and the increased space 
already requested by 1977 participants, IMMM '78 will 
be a much larger show! 

In 1978, the kind of people you want to meet 
executives, engineers, designers, manufacturing and 
support supervisors, and others - will be out in force 
. . . to see, to learn, to BUY. And you will want to be 
there with YOUR products and services. 

PROGRAMME DESIGNED 
TO ATTRACT MANY 

MORE VISITORS 
The remarkably large audience 

of highly qualified and seriously 
interested visitors who attended 

the first IMMM exposit ion was 
obviously pleased with the 

techn ical programme. Comments 
ind icate that the programme, as well as the exhibition , 
w ill be a key factor in attracting an even larger group 
of attendees to the next show. 

The 1978 programme, chaired and presented by 
internationally recognised experts, again will be de
signed to otter the kind of practical solutions to day
to-day problems that attendees seek. A special session 
on " Tips for Hobby Microcomputers" is being planned. 

SPONSORED BY DISTINGUISHED PUBLICATIONS 

Mini-Micro Systems (U.S.A.) Polyscope (Switzerland) 
Micomp (Switzerland) Markt Und Technik (West Germany) 

For 
Additional 
Information: 

IN EUROPE: 
Mr. Bert Saunders 
Kiver Communications SA 
(U .K. Branch Office) 
1711185 Ewell Road 
Surbiton. 

Surrey KT6 6AX England 
Telephone : 01 -390 -0281 
Telex : 929837 

Mr. Ernest Jungmann 
Promotion Marches 

Exterieurs 
Residence Mexico 
65. rue tiu Javelot 
75645 Paris CEDEX 13. 

France 
Telephone : (I) 583-96 62 
Telex 210500F 

IN THE UNITED STATES: 
Mr. Joseph Maurer 
Industrial & Scientific 
Conference Management. 
Incorporated 
222 West Adams Street 
Chicago, Illinois 60606 
Telephone : (312) 263 -4866 
Telex 256148 

IN JAPAN: 
Mr. K. Yamada 
ISCM Japan 
Kokado Building 
1-3-18 Akasaka 
Minato-ku. Tokyo 107, 
Japan 
Telephone : 03 ·585 ·832 I 
Telex : 28887 
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Listing 7: The front panel service program. This program is resident in a programmable read only memory part wired for ad
dresses FEOO to FFFF, as shown in figure 2.4. The listing is a symbolic assembly language version of the program combined with 
the hand assembled object code provided by author Brader. The information at the end of the PROM area includes the interrupt 
vectors which are implemented in the Kompuutar system. 

H11• • dec1m11 FE93 SD 15 80 STA HAOOR 
Address Label Commentery FE96 4C 90 FE JMP CONT INUE 

FE99 · CONTRO L PANEL MON ITOR EXIT POINT 
•PANEL DRIVER NONMASKABU lNTERRUPT FE99 38 EX IT CP SEC (Se 1 c.arrv to indicate entl 

ENTRY of momtorl 
FEOO 
FEOJ 
FE06 
FE09 

80 
BE 
BC 

00 
Ot 
02 

BO 
BO 
BO 

PNMI STA SVACC (Sove m1e 
STX SVX of procenor reg1·uers 
STY SVY at interru pt ]. 

• RECOVER PROCESSOR STATUS & RETURN 

FE9A 
FE90 

FE9E 

4C 
IS 

9E FE JMP SETSTAK 
CON T INUE CLC ICleer ca1rv to con 11nol! 

monnorl . 
• BE GIN ROUTINE TO SE T UP STACK ANO 

ADDRESS AT INTERRUPT TEMPORARILY LEAVE MONITOR 
FE09 68 UNSTK PL.A FE9E AO OB BO SETSTAK LOA SVAOOR• 1 
FEOA AA TAX FEA1 48 PHA 
FEOB 68 PLA FEA2 AO 07 80 LOA SVAODR 
FEOC AB TAY FEAS 48 PHA 
FEOD 68 PLA FEA6 AD 03 80 LOA SVPFLG 
FEOE 'SAVE STATUS. RETURN ADDRESS& STACK IN FEA9 48 PHA ( PusM orocessor SHHus 

SCRATCH PAO onto \lack1 
FEOE BE 03 80 SAVER ET STX SVPF LG FEAA AE 05 80 LDX SVSTK (Sub1rac1 3 
FE 11 BC 07 SO STY SV A OOR FEAD CA DEX from 
FE14 SD OS BO STA SVAOOR•l FEAE CA DEX old 
FE 17 BA TSX FEA F CA DEX stack Poin ter 
FE18 BE 05 80 STX SVSTK FEBO 9A TXS to compensate pushes I 
FE18 • INTERROGATE CONTROL FUNCTION REQUEST • RESTORE REGISTERS 

REGISTER FEB! AE 01 80 LOX SVX 
FElB AD 10 80 LOA REQST FE84 AC 02 80 LDX SVY 
FElE OA ASL FE87 AO 00 80 LOA SVACC 
FElF OA ASL FEBA SD OE 80 STA LSTACC 
FE20 OA ASL FEBO 80 JC BCS LEAVE If corry set, then le3ve 
FE21 OA ASL monitor now ; 

• ENTER PROGRAM TR EE TO DECODE & EXECUTE FEBF • MAN IPULATIONS FOR SING LE STE P CASE 
REQUEST FOLLOW 

FE22 80 04 so STA SVAAA FEBF A9 FF LOA :SFF 
FE25 A9 20 LOA • 520 FEC1 40 00 80 EOR SVACC I Invert old ac;cumuhnor 
FE27 2C 04 SO B IT SVAAA value), 
FE2A 10 03 BPL • +5 If request greater than 7 FEC4 80 00 80 STA SVACC 
FE2C 4C 7F FF JMP REGLD then go do reg1U1!1" load 

rouune , 
FEC7 
FEC9 

A9 
40 

FF 
01 80 

LDA :SFF 
EOR SVX ( ln ...ert old X value l 

FE2F 70 IC BVS XHSEE El•e if 4 requeu FECC 80 01 80 STA SVX 
then halt, s:1~ 1J . e>1oro1ne FECF A9 FF LDA :SFF 
or exam nPXI FED! 40 02 80 EOR SVY ( ln11"n old Y -v~luel. 

FEJI 00 OD BNE XOD Else •f 2 < reQueu < 3 FED• 80 02 80 STA SVY 
then d&P01.•t or depos1 t 
next, 

FE07 
FED9 

A9 
4D 

FF 
05 80 

LOA :SFF 
EOR SVSTK I Invert old stock register 

• CONCLUDE REQUEST IS 0 OR 1 v;:ilueJ, 
FEJJ A9 10 LOA =-$10 f Se1 up mask. for b•t FEOC SD 05 80 STA SVSTK 

test ! FEOF A9 FF LDA ~SFF 

FEJ5 2C 04 BO SIT SVAAA FEE T 4D OD 80 EOR SVDATA I Invert old darn re91ner 
FEJB 
FEJA 

DO 
4C 

03 
99 FE 

BNE 
JMP 

··s 
EXITCP 

Is request O? 
It reQuest "' 0 then leave FEE• BD OD 80 STA SVOATA 

value], 

conuol program via FEE7 AD OE 80 LOA LSTACC ( Restore old accumulator 
normal NM I ; value! , 

FE3D 4C 36 FF If reques1 • 1 then go doJMP FLAG FEEA 40 RTI ( Return from 1n1errupt, 
FLAG function service , e>u t1ng panel stuv1cft 

• CONCLUDE R EOUEST IS 2 OR 3 program). 
FE40 A9 10 XDDN LDA #$10 FEES • LEAVE PANEL SERVICE FOR USER NMI SERVICE 
FE42 2C 04 BO SIT SVAAA CASE 
FE45 DO 03 BNE • •5 h request 27 FEEB 4C 00 F6 LE AVE JMP USRNMI 
F E47 4C 29 FF JMP OPSNXT If requHt • 2 then go do FEEE • NOTE USRNMI IS A READ ONLY MEMOR Y 

DEPOSIT NEXT ROUTIN E AT F600. NOT DEFINED HERE 
service . FEE E 

FE4A 4C 1 E FF JM P DEPOSIT If requHt • 3 then go do FEEE EXAMINE SERVICE ROUT INE 
DEPOSIT service , FEEE AO 11 80 EXAMINE LDA OSWLOW 

FE 4D • CONCLUDE R EOUEST IS 4 TO 7 FE Fl SD 07 80 STA SVADOR 
FE4D DO OD XHSEE BNE XHLSS If teauH1•6or re-QUH1 • FEF 4 AD 12 80 LDA DSWHI GH 

7 then go do HALT or FEF7 8D OB 80 STA SVAOOR+ l 
ST EP; FEFA 4C 77 FE JMP SETTRAP tGo back to display 

• CONCLUDE REQUEST IS 4 OR 5 routine and ex1tl . 
FE4F A9 10 LOA •$10 FEFD EXAMINE NEXT SERVICE ROUTINE 
FE5 1 2C 04 SO BIT SVAAA FEFD AO 00 EXMNXT LO Y :0 
FE54 DO 03 BNE '•5 ts requHI 47 • INCRE MENT TO NEXT ADDRESS 
FE56 4C FD FE JMP EXMNXT II reque-u • 4 1hen go do FEFF AE 07 80 ADVANCE LOX SVAOOR 

EXAMINE NEX T. FF02 EB INX 
FE59 4C EE FE JMP EXAMINE It requtsl • then go do FFOJ SE 07 80 STX SVAOOR 

EXAMINE . FF06 · CHECK FOR OVERFLOW 
• CONCLUDE REQUEST IS 6 OR 7 FF06 EO 00 CPX aO 

FE5C A9 10 XHLSS LOA :i$10 (Se t up maSk lor bit FFOB FO OA SEO RAISHl I f low order • 0 1hen 
1eul. increment high order . 

FE5E 2C 04 SO SIT SVAAA [ Teu fot odd or ei,oen FFOA · CHECK TO SEE I F INITIALIZATION NEEDED 
numbed, FFOA co 00 ONEEDINI CPY :0 

FE61 FO 14 8NE SETTRAP II recioen • 7 1heo skip FFOC FO 03 BEO • +5 
se tup logic. FFOE 4C 7C FE JMP SETUP If Y • 0 then sunpJy 

• CONCLUDE REQUEST IS 6 1u:ecute 1cr.uch pad 
FE63 • SET UP SCRATCH PAD INSTRUCTION SEQUENCE program. 
FE63 A9 BO LOA ~ssD FFt l 4C 77 FE JMP SETTRAP If Y • 0 then 11et up poor 
FE65 SD 09 80 STA OUMMY2 to e)lecut1ng sga1n . 
FE6S A9 OD LDA ,,SOD FF 14 • INCREMENT HlGH ORDER BYTE OF CURRENT 
FE6A SD OA 80 STA 0UMMY3 ADDRESS 
FE60 A9 BO LDA ~sso FF 14 AE OB 80 RAISHI LOX SVADDR+1 
FE6F BD 08 80 STA OUMMY4 FF17 EB INX 
FE72 A9 60 LOA 4$60 FFtB BE 08 80 STX SVADDR+l 
FE74 SD OC 80 STA OUMMY5 FFIB 4C OA FF JMP ONEEDINl 
FE77 • SET UP SCRATCH PAO INSTRUCTION SEQUENCE FF!E 
FE77 A9 AO SETTRAP LOA .SAO !Oummv 10 en LOA FFlE • DEPOSIT SERVICE ROUTINE 
FE79 SD 06 80 STA OATA TRAP 1nsuur:11on u5m9 cur · FF 1E A9 SO DEPOSI T LOA #SSO [Chanee ~cratch pad pro· 

rent addren field as •ts FF20 BD 06 80 ST A DATA TRAP gram to 1tore accumu· 

FE7C 
Bdelrenl, 

•ROUT INE TO EXECUTE SCRATCH PAD PR OGRAM 
t1uor (STA I as HS f irs t 
operei1on I , 

TO SET UP LATEST SVDATA VALUE FF23 AO 11 80 LDA DSWLOW 
FE7C 20 06 80 SE T UP JSR DATA.TRAP {Call scnnch pad res1den1 FF26 4C 7C FE JMP SE T UP 

subrout~ne) , FF29 
FE7F AO 03 80 L DA SVPLFG ff29 • DEPOSIT NEX T SE RV ICE ROUTINE 
FES2 SD 13 80 STA STATUS FF29 A9 BO OPSNXT LOA ir$80 [Change scratch Pad pro· 
FESS 
FE87 
FEBA 

A9 
80 

OD 
OA 80 

LOA e$00 {Palch the '5cra1ch Pad 
STA 0UMMY3 program] , 

• D ISPLAY THE CUR R ENT ADDRESS 

FF2B SD 06 80 STA DATA TRAP gram to 5tore accumu· 
la tor (STAI as its first 
operation I . 

FEBA 
FESD 
FE90 

AD 
SD 
AO 

07 
14 
OB 

80 
80 
SO 

LDA SVADDR 
STA LAODR 
LDA SV ADDR•l 

FF2E 
FF31 

AO 
AO 

11 
AA 

SO LOA DSWLOW 
LO Y ::SAA lLoad Y wnh any nonzero 

value. AA 1n oaniculBr I . 
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Listing 7, con t inued: 

Text continued from page 134 
Hexadecunal H exadecimal 

tinue e ecution of the program at the 
currently displayed addre 

Aflo.:r bui lding the deign, found a 
coupl e of subtle point in the operation of 
th e con trol p,rnel. The first point to note is 
th <1l when u'ing the RESET switch, the pro
ccs>or mu>L be in the RU mode of the 
RUN versus STEP switch. Second, bit 5 of 
the status di play is u cles and unimple
mented in the 6502 hardware. The register 
lodd witch (REG LOAD) is be L u ed for 
modifying the content of the accumulator, 
index regis ters, but not the stack pointer. 
U ing the regi ter load witch to modify the 
tack pointer can result in problem when 

resuming execut ion of a program. Once 
wh atever memory loading or register al tera
tion chores required by a program have been 
dccomplished, execution can be re urned 
u ing the RUN witch 10 cau e the control 
panel program to return from interrupt u ing 
th e regi ter content tored in the con trol 
pdnel scratch area. 

A Versati le Configuration 

The de (qn of Kompuutar i. quite readily 
adaptable to the 6800 processor as u ub
stitute for the 6502 if personul programming 
preferenle or availability of chips dictates 
such a .\witch. The imilarities between rhe 
two processors are quite extensive, and in 
fact were the bone of contention of a luw
uir ( ince .\el/Jed) horrly after the 6502 

came our. Ill the system level, here are the 
mu/or differem:es robe aware of: 

• 	 7he pinour~ of the <iO pin puckage 
u ed fo1 ea1.h processor are different, 
but" 1he ignal definilion of NM /, dala 
bus lines, JRQ, resel, addre s bus, e1c, 
ore equivalent. 

• 	 The 6800 u es four read only memory 
interrupl vectors al addres es FFF8 to 
FFFF in memory address space, 
whereas the 6502 uses only three 
interrupt vectors; the definitions of 
the interrupt vectors for reset, non
maskable interrupt and maskable inter
rupts are similar. 

• 	 I he instruction sets differ, so the front 
panel service programs shown with thi 
article would need to be rewded if a 
6800 is u ed. 

• 	 I he definition of !he clock u ed by 
1he proces or differ in the details of 
its drive cirwit. 

Address Cod• Label Op Operill"ld Commentary 

FF33 4C FF FE JMP ADVANCE 
FF36 

' FLAG REGISTER CHANGE SERVICE ROUTINE 
FF36 AD 10 80 FLAG LOA R EOST 
FF39 

FF36 

• ALIGN THE FLAG SELECTION BITS WITH FOUR 
RIGHT SHIFTS 

FF39 4A LSR 
FFJA 4A LSR 
FFJB 4A LSR 
FFJC 4A LSR 
FF3D 80 04 80 STA SVAAA 
FF40 A9 01 LOA =$1 
FF42 2C 04 80 BIT SVAAA Is flag data bu on 1 
FF45 FO 05 BEO SETYZER If flag dat• • 0 then 

FF47 AO LOY •SFF E~e•YO ~ SFF.Ff 
FF49 4C 4E FF JMP PROCFLAG 
FF4C AO 00 SETYZER LOY :SOC 
FF4E 4E 04 80 PROCFLAG LSR SVAAA I	Final fight shdt ahgns 

the 3 bit flag code I 
FFSl A2 07 LOX tt$07 (Load loop count 1 , 

• LOOP SETS X 
FFSJ EC 04 80 FLGLOOP CPX SVAAA If SVAAA ' X lhen 
FFS6 FO 04 SEO FCHANGE go change this flag , 
FF58 CA CYCLE DEX 
FF59 •C 53 FF JMP FLGLOOP 
FFSC A9 01 FCHANGE LOA •$01 

• LOOP ALIGNS MASK ON PROPER FLAG BIT 
FFSE EO 00 FLOOK CPX •SOO 
FF60 FO 05 BEO •,7 
FF62 OA ASL 
FF63 CA DEX 
FF64 4C SE FF JMP FLOOK 
FF67 • AT END OF LOOP WITH MASK IN PLACE. CHANGE 

FLAG BIT 
FF67 co 00 CPV •SO I\ dau O? 
FF69 00 OB BNE SETFLG It not 1hen go iet tlag . 
FF6B 49 FF EOR ..SFF 
FF60 20 03 80 AND SVPFLG (Turn oft the flag b it 

with inverted mask I; 
FF70 80 03 80 STA SVPFLG 
FF73 4C 77 FE JMP SETTRAP 
FF76 00 03 80 SETF LG ORA SVPFLG (Turn on th' sel&eted b11 

trommMkl , 
FF79 80 03 80 STA SVPFLG 

FF7C 4C 77 FE JMP SETTRAP 

FF7F • REGISTER LOAD SERVICE ROUTINE 

FF7F • REGISTER LOAD SERVICE ROUTINE 

FF7F A9 OF REGLO LOA •SOF 

FF81 80 QA 80 STA DUMMYJ 

FF84 A9 AE LDA rrSAE fOef1ne LOX as l trst 


operation of scratch pad 
Qrogram l. 

FFBG 80 06 80 STA DATATRAP 

FF89 A9 FF LOA •SFF 

FF8B 40 00 80 EOA SVDATA ( Invert data l 

FF8E 80 00 80 STA SVDATA 

H91 AO 11 80 LOA DSWLOW 

FF94 4C 7C FE JMP SETUP 

---------- - unust!!d)p.ace- -- ------- 
FFAO A2 FF RESET LOX =SFF [lnihaltze stack 
FFA2 9A TXS PO•nterl . 
FFAJ 4C 06 70 JMP TIM ( Jump to TIM monitor 

on s.vstem RESET I 
----------- unusedsPOCe --------- 
FFEO 00 FO BAK ln11ruc.11on vector 

FFE2 xx xx Not used 

FF E4 00 FC IR06 LOWMt pnoritv 

FFEG 00 FB IR05 

FFEB 00 FA IRQ4 

FFEA 00 F9 IR03 Interrupt vKtors 

FFEC 00 F8 IR02 

FFEE 00 F7 IAO l H1gheu priority 


----- - unused space - - - - - - - - - - - - 
FFFA 00 FE NMI mterrupt vector location 

FFFC AO FF RESET mterrup1 vtttor toc-at1on 

FFFE 


Kompuut•r Penph.,.al •nd Scratch P•d Qua Symbols -

Addren Symbol Description 

8000 SVACC Saved accumul•tor value , scr&tch oad 

8001 svx Saved X index reg1ner value , scratch pad 

8002 SVY Saved Y index register value . scratch pad 

8003 SVPFLG Savttd proceHor flag register value. scratch pad 

8004 SVAAA Scratch value 

8005 SVSTK sa...ed 1tack reg1ll!'f value 

8006 DATA TRAP Firs.t openn1on of scratdi pad program !absolute addressing 


through SVAOOFU 
8007 SVAOOR Low order saved acfdreu value , scratch pad prog1 om absolute 

address for OATATRAP 

8008 SVADDR•1 High order saved addreu ...atue 

8009 DUMMV2 

SOOA OUMMYJ 
 B.alance of scra1ch pad program
SOOB OUMMY4 

aooc DUMMY6 

8000 SVOATA Dati vilue at current SVAODA 

BOOE LSTACC Accumulator storag@ tempgrary 

800F SVAAA Scratch value 

8010 RE OST Front panel t~uest input word 

8011 OSWLOW Low order data switch reg1ne1 input {data or address 


1nformat1on) 

I he major feature of either a 6502 or 6 00 8012 OSWHIGH High order dote switch teg1ster input loddress 1ntormat1on 
onlv• 

ystem ut 1he level of !he backplune bu 
fined here would be nearly identical. • 

de 8013 
801• 
80 15 

STATUS 
LAD OR 
HAOOR 

Status. lamps output 
Low otder Bddres.s display output 
High order oddreu d15plav output 

BYTE N<.vemb« 1977 13 7 

http:Penph.,.al


VECTOR 
PACKAGING MATERIALS 
SAVE TIME & MONEY 

S100 CARDS-100 PLUG CONTACTS-Convenient universal 
tinned pads and bus lines. For interface, memory expansion, 
breadboarding . Mount almost anything anywhere on card. 

S100 CONNECTORS for WIRE WRAPPING or SOLDERING 

BEAUTIFUL 
NEW VECTOR.PAK 
CASES for micro-computer 
circuitry, assembled. Constructed 

Model VP2 

of aluminum, finished in vinyl . Slide out covers for easy 
access. Includes card guides, heavy chassis plate, perforated 
bottom cover for cooler operation. 
Card guides perpendicular to front panel, Model VP1, $128.30. 
Card guides parallel to front panel , Model VP2, $134.30. 

Model 
8803 

S100 MOTHER BOARD, $29.50. 11 positions ready for 
connectors. Glass epoxy, plated thru holes, circuitry for 
active termination, 12 tantalum capacitors and instructions. 

PLUS revolutionary Slit-N-Wrap wiring tools, Micro-Vector
bord,11> printed circuit kits, l.C. sockets, extenders. 

Send for new catalog. 

@VECTOR ELECTRONIC COMPANY, Inc. 
12460 Gladstone Avenue, Sylmar, CA 91342 

phone (213) 365-9661, twx 910-496-1539 
540777 
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Continued from page 6 

the "Thorsen Memory Tube," a magical 
device which can be programmed with the 
data neces ary for controlling an interactive 
mechanism. In the real world, technology 
has developed the sem iconductor memory 
and microprocessors, charge coupled devices 
and magnetic bubble memories. 

In the fictional account, various societal 
conditions have led to a predilection for 
garage shop and cottage industry experime n
tation represented by the efforts of the hero 
of the story, Dan Davis. In the real world, 
the techno logical and economic conditions 
of today have made the same sort of ind i
vidualized experimentation with the high 
technology of computers an everyday occur
rence practiced by large numbers of people. 

In the story, the protagonists face a 
world in which mass-produced robotic 
mechanisms for domestic use have yet to be 
produced. In the real wor ld, we face a sim i
lar situation in which the firs t mass-pro
duced inte ll igent robotic mechanisms or 
domestic use are on the threshold of inven
tion and poss ibility. 

With this possibility of innova ti on and 
invention in robotics growi ng out of the 
computer experimenter's natural inclinat io n 
towards artificial intelligence and robotics 
work, I can begin to build the concept of an 
ideal type, "The Compleat Robotics Experi
menter" and what it takes to become one. 
Perhaps we'll see a few examples in real life 
as the next few years roll by . 

Categories of Experimentation 

In order to put a finger on the categories 
of experimentation in the genera l field o f 
robotics, we need a definition of just what 
is meant by the concept of a robot. I pro
pose the following definition as a working 
concept for purposes of d iscuss io n. This is 
not necessarily the ultimate definition of 
what a robot is, but it serves a a standard 
of measurement useful in this context. 

A robotic system is an intelligent 
mechanism which is mechanically 
mobile and which operates with feed
back from sensors in a specific envir
onment with general but well defined 
behavioral goals. 

With this definition and given our current 
levels of technology, I am explicitly at
tempt ing to eliminate the cla ical genera l 
purpose robot of sc ience fiction from the 
di cussion . The characters C3PO and R2D2 
of George Lucas' film Star Wars may be use
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ful as long term developmental goals, but 
current technology just docs not support 
practical impl ementation of uch delightful 
pseudo-per on . The kind of robotic mech 
anism which is likely to be realizable in th e 
near futu re by rea l world personal com
puting ex per imen ters wil l be more special
ized. 

The "intel ligent" of intel ligent mech
anism in the definition might be better ex
pre sed as "in telligently designed," for it is 
the crystallization of the designer's intelli
gence and crea tivity in the control algor
ithm f the machine which enable the 
robotic mechanism to act "inte lligently." 
" Mechanical ly mobile" in the definition 
cou ld be as simple a the mobi lity of the end 
of a implc arm mechanism, as complicated 
as the three-dimensional mobility of a 
remote flying and hovering mechanism, or as 
conventional as the ro lling mobility of Ralph 
Hollis' robot NEWT. Sensory feedback i 
c sential to the definition, for I wish to 
exclude from discussion uch conventional 
mechanisms as plotters, printers, and mass 
torage device which use limited forms of 

mechanica l mobi lity. 
A " pecific enviro nmen t" is essential 

to the practicality of the concept if it is to 
be accompl i hed at current levels of under
tanding of artificial intelligence research 

and engi neering. 
A quite practical system for the personal 

c mputing experimenter with a mechanical 
flair is the construction of an "arm" mecha
ni m to act a an output device for a chess 
program. But the practicality of the possibi
lity comes from th e limitation of the envir
onment to a three-dimensional region of 
space above a well defi ned chess board, with 
chess pieces designed to fit the design of the 
arm's grasping mechanism and object sen
sors. 

Similarly, the person designing the ro 
botic vacuum cleaner app liance can initially 
implement a practical design only by lim
iting it environment, requiring that it: 

• 	 Avoid precipices (as at the top of 
stairs). 

• 	 Roll on a plane sur face of normal 
gravity. 

• 	 Bounce off wa lls and furniture. 
• 	 Only swallow item mailer than d 

critical ize, while sorti ng and 
classifying loose objects .ibove that 
si1c but below a maximum izc. 

• en e presence of animals, children 
and 	 adults as a cue to enter 
tandby mode of opera ti on. 

The env ironment of the fir t such practica l 

Don Lancaster's inge.nius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
• Over 2K on-screen characters with only 


3MHz bandwidth 

• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• User selectable line lengths 

TELL ME MOREi l J Send ln s tructlon manual for Lbe TVT- G Kil : 
with full operntlonoJ dcl3.lls . SI enc los ed. • 

( ) SEND FREE CATALOG 

Name : ------------~ .. Address: __________ ___ 

ELECTRONICS,INC. City: Stat e: Zip: - 

DEPT. 10-B. 1020W.WILSHIREBLVD.. OKLAHOMA CITY. OK 73116 
···· ·· ···· · ···· ······· ··· ··· ··············· .. ... .. ...... .. . . 


BUILD YOUR OWN 
VIDEO TERMINAL FOR 

II If 

$85 PLUS 

e Serial ASCII or BAUDOT • 

• Full X-Y Cursor cont rol • 

• 128 Characters, including • 
upper and lower case 

The SCT-100 Single Card Terminal 

16 lines X 64 characters 

100 Compatabd 1ty 

Operates on 7VDC unreg
ulated, 6.3 VAC@ 0.75 A 

interfaces directly to an~ · 
com puter OI' modern having serial A C ll or BAUDOT capabi lity 
It requires only the add1uon of a standard ASCII keyboard, and a 
TV monitor. It 1s available as a partial kit for $85.00 1nclud1ng 
the PC board, character generator ROM, and- the 3870 micro
computer. The complete SCT-100 k11 1s $155.00 ($185.00 
prewired & tested). 
To Ol'der, call or write today. 'vl C, BAC Accepted. 

VECTRON P.0.Box /120887, Dallas, Texas, 75220 
Phone (214) 350-5291 
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KIM MEETS S·f00 

Escape the single source Dlues The K1m s1 rs the easy was to expand your KIM·I system 
wrth readily avarl•Dle S·100 Doards Forerhouohl Producls has rnlerfaced rhe 6502 lo lhe 
S-100 bus Dy decoding !he 100 4K !or IN and OUT ins1ructrons Full capacity interlacing 
allows complete control ol the 6502 and OMA from the S-100 Dus 
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Item Price Pr ice 
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81C SUI$ RAM Board E • •u ,;r OJ•"l' Ip•' •1•11••tTI ~1e1 ,.. 2&9 m 
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MJU01 AlT ·2430 A1ptu1 ·Numtnc VRAM : n,. ,, n.11 ,....7• PJ"f NA 29S 

M1tro 1 Alf ·~6 • \" olJt- 'J'.lPM• i3 <1'1 'I <,.D J , 5 ,:,,-, • ,"}f;: ,inJ t NA J9S 

ltty Bin-, f1ny BA Sit "t • • ' J fl •o--· '-~ 5 10 
foul (1DEC1nidem1r\I "!I' ' J. ' ~ " 1 I NA 40 

JD 

SPECIAL! 10% off S-100 Boards @t .:
when ordered with Kimsi. 

MATROX VIDEO RAMS 

CE Compuman otters you the tedoer on CRT 01sp1aycon1rolle1s Matro• Vooeo Rdms are 

complete w1in mt mory 11na 1eQune no processor 11me 101screen retresn wne1her your 
.ipphca11on rs .alph numeric or.aph1c or both Ma1to1. can prov1oe a sys1em lo mee! your 
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household robot would pccirically exclude 
any a ttention to global details uch as what 
lo do when it gets wet , what to do in ca e of 
fire, how Lowa h dishc , how Lo teach child· 
rcn ymbolic logic, etc. (Incidentally, the 
vacuum cleaner ju L described is one of the 
robotic mechanisms designed by the hero of 
Robert H inlein's Door Into Summer.} 

The behavioral de ign of the robot i a 
part of thi proce of limi ting the env iron
ment. By deciding what the robot i to do, 
as in the vacuum cleaner case or the chess 
playing <1rm ca c, we impMt constrai nt on 
it behavior. 

The strange theme of re carch and 
exrerimcntation with robotic mech;ini ·ms 
for the near future, then, i that of picking 
and choosi ng <1 11.irticu lar flavor of environ· 
ment in which the system is Lo operate, 
using this environment definition ,is the 
evaluation tandard for the design. The 
environment cho en is wh at drives the des ign 
of mechani ms to interact with th;i t environ
ment; image and sensor processing needs of 
the y tern in that environment; software 
requirements of the compu ters which 
implement the proce ing; and possible 
ave nues of exploration for application 
concepts. 

Defining the Complea t Robot ics 
Experimen ter 

The per onal computer experimenter is 
well on the way to becoming a robotics ex· 
perimcnter. The intellectual challenge of the 
robot is a step up in ab traction and diffi
culty, as well as a step up in fascination and 
unknowns. Wha t are the requirements of a 
per on who expects to achieve measurab le 
resu lts from experimen tation with robotic? 

Firs t ,ind forcmo L, the comp lcat robo ti cs 
ex perimenter is well rounded and virtually 
the classical Rcnai sancc ma n. A narrow 
pecialization in one particular a pect of 

computer science, machine design, etc, 
may be a useful <1ttribute to posses, but 
to imp lement comprehensive sy tern , 
comprehen ivc knowledge i required. For 
the per on just beginning form al education 
at a co llege leve l, a combination of libera l 
arts and philosophy with computer sc ience, 
phy ic , bio logy and engi neering is what I 
would consider a neces ary groundwork for 
later work in robotics. Gelling to more 
pecific details, here arc some areas of study 

with reasons for their u cfulne to the 
aspiring robotic experimenter: 

Philosophy, particuJ ,1rly epi tcmology, is 
crucial. Epi tcmology i the philosophical 
di ciplinc concerned with the que Lion 
"how do we know wha1 we know? " A 
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practical understanding of epi temology i 
a necessary tarti ng point for anyone who 
would de ign a knowledge oriented or "art i
f icially intelligent" ·y tem . 

Rela ted to ep i temology is th e necessity 
for a thorough and practica l understanding 
of the mathematica l basis for programming 
and computer scie nce: concepts of logic, 
proof of theorems, organiza tion of know
ledge, etc, form a background for much 
work with computers. 

Progressing to more specific technica l 
areas, the aspiring roboticist must obtain a 
mastery of com puter science, natural and 
artificial languages, in forma tion theory, 
electrica l engineering (al the level of utilizing 
"black boxes" of function), mechanical 
engineering and biology or physiology. The 
knowledge of computer science is a must, 
for no robot is possible without a computer 
to impl ement it intelligence. Natural and 
artificial language understanding is a require
ment for any form of high level command 
and control structures to be bui l t into the 
software of the robotic system. In formation 
theory and its attendant discussions of the 
p ss ibiliW of error and strategies for coping 
with error is esse nt ial. Electr ical engineering 
and mechanical engineeri ng are obvious 
for design of interactive rea l world mecha
nisms. Bio logy, part icularly the physi ology 
of natural mechanisms, is essential back
ground information to this proce s of ro
botic mechanism design: not necessarily for 
its value as a direc t mode l, but certain ly for 
its inspirational value and va lue as a source 
of detai l idea about po si bl e approache 
which might work out in robot ic mecha
ni m . Th orough familiar ity with current 
technologies i a must as well. 

A final requisite i a th orough famil iarity 
with science fiction literature, for its imagi
nation inpu ts. T he science f iction wr i ter is 
at once a fru trated engineer and a daring 
source o imagination. The frustrated 
engineer aspect comes from the lack of 
a technologica l context to fu llfill th e 
imagi nations; th e imagination side is th e 
reason why science fiction i a necessary 
input for the comp leat robotic experi 
menter. Many design ideas can be fo und in 
the writings of science fict ion thinkers. 

Summing it all up, the personal experi
mentation with technolog ical concept 
which o characterize the amateur com
puter person finds a natural extension in 
the applica t ion area or robot ics. The chal
lenges and problems or building "smart" 
mach inc l once provides a fo rm of an 
answer 10 the traditiona l "wh t do you do 
with your compu ter?" que tion and a 
r scina ting area for exp loration. • 

READY FOR IMMEDIATE DELIVERY 
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What's Cooking? 


···The Lancaster Series! 


ICTIVE
m.TER 

cookbook....,_ 

/ 

CMOS 

__TV Typewriter Cookbook by Don 

Lancaster. A complete guide to low cost 
television display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of BYTE 
magazine. $9 .95. 

ctive Filter Cookbook by Don Lan· 
caster. The chief chef of electronics Cook
books concocts another gourmet appetiler. 
Run to this book when you need to find a 
starting point for th e design of a filter for 
use in an electron ic application . $14.95. 

__The TTL Cookbook by Don Lancas· 
te r. Start here with Don's tutorial explana
tions of what makes TT L logic design tick. 
335 pages , $8 .95. 

__CMOS Cookbook. Don Lancaster has 
taken his highly successful TTL Cookbook 
formula and done it again . This bigger than 
ever (414 pages!) book tells you how to use 
CMOS, the exciting new power logic family. 
$9 .95. 

_?ractical Solid.State Ci rcuit Design by 
Jerome E Oleksy. A self study course in the 

__M odern Operational Circuit De5ign by design of semiconductor circuits from the 
John l Smith. An absolutely essential intro simple trans istor to the complex operational 
duction 10 the use and application of amplifier. $5.95. 
operational amplifier systems. The book 
contains both theoretical background infor· 
mation and practical circu i t suggestions 
which can be used to advantage by the 
experimenter. $23.25 (hardbound). __Fundamentals and Appl ications of 

Digital logic Circuits by Sol l1bes. An 
in valuable tutor ial background volume on 
digital logic, arithmetic, I0 concepts and 
interfacing to analog devices ; written by one 

~- linear IC Principles, Experiments. and of the founders of the Amateur Computer 
Projects by Edward M Nol l. From basic 
principles to complicated sys tems , from 
simple amplifier experiments to applications 
in radio, TV and control systems. this book 
can improve your knowledge of the way 

',. - - J . 

O
L.I• l 

' 
•. .
" . ~: ..: .: , ., ' 

Group of NJ. This book acquaints the 
reader with much of the terminology and 
background concepts of digital hardware. 
$6 .95. 

circuitry of The analog world really works. 
SS.95. 

Send 10 Check Payment method . 
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BITS, Inc Bill my MC No. Ex p . date 


70 Main Street 
 Bil l my BAC No. Exp . date
Peterborough NH 03458 • 

Total for all books checked $Name 
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Prices shown are subject to change without notice. 
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A BIT More 


When you build a project, you need information. All 
you find in the advertisements for parts are my sterious 
numbers identify ing the little beasties . .. hardly th e sort 
of information which ca11 be used to design a custom 
logic circuit. You can find out about many of the 
numbers by using the infomwtion found in these hooks. 
No laboratory bench is complete without an accompany
ing library shelf filled with references. 

Order these absolutely e sential references from Texas Instrument today : 

__The TTL Data Book for Design Engineers, $4.95, new second edition. 

_ The Linear and Interface Circuits Data Book for Design Engineers, $3.95. 

__The Semiconductor Memory Data Book for Design Engineers, $2.95. 

- - The Transistor and Diode Data Book for Design Engineers, $8.50. 

--The Power Semiconductor Handbook for Design Engineers, $7.50. 

__Understanding Solid State Electronics. $2.95. 

__The Optoelectron ics Data Book for Design Engineers, $2.95. 

_ _ Designing with TTL Integrated Circuits, edited by Robert L Morris 

and John R Miller, published by McGraw-Hill , $26. 

-The TTL Cookbook by Don Lancaster, published by Howard W 
Sams. Start your quest for data here with Don' s tutorial explan
atlons of what makes a TTL logic design tick. 335 pages, $8.95. 

-Microcomputer Design by Donald P Martin, Edited and pub
llshed by Kerry S Berland, Martin Research. Purchase your copy of 
the def initive source for circu itry and hardware design information 
on the 8008 and 8080 computers. $14.95. 

--Texas Instruments has just come out with the updated version of 
the TTL Data Book for Design Engineers, a new 832 page book 
which includes information formerly in the previous edit ion and its 
supplement, as well as new circuits which have arrived on the scene 
since publication of the earlier versions of this book. The second 
edition of the TTL Data Book for Design Engineers is your most 
up to date and current source of information on the design specifi
cat ions and characteristics of the Texas Instruments 7400 series of 
dev ices. In it you'll find a complete section of 7400 series pinout 
d iagrams at the front, plus the usual detailed descriptive information 
on the more complicated circuits. Only $4.95. 

Send to : Check payment method : 
IMy check is enclosed 

BITS, Inc I 
__Bill my MC No. ______________Exp. date ____ _ _70 Main St VISA' I 
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Atljress I
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$ _____ Ifor books 
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- --Problems for Computer Solution by ---The Underground Buying Guide , by 
Steve Rogowski, Teacher Ed ition . A col lec Dennis A K ing. Here at last is a source book 
tion of mathematical problems designed for all those hard to find supp liers! It's 
to stimu late thought and encourage research 
by students towards the goal of a final 
solution. The subjects range from arithmetic 
through calculus and on to problems that 
have vet to be resolved . An analysis of each 
problem provides ideas on logical approa· 
ches to a solution, and a sample program 
demonstrates one possible final solution. 
$9.95. 

---Chemistry with a Computer by Pau l A 
Cauchon . People are always looking for 
details of applications for the computer. It 
is one thing to say "gee whiz wou ldn't it be 
nice if..." but such thoughts are but the 
stimu lus to action. One result of a "gee 
whiz" idea is a series of educational and 
tutorial BASIC programs for use by teachers 
of chemistry. invented by Pau l A Cauchon 
and published by Educomp Corporation. 
This book contains a collection of tutoria l, 
simulation and problem generation pro· 
grams which can be employed to advantage 
by teachers in h igh schools or colleges 
wherever a BASIC facility is available. If 
you 're a chemistry professor or teacher by 
trade, or just a hobbyist interested in 

chemistry, this book w ill prove to be an 
invaluable tutorial aid. S9.95. 

Send to : 

B its, Inc. 

70 Main Street 

Peterborough NH 03458 


Take a Byte 


of APL 


---APL - An Interactive Approach Second 
Edition, Revised , by Gilman and Rose. 
Here's an excellent way to introduce your 
sel f to the APL language . APL is rapidly 
becoming one of the most popular high level 
languages in the computer field because of 
llS clarity and conciseness . Gilman and Rose 
have extensively updated their popular book 
to include the latest information about 
the language and the various forms of it 
which are now in use. Si nee the examples 
are al l carefully spe lled out, APL- An Inter· 
active Approach 1s particularly recommen
ded for those who do not have access to an 
APL terminal. Answers to all problems 
are included. 5 11.95. 

designed especially for computer hobbyists, 
experimenters, hams and CB'ers, and ca n 
tell you where to buy i tems like con 
nectors, discrete components, electronic 
music supplies, i nstrumentation, analog to 
digital and digital to analog converters, and 
synthesizers. The list goes on to include 
Teletypes, speakers, microcomputer soft 
ware, cassette units, floppy d isks and many 
other i tems. It will be an invaluable addition 
to your reference library . $5.95. 

• l'U. ~ 
, RL F!Rl-;-._(f fl()( lh. 
,. 

- --PCC'S Reference Book of Personal and 
Home Computing. Ever try to find the 
addresses of some manufacturers of. say. 
tape cassette or f loppy disk interfaces 
for micros? Frustrat ing, isn't i t? Wel l PCC 
has done something about it. This book lists 
hundreds of companies and stores selling 
hardware, software, and services. Survey 
articles on so ftware, hardware, kits , appli· 
cations and the future for the experienced 
and the not-so-experienced user of micros. 
Also included in this edition are biblio 
graphies for further reference, book reviews, 
and an index of the articles from the major 
hobbyist magaz ines. $5.95 

Check Payment method : 
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__Boll my MC No, _ ___________ Exp. date _____ 
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Continued from page 32 

station . Most receivers track ,1 master 
and two lave station . Thi produce 
two lines of position on J hybcrbolic 
grid; the intcrscct i n is the po,i1ion of 
the receiver. LORAN-C is a fairly ac u· 
rate system givi ng fixes good lO I ram 
300 feel Lo \4 mi le, but it i limited in 
rdngc. The range i up 10 1200 to 1500 
miles. Accuracy is degraded ,11 nigh! due 
10 skywave interference. Al p rese nt 
LORAN - coverage is lar lrom wor ld · 
wide . incc i i is principally a sys1cm for 
sh ip navigation, it is useful mainly in 
coa 1a l arcd . Therr arc lots of receivers 
on 1he mark.c 1, none ol which is really 
inexpe nsive. 

I am familiar wi1h one satel li te navi· 
ga1ion system in c urre nl usage (o thers 
a rc in the developmental stage). Thi is 
the avy Navigationa l Sdtellitc Sys tem. 
I 1 is a high accuracy ~ystem ( I 00 feet for 
Sld tion ary receivers) which measures 
Doppler frequency of a 150 MH1 and a 
400 Hi ca rrier. The use of two fre· 
qucncies a llows lor corrcc1 ion for iono· 
spheric re fraction. The sate llit e also 
transmits digital cl•la which in~ l udcs 

t ime of day .ind a description o the 
sa 1clli 1e 's orbi1. This is usually led lrom 
a receiver into d minitomputer which 
processes the d ;11<1 a nd procJuces d fi in 
te rms of latitude and long itude. This 
sy tem docs not produce co ntinuous 
naviga tion since fixes can only be ob· 
ta ined when a SdLelliLe passes over the 
receiver. Since the satellites a re in polar 
orbits the time betwee n fixes normally 
ranges from 15 m inutes 10 4 hours with 
more frequen t fixes as the receiver nea rs 
either pole. Agai n a number of com
panies manu facwre receivers, bu l again 
they arc expensive. A chedp SA TNA V 
receiver .i nd a sci of microcomputer pro
gra ms 10 produce fix would cer ta inly 
be a n interesting, though formidable, 
project. 

I Dean Clamons 
Systems Analyst 

Shipboard Computing Group 
Naval Research Laboratory 

Washington DC 20375 

As~EYTE 

SH IMMY ? 

Whal causes the shimmy on my video 
monitor? So me1ime it looks li ke it ' 
doing a h ula. 

john C Ford 
9724 Tweedy Ln 

Downy CA 90240 

The problem superficially sounds like 
o beo/ between two frequencies. If the 
. lrimmy ol which you peak i on ompli
111de modulation on on otherwise solid 
picture, you muy hove some f orm of 
cr os talk with 60 HL and some submul
tiple of your video interface ' internal 
timing referen ces. • 

Introducing a new order of profes
sional printing performance - lhe 
Integral Impact ... with features 
normally found on ly in big . higher
priced units 

• 	Microprocessor based controller 
• 	Serial RS-232. current loop and 

parallel TIL interfaces are standard 
• 	Built-in sell-test mode 
• 	Plain paper - 81 2·· wide - roll or 

fanfold 

• 	Standard 64 character ASCII set 
using 5 x 7 dot malrix 

• 	 Multiple copies without adjustments 
• 	 Line length to 132 columns 
• 	 Instantaneous print rate to 165 cps. 

throughput to 80 cps 
• 	Attractive table top console with 

front panel controls 

·1 ble Also Ava1 a p.C\" 
KEO\tltP

"it-\E ~A han1S••· · ..... and 
Print M~~r- FullY onlY 

~~~~~bled ssis 
and Tested 

-

Circle 69 on 111qu1rv card . 

Now
BigPrinter 
Performance 
ata 
Mini-Printer 
Price 

@integral Data System,§ 
5 Bridge Street· Watertown, MA 02172 · (617) 926-1011 
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Implementing an LSI Frequency Counter 


Perry Lynne 
990 Arques Av 
Sunny vale CA 94086 
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The new generation of programmabl e 
large scale in tegration (LSI ) 10 devices 
is proving to be as exciting as the micro
processors to which they are connected . 
With the ai d of these LS I devices, complete 
fu nctions can be added to a microprocessor 
system with onl y a few in tegrated circuits. 
One example of an LS I device ~ith this kind 
of capability is the 8253 programmable in
terval timer which can be eas ily interfaced 
to almost any microprocessor. Using this 
dev ice, a complete frequency counter can be 
constructed with just a coupl e of in tegrated 
circuits. 

CLK O 

GATED 

OUT 0 

CLKI 

GATE I 

OU T I 

CLK 2 

GATE 2 
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Figure 7: A block diagram of the 8253 programmable interval timer, which is 
made up of three independent down counters serviced by an internal bus. 
Software commands from the external processor are used to put the circuit in 
any one of the four different "modes" of operation. The modes, which are 
discussed in the mode definition box, include a mode which causes an inter
rupt on terminal count, a programmable oneshot, a rate generator and a 
square wave rate generator. 
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What's on This Chip? 

The 8253 con tains three independent 16 
bit down counters (see figure 1). Each 
counte r has a separate count inpu t, gate 
input for gati ng the count and count output. 
Each can cou nt in binary or binary coded 
decimal (BCD) . Also, each cou nter can 
operate in one of four separa te modes 
de termined by storing a " mode" word in the 
device for each of the counters, usually on 
power up initializa tion. These mode words 
stay stored in the 8253 until th ey are 
changed by the microprocessor under soft
ware control. 

In table 2 the format for loading the 
mode word and read ing or loading the count 
in each counter is shown. The configuration 
of the mode word is shown in table 3. 

The mode word for each counter on the 
8253 dete rmines whether the upper or lower 
half of the counter will be read or written, 
or whether the counter ex pects two seq uen
tial reads or writes to move 16 bits of data 
in or out of the device. The type of outpu L 

the cou nters will produce is also dete rmined 
by the mode word. See the shaded box on 
mode defi nitions for a discussion of eac h 
mode. 

Programming the 8253 

Each counter is individually programmed 
by writing a control word to location A 1, 
AO = 11. The contro l word format is as 
fo llows : 

D7 D6 D5 D4 
SC1 sco RL 1 RLO 

D3 D2 Dl DO 
0 Ml MO BCD 

Where DO · D7 is the contents of the 
data bus when the mode word is written 
to the 8253. 

In th is applica tion the 8253 will be used 
as a single chip freq uency counter. Figure 3 
shows the functions of each cou nter. To 
determine the frequency of an unknown 



The Two Modes of Operation of the 8253 Used in the Programmable Frequency Counter 

Mode 1 : Programmable Oneshot 

The output will go low on the count following 
the rising edge of the gate/trigger input. 

The output will go high on the terminal count. 
II a new count value is loaded while the output is 
low it will not affect the duration of the oneshot 
pulse until the succeeding trigger. The current 
count can be read at any time without affecting 
the oneshot pulse. 

Mode 2: Rate Generator 

Divide by N counter. The output will be low 
for one period of the input clock. The period from 
one output pulse to the next equals the number of 
input counts in the count register. If the count 
register is reloaded between output pulses the pre· 
sent period will not be affected, but the subse· 
quent period will reflect the new value. 

The gate/reset input, when low, will force the 
output high . When the gate/reset input goes high, 
the counter will start from the initial count. Thus, 
the gate/reset input can be used to synchronize the 
counter. 

When this mode is set, the output will remain 
high until after the count register is loaded. The 
output then can also be synchronized by software. 

Low 

~~ Or Going 
M Low Rising Hlgl> 

, - 1J ln11tat&s 
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21 Re!ll?IS OUIJ>UI 

after nnxl clock 
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2 11 D•sat>!es 
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En•bles 
counting 
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CLOCIC. 
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TRIGGER _r-
.. 3 :t 1 

OUTPUT ;::-;.-1'------' 

TRIGGER~ 

• 3 1 • J 1 I O";---~ 
OUTPUT -----, I 

MODE 2 

OUTPUT In • 31 

CLOCK 

WI{" 

OUTPUT 

Figures 2a and 2b: Two possible modes of 
operation for the 8253 programmable inter
val timer. (There ore six in al/.) 

Tobie 1: Gate pin operations summary. 

Table 2: The configuration of the mode word, which 
determines whether the upper or lower half of the Table 3 : The format for loading the mode word and 
coun ter will be read or wrillen, or whether the coun- reading or loading the count in each counter: 
ter expects two sequential reads or writes to move 76 

SC1 SCObits ofdata in or out of the device. 

0 0 Select counter 0 
cs RD WR A1 Ao 0 1 Select counter 1 

1 0 Select counter 2 

0 1 0 0 0 Load counter 0 RL 1 RLO 
0 1 0 0 1 Load counter 1 
0 1 0 1 0 Load counter 2 1 0 Read/Load most significant byte only 
0 1 0 1 1 Write mode word 0 1 Read/Load least significant byte only 
0 0 1 0 0 Read counter 0 1 1 Read/Load least significant byte lirst, 
0 0 1 0 1 Read counter 1 then most significant byte. 
0 0 1 1 0 Read counter 2 
0 0 1 1 1 No-operation 3-state M1 MO (M=Mode) 
1 x x x x Disable 3-sta te 
0 1 1 x x No -operation 3-state 0 0 Set Mode 0 

0 1 Set Mode 1 
1 0 Set Mode 2 

Where 1 1 Set Mode 3 

CS = Chip select BCD (BCD~Binary Coded Decimal) 

RD = Control signal to read data lrom the 8253 

WR = Control signal to write data to the 8253 0 Binary counter (16 bits) 

A1Ao = Address lines to select various sections of 8253 1 BCD counter (4 decades) 
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INTERRUPT Alro PROCESSOR 
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15 
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INTERRUPT 
FOR UNDERFLOW 
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CLR 

CLEAR 
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INTERRUPT 
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Figure 3: A two chip 
frequency counter. An 
unknown frequency is 
counted by counter num
ber I during a precise time 
interval. This precise time 
interval is generated by 
counters 0 and 2. Counter 
0 is programmed by the 
software to count the 
8080 TTL clock input and 
divide it by 20,480. This 
creates a series of output 
pulses at a rate of one 
every I 0 ms. These pulses 
ore counted by counter 2 
to produce a oneshot of 
programmable length. The 
oneshot is used to enable 
counter l, which then 
counts the unknown fre
quency. Finally, the pro
cessor reads out the value 
of counter I and calculates 
the unknown frequency. 
IC2 is used to signal an 
underflow. This allows the 
circuit to count up to 
values beyond the normal 
maximum of 65,535 (for a 
76 bit counter). 

Integrated Circu it 

Power Pin Table 


Integrated 
Circuit 

Type +5 v 
Power 

G round 

IC 1 
IC2 

8253 
7476 

24 
5 

12 
13 

THE HIGH-LEVEL APPROACH: 

A/BASIC© COMPILER 


MICROWARE'S new A/BASIC© compiler can break the software bottleneck 
in your M6800 system . A/BASIC© compiles BASIC source programs to fast, 
memory-efficient machine language programs. A/BASIC© is a cost-effective 
alternative to slow interpreters or complex assemblers at a price you can afford . 

• GENERATES PURE M6800 CODE - NO RUN-TIME PACKAGE REQUIRED 
• COMPILED PROGRAMS RUN MUCH FASTER THAN INTERPRETERS 
• LOW OVERHEAD - WILL RUN IN 8K SYSTEM WITHOUT DISK 
• PROGRAMMER HAS COMPLETE CONTROL OF MEMORY ALLOCATION 
• MANY POWERFUL EXTENSIONS TO BASIC SYNTAX 

We'd like to tell you more about A/BASIC© and other advanced M6800 
hardware and software products. Write or call today for complete information . 

MICROWARE SYSTEMS CORPORATION 
P.O. BOX 954 • DES MOINES, IOWA 50304 • (515) 279-9856 

/\ 
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incoming ignal we must count the number 
of cycles of the ignal during a precise pre
determined interval called the timebase. 

In figure 3 we generate thi s timeba c 
u ing counter 2 .111d 0. The 8080 •1> 2 TTL 
clock, which i crystal cont rolled at 2.048 
MH1 , is input to cou nte r 0 operating mode 
2. The output of th i cou nter, which divides 
the count by 20,480, i a precise 10 m 
~ignal. The output of counter 0 is then input 
to counter 2 which i operating in mode I. 
In this mode counter 2 counts the 10 ms 
pul e and produces a oneshot output which 
~ rve a a preci e interval for counting the 
unknown frequency. 

This timeba e interval i programmable 
by th e microprocessor and can be varied 
from JOO ms to JOO econds by toring the 
appropriate divider ratio in coun ter 2. This 
one hot action is initiated under software 
control by strob ing the gate input of counter 
2. Note that after the trobe the oneshot 
action doc not tart until the next falling 
clock edge, so the interval is precise. 

Next the output of counter 2 goes to 
the ga te inpu t of counter 1 which is oper
at ing in mode 2. This counter i al lowed to 
co unt the unknown frequency of the in
coming ignal during the period that the 
gate in put is high. The risi ng edge of the 
oneshot ou tp u l of cou nter 2 is used to 
interrupt the microprocessor and signal 
that the frequency to digital conversion 
is comple te. The processor then reads the 
re ultant count in counter 1. 

The oftware for ervicing this progam
mable frequency counter is shown in Ii ting 
I. Note that, since these re down counter, 
the oftware initia lize counter 1 with all 
1s and the value stored in thi counter at 
any particu lar tim e is th e complement of the 
number of counts received from the un
known frequency. For exa mple, if one count 
has been received, cou nter I will contain 
1111 11 I I 1 I I I 1 110; the comp lement i 
0000 0000 0000 0001. 

The maximum count with a 16 bit 
counter is 65,535. ( ote: with time ba e 
con tan ts in listing et up for a l second 
count period, this 16 bit range mea ures 
requenc ies from 1 Hz to 65,535 Hz). If 

the ri ing edge of the output of counter 1 
(which signals an underflow) is used to inter
rupt the microprocessor, then the processor 
can count th e number of interrupts in 
software. The proce or can therefore keep 
a running total of the number of times the 
counter ha passed through 65,535 counts 
and can therefore adju t the fina l count 
ap propr iate ly. This will enable counts 
much larger than 65,535 to be accum ulated 
without having to use dditional integrated 
circuits.• 

, INITIALIZING THE 8253 COUNTERS FOR Listing I: Software for 
THEIR VARIOUS MODES THE 8253 IS 	 servicing the program
CONNECTED IN A MEMORY MAPPED 10 mable frequency counter. CONFIGURATION IN THIS APPLICATION AND 

, THEREFORE IS ADDRESSED THROUGH MEMORY 
, REFERENCE INSTRUCTIONS 

LXI H,P8253 INITil\LI ZE !1I !::MORY POI NTER 
. TO 8253 MODE WORD 

MVI M,COUNTO • INITIALIZE COUNTER 0 TO 
• MODE 2 

MVI M,COUNT I , INITIALIZE COUNTER I TO MOCE 2 
MVI M,COUNT 2 ; INITIALIZE COUNTER 2 TO MODE I 

, INITIALIZE COUNTER 2 WITH DIVIDER RATIO 
, TO PRODUCE APPROPRIATE TIMEBASE 

OCX H , POINT TO COUNTER 2 
L XI B,TIMEBASE , TIMEBASE 3E8H FOR IOSEC 
MOV M,C ; = 64H FOR ISEC 
MOV M.B ; = OAH FOR IOOMS 

, INITIALIZE COUNTER I WITH ALL I s SINCE 
, THIS COUNTER WILL BE COUNTING DOWN 

DCX H , POINT TO COUNTER 1 
MVl M,OFFH 
MVI M,OFFH 

. INITIALIZE COUNTER 0 WITH A DIVIDE BY 20480. 
DCX H , POINT TO COUNTER 0 
MVI M,OOH 
MVI M,50H 

, THIS SUBROUTINE SERVICES THE FREQUENCY 
; COUNTER INTERRUPT BY READING THE FREQUENCY IN 
. COUNTER 0 AND STARTING A NEW CYCLE 

COUNTDONE · 	 PUSH A , SAVE REGISTERS WHICH l\RE 
PUSH H , MODIFIED BY THIS ROUTINE 
LXl H,P8253-2 , POINTTOCOUNTER I 
MOV A.M . GET LSB OF RESULT 
CMA ; COMPLEMENT THE DATA 
STA COUNTRSLT . STORE IN COUNT RESULT 
MOV l\,M , GET MSB OF RESULT 
CMI\ , COMPLEMENT DATI\ 
STI\ COUNTRSLT• I , STORE AWAY 
MVI M.OFFH , STORE ALL Is IN 
MVI M,OFFH , COUNTER I 
OUT STl\RT , CLEAR INTERR UPT AND 

, START NEW CYCLE 
POP H , RESTORE STATUS 
POP A . AND RETURN 
El 
RET 

, THIS ROUTINE SERVICES AN OVERFLOW 
, INTERRUPT FROM COUNTER 1 AND 
, KEEPS A RUNNING TOTAL OF 
, THE NUMBER OF OVERFLOWS 
, FOR THIS CYCLE. OTHER SOFTWARE 
. IN THE SYSTEM SHOULD CLEAR 
, THIS QUANTITY WHEN A NEW CYCLE 
, IS STARTED 

OVERFLOW 

PUSH A , SAVE SYSTEM STATUS 
PUSH H 
LXI H,OVFLO . INCREMENT OVFLO 
INC M 
OUT CLINT , CLEAR THE INTERRUPT 
POP H 
POP A 
El 
RET 



Stephen Wozniak 
Apple Computer 
20863 Stevens Creek Blvd, B3C 
Cupertino CA 95014 

SWEET16: The 6502 Dream Machine 


While writing Apple BASIC for a 6S02 
microprocessor I re peatedly encountered a 
variant of Mu rphy' Liw. Briefly stated, any 
routine operating on 16 b it data will require 
at least twice the code that it shou ld. Pro
grams making extens ive use of 16 bit 
pointers (such as compilers, ed itors and 
assemblers) are included in this category. In 
my ca e, even the addition of a few double 
byte instructions to the 6S02 would have 
only lightly alleviated the problem. What 1 
really needed was a hybrid of the MOS Tech
nology 6S02 and RCA 1800 architectures, a 
powerful 8 bit data hand ler com pl emented 
by an easy to use processor with an abun
dance of 16 bit registe rs and excellent 
po inter capabi lity. My solution was to imple
ment a nonexistent 16 bi t "metaprocessor" 
in software, interpreter style, wh ich I call 
SWE ETl 6. Th is metaprocessor was sketched 
at the end of my art icle in May 1977 BYTE, 
and the purpose of this article is to fi ll in 
the detai ls of SWE ETl 6. 

SWEET16 is based around sixteen 16 bit 

300 B9 00 02 LOA IN, Y Get a char. 
303 C9 CD CMP " M" " M " for move? 
305 0009 BNE NOMOVE No. skip move. 
307 20 00 08 JSR SW16 Yes, cal l SWEETl 6. 

MLOOP LO @R1 R 1 holds source address. ~ rA41 ST @R2 R2 holds dest. address . t= 308 52 

w 30 C F3 OCR R3 Decrement length . 

~ 300 07 FB BNZ MLOOP Loop until done. 

vi 	 30F 00 RTN Return to 6502 mode. 

310 C9 C5 NOMOVE CMP "E" " E" char? 
312 DO 13 BEO EX IT Yes, exit. 
314 C8 INY No, continue. 

Note : Registers A, X, Y, P and Sare not disturbed by SWEET16. 

Listing I: Use of SWEET76 within an a embly language program is accom
plished by executing a subroutine coll to the SWEET/6 entry point (address 
307 here}. This call preserves the processor registers at the time ofentry and 
begins interpretive execution. End of interpretive execution is signaled by a 
RTN operation code of SWEET76, at which point al/ the processor registers 
will be restored. 

150 HY rL Nu\cmhcr l'J77 

registers called RO to Rl S, actua lly imple
mented as 32 memory locations. RO doubles 
as the SWEETl 6 accumu lator (ACC), R 1 Sas 
th e program counter (PC ). and R 14 as the 
status register. R 13 ho lds compare insr ruc· 
tion result and R 12 is th e subroutine return 
stack pointer if SWEETl 6 subrout ines are 
used. All other SWE ETl 6 registers are at the 
user's unrestric ted disposal. 

SWEETl 6 instructions fall into regi ter 
and non register categories. The register oper
ations specify one of the 16 registers to be 
used as either a data element or a pointer to 
data in memory depending on the specific 
instruction . For exampl e, the instruction 
lNR RS uses RS a data and ST@R7 uses 
R7 as a poin te r to data in memory. Excep t 
for the SET instruction, register operations 
only require one byte. Th e nonregister oper
ations are primarily 6S02 style branches 
with the second byte specify ing a ±127 byte 
displacement relat ive to the address of the 
following inst ruction . If a prior register 
operation result meets a specified branch 
condition, the displacement is added to 
SWEETl 6's program counter, effecting a 
branch. 

SWE ETl 6 is intended as a 6502 en hance
ment package, not a stand alone processor. 
A 6502 program switches to SWE ETl 6 
mode with a subroutine ca ll, and subsequen t 
co de is interpreted as SWEETl 6 instruc
tions . The nonregister operat ion RT re
tu rns the user program to the 6S02's direct 
execution mode after res toring the internal 
register con tents (A, X, Y, P and S) . The 
exam ple of listing 1 il lustrates how to use 
SWEETl 6 in some program segment. 

Instruction Descriptions 

The SWEETl 6 op code I ist is short and 
uncomplicated. Excepting relative branch 
displacements, hand assembly is trivial. Al I 
register op codes are fo rm ed by com bining 
two hexadeci mal digits, one for the op code 
an d one to specify a register. For example, 



op codes 1 S and 4S both spec ify regi tcr RS Listing 2: SWEET/6 assembly. The SWEET/6 program, assembled to reside 
while codes 23, 27 and 29 arc al l ST (store) al location 800 hexadecimal, is presented by this listing. The primary entry 
operations. Mo t rcgi ter operations of point is at the beginning, location SW/6. An alternate entry point if there 
SWEET16 arc assigned to numerically adja is no need to save processor registers i at location 803 in this assembly, 
cent pairs to faci litate remembering them. SW76+3. 

hus LO and ST are op codes 2n and 3n 
S1JEE.!16 lN TEft?~l.Tl.q 

II; 18 A . H .. THI'• MAY 12~ 1977respectively, while LO @ and ST @arc codes 
00081 •••••••••••••••••••••••4n and Sn . 00002 • 
0000J • A""J'IL.. E- I I rs t.UDOOperation codes 00 to OC (hexadecimal) e0ee.t.1 MACH1Nl. INT1.0P?E.TE~ 

0000s<1re assigned to the 13 nonregister opera
ee0e6 S · VO~NlAK 
00007 AP1'LE C0t1PllTEl' JN(.tions. Except for RT (op code 0), BK 0oaee • 
00009 •••••••••••••••••••••••(OA), and RS (B) , the nonrcgi ter operations 00010 TITl..E "SWEE.Tl6 1NTLRPJ\ETE0 " 

000 I I P0l.. EP i~arc 6S02 style rela t ive branches. The second 	 00012 ) I00H (C". 
600 I J R l 4H EP"". !t tbyte of a branch instruct ion contains a 	 eeetq Rl5~ LP~ i lE 
0ec I 5 q I SH £Pt .. r±127 byte di placement value (in two ' 08016 Sl6PAG EC~ iF1 
80017 OR.G '-809

complement form) relative to the address of 0800: 20 10 09 00'1116 !=\J I 6 J SP SAVL PRE.SEP.VI!.. 6502 Rl:.G COSTf.liTS 
080J: 68 oee19 ~LA 

the instruction immedia tely following the 11800: 85 It 00020 STA PI SL llU T S\JltTl6 PC 
08061 68 00021 PLA rROM R ET l 1'\N 

branch . If a pecified branch condition i 08071 85 I f" 00022 STA RI SH ADORESS 
08091 20 aF ee 00023 SVl68 Jsq S~ l6C ltJTE.opq[T AND tvtCllTC. 

met by the prior regi~ter operation re ult , 080Ct oc 09 08 00024 JMP Sil 16~ ONC. svtET16 IN ~ TP· 
080f1 £6 IE 0ee2s S~l6C JN C P. J SL.. 
\llll I: 00 02 00026 BNE SW 16 0 INC~ S~EETlb OC fOP rET CH 
0813• E6 1r 00027 INC RI SH

the di placement is added to the program 
68151 A9 F7 00028 S ~l60 LOA ' S lbPAG 
98 t 71 48 00029 PHA PUSK ON ~TACK roR PTS 
08 181 A.0 00 00030 •U 

counter effec ting a branch. Except for BR 
(Branch al ways) and BS (Branch to Sub 	 LDV 

08 IA1 Bl IF. 00031 LDA <RISL> , y fETCH IN STR 
0e 1c1 29 er 00032 AND ,s, f l'tASK REG SPE.C lflCATlONrouti nc), the branch operation codes arc '08 lE1 0A 000J3 ASL A DOUBLE roR 2- BYTl PEG. s 
08111 AA 0003• TAX TO x-~Ea FOR 1N0£Xl NGassigned in complementary pairs, rendering ee201 aA 00CJ5 LS• A 
08211 51 l[ 00036 EOP CRlSL>,y NOV HAVE OPCOOtthem easil y remembered for hand coding. 
e923, re 08 80031 BEO TCllR tr 'ERO TllE>I llON - •EG OP 


For e ample, Branch if Plus and Branch 08251 86 ID 8Q038 STX Rl4H lNDICATE•pcUQA «lESULT ffEG ' 

88271 QA 00039 L SR A 


if Minus are op code 04 and OS, while 	 ee2e1 "'A 008•8 LSR A 0PCODE• 2 TO LSB'S 
t8291 QA 0D0• I L SR A

Brdnch if Zero and Branch if onZcro are 082A: A8 09042 TAY TO V-~EQ FOR INDEXING 
08291 89 58 08 00043 LOA OPTBL.-2,y LO'J·ORDER ADR B'"'TE

op codes 06 and 07 . 	 082E1 48 00B4ll PHA ONTO 5TACK 
092r. 60 80845 RTS GOTO O£G-OP "0\ITINE 
08J0• E.6 IE 000•6 TOBR INC RI 5L. 
08J2: D0 02 00047 8Nl T08R2 INCR ocTheory of Operation Q8341 E6 If" 00006 INC Pl SH 
0BJ6: BD 59 ee 00849 T08R2 LOA BPTBL, X LOV-OP.OER AOO BYTE 

W ET 16 exe ution mode begins wi th d 1118391 48 00050 PHA ONTO STACK FOR NON-REG OP 
08JA: A5 lD 00851 LOA PI 4H 'PRIOP DESl'LT Jr[.G ' INDEX 


ubroutinc call to SWl6 ( ee Ii ting 2, an eeJc1 4A 00052 Lsq A PREPARE CA~R.Y FOR BC• SNC· 

WJJOr be 00853 ATS GOTO NON-REG OP ROUTINE 

as embly of SWEET16) . The user must in 08Jt1 68 0ees• RTN~ PLA POP RETURN AODn£ss 
e8Jr1 68 ee05s PLAsure that the 6S02 is in hexadecimal mode 08081 2a H 09 0e856 JSR R£5TOR£ RtSTORt 6582 RtG CONTD<TS 
18431 6C 1E 88 80851 JKP <Rl5Ll RETURN TO 6582 CODE VIA PCupon entry. lFor those unfamiliar with the .S461 Bl lE 00058 SET< LDA (RISL>.y HIGH-ORDER BYTt or CONST 
88481 95 1' I 00059 STA R8H•X6502, arithmetic is either decimal or hexa 88.IUU 88 00068 D&V 
08•81 Bl 1£ 00861 LOA <RISL),y LOV-ORDEll BYTt OF CONSTANTdecimal (binary) depending on a program 08•D1 95 ee 8&062 STA RIL..X 

mable flag. .CH] All 6S02 regi tcrs arc Ge4tr 98 8886J TYA Y-REG CONTAINS I 
ease. 38 0006• stc 
88511 65 It 01065 ADC R 151.. ADD 2 TO PC 
885J1 85 IE. 09866 STA RI SL

,ivcd at this time, to be re tored when a 
08551 90 82 0B861 BCC SET2 
88511 E6 If 10868 INC R15H

SW ET 16 RTN in truction return control 
88591 60 0H69 SET2 ATS 

885A.1 79 08070 DPT BL ere SET- I <IX>


to the 6S02. If you can tolerate indefinite 
eass1 1e 00071 8RTeL ore RTN-1 ( 0> 
aescr 1s 8111072 ore LO- I <2X)

mately 30 µs may be saved by entering "8501 14 00873 DTB BR- I ( ll 

6S02 regi ter contents upon exit, approxi

085£: 8G 89874 ere ST- I <3X> 

WEET 16 at location SWl 6 + 3. Because 08sr1 15 HIH ore BllC- I 
 (2) 

06681 9C 80076 ore LDAT- I <4X> 
this might cau c an inadvertent switch from 	 08611 26 80071 ore 8C- 1 ( Jl 

08621 BD 0ee7B DFB STAT- I <sx> 
hexadecim.il to decimal mode, it is advisable <•>08631 29 80079 ore 8P-I 


68641 BE 80080 ore LDDAT- I <6X> 

88651 Je 00081 ore BH-1 ( 5> 

e&661 C8 00082 ore STOAT• I ( ?X) 


After saving the 6S02 rcgi tcrs, SWEET16 86671 37 00083 DFB II.! - I ( 6> 


to enter at SWl6 thc first time through . 

86681 A6 8008• ore POP-I <8X> 
(7)initialize its program counter (R 15 ) with 	 "869• u 00085 DFB BNZ- I 

086At 02 08086 ore STPAT- I (9X>
th e ubroutinc return address off the 6502 e8681 49 80081 ore BHI- I <8> 

Ge.6C1 re 00088 ore ADO- I <AX> 
stdck . SWEETl 6' program counter points 08601 54 90089 ore SNl'1 I- I ( 9 l 

886£1 ES 08098 ore SUB-I <BX> 
to the location preceding the next in t ruc 886Ft 7C 80091 ora (A)BK· I 

ll87'h AA 80092 ore POPO- I <Cx>
tion Lo be executed. Following the subrou 987 11 Sf 00093 Ora RS-I (8) 

"'8121 £7 0909• ore CPR- I <DX>
tine call arc I byte, 2 byte, or 3 byte long 	 98131 eA 0009 s ore es- 1 <Cl 

0870• 9 5 00096 ore INR-1 <EX>SWEETl 6 instructi on , tored in a cending 	 867 St SE 00097 ora NUL- I <D> 

IJYI[. NovL·mbl!'r IY77 151 
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Listing 2, continued: memory location like 6502 instructio n . 

3576r 
0077 1 

DC 
St 

90098 
09099 

ora 
ore 

OCR- I 
Nlll.· I 

<FX> 
<El 

The main loop at SW16B repeatedly ca ll 
th e "execute inst ruction " routi ne at S W1 6C 

0878: 
08791 
087A: 
087Ci 

SE 
SE 
10 Cl\ 
BS ee 

00100 
00101 
00102 S ET 
00193 LO 

ore 
o re 
BPL 
L OA 

NtrL - t 
NllL.- I 
S En 
P0l.,)r 

( l'N l15[0) 
<n 
AL'-1Av :5 T rJ< EN 

which exam ines o ne op code for type and 
br nches to t he appropri ,ne ubroutine to 

067 l1 85 00 
0010.Q BK 
0010s 

Er. U 
S TA 

• ·I 
R0L execu te it. 

0886: 
0882: 
9881.u 
0885: 

85 0 I 
8S 01 
60 
AS ee 

00 106 
90107 
00108 
00109 C.T 

LOA 
STA 
~ T S 

LOA 

R0H • v 

~eH 

POL 

HO V£ R"< TO P0 
ubroutine SW l 6C increments th e pro 

gram counter (R 15) and fctche the next op 
0887' 
98891 

95 
AS 

•• 
BI 

ee 1 10 
00111 

S TA 
LOA 

P8L. , Y 
•eH 

MO V E. PO 0 q."< code which is ei ther a regi ter o peratio n of 
0888: 
0880: 

9S 
60 

0 I 001 12 
00113 

~ TA 
RTS 

rum .. y the fo rm OP REG (2 he adecimal digits) 
888£1 
08901 
08921 
e8941 

AS 80 
81 00 
AiJ 00 
80. I 0 

00114 
00115 
00116 
00117 

STAT 
STAT2 

S TATJ 

LOA 
S TA 
LOY 
S TY 

P0L 
<R0L .. X)
Ile 
RI 4H 

STORE DYTL INOIRLC T 

JnOlCATt R0 I ~ RE.. S ln..T 'l:l£G 

with OP be tween hexadec imal 1 and 
a no nregister opera tion of th e for m 

F, or 
0 OP 

0896: 
0898: 

F6 
De 

00 
02 

091181NR 
0111 19 

INC 
8NE 

neL .. "( 
INTI2 INC 'l RY with OP between hexadecimal 0 a nd D. 

B89A1 
B89Ct 

f6 
00 

e I 00120 
00121 INR 2 

IN C 
•TS 

P0H , X A u rning a regi ter operation, the register· 
&89Dt 
089F: 

A I 
SS 

00 
00 

00 122 
ee 12J 

LOA LOA 
S TA 

<i:ieL. , x > 
P0L 

LOAD INOI RECT 
TO c:ie. 

( RX> specifica t ion is doub led to account fo r th e 
08A I: 
88AJ1 
08AS1 
08A7 t 
08A9, 
0SA9; 
08A[1 
08901 
08811 
9884 ; 

A0 
8 4 
re 
AB 
re 
20 
A I 
A8 
20 
A I 

G0 
0 I 
to 
08 
a6 
00 
ee 

00 
00 

0b 

08 

00 124 
00 12s 
00 126 
00127 
00128 
ec 129 
0e 130 
e0131 
00132 
eo 1 33 

POP 

roPD 

P0P2 

LOY 
STY 
BEC 
LOV 
OEO 
JS• 
LOA 
TAY 
J sn 
LOA 

I l0 
POH 
STATJ 
ll 0 
l'OP2 
ocn 
(:PeL .. v) 

oc• 
<R8L1X) 

tE 0 0 H I GH - O~OLR R0 SYTl 
AJ..1JAY S. TAKEN 
HIGH OROLR BY T E • 0 
Al..fJAYS TA.lO.Jl 
OECq RX 
POP H I GH-OROE~ SVTL • ox 
S AVE. l N Y- REC 
DEC ~ R:r< 
LOU · OPOER BYTE 

2 byte SWEETl 6 regis ters and placed in th e 
X regi ter for indexi ng. Then the instruc
t io n type is determi ned . Regis ter o pera tions 
place the doubled register pecifica tion in 
th e hi gh order byte of R l4 indicating th e 

08861 
ll8B8: 
98 SA: 
08BC: 
088Et 
08Br: 
eec21 
08C4t 
08C61 
ll8C9t 
08CC1 
e8CE1 
08D0t 
08DJt 
ll8D6t 
0808 1 
08 0 A r 

es ee 
8• 0 I 
A0 00 
8• ID 
60 
20 9 D 08 
Al ee 
85 e J 
•C 96 08 
20 BE 08 
AS 8 I 
8 1 00 
• C 96 08 
2 0 OD 08 
AS 00 
8 1 oe 
4C BA ea 

00134 
0013S 
0el36 
ee IJ7 
ee1 Je 
00 1J9 
0011.10 
ee 1"1 
001•2 
90 1.t.il 
90144 
0014S 
ee 146 
ee 1117 
00 l•B 
ee I l.19 
001>0 

POrJ 

LOOAT 

STOAT 

STPAT 

S A 
STY 
LOY 
STY
• s 
JSR 
LOA 
S T A 
J MP 
JSR 
LOA 
STA 
JMP 
J SR 
LOA 
'TA 
JM P 

RCI.. 
•0H 
ll 0 
A l4H 

1.DAT 
(R0L 1 X> 
qgH 
INR 
STAT 
R0H 
<t=t0L1XJ 
INR 
OCR 
neL 
<R~L .. X) 
POPJ 

TO PC 

IN DICATE Re AS LAS T 
RESULT REG 

LOV BYTE. TO R0 , INCP. me 
HJ GH-ORDER BY E TO S\0 

INCP FtX 
STORE INDIRECT LOV-O~OER 
BY TE NID INCP AX · THEN 
STORE. Hl GH - ORDER BYTE· 
lNCR RX ANO q[T 1RN 
OECR RX 

STORE R0 LOW BYTE l ~Y 
INDIC ATE Re AS LAST 

" prior re ult regi ter" to ubsequent branc h 
instructions. No nregi ter operations treat th e 
register spec ifica tion (righthand half-by te) 
as th eir op code, increment the SWEET16 
PC to point at the disp lace ment byte of 
branch instructio ns, load th e A- Reg with the 
"prior result regi ter" index for b ranc h 
co ndit ion tes ting, and c lear the Y- Reg. 

08001 
08Drt 
08E lt 
68EJ1 

BS 
De 
06 
06 

00 
02 
01 
00 

0 01SI 
001 S2 
00153 
ee 154 

DC• 

OCR2 

LDA 
BNE 
DEC 
DEC 

q8L.1Y 
DCR2 
ReH,Y. 
P0L • X 

a[Slfl.. T 
or;cn PX 

REil 

Wh en I a n RTS Rea lly a JSR ? 
08ES1 
08£6: 
08£81 
08E9t 

60 
A0 
J8 
A S 

02 

ee 

0 e1ss 
00156 
00 157 
891 SB 

sue 
CPR 

RTS 
LD\' 
S l C 
LOA ReL 

q[SUL T TO RO 
NOTE Y- REG • I J • 2 FOR CPR 

Each ins truction type has c1 corre pondi ng 
subrout ine. Th e subrouti ne entry poin ts are 

e8EB1 
ee to: 

rs 
99 

00 
eo 00 

00 I S9 
0 0160 

SBC 
STA 

R0 L.1X 
A0L , y Ra - Rx TO PY torecl in a table wh ich is d irec tly indexed by 

08rBt 
eer21 

AS 
rs 

e I 
e1 

001 61 
01 62 

LOA 
SBC 

ROH 
R0Hd< th e op code. By a ign ing al I the en t rie 10 a 

08f41 
oer , 

9 
98 

01 "" 0~1 63 
00164 

~IJB2 srn 
TVA 

P3H•V 
LA .c; i PESl'LT PEG • 2 common page, o nl y a · in gle byte of addre 

0ere: 
08fAt 

6? 
8 5 

00 
JD 

001 6 5 
00166 

A OC 
!'T A 

1 i0 
'RI l<I H 

CAO DY TO LS8 need be stored per routin e. The 6502 in
eBF C: 60 
eer o1 A~ ee 

00lb 7 
00168 ADD 

D ~ S 

LOA direct jump might have been used as fol lo ws 
08 FF: 
9901: 

7 5 
85 

00 
00 

00169 
0017C 

I.DC 
TA 

to transfer control to the appro pria te 
09031 
09051 

AS 
75 

01 
01 

00 17 I 
ee 112 

LUA 
AU C ·~·RQH,V 

su b rout ine: 
"907: A0 00 00173 LI.JV ..0 Re roi:i: Pti:: v"L
0909, 
900: 

09001 

re 
AS 
20 

E9 
l l 
9e es 

C0 I 74 
ee I 5 
00176 

BS 
B E~ 

LUA 
J SP 

SU B2 
PISL 
STAT 2 

FtNI SH AD D 
NOTL ~ - ~EC 1 ~ 12• 2! 
P'J SJt LOV 'PC IJYTE V IA qJ2 

LOA 7rA DRl-I 
STA IND+l 

High order address byte 

09181 
99J21 

AS 
28 

IF' 
90 08 

00177 
0e11e 

LUI. 
J 50 

PI SH 
STAT 2 PUSH H l UH·oqcl~ ~c EYTE LOA OPTB L,X Low order byte 

09 J St 
09161 

18 
oe et 

e0119 
00180 

ei:i 
Bl~ C 

CLC 
~l S i:IJ'.JC2 rJO CAPt>V T.E.ST STA IND 

09181 
091A: 

Bl 
10 

I t 
0 1 

0018 l 
00182 

Bl) I LOA 
BPL 

{ 'l!51..) , v 
6~2 

C 1 $ ~LACE..MENT a vt[ 
)MP (IND ) 

09lC1 88 00183 DEY 
09 10 : 
e9 1F1 

6 S 
es 

IE 
1£ 

ec184 
ee 18s 

ec:i 2 A DC 
S.A 

P15L 
PI SL 

AOU TO oc 
To save code the subrouti ne entry ad d res 

09 2 I 1 

09221 
98 
6S Ir 

0e 186 
00187 

TYA 
AOC RISH (m inu 1) is pushed onto the tack, h igh 

0924: 
09261 

8 s 
60 

If ee1se 
00189 DN C2 

STA 
RT S 

r I S.H order byte irst. A 6502 RTS ( ReTurn fr·orn 
09211 
0929: 

8 
•• 

EC 00190 
00191 

HC BC~ 
OT ~ Subrout ine) is used to pop the addre off 

092A1 
092b: 

0A 
AA 

00192 
ee 10 3 

er A5 L 
Tl\v 

A DOt~ l:H.l ff:E S~ILT· O EG INDE.X 
TO :"-'REG FOP IN Ot":'INC th e stack and into the 6502 program counter 

092C: 
092E: 

BS 
10 

01 
1.8 

ee 19 .q 
0019 5 

L OA 
arL 

P PJH, l( 

SRI 
EST f'Oll) f11.. U5 

9PANCH 1 r SO (after incremen ting by I ). The net resul t is 
09 30• 
0931: 

60 
0 1, 

08196 
00197 P:< 

qT s 
;\ SL A that the desired subro u tine i reached by 

09J21 
0933, 
09351 
09371 
0938: 
09391 

AA 
BS 
30 
60 
0A 
AA 

0 I 
El 

00198 
e0199 
002 00 
90201 
002C2 
002''3 

b 

AY 
LOA 
8MI 
~T S 

A~ L 

TAY 

reH , x 
6"1 

A 

TL :=i T F'Ofl Ml~'U S 
executing a subroutine return in truction! 
IThis ironic situation is an example of who/ 
is c:ommonly referred to as "deverness. "J 

093A: BS C0 00 2 04 LOA TE. ;. T FOIP ~ LftO 
09JC1 IS GI 802~~ ORI\ (BOTH BYTE<;> 
09JE: 
094e1 
0941: 
09421 
G911J: 
Q945 1 
0947 1 
09491 

re us 
6e 
BA 
AA 
ss en 
IS Cl 
DO Cf" 
60 

0020 6 
0C·207 
0020s 
002P.0 
0021P 
0021 1 
00 2 12 
00213 

er-1'.; 

Oto 
nT"l 
,,51., 
TAX 
LOA 
O•A 
D:J t 
"'T ~ 

• 
SqANl.:H 1 F SO 

T~~ FOt> NON~l" O 
COO"':" H avt E. <.> 
a AN CH Ir i:: o 

Op Code Subroutines 

Th e regi ter o pera ti on ro ut ines make use 
o th e 6502 "zero page indexed by X'' a nd 
"indexed by X indirect" addres ing modes 

094A: 
09481 
C94 C: 
09.Q[z 

0r1 
AA 
B~ 1.rn 
J 5 BI 

ee.2 14 
00215 
002 16 
00217 

S.'11 ASL 
TAX 
L A 
AN O 

A 

ClllC I ~ DOTH cYTk. c;; 
f'O'q: '°f"F CMlNtt~ l > 

to access th e specified registers and indirect 
data. The "re ul t" of mo l reg i ter o p i left 
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The Art of Computer Programming 


Praised by many cr itics as the best books in their field, The Art of Computer Pro
gramming, Volumes I, 11 and 111, are pan of a projected seven volume omnibus survey of 
computer science now being completed by Donald E Knuth . 
---Volume I , Fundamental Algorithms, begins with a thorough discussion of the 
mathematics used in computer programming, followed by a treatment of informa· 
tion structures, stacks, arrays, linked lists, dynamic storage allocation. and trees. 634 
pp ; $20 .95. 
---Volume II, Seminumerical Algor ithms, is concerned with random numbers. statisti · 
cal tests, random sequences, as well as arithmet ic (floating point and multiple precision), 
polynomials, and rational arithme t ic. 624 pp ; $20.95. 
---Volume 111 dea ls w it h Searching and Sorting, and as the name implies, t he emphasis 
is on algorithms for sorting, including combinatorial properties of permutations. internal 
sorting, optimum sorting, and external sorting . Also included is a section on sequential 
searching, hashing, digital searching, and more. 722 pp ; $20.95. 

A hypothetica l assembly language called MIX has been developed by the au th or to 
il lus trate programming examples throughout the series. MIX is easi ly convertible to other 
assembly languages. 

Prof Knuth writes with style and wit (among many memorable quotes is one from 
McCall's Cookbook!) , This c lassic work belongs on the reference shelf of everyone 
seriously i nterested in computer science. 

.... and Some of the Best for Beginners 

·u-- i) •Jil

1--__•__JI l ' Ii I 

-~·-- < /j I; 
--The Acoustical Foundations of Music, 
subtitled Musical Sound: a lucid account af 
its properties. production, behavior, and 
reproduction, by John Backus. One of the 
problems involved in trying to produce 
music by computer is the scarcity of useful 
reference material on the basic theory of 
sound generation and musical acoustics. 
John Backus has filled this gap with The 
Acoustical Foundations of Music, a readable 
and informative guide that covers the 
physiological properties of sound, the ear 
and its perception of sou nds, the effect 
of acoustic environment, the acoustical 
behavior of musical instruments, and the 
various applications of electronics and 
compute rs to the production, reproduction 
and composition of music. 

T he book assumes some slight know
ledge of music on the part of the reader. 
but covers enough elementary physics 
and acoustics to orient the reader who has 
no knowledge of physics. 

Th is c lear and lively exposition of 
music ' s physica l basis will be invaluable to 
al l t hose experimenters interested in 
creating music by computer. 312 pages, 
and only $9.95 in hardcover. 

--Your Home Computer, by James 
White, is a clear ly written nontechn ica l 
description o f personal computers that 
requires no prior knowledge of computers 
or electronics. The emphasis is on under· 
standing; over 100 illustrations are included. 
Topics include : computing and you ; com · 
munication inside a computer; computer 
thought processes; fixed memory ; inputs 
and outputs; peripherals; systems com
ponents; how to ch oose a microcomputer; 
and so on. Your Personal Computer is the 
ideal book for reade rs who t hought they 
could never understand how computers 
work. And the best part is that it's easy 
and fun to read. Yours for $6. 

---Computer Science - A First Course. 
The 111le of this book bel ies its thoroughness 
and rigor. Computer Science: A First Course 
is one of the mos\ complete and well la id 
out computer science books we've seen in 
qu ite a while . This 760+ page book is for 
the serious experimenter who wants a de· 
finitive treatment o f every aspec t of soft· 
ware design and development . Chapters deal 
with algorithms, flowcharts, looping struc· 
tures, stepwise decomposition, trees, storage 
concepts , interpreting and compi l ing, data 
processing, numerica l processing, character 
strings, and a discussion of SAMOS, a 
specia l hypothetical computer system used 
throughout the book to illustrate computer 
science principles. Computer Science : A 
First Course makes an exce l len t source 
book . $16.95, Hardcover. 

---Understanding Microcomputers and 
Small Computer Systems by Nat 
Wadsworth . What does "hexadecimal" 
mean? What is Boolean Logic? What's the 
difference between a PROM and an EROM? 
These questions and more are answered in 
Nat Wadsworth's Understanding Microcom· 
puters and Smalt Computer Systems. You'll 
learn about the bas ic operation of a micro
computer. the types of instructions that 
microcomputers are able to carry out, 
machine language and higher level language 
programming, input and output devices, etc. 
The book conc ludes with a discussion of 
system considerations. The combined index 
and glossary is a useful bonus. If you're a 
beginner in the personal computing field, 
get a copy today! This 300 page book is 
only $9 .95. 

Check Payment method : 
__My check is enclosed

Send to : 
__Bill my MC No. Exp . date ------•
BITS, Inc 

70 Main Street 

______

...... - -- --Bill my BAC No . 

______ 

Exp. date  ----
Peterborough NH 03458 

Total for all books checked $___ 

A dress Postage , 50 cents per book for___ books s___ 

State Grand Total $ ___ 

Prices shown are subject to change without notice .1 nature 
All orders must be prepaid. 

You may photocopy th is page 1f you wish to leave your BYTE intact. In unusual cases. processing may exceed 30 days _ 

------------------------------------------------------------------------------------~ 
Circle 12 on inquiry card. 
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Listing 2, continued: in the specified regi ter and can be sensed by 
ub equent branch instruction si nce the 

0950i •9 fF 00 2 18 0? ' iF r register specification is saved in the high
09S2i ffil Cll 00219 DEC SP I B~ANCH If so 
"954: ~e 00220 '1TS order byte of R 14. This spec ification is 
09~51 0A 00221 ~Nl11 A SL. A C0•18L l QJ:.. SlfLT -'ll'l:.U INDEX 
095'61 AA 00222 TAX changed to indicate RO (ACC) for ADD and 
B957t as 00 00223 LOA R0L .. )' 
ll9 591 JS 01 0022• AND qeH.Y CHK ACTH RV"l~ r o ~ 11 0 SH SUB in truction~ and R 13 for the CPR 
89501 •9 rr 00225 lOq " lofP:
095'01 00 09 00226 GNl BRI B~ANCH IF" NOT MINU~ I (compare) instruction. 

a9sr1 60 00227 N\IL RT ~ 


09601 A2 18 00228 ns LOX 12 • 2 FOP: "1::9 A'= < M PN . Normally the high order R 14 byte holds 
"' 18 096 21 20 DD 08 00229 Jsq OCq OE.CP STACK 'POlNTl:.n 

09651 Al 002J0 LOA tct'1JL,. >' > HI GH R E 1"'11 ~ AD• 0 •c th e "prior result register" index time 2 to 00 DQD 

09671 85 If 00231 STA R I SH 
09691 20 OU 08 00232 J S P OCR S AM I;. FO CI 1...0V-OP.0[.D BYTE account for the 2 byte SWEET 16 registers,
096C: Al 00 00233 LOA <Rli'IL,"() 
096£1 65 ll 0023• STA RI SL. and th u the lea t significant bit i zero. If 
997Ch 60 00235 RTS 
097 I 1 4C J[ 08 00236 RTN JMP RTN~ ADD, SUB or CPR instruction generate

00237 • 
00238 • R 1'.G SAVE./RE~ T OR ROl"llNl.S carries, then this index is in cremented, set
00239 • FOR NON-APPLE- I! SY ST E.M!' 

l 

e024e • ting th e least significant bit, which becomes 
002•1 A~ /\V EP~ ..5 
00242 X~AV EPt ••6 a carry flag . 
00243 YSAV En .., 
0024(1 PSAV EP!. ••8 The SET in truction increments the pro

09741 85 45 00245 SAVI.. ~TA ASAV 
09761 86 46 00246 STX X'SAV SAVE 6 502 CONTU<g. gram counter twice, picking up data bytesR LG 

09781 8• 47 90247 $TY Y SA1J 

097A: 08 002•8 PHP for the specified register. In accordance with 
0978: 68 002•9 PLA 
0'97C1 es •8 00250 S'A PSAV 6502 convention, the low order data byte 
097 E1 60 0~251 P.TS 
097 f't AS •8 002 52 P LSTORL L OA PSAV precedes the high order byte. 

098 lr 48 e0253 PH A 

09821 A~ 4!l 00254 LOA Most SWEET 16 nonregister operations 
99841 A6 46 00255 LOX XSAV qlSTOPl 6~02 qw CONTEl<TS · 

ASAV 

"9861 A4 •1 002S6 LDY YSAV are re lative branches. The corresponding 
"9881 28 00257 PLP 
99891 60 &e258 RTS ubroutine determine whether or not the 

"prior resul t" meets the specified branch 
Table 1: condition and if so update the SWEETl 6 

program counter by adding the displacement 
SWEET16 OP CODE SUMMARY value (- 128 to +127 bytes}. 

Register Ops Nonregister Ops The RTN operation re tore the 6502 
regis ter contents, pops the subrout ine return 

00 RTN (Return to 6S02 model 
tack and jump indirect through the1n SET Rn Constant (Set) 01 BR ea (Branch always) 


2n LO Rn (Load) 02 BNC ea (Branch if No Carry) SWEETl 6 program counter register. This 

3n ST Rn (Store) 03 BC ea (Branch it Carry) 
 transfers control to the 6502 at the instruc
4n LO @Rn (Load indirect) 04 BP ea (Branch if Plus) 

5n ST @Rn (S to re indirect) OS BM ea (Branch if Minus) tion immediately following the RTN in
6n LOO @Rn (Load double indirect) 06 BZ ea (Branch i f Zero) truction. 

7n STD @Rn (Store double indi rect ) 07 BNZ ea ( Branch if NonZerol 
 The BK operation act ually executes a
Sn POP @R n (Pop indirect) 08 BM1 ea (Branch if Minus 1) 

9 n STP @Rn (Store pop indi rect I 09 BNM1 ea (Bra nch if Not Minus 1) 6502 break instruction (BRK), transferring 

An ADD Rn (Addi QA BK ea (Break) 
 control to the interrupt handler. 
Bn SUB Rn (Subl OB RS (Return from Subroutine I Any number of subrout ine levels may be Cn POPD @Rn (Pop double indirect) QC BS ea (Branch to Subroutine) 

On CPR Rn (Compare I OD (Unassigned) implemented within SWEETl 6 code via the 

En INR Rn (I ncrementl OE (Unassigned) 
 BS (Branch to Subroutine) and RS (Retu rn 
Fn OCR Rn (Decrement) OF l Unassigned I 

from Subroutine) instruction . The user 
must initialiLe nd otherwise not disturb 

SWEET16 Operation Code Summary : Table 1 summarizes the list of SWEET16 opera R12 if the SWE T 16 subroutine capabili ty 
tion codes, which are explained in further detail one by one in the descriptions which 
follow the table . T he program of l isting 2 implemen ts the execution of these interpretive is u ed si nce it is utili zed a the automatic 
codes after a call to the entry point SW16. Return to the calling program and normal ubroutine return stack pointer. 
noninterpret ive operation is accomplished with the RTN mnemonic of SWE ET16. 

Memory Alloca tion and User Modifications 

SWEET16 - REGISTER OPERATIONS The only torage that mu t be allocated 
for SWEETl 6 variables are 32 consecutive (Se t ) SET Rn, Constant 
locations in page zero for the SWEET 16 
regi ters, four locations to ave the 6502constant 

The 2 byte constant is loaded into Rn (n = 0 to F, hexadecimal I and branch condi regis ter contents, and a few levels of the 
tions set accordingly . The carry is cleared . 6502 subroutine ret urn add res stack. If you 

Example : don't need to preserve the 6502 regis ter 
1S 34 AO SET RS, A034 RS now contains A034 contents, delete the SAVE and RESTORE 

subroutine and the corresponding sub 
routine calls. Th is wi ll free the four page

(Load)LO Rn 2 zero locations ASAV, XSAV, YSAV and 
The ACC (RO) is l oaded from Rn and branch conditions set according to the data PSAV. 
transferred. The carry is cleared and the contents of Rn are not disturbed. You may wish to add ome of your own 

Example : 

1S 34 AO SET RS, A034 

2S LO RS ACC now contains A034 


Text continued on page 159 
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Circle 81 on 11lquiry card. 

ST Rn 3 	 IStore ) 

The ACC IRO) 1s stored into Rn and branch conditions set according to the data 
transferred. The carry is c leared and the ACC contents are not d isturbed. 

Example : 


25 LO R5 Copy the contents 

36 ST R6 of R5 to R6 . 


LD @Rn 	 4 (Load indirect) 

The low o rder ACC byte is loaded from the memory location whose address resides 
m Rn , and the h igh order ACC byte is cleared . Branch conditions reflect the final 
ACC contents which w ill always be positive and never minus 1. The carry is cleared. 
After the transfer, Rn 1s incremented by 1. 

Example: 

15 34 AO SET R5 , A034 
45 LO @R5 ACC is loaded from 

memory location A034 
and R5 is incremented 
to A035 . 

ST @Rn 	 5 IStore indirect) 

The low order ACC byte is stored into the memory location whose address resides in 
Rn . Branch conditions reflect the 2 byte ACC contents. T he carry is cleared. After 
the transfer, Rn is incremented by 1 . 

Example : 

15 34 AO SET R5, A034 Load pointers R5 and R6 
16 22 90 SET R6 , 9022 w i th A034 and 9022 . 
45 LO @R5 Move a byte from location 
56 ST @R6 A034 to l ocation 9022 . Both 

pointers are incremented. 

LDD @Rn 	 6 (Load double byte indirect) 

The low order ACC byte is loaded from the memory l ocation whose address resides 
in Rn , and Rn is then incremented by 1 . The high order ACC byte is loaded from the 
memory locati on whose address resides in the (incremented) Rn and Rn is again 
incremented by 1 . Branch conditions reflect the final ACC contents. The carry is 
cleared . 

Example : 

15 34 AO SET R5, A034 
65 LOO @R5 The low order ACC byte is 

loaded from location A034, 
the h igh order byte from 
location A035. R5 is incre
mented to A036 . 

STD @Rn 	 7 (Store double byte Indirect) 

The low order ACC byte is stored into the memory locat ion wh ose address resides in 
Rn, and Rn is then incremented by 1 . The high order ACC byte is stored into the 
memory location whose address resides in (the incremented) Rn and Rn is again 
incremented by 1 . Branch condi t ions reflect the ACC contents which are not dis
turbed . The carry is cleared . 

Example : 

15 34 AO SET R5, A034 Load pointers R5 and R6 
16 22 90 SET R6 , 9022 w i th A034 and 9022 . Move 
65 LDD @R5 double byte from locations 
76 STD @R6 A034 and A035 to locations 

9022 and 9023. Both pointers 
are incremented by 2 . 

FINALLY. 

A State-of-the-Art 
'lhol For Learning
SoftwareDesign. 
And at an affordable p rice . The 
Madu-Learn"' home study course 
from Logical Services. 
Now you can learn microcomputer 
programming in ten comprehensi ble 
lessons At home In your own time At 
your own pace. 
You learn to solve complex problems 
by breaking them down into easily 
programmed modules Prepared by 
professional design engineers. lhe 
Modu-Learn ™ course presents sys
tematic software design techniques. 
structured program design. and prac
t1ca I examp les from real 8080A 
micro-computer applicati ons. All in a 
modular sequence of 10 lessons 
more lhan 500 pages. bound inlo one 
practical notebook for easy reference 
You get diverse examples, problems. 
and solutions. With thorough back
ground material on micro-computer 
arch itecture. hardware/software trade
offs, and useful reference tables. All 
for only $49.95 
For $49.95 you learn design tech 
niques that make software work for 
you Modu-Learn'w starts with the 
basics Our prob lem-solution ap
proach enables you to "graduate" as 
a programmer 
See Madu-Learn™ at your local com
puter store or order now using the 
coupon below 

• Please 	send the Modu-Learn•Mcourse lor : 
me to examine. Enclosed is $49.95 (plus : 
$2 00 postage and handling) or my : 
Mastercharge/Bankamericard au1ho11za- • 
uon 

Name · ~------------

Address ----------- 
City ____Stale:. _ _______ 


Card#____________ 

Exp1ra11on date-- -------

711 St1erlin Road 
Mountain View, CA 94043 
(415) 965-8365: ................................ . 


LOGICAL 

SERVICES INCORPORATED 
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POP @Rn 8 (Pop indirect! 

The low order ACC byte is loaded from the memory locat i on whose address resides 
in Rn after Rn rs decremented by 1 and the high order ACC byte is cleared . Branch 
conditions reflect the final 2 byte ACC contents which will always be positive and 
never minus 1. The carry is cleared. Because Rn is decremented prior to loading the 
ACC . single byte stacks may be 1mplemen ted with the ST @Rn and POP @Rn opera· 
t1ons (Rn is the stack pointer! . 

Example: 

15 34 AO SET R5, A034 ln 1t stack pointe r. 
10 04 00 SET RO, 4 Load 4 into ACC. 
35 ST @R5 Push 4 onto stack . 
10 05 00 SET RO, 5 Load S into ACC. 
35 ST @R5 Push 5 onto stack. 
10 06 00 SET RO. 6 Load 6 into ACC. 
35 ST @R5 Push 6 onto stack . 
85 POP @RS Pop 6 off stack into ACC. 
85 POP @R5 Pop 5 off stack . 
85 POP @R5 Pop 4 off stack. 

STP @Rn 9 (Store pop indirect) 

The low order ACC byte is stored into the memory location whose address resides 1n 
Rn afrer Rn 1s decremented by 1 . Then the h igh order ACC byte 1s stored intu the 
memory location whose address resides in Rn after Rn is again decremented by 1. 
Branch conditions will reflec t the 2 byte ACC contents which are not modified . STP 
@Rn and PLA @Rn are used together to move data blocks beginning at the greatest 
address and working down. Addtt ionally. single byte stacks may be implemen ted 
with the STP @Rn and LDA @Rn ops. 

Example: 

14 34 AO SET R4, A034 lnit pointers. 
1S 22 90 SET R5. 9022 
84 POP @R4 Move byte from A033 
95 STP @R5 to 9021 . 
84 POP @R4 Move byte from A032 
95 STP @RS to 9020 . 

ADD Rn A n (Add)I 

The contents of Rn are added to the contents of the ACC (RO) and th e low order 
16 bits of the sum restored in ACC. The 17th sum bit becomes th e carry and other 
branch condit ions ref lect the final ACC contents . 

Example : 
10 34 76 SET RO. 7634 ln i t RO (ACC) 
11 27 42 SET R l , 4227 and Rl . 
Al ADD Rl Add R 1 (sum = B85B. 

carry clear) 
AO ADD RO Doubl e ACC (RO) to 70B6 

with carry set. 

SUB Rn B (Subtract) 

The contents of Rn are subtracted from the ACC contents by perform ing a two 's 
complement add i tion : 

ACC ACC + Rn+ 1 

The low order 16 b i ts of th e subtraction are restored i n the ACC. The 17 th sum blt 
becomes the carry and other branch conditions reflect the final ACC con tents. If th e 
16 bit unsigned ACC conten ts are greater than or equal to the 16 bit unsigned Rn 
conten ts then the carry is set, otherwise it is cleared . Rn is not d is turbed . 

Example : 

10 34 76 SET RO , 7634 lnit RO (ACC) 
11 27 42 SET Rl 4227 and Rl . 
Al SUB Rl Subtract R1 (d1ff = 340D 

with carry set) 
AO SUB RO Clears ACC (RO) 

http:Brockrn.1n


INR Rn E (Increment) 

The contents of Rn are incremented by 1 . The carry is cleared and other branch 
condi t ions reflect the incremented value . 

Exampl e : 

lS 34 AO SET RS, A034 lni t RS (pointer I 
10 00 00 SET RO , 0 Zero to RO. 
SS ST @RS Clears Ice A034 and incrs 

RS to A03S. 
ES INR RS Iner RS to A036 
SS ST @RS Clears I oc A036 (not A03SI 

OCR Rn F (Decrement)n I 
The contents of Rn are decremented by 1. The carry is cleared and other branch 
conditions reflect the decremented value. 

Example: (Clear nine bytes beginn ing at loc A0341 

lS 34 AO SE T RS , A034 ln i t pointer. 
14 09 00 SET R4 , 9 lni tcount. 
10 00 00 SET RO, 0 Zero ACC. 
SS LOOP ST @RS Clear a mem byte. 
F4 OCR R4 Deer count. 
07 FC BNZ LOOP Loop unt il zero. 

SWEET16 N on regis ter Inst ru cti ons 

RTN 0 (Return to 6S02 mode)I 0 I 
1 

Control is returned to the 6S02 and program execution continues at the locat ion 
immediately following the RTN instruction . The 6S02 registers and status conditions 
are restored to their original contents (prior entering SWEET16 model. 

Circ le 16 o n onqu ory card . 

' .\ Shopping for a computer 
at the ByteShop 
is almost as 
much fun as building one. 

l l'tnptltt.'P• .in· 1t1n ,.\nd ~ittord 
.1hlt.•. TIHlU-..1nd ... l't pl·uplt.• ,If l' 
.d1 t.".tdy u-.111g p•·r-.,in.il, ,1111putt.•1 ... 
h 11 -1 \ ' ).:.1nw-., v1di·u 1...nl,,r 
hl.1phit...,, di)~11.d Jllll'IL .ind lot'- of 
thing' 1ll'~'-'d\' l'\1.: r Jn:.1mt·d ol 

Idi 1111\\ 
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POPD @Rn c (POP Double byte indirect) 

Rn os dec remented by 1 and th e h igh orde r ACC byte is l oaded from the memory 
locati on whose address now resides in Rn . Then Rn is again decremented by 1 and 
th e low order ACC byte is l oaded from th e corresponding memory location. Branch 
condi tions reflect the final ACC contents. The carry is cleared . Because Rn is decre 
mented prior to loading each of th e ACC halves . double byte stacks may be imple 
mented with the STD @ Rn and POPD @ Rn operations. (Rn is the stack pointer). 

Example : 

15 34 AO SET R5 , A034 ln11 stack pointer . 
10 12 AA SET RO, AA12 Load AA12 in to ACC. 
75 STD @RS Push AA12 onto stack . 
10 34 BB SET RO . BB34 Load BB34 onto ACC. 
75 STD @RS Push BB34 onto stack . 
10 56 cc SET RO, CCS6 Load CCS6 in to ACC. 
7S STD @RS 
cs POPD @RS Pop CCS6 off stack . 
C5 POPD @RS Pop BB34 off stack . 
cs POPD @RS Pop AA 12 off stack . 

CPR Rn (Compare) 

The ACC (RO) contents are compared to Rn by performing the 16 bit b inary sub
tractoon ACC-Rn and storing the low order 16 d i fference bi ts in R13 for subsequent 
branch tests . If the 16 b i t unsigned ACC contents are greater than or equal to the 16 
bot unsigned Rn contents then the carry is set, otherwise it is cleared . No other 
registers . i nclud ing ACC and Rn, are disturbed. 

Example : 

1S 34 AO SET RS. A034 Pointer to memory . 
16 BF AO SET R6. AOBF Lim i t address. 
10 00 00 LOOP SET RO. 0 Zero data . 
7S STD @RS Clear 2 l ocs, incr RS by 2 . 
2S LO RS Compare pointer RS 
06 CPR R6 to limit R6 . 
02 F8 BNC LOOP Loop i f carry clear. 

http:l<.1m11111l(,�.1I
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Circle 13S on inquiry card . 

(Branch A lways)BR ea 

WARBLE ALARM 
CAR-VAN CLOCK 

WITH HEADLIGHT ALARM 

IU'SfO llM{~ 

SfCO "' OS OISl'LAYS'l'UI C.H 

I MINUTC SN00l( ALARM. 

SIM.I'll CWUH l'fOOlt 11' 

JUMIO tlO 015J'lA¥ 

I 10 ~U!lllCUH COUHlDO\"o"'N 
TIMlr ""'tN$:S/MUl 1-U'lOUU 'r' 
Wll HLLOCK ' 

RUCCCO Al$ CASl 

COMPLETE KIT $35.95 . 0UAAl1 tllYSUl 
ACCUAAC'I'

ASSEMBLED $45.95 

DI GITAL A UTO INSTRUMENTS 
•' 1AC•o•11£A SEV EN MODELS! 
• 1 WAIUI TEMP KIT INClU0£S 

•J rucL Llvll "~1 ~ ....... ·1·••1 
.4 SPEI OOMETEll " • ·~i •t '11v• "'' t•· 
·~ Oil PRE SSURl 

OIL HMP 
• I ftAIHRV M0Nl10M 

'ADO 110 flO H Rl0U!Rf0Sf>((0 $01l>(M ,1$ J OA SPC[O SENOIA AlONf 

KIT : $49.95 . . ... ..ASSEMBLED : $59.95 

ELECTRONIC 'PENDULUM' CLOCK 
SWING PCNOULUM 

1 +tOURS ANO MINUfC S DISPLAY 

fl M( SET PUSH BU l IONS 

ALARM f lA TUR[ 

KIT·UN FINISHED CASE . .... . ..... . . S59.95 
ASSEMBL ED-STAINED CASE .......... $69.95 

QUARTZ DI GITAL AUTO CLOC K 
DR ELAPSED TIMER ! 

ELAPSED TI MER HRS, MINS & SECS 
SIMPLE PUSHBUTION RESET 
HOLD TOGGLE SWITC H 
~ 11 l'ICLt'{ll >i ,·J ;:r.-7,,1,·. ,, 
f¥0rHr"'C•fl <;f l()flr!ll.I tlO!I 
INffff~A./ llAfrt lh #Ar ' ''"' 
NO~ P(lf A~ lf11,.of' 

11 O H1C ttR MOOl 

KIT : $27.95 . ... .. .ASSEMBLED : S37.95 

NOW WITH 
ELAPSED 
TIME ! 

3Yz DIGITAL CLOCK 
• 1 f111, .. t l T S49.95 ·' '""' A"f'.'MLt l $59.95 
• lol11 11t r 1T $69.95 ' ·" 1 

'''" ·•• 
11 

' $79.95 
11 f 'JAf I 11~ }J MH '.\,J Jl 

I. 01011 l,,f U~tl;" o •, o I 

• HI: ',\lli!.Ol.IPl(TI 

IC:. I \'( 1lSIUIJ ll o !lo • I 

TV  WALL CLOCK 
?S' VIEWI~ G OISl ANCE 

6" HOURS & fl.11NUTES 

J" SE CON OS 

COMP UTE WITH WOOD CASE 

111 YAC 

KIT : $34.95 .. .....ASSEMBLED : SJ9 .95 

ECONOMY CAR CLOCK 
' LEO MOOULl • 

COMPll I[ IVl! H CASE 
BRACK Cl llo 1IMl: S( 1 

PUSH BUT l Of~S 

ALARM OPllOt. 

KIT : S19.95 .... ...ASSEMBLED : $26 .95 

PENDULUM ' • •I hUULUM ..1111'\L. 

' •· ,, "' .... r ,, • 

$14.95 CASE IVICH DRACK£1 SJ.75 

MARK FOSKETS '•1 SOLIOSTATE TI ME 
P.O. BOX 2159 
DUBLIN , CALIF . 948665 ORDERS (415 ) 828-1923. I 24 HR 
PHONE 

CALIFORNIA RES IDENTS 

I'hM!ti! OSI I'I.... 

ADO &-,, SALES TAX 

An ef fective address (ea) 1s calcu la ted by adding th e signed displacement byte (dd) 
to the program counter . Th e program counter contains the add ress of th e instruc tion 
1mmed1ately following the BR , or th e address of the BR operation plus 2 . The dis· 
placement is a signed two's complemen t value I rom - 128 to + 1 27 . Branch condi t ions 
are not changed . Note th at e ff ec t ive address calc ula t ion is identical to that for 6502 
relative branches . 

Some examples: 

dd =S80 ea ~ PC + 2 - 128 

dd - S81 ea = PC + 2 - 127 


dd = $FF ea = PC + 2 - 1 

dd = soo ea = PC + 2 + 0 
dd = $01 ea = PC + 2 + 1 

dd = $7E ea = PC + 2 + 126 

dd = S7F ea =PC + 2 + 127 


Exampl e: 


$300 : 01 50 BR S352 


BNC ea 0 21 d d (Branch 1f No Carry I 
1 

A branch to the effecuve address is taken only i f th e carry is clear , otherwise execu· 
ti on resumes as normal with the next instruction . Branch conditions are not changed . 

BC ea 0 d d (Branch if Carry set) 

A branch is effected only if the carry is set. Branch conditions are not changed . 

BP ea d d (Branch if Plus) 

A branch is effec ted only if the p ri or " resu l t" (or most recently transferred data) was 
positive . Branch conditions are not changed . 

Example: (Clear m em from loc A034 to A03Fl 

15 34 AO SE T RS, A034 ln i t pointer . 
14 3F AO SET R4, A03F lnit limit. 
10 00 00 LOOP SET RO, 0 
5S ST @RS Clear m em byte , incr RS . 
24 LO R4 Compa re limit to 
OS CPR R5 pointer. 
04 F8 BP LOOP Loop until done . 

BM ea 0 d d (Branch if Minus) 

A branch is effected only if th e prior " result " was minus (negative, MSB = 1). Branch 
conditions are not changed . 

BZ ea 0 6 d d (Branch if Zero! 

A bra11ch is effected only i f the prior "result" was zero . Branch condi tions are not 
changed . 

BNZ ea 0 7 d d (Branch if Nonzero) 

A branch is effec ted only i f the prior "resul t" was nonze ro . Branch conditions are 
not changed . 

BM1 ea 1 0 8 d d (Branch if Minus 1) 

A branch is ef fected onl y if the prior "result" was m inus (SFFFF hexadecimal). 
Branch condit i ons are not changed . 

BNM1 ea 0 9 d d (Branch if Not Minus 1) 

A branch 1s effec ted only if the pr ior "resul t" was not m inus 1 ($FFFF hexa· 
decimal I. Branch condi tions are not changed . 
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10 A ( Break) BRK 

A 6502 BRK lhreak) instruction is executed . SWEET16 m ay be reentered non · 
destructively at SW16D after correcting the stack pointer to i ts value prior to 
execu ting th e BRK. 

Text continued from page 154 

insLructions to th is imp lcmcn t<1t ion of 
SWE 16. I f you us th un.i signed op 
code SOE Jnd OF, remember th<1t 
SWEET 16 trcJt these .is 2 byte instrnc1ion . 
You may wish to h,ind le the bred '- i nsLruc
tion ,1 .i SWEET 16 cal l , saving two bytes of 
code each time ou transfer in to SWEET 16 
mode. 01 y<.>U 111 ,1y wish to u e 1he 
SWEET 16 BK (81 eA) operdlion a a 
"CHAROUT" <.:a ll in the in te1rupt h.indler. 
You c.in pc 1lorrn ab~ lu1e jumps within 
SWEET 16 by lo,1ding the A C {RO) with the 
address you wi'>h to jump to (minus I) ,1n d 
execut ing c1 ST RI - instruction . 

And <1s ,, linal th ought , the ultim<1te 
modification lor tho e who do not u e the 
6502 processor would be LO implemen t a 
ver ion of SWE T 16 for some other micro
proces or de ign. The idea of a low level 
interpretive processor can be frui t fully 
implemented for ,, numbe1 of purpo e-, <1nd 
achieves a limited on of machine inde· 
pendence for the interpret ive execu t ion 
tring . I found thi~ technique most useful 
or the implemen tat ion of mu h of the 

software of the Apple II compLJtcr; I le<1ve it 
Lo reader to ex pl re further po sibi l iLies for 
SWEETl6. • 

The Best ol BYTE, Volume% 
The volume we have al l been waiting for! The answer to those unavailable early issues of 
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl . This 384 page book is 
packed with a majority of materia l from the first 12 issues. Included are 146 pages 
devoted to "Hardware" and how-to articles ranging from TV displays to j oysticks to 
cassette interfaces , along with a section devoted to kit building which descr ibes seven 
major kits. "Software and Applications" is the other side of the co in : on-line debuggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on "Theory" examines the how and why behind the circuits and 
programs. "Opinion " closes the book with a look ahead , as to where this new hobby is 
heading. It is now availabl e through BITS Inc for only $11.95 and 50 cents postage. 

,---------------------------, 

I Name 

Address 

Cit State Zi 

Price of Book $ ----
The Best of BYTE, Volume 1 

Postage, 50 cents $ ______ 

Total $ ______ 

0 Check enclosed 

• 0 Bil l MC # _ __________Exp. Date -------

!!!!! 0 Bil l BA # Exp. Date ------- ~ 

Si nature 

~~~su~~~~~~~~~~~~ay~--~ ord~~~~repru~ 
You may photocopy this page if you wish to leave your BYTE intact. 

Send now to : 

BYTE Interface Technical Services, fnc . 
70 Main St 
Peterborough NH 03458 

(Return from 
RS 0 B SWEET16 Subroutine) 

RS term inates execution of a SWEET16 subroutine and returns to the SWEET16 
calling program which resumes execution (i n SWEET16 model. R12 , which is the 
SWEET16 subrouti ne return stack pointer, is decremented twice . Branch conditions 
are not changed. 

Branch to 
BS ea 0 c d d SWEET16 Subrout ine 

A branch to the effective address (PC + 2 + d) is taken and exec ution is resumed in 
SWEET16 mode. The current PC is pushed onto a " SWEET16 subrouti ne return 
address" stack whose pointer is R12 , and R12 is incremented by 2. The carry is 
cleared and branch conditions set to indica te the cu rrent ACC con tents. 

Example : (Calling a "mem ory move" subroutine to move A034 - A03B 
to 3000 3007) 

300 : 15 34 AO SET RS, A034 lnit pointer 1. 
303 : 14 3B AO SET R4, A03B lnit limit 1. 
306: 16 00 30 SET R6, 3000 lnit pointer 2 . 
309 : oc 15 BS MOVE Call move su broutine . 

320 : 45 MOVE LO @R5 Move one 
321 : 56 ST @R6 byte . 
322 : 24 LD R4 
323 : 05 CPR R5 Test i f done. 
324 : 04 FA BP MOVE 
326 : OB RS Return . 

Circle 12 on 1nqu11 v c;ird . BYTE oYemb~r 1977 159 



Switching ROMs 


in the Fairchild F8 Evaluation Kit 


John C Polonchak 

GTE Sylvan ia 

Electronic Components Group 

114 S Oregon St 

El Paso TX 79901 

any people 1 ho use the Fai 1ch ild F8 
Ev,du ,l\ion Kit upplied with the Fairbug 
Mon itor would like to try the Mostek DDT 
Moniwr. Unfortundtely, the rc,1d onl y 
memory chip cont,1ining the DDT Monitor 
cannot be direc tl y subs titu ted into the ava il 
.ib le oc kcL d'> wired for the Fairbug read 
only memory chip. The cheme hown 
helow permits the use o either chip without 
modific,11ions to the printed circu it board. 
Th e DDT monilOr chip is plugged into a 
wi re wra p ockel. This ocke t i wired to a 
printed circ uit ocket that plugs into the 

Table I: These are the pin in terconnection for the DDT monitor memory to 
the Fairbug socket. Of the 40 pins that need connecting, 23 of them can be 
plugged directly into the socket; 74 of them have their pins cut off and aren't 
used, lea11inq three pins that need lo be rewired. 

DDT READ ON L Y MEMORY 3851 

Top w ire wrap 
socket containing DDT 

1 - - - - - - - - - - - - 2 

2 - - - - - - - - - - - - NC 

3 - - - - - - - - - - - - 3 

4 - - - - - - - - - - - - 4 

5 - - - - - - - - - . - - 2 

6 . - - - - . - - - - - - 6 

7 - - - - • - - - - - - - 7 

8 - - - - - - - - - - - - 8 

9 - . - - - - - - - - - - 9 


10 - - - - - - - - - - - - 10 
11 - - -· --- - -- -- 11 
12 - - - - - - - - - - - - 12 
13 - - - - - - - - - - - - 13 
14 - - - - - - - - - - - - 14 
15 -. - - - - - - - - - - 15 
16 - - - - - - - - - - - - 16 
17 - - - - - - - - - - - - 17 
18 - - - - - - - - - - - - 18 
19 - - · • - · - - - · · · NC 
20 - - - · - - ···-·· NC 

Bottom printed 
circui t socket. 

, 60 B~ IL 11\l'l llhl'I I 1i 7 7 

Top w ire wrap 
socket containing DDT 

21 - - - - - . - - - - - . 21 
22 - - - - - . - • - - - - 22 
23- - · - - ·· - · - - - NC 
24- - - - - · - - - - - - NC 
25 - - · - - · - · - - - - NC 
26- - • - - - - - - - - - NC 
27 - - . - - - . - - - - - 27 
28 - - - - - - - - - - - - 28 
29 - - · - - - - - - - - - NC 
30 - - - · - - - · - - - - NC 
31 - - - - - · - -- - - - NC 
32- • - • · ······· NC 
33 - . - - - ... - - . - 33 
34 - - - - - - . - - . - - 34 
35 - - - - - · · - - · · - NC 
36- - - · - - - · - · · - NC 
37 · - - - · - - • · - - - NC 
38 - - - - • - - - • - • - 19 
39. - - - - - - - - - - - 39 
40 - - . . - . - - - - - - 40 

Bottom printed 
circui t socket. 

Fairbug socket. Most o f th e wire wrap pins 
can be plugged directly into the ocket in 
pi ggyback style. Th e pins marked NC arc 
not connec ted <1nd c.i n be cut oft of the 
wire wrdp ocke t. 

Th is same type of rewiring scheme mu t 
also be performed on QS wh ic h is d 7406, 
since the Mo tcJ... and Fairchi ld boards use 
muLUal ly inverted signals. Although both 
chi p u e the <1me in truction they seem 
lO be compl ement of e,1c h o ther lo the 
outside world. Tables 1 and 2 how the 
interconnect ions for the two !Cs. Note that 
this scheme of imulating one memory 
or proce or in tegrated circuit with ano ther 
simi lar, but pinout-incompatible, chip can be 
used quite ge nera lly .• 

05 7406 

Top wire wrap 
socket containing 7406. 

1 - - - . - - - - - - . 1 
2 - - - - - - - - - . - 4 
3 - - · --- - - - - - NC 
4 - - - -· - - - - · - NC 
5 - - - - . . - - .. - 5 
6 - . - - .. - - - - - 8 
7 - - - - - - - - - - - 7 
8 - - - - - - - - - - - NC 
9 ··· - ··- - - - - NC 

10 . - - - - . - - . - - 10 
11 .. - . - - - - - - - 11 
12 - - - - - - - - - - - 12 
13 - - - .. - . - - .. 13 
14 - - - - .. - - . - - 14 

Bottom printed 
circuit socket. 

Tobie 2: Thi is the rewiring diagram for the 
7406 hexadecimal inverter . Thi chip mu t 
be rewired ince the signals coming from the 
Fairbug monitor are com plements of the 
signals from the Mostek DD T monitor. 



A Bit of the BASIC 

---Computer Resou rce Book- Algebra by 
Thomas A Dwyer and Margot Critchfield is 
an exciting new way to learn about algebra 
and the interesting things you can do w i th it 
using a computer. The book uses the BASIC 
language, and flowcharts are used through
out to show the structure of programs. 
There are 60 applications programs inclu 
ding straigh t line graphs, polynomial equa
tions, a space probe navigator, temperature 
profiles, computer generated animation, the 
u l tramatic root finder , random number 
generation and many m ore . Although it 
is particular ly suitable for students, just 
about everyone will find some intriguing 
and easy to use applications in this enter
taining book . $4.80. 

--- I nt roduction t o Computer Program 
ming by Rudd A Crawford J r and David H 
Copp , Here is an excellent way to learn 
about the general aspects of computer pro
gramming . Int roduction to Computer Pro
gramming makes use of a hypothetical com
puter mode l and set of assembly language 
instructions designed to help the beginner 
see what goes on in computer programs. 
The emphasis throughou t is on genera l 
princ iples ; such concepts as loops, decis ions. 
flowcharts and 10 routines are covered in 
detail . The book also provides many ex
ample problems and prompts the reader by 
posing several quiz questions. Anyone who 
masters its contents will have a so lid foun 
dat ion for the study of practica l assembly 
and high level languages. I t is especial ly 
recommended for students, but just about 
everyone new to the sub1ect shou ld profit 
from it. $4.35. 

---Basic BASIC by James S Coan . I f 
you're not already familiar with BASIC, 
James Coan's Basic BASIC is one of the 
best ways to learn about this popular 
computer language . BASIC (which stands 
for Beginner's All-purpose Symbolic Instruc
tion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step instructions for using a ter
minal, writing programs, using loops and 
lists, solving mathematical problems, under
standing matrices and more. The book con · 
tains a wealth of i l lustrations and example 
programs, and is suitable for beginners at 
many different levels. It makes a fine refer
ence for the experienced programmer, too. 
$7 .95. 

- --Advanced BASIC by James S Coan. 
Advanced BASIC is the companion volume 
to James Coan's Basic BASIC. In this book 
you'll learn about some of the more ad· 
vanced techniques for programming in 
BASIC, including string manipulation. the 
use of files, plotting on a terminal, simu la· 
tion and games. advanced mathematical 
applications and more . Many usefu l algor· 
ithms are covered, including some clever 
sorting techniques designed to reduce 
program execution time. As with Basic 
BASIC, there are many il lustrative example 
programs included . BASIC doesn't have to 
be basic with Advanced BASIC ! $6.95. 

--- A Guided Tour of Computer Pro
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman . Colorful graphics 
abound in this lively introduction t o the 
BASIC language . The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Writte n for the 
novice, A Guided Tour begi ns with a 
section on how to recognize a computer, 
followed by some tips on working at a 
terminal. By the end of the book readers 
are writi ng their own progra ms and solving 
ele mentary problems in finance and busi 
ness. The emphasis throughout is on lear
n ing by doing. Anyone inte rested in com
puter programming shou ld be nefit from 
A Guided Tour of Computer Programming 
in BASIC. $4 .80. 

ome Common BASIC Programs by 
Lon Poole and Mary Borchers, published by 
Adam Osborne and Associates. A t last, a 
single source for all those hard to find 
mathematics programs! Some Common 
BASIC Programs combi nes a diversity of 
prac t ical algorithms in one book: matrix 
mu ltiplicat ion. regression analysis, principal 
on a loan, integration by Simpson's rule, 
roots of equations, operations on two vec
tors, chi-square test, check writer, geometric 
mean and variation, coord inate conve rsi on 
and a function p lotting algorit hm . T hese 
are just some of the many programs in
cluded . For on ly $7.50 you can buy the 
kind of programs previously available only 
as part of software math package systems 
for large scale compu ters. A ll the programs 
are written in a restricted BASIC suitable 
for most mic rocomputer BASIC packages, 
and have been tested and debugged by the 
authors . $7.50 . 
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Fun and Games 


from BITS 


101 BASIC Computer Games by 
David Ahl . A treasure store of games and 
simulations, 101 all written in BASIC. It 
contains both a complete listing and a 
sample run, along w i th a descriptive 
write-up . 256 pages, $7 .50. 

What t o Do After You H i t Return 

or PCC's F irst Book of Computer 
Gam es. This is PCC's f i rst book of 
computer games, a compendium which 
includes descriptions of numerous 
games, and listings of 3 7 selec ted BASIC 
games. New second edition, SS. 

BITS Inc 

70 Main St 

Peterborough NH 03458 

For ease 1n ordering, use the coupon on 
the opposite page, wrotong 1n the name(s) 
of the book(s) you want. 

Please note that processing may exceed 
30 days 1n unusual cases. 

Circle 1 2 on inquiry card. 

EYTE'sEits 

An IEEE M ic rocomputer Course 

The I EEE's PllP ,roup in thl' S,1n 
franLi\tO JrCd r~ 'o[lOn'>oring .1 >Cries ol 
talks entit led "J\1icrocomputcr : Practi· 
cal pplitJtion>." Th i' r hursd,1y evenini: 
'cric>, bci:inning mcrnb<' r 3, will be 
1u1ori,1I in n,11trre, loLusing on >Uch 
"how to" to piL> ,1 : which mkrocorn
putcr 10 u'" (lrom thc u~er'' viewpoint) : 
Jllhitccturc .inti mcnwr~; getting 
'lJrtccl, .11 work and ,11 home. The '>cric' 
will 1un 101 live weeks, with rcgistr.111on 
set JI 35 ( _5 lor I EEE members: $10 
>tudrn t;), Jnd will be in the Palo 1\lto 
.ind ,1n lose Jrca . ContJCI David Guidid 
,11 Sil tee, 37 17 H.wen A', Menlo Park 

A 940_5, (..J 15) 365· 600. • 

Att ention Canad ian Reader ... 
A F ir t (Ever) Canadian Perso nal 
Computing Show 

PersonJI urnputing Showplalc 1s the 
name of J >ho" to he hcl.J in Toronto ,11 
th<' lnt<·rnJlion,11 Center of Comm<•rce 
on uvcmhcr 8, 9 and 10 ol this year. 
rhe >how will lcdlure the lir I (ever) 
c'hil>ition ol per>onal computing pro· 
duel' in ( .tnad <l. 

r hc e'hibrt h.r l l IS IOCJted .IL 6900 
Arrpo1 l Rel 1n T oronto. dmis ion wil l 
be $5 d i the door. Hours .ire 12 noon 10 
9 Pf\1 each dd\. ·1 his e'hib it ion runs 
concurren tly with the eighth an nuJI 

anadian Computer Show. fo r more 
information contact Belly Gray, at 
(-116) 595-1811. • 

An Opinion : OFTWARE AND PA T ENTABI LITY , 1977 

While perusi ng some of the electronic 
dat<1 proccs ing ( · DP) literature of the 
past few years, it struck me that the sub 
jcu of sof tw.ire pa1e111abili1~ had been 
comple tely c haustc·d, Jnd that ,1nothcr 
article on the sub1ec t would cJuse rea · 
dcrs to shy awa\ in revulsion. However, 
the ebu llient EDP Industry, in il5 con
tant sta te of change , has p roferrcd a 

new developmen t which mat..es al l ol 
the irre levant jabber ing of the rast 
(some of th em Ill\ own) now of con · 
sidcrablc importance. 

Why have I dismissed 1hc plethora of 
pa t writings JS irrelevan t jabbering ? 
Because the simp le and direct answer to 
the quc tion of whether soltware is 
pa tentable is " no !" Volume have been 
fil led disc ussi ng the point, yet i t should 
have been appa rent from the beginning 
that one insurmountable obstacle stood 
in the way: name ly, tha t a pd tcn1 ablc 
invention mus t have a physical existe nce 
and not be mere l\ ,1 methodology or 
mental process. 

Hcntc we sec the il logital result of 
hard wired programming being paten t · 
able but pure soft ware not. But al l of 
this rea ll y didn't make a great deal of 
difference because the industr~ wa able 
to pro tec t it s i nves tm ent in software 
development through other legal ave nues 
su h a t ra de sec recy and was therefore 
pared the labyrinthi ne protedures of 

the r.i 1ent law. 
All of this is soon to change. As 

microprogramming talc of the .irt 
brings U> closc1 lo th e po in t where ,1 
programmer ca n sit down with J lew 
in1cgr a1ed circuit chip> Jnd a so lderi ng 
iron rather than a pencil dnd oding 
heel, his/her product (now a black bo' 

rJthcr than J >Ource listing) very t lc.ir ly 
becomes ,1 candida te lor pa 1cn1 ;1bi lit y 
because it is not 1ust a me ntal process or 
algori thm ,1 ny longer, but rather is J 

physicdl object . 
This mean that th e arc<1 ne an d con· 

\Olutcd IJ\\S of paten ts, together with 
those who admin ister them, suddenly 
bctomc relevan t in much the Sdme wJy 
that .1 bull in J chi'la shop is rcle,J nt. 
Let u> exami ne J few of the more salien t 
features of paten t law and sec how they 
might apply to mi roprogamming situa· 
tions. 

ovelty 

An invention, bot h in anadd ,md the 
United States, must be a "11<• 11 ,111d usc 
lul art, proce'>S, mdchine, mJnul.1t 1urc nr 
compo ition of mailer" 10 qua li fy for 
pa tent protection (em ph a is mine). A 
new wa1 of achieving a t..nown resu l t, 
or simrl\ creating J new resul t, would 
permi t an inven tion 10 qualify if the 
patent officer could be com inccd of i t s 
novclt\. 

The reader tan appret iatc the Alice 
in Wonderland world which wou ld soon 
be crea ted by disputed claims revolving 
aro und the defi nit ion or "new." 

Expense 

B ·cau c all of this 1ou ting is done by 
high prkcd lawyers, the cost of ob· 
taining a pa ten t and prosecuti ng in fr inge· 
menl quickly becomes prohibi t ive fur all 
but the largest corporations; so docs 
defending Jgain>I an ,Kcusa tion of in · 
fri ngcmcnt. 

Thi me.111;, 1ha1 d be lligerent ra1c n1 
holder is armed with a big leg,11 sti ck, the 
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·------------------------------------------------Gour1net Reading lro1n BITS 


I ntroduction to Biomedical Elect· 
ronics by Edward J Bukstein. What 's been 
done in robot doctors? Nothing so far. But 
in terms of electronic aids to physicians and 
pract ices of health researchers, consult this 
background review of th e field of b iomed
ical electronics $5.95 

__Scelbi " 6800" Software Gourmet 
Gu ide & Cookbook 

__Scelbi " 8080" Software Gourmet 
Guide & Cookbook, both by Robert Fi nd 
ley. Have you tried cooki ng up a program 
lately on your 6800 or 8080 processor? 
Have you needed a dash of ideas on how to 
add sp ice to a program? Then the Scelbi 
" 6800" Software Gourmet Gu ide & Cook
book and the Scelbi " 8080" Software Gour
met Guide & Cookbook may prove to be 
qu ite useful additions to your library . 

Both books contain a wealth of informa
tion on the 6800 and 8080 instruction se t s, 
pl us general programming tech n iques ap
plied to the 8080 and 6800, co nversion rou 
tines, floating point routi nes , decimal arith
metic routines, and much more. Order y ou rs 
today and get a taste of what you r processor 
can do . Both books are p r iced at $9 .95 
each . 

__ Pract ical M icrocomputer Program
ming: The Intel 8080 by W J Weller, AV 
Shatzel , and H Y Nice . Here is a comprehen
sive source of programming information for 
the present or prospective user of the 8080 
microcomputer, an architecture whic h ap
pears in the MITS Altair, 8800, Processor 
Technology SOL, IMSAI 8080, Polymor
phics POL Y-88, and other popular micro
computer system products. 

Alter several preliminary chapters, the au
thors get down to practical details with top
ics such as moving data, binary arithmetic 
operat ions, multiplication and division , use 
of the stack pointer, subroutines, arrays and 
tab les, conversions, decimal arithmetic, vari
ous 10 opt ions, real t ime c locks and inter
rupt driven processes, and debugging tech
niques. Most examples are given in symbolic 
assembly form , with occas ional listings of 
assembled code using a Computer Automa 
tion software development system. 

This 306 page hardcover book is wel l 
worth its $21.95 price and should be in 
every 8080 or Z-80 user's library. 

l I I J) 

I l I IH) IC "I 

_ Secur ity Electronics by John E Cun
ningham . To catch a thief, apply li bera l 
doses of ingenuity and a modicum of 
cleverness. Find out what's been tried in 
conventional alarm systems before you go 
off computerizing your home security sys
tem, though. New 2nd edit ion $5.95 
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use of which need only be threatened in 
order co put fina ncially limited bl ac k 
box developers onto the ropes: either 
they fight a protracted and expensive 
legal battle or pull their product off the 
market. 

In my own law practice, clients have 
so ugh 1 advice and ex pressed their con
ce rn that software packages which they 
p roposed 10 develop migh t tread on 
someone e lse 's rights. I have adv ised 
the m that there ne ed be no such fear so 
long as misuse of trade sec rets or breach 
of a confi dentiality agreemen t is not 
involved . I black box patents begin 
to appear I, for one, will not con tinue 
to give the same advice in the future 
because inadvertent dupli ca tion through 
independent invention is no excuse in a 
patent matter. 

By con trast , if the system arch itec
ture o f a piece of softwa re is a trade 
secre t , anyone who indepe ndentl y 
deve lops a like product is free to market 
it. However, the same piece of soft ware, 
if embodied in a black box and pro
tected by a patent, is the exclusive pre
serve of the patent holder, and anyone 
independently developing a like black 

box wou ld ri sk infri ngeme nt un less a 
costly and time consuming search of the 
pate n t reco rds was made beforehand. 

A Hands-Off Pol icy 

In 19 71 I pre pared a report for the 
Canadian Federal Government in which 
software patentability was exam ined and 
recommenda tion made. At that lim e 
I recommended that no changes need be 
made to the Patent Act so as to extend 
its applica tion to compute r software 
becau se the Act would prove in adequate 
and also because the EDP ind ustry had 
fo un d trade sec recy laws to mee t its 
nee ds reasonably well. 

I also recommended that no further 
study in the area would be required 
unti l the nature of programming unde r
went a fundamental change . Although 
I cannot claim to have fo resee n the ad
vent of m ic roprogramming (much less 
the as tonishing speed of its arrival) one 
can now say that such a fundamental 
change has occurred. I would now th e re
fore reco mmend that a review be under
taken immed ia tely for the purpose of 
amendi ng the Patent Act so as to 

exclude black box microprogramming 
from its operation. 

Such heresy wi ll probab ly be rejected 
by bureaucrats who see a golde n oppor
tunity to ex pand their litt le k ingdoms 
and also by the many patent law firms 
which would stand to do a land office 
business. 

However, it is acce pted that the 
Patent Ac t has had serious lim ita tions 
even in those traditional areas of indus
tr y for which it was originally desig ned. 
How much less useful it wou ld be in the 
world of EDP is made plain by that 
indust ry 's ge neral avoidance of patent 
law wherever possib le. That being so, it 
is this writer's view that the ind ustry 
shou ld not be dragged kicking and 
sc reaming into a morass which it has 
until now successfully sidestepped. 

Daniel A Mersich, Attorney 
1262 Don Mills Rd , Suite 17 

Don Mills, Ontario 
CANADA 

/Doniel Mersich is o Tor onto lawyer 
whose practice is restricted to E OP 
matters.. .CM/ • 

Continued from page 37 

is port of u feature that allows 
statemen ts numbers to be inter
preted.). Readers ure welcome to 
contact me fo r further informa
tion on this in terpreter. 

I found one additional error: In the 
right center section of figure 5 on page 
6 1, the second line in the box above the 
ERROR 2 terminal should read "+S(J) 
/ IOCOUNT". 

My thanks to Mr Dickey and to the 
many other eagle-eyed readers who 
wrote in to report these errors. • 

A Revision to " Usi ng a Keyboard ROM " 

The article on using a KR2376 key
board encoder ROM in the May 1977 
BYTE, page 76, would have been a 
great he lp ra ther than a hindrance had 
the author supplied the connections 
for the standard version of this device 
(as was claimed) in hi s figure 2. I offer 
a revised figure which agrees with th e 
code assignme nt cha rt s su ppicd in both 
the G I and SMC data sheets and, I be
la ted ly discove red , Don Lancaster's 
TVT Cookbook. There is very little 
in common between the two charts. 
The author was obviously working with 
a nonstandard unit. 

Dr Samuel I Green 
13052 Ferntrails Ln 

Creve Coeur MO 63141 
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tion from GI, who informs us that the 
unit by Mr Brehm was indeed a surplus 
pare obtained from a manufacturer of 
custom encoded key boards. • 

N = Normal 
S = Shift 
C = Control 
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Available now at these leading dealers 
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SEE FULL PAGE AD ON PAGE 93 FOR DETAILS.I 
Circle 58 on inqu i ry card. 
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Do You Need the Real Time? 


Gregory A R Trollope There are a number of ways of implemen
433 Cherry Ln ting a real time clock for a microcomputer 
Lewiston NY 14092 system. With the many different clock chips 

avai lab le on the market, it wou ld seem 
natural to try to interface to one of these. If 
the requirements set for a rea l time clock 

Re AL T IME CL~K r 0R MI KbUG SYSTtMS 

uOO Jo ..00040 
o005u •..,. CENEHAL INSTHUCTl0NS••• 

00060 

00070 ArTtR L"AOll·G TH I S PtAL I ! ME CL.,CK ~A C" AGe , 

ooveu EXIJ MI KBUU o! TH !Ht U C;JMM ANO , THtREb~ 

0009v ENrtRINU 1Ht CL"'CK ! NI I JALISAJ l l!N R0Ur!Nc . 

W I OU Tilt R"U l lN< fllLL llE"IUkN r" MIKUUG I r" G" f;J

vO llu THt Dl;M.-J!l$fH AT l 0N , TY~t C AGAIN . lHIS ~ ILL 

VO I W PRllT lllE llUt EVtRY I "R 2 StC"NUS . 

VOIJO T0 HIT . tll 1 1111- B~EM KE f cm1 ANY l!TllER KH . 

OO l4 u Sl: Vl:R AL T JMl:S l . IYP l l • ~ G •I ll RF JURN H! 1111: 

00 15v OE M~N SfRA l l N . 

U0 16u v7W l!RG A 5100 

00 170 

uo1au •••CL~CK C~UNJ~kS 
OOl 9u u700 oo llR r<;b A 0 C"lllAIN~ (24 - l("uqs> 
v020U 0701 1)1, Mll4 rt..:H A <J (60- Mlr15J 
u02 1v 0702 ov Ste rCU A 0 IOU-Sl:CS I 
vOl2u U70J OV S~L l rCH A 0 CIU- 01:<.:ISECS> 
U02Ju .U02 40 
uo2so 1u111 CL0C~ lf~ITIALI~Al I/r1 PuJ1Jri1: ...-.. 
vDl6U 
uono .u02~0 
u029U .,. l.:tlllH Tttc Tlld- l!j THt h:m1.-A1 
.JU.JOU IUIMY 
00.J l v " :: . G. 18:JJ r~~ tlfrJ S ~AS1 6 P,.1, 
oo,2v «NlE Jill LAS 1 Dlu l I ~II IHL J !ME SIG!IAL 
uOJJU . 
uo •u u7U4 01" CL...cr 5i, I SH'P CL~~K 


UOJ5u 070" Bo u7 LUA A • I c.::IH uUlle Sf< I ~ c P~ll I I 

.JU.J6u I 70 / H/ d01t SI A A l SeOI• AS lHt CL..>CK l'•I F~rACt 

UOJ6" 

u0J7v v 70A !IU 111 ri5R ~ II .? vt J H11 

uo,Bu v70C oo 18 LIJA A • ]4 


vOJ9u v 70E I v 5c A 

.AJ•C1v u 70F HI 0700 S 1A A f rtk St l H~1Ut-i:) 


v041v 0 712 !IU 11 dSn Q II•? Gel ... 

u042U 0 71" do JC LUA A • 6C 

UO• Ju u7 1o HI U7U2 S IA A E ~l:C SE f Sd.:S H_~ 0 

\JO.d '1 U 0 "/ I Y I 1..; SbA 

U0•5u u 7 1A U7 J 7UI SIA A I lol[!. Sc !JJ, , ~ 


v046U CJ7 I 0 uo OA LUA A . I ~ 


uU•7v 0 711" bl o7vJ :, 1A A E S~l l 1 Sd ~t'LI J ~ 

u04Ru v·172 Oc <.:LI ,. fll!l Cl~l.~ 

V04Yv U72J 2V o~ tHIA " .,2 

voono 
..AJ'J lu 072'J UL r:O AA lu.i! J :.ifl l :;,t.t AA , I NttLA "' t·/J.tlJ Li l Lill 
vU";>u Ono •c ASL A ~· ;> 
U0":J]U U / 2 7 I t• f AH 

Listing 7a: The real time clock software for a 6800 system which uses an I RQ 
interrupt input from a PIA port. This routine is intended to be used with the 
Motorola MI KBUG software, and includes provision for setting time of 
day in hours, minutes and seconds. 

Note : This assembler uses a format in which explicit indication of address 
type is indicated where one mnemonic has several possibilities. Thus, for 
example, LDA A # 7 means use immediate (#) addressing of the operand 
7, while LDA A E 7 means use extended addressing (E) of the operand at 
memory location 7. Other abbreviations seen in this listing are R for relative 
addressing (branches only}, I for immediate 2 byte operand; and A designates 
an assembler directive. 

design are: the computer hould be able to 
read the clock when necessary , the clock 
should keep time whi le other programs arc 
executing, and one should be able to set the 
clock by computer comm ands, then use of 
external hardware can be a mot difficult 
challenge. Taking a sortware approach using 
minimal hardware can be a most attractive 
alternative. In the implementation described 
here, the computer itself counts ·1/10 second 
pulses, derived from the 50/60 Hz line, 
in four memory bytes, one each for hours, 
minutes, seconds and deciseconds. Setting 
the time becomes a process of writing th e 
correct time to memory ; reading the time , 
one of read ing memory. 

To enab le other progr<1ms to execute 
while the clock is being maintained, the 
computer is forced into the clock counting 
routine only on the arrival of each 1/10 
second pulse, and stays in the routine for 
on ly as long as necessary to perform the 
rather simp le ca lcul at ions before return in g 
to the program that was executing. In my 
version this is ach ieved by using the inter
rupt req uest line o r th e 6800 processor, 
although it is conceivable th at the NMI 
(nonmaskable interrupt) of the 6800 could 
be used as we ll. 

Pin 4 of the 6800 processor is designated 
the I RQ li ne. When this line has a transition 
from logic 1 (~ +5 V) to logic 0 (ground}, 
the processor finishes its current instruction, 
stacks all the registers and the address of 
the next instruction, then branches to the 
memory location conta ined in the memory 
bytes that respond to hex adecimal addresses 
FFF8 and FFF9. In systems using Motor
ola's MI KBUG monitor, such as the SwTPC 
6800 computer, the interrupt vector 
addresses are in MIKBUG and poi nt to 
another address in MIKBUG so that control 
of the processor is passed to Ml KBUG after 
the interrupt has happened. MIKBUG duti
rul ly passes control on by branching to the 
address contained in its volatile user memory 
at hexadecimal locations AOOO and AOOl . Ir 
this address happens to be that of clock 
counting routine, it wi ll receive control. 
Since all the registers and machine states 
have been saved, we ca n use them to do the 



cou nting without worrying. When we have Listing la, continued: 
done all that needs Lo be done, the RTI 

.JO? ilU .J/).A ,r A~L A H• dinstruction restores the registers and 
J0:J'..IV 7l:> 4c A ~L A ! '* H 

branches back to the program that was 	 .JU~(l.., lh I c A:...A t ._ ,_ • 1, _. ,.-:: I • I J 

vv·_./...., f'L1 Ir I A!~ .,,...., .... 

in Lerr up 1ed. 	 fir-:. t>I 1 AA J ' ~L J..A ~t;,..,. 1ll.l l1vl)'''"'v 
... :J-;...iu u/ JI 1, AJA '), JBut how do we in terface a signa l to IRQ? I !l ,,, 	 j I 

llJtif'u LAU I VL 

v'.>o l..., I ~ J ,,The simples t way might be Lo connect it 	 '',
v\)<,,..·v 
,,JlJ(JjlJdirectly, but if one wishes to pre erve the 
vUoAu 
vvo'"~voption of finding out what caused the inter
vVC>t v ( .h:1J o ftA1·""nt!:. 11c.I· i: 

1111rupt, some addi tional logic is necessary_ 	 .JVu7v 
vOoMv u iJ4 l 1iJ "·"'tt AuWhile there are probably all sorts of clever v0t>9u * 
v070o.J -11 (J J,~1.t:"t ,.-.1Ll.> n• A' t .:1 'LI• I !l,.-••.H ! Jways of doing this, a convenient way to ..>U/lv 

uOl?.J 1 734 .(. J l r LlJA A ~bOlr IP" 1·11.,I 1..:L,1 ... ~ I .in~rA ; !
impl ement it is by using a periphera l inter
..JVl1J O'(j / )A 2Y u~L :11 J.. ~ •_;I I Ir j, . 11" I 

face adapter (PIA) . The SwTPC 6800 com	 v~/4v O/J~ U~ oU I ~ LUA A .. bVlc cu~"r< l.dU•-<l..r'I 
..rJ , ...._.,; 1~ -nc 7A u lvJ lllL !>VI I I <.:Pt- h•I L ..~· •I t'> 

puter which I use has a parallel interface .;Ulft..; f'l lr- lCJ .t'1 l) l' t- ,..·11 "Ol'A'lt..:11 Ir r..JT It~ t. 
vO 17v 0 741 tiCi u>. L!•A It llt:~l- l

card which has a PIA. This has 16 data lines 	 v07Ru IJ7•1J U I '1 1VJ S i A F ' ~I'll J 
..iU/YU n7 4 CJ /A iJ 7U1 IJt:C I- 'itC lJt:Cl'r: .. b j l •t} I 1,.-..·01. l:-r1' and four contro l Iines. We will use one of the vOoOU u"/ 4~ ?o 17 t114C ~ ••• l:l'i...oO 

kl I 
UlldlU ul • d Ho 3C LvA Acontro l lines, CBl, to latch the clock pulses 
vUd?U U740 !l / J 7U) S 1A A E StC 

and provide input condi tioning of the inter U0d u rJ!-,U IA ·HU I IJLC 
p 
F '.IW 

vUd 4U 07SJ ~o Ull tltiH: H I 
rup t signal. Part of the cl ock setting routine .Nd'>U 0755 U I u / UI S IA A I· 

1.1Ud6U U7".ld 7A u/..JU ucC ~ rlk'" 
must be to configure the Pl A properly, and JOd7u u /~~ 20 n5 J<IE p lf1I 

JOdllu u l~ll tlO I rl LUA A • ; 4 
part of the interrupt routine to acknowledge 	 UOo~v UI~~ bl U/JU >I A A F !IP 

uoynu o I 6l J t. 1111 WI Ithe interrupt, which is achieved by reading .JO.,.IU 
vU'Jo20the PIA B data register, but more of the 
V0•1Jo •••t.:Ll\,;' wc..V"1il~Jr>At Jrtt. ••• 
<J0Y41J 
..,U·l~.J uµ A,tC.I Hbft " At-. IJALL 'I 

details later. 
A se lf-s upporting real time clock package UOvflu . 

..;•.N7v o 1oJ Cc.. I • IJi..:1:0 l1JA " • L4 C6M.r'Lt: .. 1:1 1 I
is given in listing 1b. The package is assem v0Y8V v/O~ rU 01VV SUu u E IF f11JURS 

u019u 070ri ti1, .' r t~:,R .>lJI ~k 111 rbled al hexadecima l location 0700 so as to 	 ulUDu ul6A c~ JC LUA " .
p 

<>0 ' 11151 

vlulv V70C ~u U lul iUc• ) E • 1·. 
ulu'u uJ6~ ~~ J~ ,1:,k I> .;IJT Vii Jrl' 
UIUJu 0 77 1 Co JC LUA 6u SCCS 
u l Ul\v "' ''.J ru n7vt_ ~Un " u 5cC 
v1,J5U u77o fl.. 2 1 J~R 0 ~u·1 Vh 111 l 
UIUt">U 

The more astute s1udents of MIKBUG 
will notice that the control line CA1 of the vlu7J 0770 CL L I YU LllX >t:l ...o " 4CL ' 51 . •u C11 /Lr 

MIKBUG serial control PIA is configured by vl~~v 071o ~~ ~UI~ J~P S~(1 It " i'UA11\I " 
olU9.;

MIKBUG to cause an interrupt on iu tran  U 1100 0 77 1: BO 0 702 LOA A E SEC SAVE Jt<E 
sition ; CA1 is left free in the SwTPC serial 0 I 11 u u1a I Fo 800 4 01 L OA li E >BOO • TES I H"k SRt AK 

01120 U784 2A 07 BVL R 02control interface; and interrupts can be 01 130 
passed to the IRQ line. It is possible to U ll4U 0786 tl l 07u2 CMP A E SEC TI ME CHANvEO? 

Ull5U 0769 27 "6 HtO R Il l L00P JIU. IT 001:5Implement the clock, then, by routing the Ul l 6U 078~ 2U 0 6 BRA R OE~. frl PRINT T IME AGAIN 
clock pulses to this MIKBUG oriented UI I 7U 

ul 180 0760 Ct 0763 IU LO X lltMI! l"llANSr Ek DE M0 STARTIN GPIA. with one proviso: that the Interface U 1190 0 790 F" A0 4tl s x SA048 AOOkESS 10 ~TACK 
not be used for IOI It is an Idiosyncrasy of 0 12 0U 0793 7" A043 CLR SA0 43 CLEAR INTERkUPT MASK 

U l21U 0796 71: EOl:3 JMP E St0t3 Tll ' Cllll rR0L 'the PIA that if you happen to be reading Ul22U eco C"'-IVERS 1011* the data register when the interrupt occurs, 	 0 12 30 0799 ., 0U1 CLR A A H0LDS HIGH l!IRCJER OIVIT 
Ul24U 0 79A Cl UA 01 CMP B , 10 B> 9 ?the IRO bit in the control register will not 0 1250 079C 2tl 06 BMJ R 02 00NE I r lldl 

be set, even though the interrupt routine will Ul260 079E BB 10 ADO A , S10 A•A• SIO 
01270 07 AO CO OA SUB B , 10 B•B - 10be entered - 99.99...% of the time. Thus if 0 1280 07 A2 20 •6 BRA L00P

MIKBUG is doing its 10 at the same time as ull90 07A4 l b 02 ABA 
R "' 0NLY •·•llRKS F0R 1'05 <t!O 

Ol30Uthe clock pulse occurs, there is a small, but non ulJ IU 0 7A5 30 PSH A VALUE T" STACK 
zero chance, that some interrupts will be UIJ2U 07 A6 )U rsx X Vll lNlS T" VALUE 
lost, causing long term timing inaccuracies Ul33U U7 A7 Bu l:O~A JSR E SEOCA ' l!IUT2~tS ' • • •T.6 PQ JN VALUE + SP ACt 

0 13 41.l 07 M 31 INS CLEAN UV STACK 
for a continuously running real time clock. U I J 50 0 7A8 JY R S 

0 1360 
UIJ70 
UIJBu * SET JN -RPUP REOUEST VI V01 I l l MI KHUG 
ul 390 * 

.J )U<U)1'lr·)O• 11:,,,JI U u 1400 AOOO "RG A SAOOO 
j I\ •iv I ,1,,,J,JOO(J1.>0'J-.1(""0:('t.., I :.17rrJ Ir ...,-11 tJ~f't I R I ,a·, "Iv I ~Lr 0 1410 AUOO 0734 t'US A I R() 
JI I lv/1., Jll I lu~Ji":u/.., / ..J./ I OH /u1JlttvAc:7L IC' '>IJ U l42U 
J l 1 ~v /, .~Ul:-1\)0o ">t:vAA•1c> I tl .. io&b I •> I f,t >t: AA I ~.<~ U l 4JO CLE AR INTERRUPI MASK 
..,1 .... i,,1rJIJ~IOJ•d2 0 144U •••• _•• MUST AL~AYS RtMtMd!:R 1;J O;J TH I S UE, 0RE 
, l l'nJf_,'1do.J•..• lt-. A/'Jl~C'l:>vl1-1Av7uu.r-.:ltt'XJA· 1C 1UJ·;f 	 U l4 5U LEAVING MIKDUG, 0R i HI: CL0CK MAY BE ST0VPED 
.J 11 1.>U ' ··V 7AV/v/.._ I 7rtO.JC.tJU/u} IAU7(; 1./tlo1,,;df·7u ,,., !.. I u l46U dY MIKBUG ' S ' R I'. 
JI I ~.J ht~ I A~. 7VU" 61J-...dO I ol; 7u /;..AJJ..J\..f.. I n t r"lv f fOl'J 1) 1470 AU43 ~HG A H043 
.> 1 I Jv ,,, · »i.J,'l'L tJJ>..:r.JU 7.; I oi.J.?r3\..(,J<.:rr"lv 1'J}UD} I c.... 0 1480 A04J UV l'CB A U 
_, I l '1U ·; /o~ct:.1 Yu:..i:>cU /c.uGU70.:>rooUv11 2Au J,, H. 7C12t· 1 vi •9u 
Jll ..Jll1~127~nLU1 f,~r:U-1->Jt+AJ•lr/r-A• •• Jlh;VlJr>/ U l 'JOU SE f CL~C ~l:T AOO~ESS 
.J t I 11\,.1/-JY-lt·C11.JA.._ ·t..io~':l I C.:01 AlfJrO 11 JC>JOoLt Ul A 1~P Ul~ I U AU48 ;JRG A SA0 4B 
J lvi.>...i//..A ii iJ1 r- u I ~2u A048 0 7U• r OB A CL0CK 
__,tv'.>11._1._.u )"/ i•! It- Ol~Ju 
J lv·i"1.1·+J )J l tl v l ~40 A04A cllO A 
-ilu., AJ•: uu7u.: "' 1 

:.YM8.JL I Atl Lt 
rlR 0700 Ml 0701 SEC U702 SPLI f 0703 CL.!CK 0704Listing lb: Object code listing in MIKBUG 
I N2 0 725 IHO 0134 RTI 0 762 Ol:Mll 0/63 Ul 07d l 

format for the real time clock program of U2 078U u lJ7<19 U79A 162 0 7A4 "1. IM O EOUA 
" BAf'IJ E0 47 ""un_ E067 "' <1llUTR ~068 UPOAT Eo7E 1rJU2 EOUF 

figure la. w~U2~ l:UCA ·l"U• S !:OCB llllUS !:OCC wJN loE EIAC w0UTt E I OI 
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be at the top end of the 2 K suppl icd with 
the SwTPC machine, as it was originally sold 
before 4 K became standard. Modifications 
to load at other locations are only minor. 
The package consists of a number of sep
arate segments as follows. 

The Clock Counters 

Four bytes are reserved for the hours, 
minutes, seconds and deciseconds clock 
counters. Each actually contains the natural 
complement of the value, eg: (24- hours) or 
(60- minutes). 

The Clock Initialization Routine. 

On entering this routine, two pairs 
of two digits must be ente red . These are 
read using the MIKBUG INHEX routine 
a t hexadecimal EOAA. The first of the pair 
is multiplied by 10, by shifting and adding, 
and added to the second. The first sum is 
used to set the hours, the second, minutes. 
Seconds and split seconds are set to zero. 
The fourth digit is entered only on the time 
signal, generated by WWV, for example. To 
prevent the time from being changed while 
waiting for the time signal, the clock is 
inhibited by the SEI instruction and freed 
when the clock is set by the CU instruc
tion. 

The Clock Counting Routine 

This routine is entered when the pro
cessor is interrupted, provided the entry 
point is placed in the MIKBUG program
mable memory at hex adecimal AOOO and 
AOOl. The routine first checks that the 

LOCAL 
REGULATOR 

clock PIA did in fact cause the interrupt, 
and acknowledges it by reading the PIA data 
register. The decisecond counter is decre
mented and tested. If it has not reached 
zero, the routine returns to the interrupted 
program, via the RTI. If it has, the counter is 
reset to 10 and the minutes counter decre
mented and tested, and so on. While it may 
seem that the computer has a lot to do to 
keep up with the clock, it utilizes only a 
tenth of a percent of real time during the 
worst case midnight rollover, and about half 
that normally. 

A Clock Demonstration Routine 

A clock demonstration routine has been 
included in the package and need only be 
loaded for testing purposes, as ordinarily the 
clock would be accessed by the main pro
gram. The routine prints the time, in hours, 
minutes and seconds at 1 or 2 second inter
vals depending on the printer speed. A short 
routine is used to convert the binary com
plement of the clock to binary coded deci
mal (BCD) so that it can be printed in hexa
decimal by the OUT2HS routine in 
MIKBUG at hexadecimal EOCA. After 
sending CR/LF/* using the Ml KBUG 
PDATA 1 to send the MIKBUG MCL string, 
the seconds timer is read. The program waits 
in a loop comparing this value with the 
seconds timer and when a difference is 
found, the routine loops to print the time 
again. Also in the loop the routine tests the 
high order bit of the A data register of the 
control interface. If this is not 1, it means 
the operator pressed a key, so the routine 

7 - 8VDC 
ICI +5V
7805 

DI 

16 

VDD 

-r 10"'516 

14 
ca 028 

15 
CA 03A 

RI R212VAC 
27K 47K +5/6 vss 

11 8 

•50 - 60Hz 
(FROM SWTPC 6800 +5V 

D2POWER SUPPLY 

TRANSFORMER C l 
 t5SECONDARY) O. l .11-F 

MYLAR 

•SE T JUMPER FOR - 5 IF 50 Hz 
OR .:..5 IF 60Hz "- 6 

IC2 
MCl4566 10 Hz 

TO CBI INPUT OF PIA 
AT HEX LOCATION 
BOI C·801F 

I Hz 
6 

(OPTIONAL RATE· 
LISTING I SOFTWARE 
MUST BE MODIFIED) 

DIODES : IN4148,ETC. 

Figure 7: A way to derive the power line base of 60 cycles per second (North America} or 50 cycles per second (Europe). The 
low voltage secondary of the transformer in the power supply drives the Motorola MC74566, a programmable divider with ratios 
of 5 or 6. A second stage can optionally create 7 Hz as well as the 7 0 Hz signal assumed by the software of listings 1. 
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branches back to the Ml KBUG CONTROL. 
This kind of approach should always be used 
to return to MIKBUG, for the RESET 
button will stop the clock by setting the 
interrupt mask . Also if bit 4 of condition 
codes on the stack (hexadecimal A043) is 
1, the mask wil I be set upon execution of 
the G command, which should be avoided. 

The ti ming pulses themselves are derived 
fro m the 50 or 60 Hz line using the circuit 
given in figure 1. The components can be 
mounted on a small piece of Micro-Vector 
board, supported at right angles to the base 
plate of the SwTPC 6800's box, near the 
+12 V supp ly board. Three short wires can 
then be run to one of the 12 VAC trans
fo rmer leads, to the unregulated 7-8 VDC, 
and to ground. The ou tput pulses can be 
strung directly to the Cl pin of a PI A board. 
The heart of the circuit is the Motorola 
MCl 4566 Industrial Time Base Generator. 
This MOS device contains a divide by 10 
ripple counte r and a divide by 5 or divide 
by 6 ripp le counter for counting from a 
50 or 60 Hz I ine. Pulse shapers on the 
inputs accept slo w rise time inp u ts, bu t 
it is necessary to fi lter the line signal 
with R 1 and Cl to remove noise . The 
two diodes and R2 convert the signal 
app roximate ly to a square wave for the 
coun ters. 76 is achieved by strapping 
pin 11 to ground, to +5 V for 75. 

Programming Considerations 

A potentially dangerous way of moving a 
string of bytes from one location to another 
is to use the stack pointer as an index regis
ter. It is only dangerous in a case where in
terrupts are continuously allowed, as with 
this clock. For example, one might use the 
routi ne of listing 2 to move the 100 bytes 
starting at OLD to 100 bytes starti ng at 
NE W. 

If an interrupt occurs during the execu
t ion of this segment, those bytes just before 
the stack poi nter wi ll be zapped with the 
register information, which is probab ly un
desirable! In general, when such a technique 
is used to coordinate mu ltibyte operations, 
it would be desirab le to inhibit the inter
rupt. This can be done with the instruction 
SEI wh ich sets the in terrup t mask, t hereby 
prevent ing the in te rru pts. The companion 
instruction CL! clears the mask, enabling 
the interrupt. Thus the segment given 
would be preceeded by an SE ! and followed 
by a CL! . All is fi ne, provided we do not 
set the mask for so long that the next inter
rupt is lost. This is a perfect example of why 
at least two full index registers should be 
incorporated in each microprocessor's 
design. With the routine given, one can 

OLD RMB 100 
NEW RMB 100 
SAVSP FOB 

STS SAVSP Save stack pointer 
LOS ~OLD- 1 ) First byte pulled will be at OLD 
LOX #NEW First byte deposi ted at NEW 

LOOP PULA Get byte 
STA AX Store 
INX Advance X 
CPX ~NEW+100) (NEW+99) was last to move 
BNE LOOP Loop till done 
LOS SA VSP Reload stack poi nter 

Listing 2. 

move about 4 K bytes in 1/10 second, which 
is probab ly adequate for most purposes. 
When used with other software, you 'I I th us 
need to check carefully to make sure that 
any such manipulations of the stack pointer 
are consistent with the ex istence of a steady 
interrupt source. But once you've got a 
steady clock program going, a number of 
new possibilities will be open: time taggi ng 
fi les, extending the counters to keep track 
of days, weeks and years for scheduling 
personal events to be signalled when the 
time is ripe, etc. • 

Special BK RAM assembled and tested $185.00 

Get the Best in 
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Processing Systems 
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Timesharing Appllcatlons 


Also a complete line of personal computers 
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• Compucolor • DTC 
• TDL • Books/Magazines 
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Circle 140 o n 1nqu1ry ca rd . 

microprocessors: 
from chips to systems 
Rodnay Zaks $9.95 
Ref C201,400p, 150 illustrations 

This book is based on the author's experi
ence in teaching microprocessors to more 
than 2000 persons. It takes you step by step 
from the basic concepts to the actual inter
facing techniques. 

CONTENTS: Fundamental concepts; Internal 
operation of an MPU, System chips; Com
parative Microprocessors Evaluation; As
sembling a System; Applications; Interfacing; 
System Development; The Future. 

Name_____________2161 Shattuck Ave., 
Berkeley, Ca 94704 

Positiontel : (415) 848-8233 
IN EUROPE: Company - ------ ---
313 rue Lecourbe Address_______ _____
75015-Parls, France 

8 
Amount enclosed: _ ___ ____ _ 
(in California add tax} 
O Bankamerlcard D Mastercharge 
Number _______Expires__ 

Signature ____________ 

Fast Shipping: add $1 .00 (UPS) BYTE 

- - A Collection of Programming Problems and Techniques, by H A 
Maurer & M R Will iams. Here's a book that presents you with pro
blems! Nearly 400 of them, in fact: problems in games l ike chess, 
bridge, and NIM ; pract ical p roblems such as applications of the law 
o f sines. Cramer's ru le for solving simultaneous equations, and 
applications of Latin squares to problems in probability; and more 
advanced compu ter science topics such as the use of Backus-Naur 
form . One quarter of the book is devoted to an appendix that gives 
stymied readers hints on how to p roceed with solutions to t he pro
blems. The most valuable feature of the book , though, is its careful 
and thorough explanation of the use of algorithms to so lve pro
blems . No dyed-in -the-wool programmer or exper imenter w i ll be 
able t o read this book for very long before try ing to so lve the 
tantalizing and well -presented problems. $13 .50 . 

BITS Inc 

70 Main StA 
COLLECTION Peterborough NH 03458 
OF 
PROGRAMMING 
PROBLEMS 

For ease i n ordering, use couponsAND 
TECHNIQUES on pages 142-144 or 153. Make 

sure you write in this book's 
name . In unusual cases, processing 
may exceed 30 days. 

Circle 12 on inquiry card. 

Comments on Live Board 


Removal and Insertion 


SA Stough 

24802 Olive Tree Ln 

Los Altos CA 94022 

In reference to the Technical Forum item 
in the July 1977 BYTE o n page 150, " Is 
this a valid hot board placement proce
dure?" I have the follow ing comme nts: 

The suggested procedure in t he reference 
has a near certain probability of causing 
catastrophic overstress of parts because of 
the virtua l im possibi lity of maintaining 
sufficient a lig nmen t acc uracy during board 
removal or install at io n. 

The close intercard spacing on most sys
tems makes it very difficult to visua ll y check 
alignme nt during insta llation. Even a rigid 
card frame will allow sufficient misalignment 
in the p lane of the board to cause a momen
tary short between two or more pins. 

Once installed, the boa rd misalignment 
can typically be as much as one third of the 
pin to pin spacing. This reduces the margin 
for error to a misalignment angle of on ly 
about ten degrees. Even with card ejectors 
working against a rigid metal card fra me, 
a momentary misalignment approaching 
th is magnitude is st ill possible. 

The procedu re could be especially d isas
trous with the most popular 100 pin bus 
where logic signals and high voltage sup ply 
lines use adjacent pins. 

Certain boards in h igh priced integrated 
systems use special buffering to allow power
on removal and installation where system 
down time is especially costly . Such would 
not seem to be true of personal computer 
systems. It would seem to be an unaccept
able risk to use any live board removal or 
insta llation p rocedure co nsidering the large 
number of damaged, degraded, and poten
tially degraded parts that would have to be 
replaced shou ld a momentary pin to pin 
short occur. The parts replacement time and 
effort would far outweigh the time saved 
in not reinitial izi ng the system for each 
board rep lacement. • 
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The SOROC 10120 
CURSOR CONTROL. Forespace. back
spCJc e, up, down , new line, return . home. 
lab. PLUS ABSOLUTE CURSOR AD
DRESS ING 

TRANSMISSION MODES. Conversation 
(hall and full Duplex) PLUS BLOCK 
MODE - transmit a page at a time . 

FIELD PROTECTION. Any part of the 
display can be "protected" to prevent 
overtyping . Protected fields are displayed 
at reduced intensity. 

EDITING. Clear screen. typeover. abso
lu t cursor addressing, erase to end of 
page, erase to end of line. erase to end 
of f1 Id . 

DISPLAY FORMAT. 24 lines by 80 char
ac ters ( 1 ,920 characters) _ 

CHARACTER SET. 96 characters total . 
Upper nd lower case ASC 11 . 

KEYBOARD. 73 keys inclu ding numeric 
key pad. 

171 

Specials of the Month 
North Star Micro Disk 
with power supply and cabinet ..... K it - $699 

Assembled - $ 799 

IMSAI 1-8080 with TDL ZPU ..... . K it - $825 
A ssembled - $975 

Digital Systems FDS Disk Dr ive with 
CP/M Software (assembled only) . Single - $1.750 

Dual - $2,350 

Mountain Hardware PROROM ... K it - $145 
Assembled - $2 10 

Vector Graphic 8K RAM ... .. .. . . K it - $235 
Assembled - $285 

XIMEDIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONAL COMPUTER ENTHUSIAST AND THE 
SMALL SYSTEM DESIGNER. LET US QUOTE ON ALL 
YOUR HARDWARE AND SOFTWARE NEEDS. 

OUR RETAIL STORE - THE COMPUTERISTtm - IS NOW 
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS. 

REPEAT KEY. 15 cps repeat ac tion. 

DATA RATES. Thumbwheel selectable 
fi o111 75 lo 19.200 baud NEW LOW PRICE 

SCREEN . 12 inch rectangular CRT - P4 Assembled $975.00 
phosphor 

NOW WE'RE 
TOLL FREE 

800-227-4440 
(in California, Hawaii, and Alaska, call collect : 

415/566-7472) 

California 

1290 24th Avenue, San Francisco, CA 94122 
(415) 5667472 

COO orders fre igh t collect Orders with payment shipped prepaid 
residents add 6% sales tax Please allow 3 weetts for delivery 
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NIMBLE: 


NIM is a 2 player game in which the 
players a lternately remove counters from a 
pi le according to some rule . The player 
removing the last counter is either the 
winner or loser depending upon the varia
tion. One important characteristic of NIM is 
that exactly one player has a winning strat
egy available to him at the start of the game. 
That is to say, if the game is played 
"perfectly," the winner will be determined 
before the game begins. 

Two examp les will better illustrate these 
points. Suppose that there are 100 counters 
and that each p layer in his turn must take at 
least one, but no more than ten, counters. In 
case 1 consider the player taking the last 
counter as the winner and in case 2 the loser . 

The winning strategy in case 1 belongs to 
player 1. He must take one counter on his 
first move, and in each successive turn take 
enough counters so that both players to
gether will remove 11 counters. After player 

Game 1 

Pile 1 Pile 2 

3 1 

Pile 1 

1 

Game 2 

Pile 2 

2 

Pile 3 

3 

Pile 1 

9 

Game 3 

Pile 2 

6 

Pile 3 

4 

Pile 1 

6 

Game4 

Pile 2 

5 

Pile 3 

3 

Figure 7: These are the starting positions of four simple NIM type games. If 
the game is played so that the player removing the last counter wins, player 7 
has the advantage in game 7, and player 2 has an advantage in game 2. Player 
7 should win game 3, and player 2 should win game 4 if a perfect game is 
played. 

The Ultimate NIM? 


Irwin Dolinar 
POB 290 
Owings Mills MO 21117 

1 has taken his turns the number of counters 
remaining wi ll be 99, 88, 77, . . . , 11, and 
finally 0. 

Player 2 has the win ning trategy in case 
2. In each successive turn he must take 
enough counters so that both players to
gether will remove 11 counters. After player 
2 has take n his turns, the number of 
counters remaining after each rou nd will be 
89, 78, 67, and so o n down to 12 and final ly 
1. On his last turn, playe r 1 will be obl iged 
to take the last counter and therefore lose 
the game. 

With either of these games you will 
doubtless beat an unsu pecting opponent 
several t imes, even if you let him play in the 
favored position. But eventually, even the 
most casual ob erver will notice the in
variance of your line of play regardless of 
what he does. Once he catches on you must 
fi nd yourself another victim. 

NIMBLE is the extension of NIM to a 
game with several piles and a slightly dif
ferent rule for removing counters. It, too, 
has a winning strategy for exactly one of the 
players. Th is strategy is slightly more dif
ficult to explain than the ear lier ones, 
but much more difficult to spot. In fact, 
trying to learn the correc t line of play 
from watching a knowledgeable player 
is like trying to ca tch a ho usefly in your 
hand: very often you wi ll think you have 
him but when you o pen your hand, he's 
gone . It is for this reason that the game des
cribed here was called NIMBLE. It is similar 
to NIM but requires greater mental agility. 

The rules of NIMBLE may be stated very 
simply. It is played with any number of 
piles, each of which may contain any num
ber of counters; these numbers are fixed at 
the start of each game. Each player in turn 
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jack play NIMBLE 

jack be quick, 


Jack must learn 

The computer's trick . 


removes a quantity of counters from a ingle 
pil e. He must remove at least one counter, 
but he may remove the entire pile. The 
player removing the last counter wins the 
game. For illustration, consider games 1 and 
2 in figure 1. Player 1 has the favored 
position in game 1. If he is to win, he must 
remove two counters from pile I at his first 
play. Then player 2 must remove one of th e 
two remaining counters and player 1 takes 
the other. In game 2 the advantage is not so 
obvious, but it belongs to player 2. No 
matter what player 1 does , player 2 will 
reduce the game to two equal piles. Then 
player 2 must remove from one pile what
ever player 1 removed from the other. 

It is not always so obvious which player 
has the advantage or, in fact, how to use it; 
for example, consider the two slightly more 
difficult examples in games 3 and 4. Unless 
you know the game strategy, it is not 
obvious that player 1 should win game 3, 
and player 2 should win game 4, assuming 
they play correctly. Before reading on, 
assum e that you are player 1 in game 3 and 
make your first play . Did you say "Take one 
from pile 3?" You lose! In fact, you lose 
un less you said "Take 7 from pi le 1." This 
tactic will become obvious once the winning 
strategy is explained. 

After becoming an expert at NIMBLE, 
you will get greater enjoyment from the 
game if you can empathize with your un
initiated friends' feelings of frustration, feel
ings which can better be appreciated if you 
have been in the same situation yourself. So, 
if you enjoy making your own discoveries, 
put this program on your computer (without 
going too deeply into the logic} and play 
against it for a while as a novice. 

Before typing in th e program, there are 
some statements that may have to be 
changed to make them more digestible to 
your computer. 

1. 	The BASIC package I used does not 
have a RANDOMIZE statement. State
ments 300 to 350 erve that purpose. 

2. 	Colons (:} were u ed in statements 10 
to 70 to signify remarks in place of 
REM . 

Listing 7: A BASIC language source listing for NIMBLE. 

101 NIMBLE 
20 I 
30 I 
40: 'wttJTlEN BY l k I N OOLINEh 
50 1 AU GUST, 19 76 
69 I 
701 
se PRINT ' NEEn IN STRUCTIONS ' ; 
90 GOSUB 1900 
1ee IF AS•'N' GO TO 290 
I tn PRINT 
120 PRINT "IN THI S GAME Of Nl"BLE T ~O PL AY E~S ARE CON f HONllO ~llH y • 
130 PRINl 't2cPc7 > PILES OF 0BJ£CT~ WllH N<l> << 0 cic •P> ~ <~<~N< t>< 64 >> ' 
1•0 PRINT · oeJECTS IN PILE 1. EACH PLAYE~ IN TURN ~UST SELECT ONE· 
J se PRINT ' PILE AN TAKE ANY UAN1 I il' FROM THAT PILL fhOM I 1 0 ALL·. 
160 PRINT ' THE PLAYEH TO TAKE THE L.A Sl OBJECT I S THE \.I NNER · ' 
178 PRINT ' THE GAME IS BEGlll' WITH A COIN TOSS·THE •INN ER OF TH Al 1055 ' 
188 PRINT 'HA S THE RIGHl TO IN DICATE A PREFEHE:NCE FOH GOING Fl n~1 · 
198 PRINT ' OR SECOND . ' 
200 PfllNT •you tN DI CA1E YOUR HOVE BY P10 " HEkE P•THE. PILE Nl>tBE.th I 

2 l0 PRINT 'AND Q•TH£ OUANTITY ·' 
220 PRJN T ' ONCE YOU LEARN T~E PROPEH S l HA1£GY YOU SHOlA.O lit.AT TH 
230 P~INT "MACHIN E ABOUT 50 i OF THE TIME-TH ERE IS A ~INNIN G ~lHA LGt • 
248 PRINT 'WHI CH THE PHOGAAH USES. ' 
250 PJ:UNT 
260 PRINT ' G 0 0 0 L U C K I I I I ' 
270 PHINT 
280 	PRINT 
290 	 DIM GC616) 1 VC6>1NC6>1PC6>1~<2) 

300 PRINT 'PI CK A NU1BEH'; 
310 INPUT X 
320 PRINT 'THANK YOU! '; 
330 rnR l•I TO X 
349 T•RNO 
350 NEXT I 
360 19•6 
370 J9• 6 
380 f'OR I• I TO I 9 
390 V< I >•2•• ct- l > 
•00 NEXT I 
410 HAT G•~ER 
420 HAT N•ZEh 
llJS MAT P•tER 
440 19•6 
G!>0 PRINT 'SHOULD I S.El UP GAM~'; 
46e GOSUB 1900 
470 If AS.• 'N' GO l O !>90 
480 	 PH IN T 'IND I CATE DIF F I CULTY LEVEL<1·5>•1 
490 IN PUT i 9 
500 IF 19> 63 GOTO 480 

510 IF 19<1 GOTO 480 

520 	 19•19•1 
S30 N•1NTCHNO • <.J9•2>>+3 

540 FOR J• I TO N 

550 N<.J>•INT<RN0• <2 • V<1 9> ·1>hl 

5 68 GOSUB I 700 
5716 NEXT J 
580 GOTO 730 

5 90 PRINT 'HOW MANY P IL ES '; 

600 PRINT '< 3 ·'l J9 1'>': 
610 IN PUT N 
620 IF N<3 GOTO 608 
630 IF N> J9 GO TO 600 
6~a PRJNT ·Ho MANY IN PILE NO·' 
650 FOR .J • I TO N 
660 PH: INT .Jl 
6716 INPUT NC J> 
6 80 IF N<J>< 2 • V< l9> GOTO 1 10 
690 PRINT 'SELECT NU"JBEH~ LESS THAN '; 2 • V< 19 > 
700 GOTO 660 
710 GOSUB I 7A0 

720 NEXT J 

7 30 S• I 

740 PRINT 'I AM ABOUT TO TOSS A CO IN - CALL HOH T •; 

759 Tl•INT< 2 • RN0l 

760 INPUT Ai 

770 IF" AS. • "H• GOTO 8 19 

780 If AS.•"T ' GO TO 8 10 

790 PRINT · ooN ··r BE A ~ISEGUY - CALL HOR l • ; 

600 GO TO 768 
819 lf Tl •0 GOTO 840 
820 CS• 'H' 
6 30 GOTO 650 
840 c.. ·1· 
859 PRINT ' THE TOSS VA S 'J CS 
860 GOSUB 1180 
870 IF C• •A • GOTO 900 
880 PRINT ' MY CHO ICE - PONDER PONOEh PONOEH .. ' J 
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Listing 7, continued: 

890 GOTO 40 

90" PklNl ' YOOh CHOICt. - 00 YOU ir.ANl 10 GO FlkSl • ; 

910 GOSUB 19C0 
920 IF AS•'Y' GOTO 970 
930 GOTO 990 
9 40 F'OR I• I 10 I 9 
950 IF P<J >•I G010 99~ 
96~ NEXl I 
910 Pft lNT 'YOU GO J'IFiST - • ; 
980 GOTO 1010 
990 PR I NT 'I GO FJhST - •; 
I 000 S• <S- I I • • 2 
1010 IF S•l GOTO 1400 
1020 ··on 1•19TO I STEP - I 
1030 IF" P< I > •I GO TO 11~0 

1040 NE.Xl I 
10~0 J•INT(N • ANO> • I 
1060 IF NCJ>•0 GOlO 1050 
1070 T•JNT (N(J) • H.NO> • I 
1080 PHI NT USING 1230,J,T 
1090 GOTO 1560 
1 100 r.. vc 1 > 
I I 10 FOR J• 1 TO N 
1120 I F G<J , J>•I GOTO 1140 
I 130 NEXT J 
11'40 GC I ,J>•0 
11 50P< I >•0 
I I 60 FOli K• I TO I 
11 ·rn lf' P<K>•0 GOtO 1210 
1180 l•TH2• GU< . J> -l >• VCK' 
1190 GO< , J>•C GCK,,J)• I h• 2 
1200 PCKl•0 
1210 NEXT K 
1220 PRINT USING l2301J1t 
1230 1MY MOVE. JS 111.111 

1240 NC ,,.J>• N<J>•T 
1250 1' 0H J•l 10 N 
1260 IF N<J><>0 GOTO 1310 
1279 NEXT J 
1280 IF S•I GOTO 1 3 10 
1290 PklNl •t IN ltlfll •; 
I 3Bl:t GOTO 1320 
I 310 P~ONT ' YOU IN 111111 
1320 \ICS •l >• CS •l>• I 
13J0 PRINT 'PLAY AOAIN ' : 
13•0 oosue 1900 
13 S0 IF' A~··N · Goto 1970 
1360 GOTO 410 
1370 If S•I GOTO 1000 
I 380 GOSUB 180~ 

I 390 GOTO 1000 
1400 PRINT ' YOUR MOV£ '; 
1410 INPUl J , 1 
14 20 IF J>•I GOlO 1~60 

1.Q3Q PFtlNl · ~tCK A PILE F.ROM 1 10 ';N; 
l.cl40 INPIJl .J 
I 450 GOTO 1.Q20 
1460 IF" J>N GOTO 1430 
1470 lF N<J>>0 GOTO 15t0 
1480 PHINT ' THAT P IL E 15 EMPTY ' 
I 490 GOSUl:I I trnc 
I 500 GOTO 1•00 
1~10 lF T>•I GOTO l~~e 

1520 PRINT ' P I CK A UANTllY FROM I 10 'INf J> ; 
1530 INPUl T 
15•0 GOTO ISl0 
1~!>0 lF" T>N<J> GOTO 1 ~:2..-, 

1560 N<JhN<J>-T 
1 570 T•NCJ> 
I S80 ran 1•19 10 I SlEP -1 
1 ~90 IF Vfl>>T GOTO 1 65~ 

t 600 l•T-VC t J 
1610 I F G(J , J>•I GOTO 1680 
1620 (j(J1J>•l 
1630 PC J>•< P< l>-1> •• 2 
I 640 GO TO t 680 
1 6!>0 I F Ge l . J>•0 GOTO 1680 
1660 G<J ,J>•e 
1670 P<JJ•<P<l> -t >•• ? 
1680 NEXT I 
1690 GOTO I 250 
1700 f•NC.J) 
1 7 1 ~ FOtt I•l9 TO 1 STu> -I 
1720 If V<l>>T GOTO 1760 
1730 G<J , J>•I 
1740 T•T - V< I> 
17~0 P<ll•CPCIJ-1) •• :2 
I 760 NEXT I 
I 770 RETUkN 
1180 PRINT USING 1790,N 
17991 THERE AHE II PILES 
1800 PR I NT 
1810 ~ OH X•I 10 ~ 
1820 PRINT Xi 
1 83~ NEXT X 
18•0 PRINT 
l8S0 FOR X•l TON 
1660 PAINT NCX>; 
187Q NEXT X 
1880 PRINT 
1&90 hETURN 
1906 INPUT Al 
191'1 IF AS<>'N ' GOTO l9J0 
1920 RETURN 
193~ IF" AS<>'Y' GOTO 1950 
I 9<Q0 f\El URN 
19SQ PRINT 'AN ~ ER ONLY Y ORN '; 
1960 GOTO 1900 
1910 PAINT USING 1980,•<1>,~C2l 
198C I FINAL SCORE - ME Ill YOU Ill 

1990 END 

Figure 2: Three example moves from a typi
cal NIMBLE game. Figure 2a illustrates the 
board set up before the first move. Notice 
that all the rows have an even number of ls. 
Figure 2b shows the board after the first 
move. The (irst column now has an odd 
number of 7 s. The second player restores 
the binary balance by removing four 
counters from the third pile and leaves 
an even number of 7 s in each column. 

(2a) 
Quantity

Pile 
Number Decimal Binary 

1 3 0 1 1 
2 6 1 1 0 
3 5 1 0 1 

(2b) 
Quantity

Pile 
Number Decimal Binary 

1 3 0 1 1 
2 2 0 1 0 
3 5 1 0 1 

(2c) 
Quantity

Pile 
Number Decimal Binary 

1 3 0 1 1 
2 2 0 1 0 
3 1 0 0 1 

3. PRINT 	 USI G u c· <1 formal stale· 
ment ralher lhan a formal variable (sec 
1080, 1220, 1230, 1780, 1970, and 
1980). Thi may not be accep tab le to 
your BAS IC. 

Looking at the sample ru n, yo u will see 
that you have a choice of setting up the 
game yo ur elf and determining the number 
of piles and the quantity in each pile, or 
letting the computer do it. If the computer 
sets up the game, you must elect a 
difficulty level wh ich determines the 
maximum number in each pile. 

When the game is set up, the computer 
will simulate a coin toss; the winner will 
have the privilege of determining who hould 
pl<1y first. (If the computer ever wins the 
to s and lose the game, look for an error in 
copying the program .) Once you learn the 
strategy, the game will be decided on the 
coin toss {unle s you win the tos and make 
an error). You should begin your play by 
letting the computer set up the games at 
difficulty level 1 and 2. When you think 
that you have d iscovered the winning 
strategy, test your theory at the higher 
levels. 

If you di cover the strategy for beating 
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A CALL FOR SPEAKERS 


You read aboul the FIRST West Coast Cumpu lcr Faire 

in 


/Jyte. J111erjacc , Jge. f,:ifob01ul. Paso11a/ Co111p111i11g, etc. 

held in San r: rancisco last April 


• 13 .000 People • 200 Exhibitors • I 00 Speakers 

over 320 pages of published 0111j(•n•11cc Proceedings. 


Jtlell . .. 


WE'RE DOIN' IT AGAIN 


The SECOND West Coast Computer Faire 
will be held 1n 

The Uram! cw Convention Center in San Jose 

in the 


miclclle of .. Silicon Valley" - the south end of 1hc San hanc1 co Peninsula 

expec ting 


• 10.000- 1 5 .ODO Pl'opk • 5 0-1 00 Spcakns • I 50- 19 0 Ex h i hi tor~ 


March 3 4 5 1978 
tlam-f) / 'm 

(That 's right after Compcon conc ludes 111 San Fraric1sco) 

YOU Can Be A Part Of It: 

•Talk about your latest project • xhibit home brewed ystem •Organize & chair Co nference Section 

Wnte '"'"' for speaker 's instruct ions Prizes for best "homecooking" Help ga ther speakers """ want to hear 
Conference talks w ill be published (just li ke an old county fair) Assure the Conference has topics that inte rest v1111 

111/11.• /o b1· inc/11rll'CI i11 the /111blislwd Conference Proceedings 11111;/ arrfrc bv ft1111w r\' !. /!) 78. i11 lhc ri ·q11irl'd /nr11111/. 

Some of 1hc Conference Sections being planned : 
• Tuto rials for compu ter novices • Personal computers for ed uca tio n 
• Speech synLhesis & speech recogn itio n • Business systems using "home .. computers 
• Computer·drivcn & computer-assisted music systems • Computers & amateur rad io 
• Computer graphics & video art • Hardware & software design & implement ati on 
• Personal comp uters for the physical ly disabled • Stand ards for hardware. interfaces & software 
• Manufac turer tutorials on explici t ystcm • Wo rk hop fo r club leader . retailer , NL ed itors. e tc. 

Quick! Write for more details : 
omputcr Faire, Box 1-79 , Palo J\lt CA 94 302 

SPEAKERS' PAPERS' DEADLINE:JAN.Z 
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20 

21 

22 

23 

24 

25 

N(3) 

N 

I N(4) I N(5) I N (6)N(1) N(2) 

G 

p 

Figure 3: These tables represent the manner in which the information for this game is stored in memory. The matrices are de
fined as fol/o-...,s: 

V The binary value vector V(I) = 21-7 . 

N Th e pile quantity vector. N(J) =the number of counters in pile/. 

G The binary value matrix. G(I, /) = 7 or 0 depending on whether or not V(I) is in the binary representation of N(j). 

P The parity vector. P(I) = 0 if row i of the G matrix has an even number of ls,· otherwise P(I) =7. 


Figure 4: /l typical 
NIMBLE game hawing 
the content of G matri, 
and P table for each move 
in the gume. 
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HO~ MANY PILESCJ- 6 >?3 
HO MANY 	 IN PILE NO • 

I 19 

2 16 

3 7 • 

I AM ABOUT TO TOSS A COIN - CA LL H OR T 71 

THE TOS S loo'A!:i H 


HlhE AHE 3 PILE S 


2 

6 


I 0 I 
0 I 0 I 
0 I I 0 

0 I 	 0 0 I p 
0 0 0 
0 0 0 

MY CHOICE - PONOF..H PON DEJi PON OEh - I 00 F'I fi.Sl • 
MY MOVE I S 11 

2 
6 

H 0 0 
I 0 0 

0 
0 
0 

I 
~ 

0 
0 p 

0 0 0 
0 0 0 

YOUti M V . 

~ 0 
I 0 
0 0 

G 0 A o 
0 ~ 0 
0 0 0 

MY MOVE JS 

2 
3 

1 

I 
0 
I 
0 P 
0 
0 

the computer, short of doctoring the 
program : congratulations! If not, yo u have 
probably come to the conclusion, after 
watching th e com puter's tratcgy for a 
while, that it attem pts to maintain a certain 
kind of balance. That is absol utely correct; 
though not in th e way yo u probably think. 

If we lived in a binary world, this game 
would be very uninteresting because the 
strategy would be too obvious. But un 
fortunately man learned Lo cou nt on his 
fingers and not his cars. We just normally 
think in deci mal. 

The following demonstration should 
clarify the strategy. Suppose we have 3 pile 
with 3, 6 and 5 in piles 1, 2 and 3 
respectively. If we represent th ese quantities 
in binary, the system would look like figure 
2a. 

There is an even number of Is in each 
column; no matter what player I doc , th is 
statement will no longer be true after hi s 
move. Suppose that player 1 removes 4 
from pile 2: the system now looks like figure 
2b . Pl ayer 2 can now re tore binary balance 
by removing 4 from pile 3, leav ing a ystcm 



Figure 4, continued: 

0 
I 0 

" 0 0 
Q 0 " 0 

~ " "0 ~ u 
YOIJR MOVL H : ,. 

2 

" 
" I 
I,, ~ 

0 0 " " "v "MY MOV• I ~ 

"• 
0 
0

•1. 

I 
~ 
0

•0 

p 

~ 
~ 

I 
0 
0 "0 

•
0 

Q 0 
~ " 

u 

" 
" 
0 

p 

0 0 0 
YOUH MOV 1 1.1 

•
2 

0 

• •• •
0 

I 

• 
• 

pQ 0 0 "0 
0 

~ "0 0" 


MY M Vl 

I UIN llllll PLAY AGAIN lY 

that look like figure 2c. The ga me will 
continue thi way, with player 1 disrupting 
the bal ance and player 2 re toring it. Pl ayer 
I must ultimately leave a single pile which 
pl ayer 2 will remove. Therefore, if the initial 
ystem i in binary balance it i preferable to 

go second; otherwise, it is preferable to go 
first. The 1rategy i sim ply to restore binary 
b,1lance each time your opponent di rupts it. 

Now that you know the winning trategy, 
you will want to learn how th e program 
knows to play it. First we must th in k of 
wnung binary number vertical ly fro m 
bottom up r,1t hcr than horiwnta lly from left 
to right. For c Jmple, the number 3, 5, 7 
and 8 would be rep re en ted a 

3 5 7 8 

I I I 0 
I 0 1 0 
0 I I 0 
0 0 0 

fhis method i u eel to repre ent the pile 
quanti ties in the G table (matrix ). 

Figu1e 3 demon trates the re latio nsh ips 
between the mdjor progrdm table and how 
they dre u ed to find the op timal move. 

When it is the computer' turn l play, it 
looks di th e P vector, tatement~ 1020 to 
1040 of listing 1. If it i not equal LO 0 there 

no optimal move and the computer play~ 
at r,mdom a hown in statement 1050 to 

Figure 5: A typical N IMBLE game erie 

20 : 16 06/J l/16 

N EEC INSTRUCT 1ON Sl Y 

'N TH I 5 GAME. OF NI MDLE two .PLAYERS AAE CONFHONTEO WI TH p 
<2<? <1> PILES OF OB~ECTS t TH N<I> <<0<1<•P>,C0< •N<l><6~>> 

OBJECTS IN P ll.E I · EACH PLAYEH IN TURN MUST SELECT O~IE 
P IL E ANO TAKE ANY (,jLJANTITY rROM THAT P I LL J- ROM l TO ALL • 
THE P1.AYEH TO TAKE THE LA!tT OBJECT l S THE VJ NNt.k · 
THE GAME I> BEGUN ITH A COIN TOS S- THE WINNER OF THAl TOSS 
HAS THE RIGHT TO INDICATE A PREFERENC~ FOR GOING FIRSl 
OR SECOND . 
YOU INDICATE. YOUR MOVE BY p ,~ ~HlKE P• lHE P I LE Nl.MBl.it , 
AND •THE QUANTITY. 
ONCE YOU LEARN THE PROPEH STRATEGY YOU SHOUt.0 BEAT TliE 
MACHINE ABOUT S01 OF THE TIME-THERE I S A WINNING STRATEGY 
WHICH THE PROGRAM USES · 

G 0 O D L U C K f I I I 

P JCK A NU1Hl.H? 71~ 


THANK YOU I SHO ULO I Sl.T UP GAME1 Y 

lNOICATE 0 1F flCUl..TY LEVEJ..(1 - 5l7 l 
I AM ABOUT TO TOSS A CO I N - CALL H Oh 1 7H 
THE TOSS WAS T 

THEHE AHE S PILES 

2 3 ~ ~ 
I 3 I 3 

MY CHOICE - PONDER PONDEh PONDEh - I GO FIHST 
MY MOVE 1S l, 2 

2 3 

0 1 3 


YOUR MOVE? 5 . J 
MY MOVE I 5 3 , 

2 5 
e l 0 u 

YO Uk MOVE7 2: , l 
MY HOVE. IS -4, 
I WIN 1111 1 1 PLAY AGA I N7Y 
SHOUl..D I SET UP GAM £7 Y 
INDICATE Dlf"F I CLJLTY L.EVELC l •SH~ 


I At'! ABOUT TO TOSS A CO I N - CALL H OH T 7H 

THE TOSS 1-A S T 

THERE ARE 3 PILES 

2 3 
40 SS 6~ 

MY CHOICE - PONDER PONDER PONOEfi - l GO FIRST 
MY MOVE I S J, 29 

I 2 3 

11 SS 60 


YOUR t1.0VE? J ,1 0 
MY MOVE I S I , 6 

2 
S SS 50 

YOUH t10VE7 2 , 37 

MY MOVE I S J , 2 1 


J 

~ ·~ 23 
YOUR MOVE7 J , 22 

MY MOVE I S ~ . 1~ 


l 

5 4 


YOUR MOVE7 1, 2 

MY MOVE l ~ 2 , 2 


2 

2 I 


YOUR MOVE? I , 1 
l'IY 1<0VE I S J , 

2 3 

2 0 


YO Uk MOV£7 1, l 

MY MOVE IS 2 , 


2 

l I 0 


YOUH MOVE1 I , l 

MY MOVE I S 2 , I 

I WIN ltl I I I PLAY AGAINlY 

SHO Ut.D I SET UP GAM~?N 


HOW MANY Pl~tS<3- 6 )73 

HO~ MANY IN P IL ~ NO · 


l 79 
2 76 
3 7• 


I AM ABOUT TO TO SS A CO I N - CALL H On T 7T 

THE TOSS llAS ti 


THERE AHE J PIL.ES 

1 
9 6 ~ 


MY CHO ICE PONDER PONDER PONOEH - l GO tlh~T 
MY MOVE IS 1. ? 


I 

e 
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Figure 5, continued: 

YOUli MOV!:.7 ~ . J 
MY M0 Vt. t ) '.) ,, 

2 

3 


Y OUJi MOVE?:? , 3 
~y MOVE I !:> 1. 

2 

I 0 


YOUR MOVE ? 2 ,. l 

lHA l r 1L£ I !> El-11-'l Y 


I 2 

I e 


YOUR MOVE l t,. I 
HY MOVE l S J,. t 
1 \llN 1 1 11 11 PLAY AOAINlY 
SHOULD I SET VP GAMElN 
H O ~ MANY PILES<J- 6 >73 
HOV MANY IN P I LE NO · 

I 16 
2 lS 
J l 3 

I AM ABOUT TO TOSS A CO IN - CALL H OH T lH 
THE TOSS l.'AS T 

THERE ARE 3 P I LES 

I 2 3 
6 s 3 

MY CHOICE - PONDER PONDER PONDER - YOU GO flRST - YOUR MOVEll,2 
MY MOVE I S 3, 2 

2 
• 5 

YOUH HOV£? 2 . 2 
MY MOVE I S J , 

2 

2 3 


YOUH MOVE12 1 3 
MY MOVE J S 1. 

2 J 
I 0 I 

YOUR MOVE? 1 , I 
MY HOVE IS .J , 
I WI N llfltl PLAY ACAIN?N 

FINAL SCORE - ME 4 YOU a 

1080. I f P equals 0 the computer dctcnn inc 
the larges t I for which P(I) = I dnd then 
elect the mal lc t j for which G (l,J) = I , 

ic: it pick the fir~ t pile which contains V( I ). 
The computer then cone ntr.nes on co lumn 
J and takes the l 's comp lement o f G( l ,J) 
whenever P( I) = I, tatcment I I 00 to 1220. 

igure 4 demonstrate thi s process by 
sho wing the co nten ts of t.iblc:. G ,111cl P .iftcr 
c,1ch move in th playing of ga me 3. I f you 
work th is through careful ly, you wi ll ,cc 
how th e compu tcr uses these table to find 
an optimal move when one is po:.sib lc. 
Figure 5 hows a samp le run of NIMBLE . 

Even though you now know the crc t of 
NIMBLE , you can Lill h.1vc fun with the 
g.ime. You can test your ability to r·t1 pidly 
convert numbers to bin,1ry at difficulty 
levels 4 and 5. You can make th e g,1mc more 
cliffi ult by incrca ·ing the iles of the arrays 
(a lso 19 and J9) to allow larger value and 
more piles ; or you can merely imprcs your 
friends by beating the compurrr when the 
can't. However you u c N IMBLE, I hope 
that you have as much fun playing it a I had 
writing i t. • 
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BYTE FLOWCHART CONVENTIONS 

ENTRY POINT, LABEL,xx xx ( ) OR SUBROUTINE RETURN 

GENERALIZEOxx xx PROGRAM FUNCTION 

-8 INTERNAL LABEL 
REFERENCE 
(FLOW INTO CIRCLE) 

0 INTERNAL LABEL 
DEFIN ITION 
(FLOW FROM CIRCLE) 

DECISION 
(ENTRANCE UNMARKEO, 
EXIT OPTIONS MARKED) 

FLOW JUNCTION 
(ARROWS ON INPUTS)-t + 

F'LOW RI/LE: 

ALL FLO W IS ASSUMEO DOWN OR TO 
THE RIGHT; EXCEPTIONS TO THIS RULE 
ARE INDICATED BY ARROWS. ARROWS 
GENFRALI Y OMITTFO OTHl'RWISF . 

number of digit can be expanded. 
Thi format ha its Ii t of di advantage , 

though ; but fo r these the commercial com· 
puter indu try might have adopted it long 
ago. The program size required for per
forming ju t the basic opera ti o n and the 
conversion ro ut ines is about the same as for 
!he other formats, but execution times Jrc 
ignifican tl y lower. Mdny hobbyi t arc not 

as concerned with the number of milli
econd a with the number of bytes, but 

another di advantage i the larger memory 
required to sto re the floating point num
bers. For most assembly language applica
tion the impact is negligible. It doc be
come noticeable, h wever, when the float
ing point package i pMl of higher level 
language program such JS interpreter or 
compi lers. One major disadvantage is more 
subtle. Many of the tran ccndental func 
ti on <1re best implemen ted using algorithms 
which are binary based. U ing the c algo
rithms, the BCD format is awkward al best 
and al worst consumes large quantitie:. of 
time and memory. 

The binary floating point formJt provides 
th fastc t c ccut ion times, despite the fact 

that its format allow rcprc cntation of 7 
digit number J l all times. Because the entire 
formal is in bi nary, implementing the basic 
operdtiom and <111 of the tran ccndcnldl 
function:. i ca ier lhdn when u ing either of 
the other lwo form.ib. 

The m<1jor drJwback is the mall range ot 
number representable, relative lo the other 
format (I o+38 to 10 38) . Thi) is bccau e 
its exponent i only " power o f two com
pared with ba cs of 10 and 16 respectively. 
Two other minor drawback are the need for 
routines to convert floati ng point number 
from a decimal base to a binary base (and 
vice versa), and the need to expand the 
binary format to perform actual calcu la
tions. 

The hexadecima l floating point forma l 
permits " much larger number range 
(10+76 to 1o- 76) than the binary format, 
,md the conversion routines arc similar 
for both. Although slightly slower than 
the binary format, the hexadecimal format is 
till much fa · ter than any BCD format of 

comparable cap<1bi lity. 
It is somewhat more difficult to imple

ment cicnti fie function uch a qua re 
roo t, exp nential and logarithm with th is 
format than with the binary format, and its 
precision is not as great as the binary format's 
preci)ion becau e it i digit rather than bit 
oriented. Even though th e most significant 
digit i nonzero, the most significant three 
bits of the digit it elf may be zeroes, re ulting 
in on ly 21 bits of accuracy. This translates 
to onl y six digit of accuracy. 

In describing the four basic floating 
point operation and the format c nver
sions, th e hexadecimal format will be used 
to illustrate cx,1mples. 

Floating Point Operations 

The ~oftwarc u~es three floating point 
registers, an accumulator, argument register 
and cra tch regi tcr. The floating point 
acc umul ator contains one of the operands 
prior to a ca lcul ation, and the result after 
the calculation is performed. The argument 
register contain th e other operand, which 
is loaded by the routine, and the scrdtch 
register is used to hold temporary resul ts. 

In each of the basic operat ion there arc 
two parts: exponent calculation and mdn
tissa calculation. Fixed point operations 
require on ly the manti a calculation, which 
turns out to be the easier of the two. 

Add and ubtract Routine 

Figure S i~ a flowc hart of the add and 
subtract routine. The two operc1tion arc 
de cribed toget l,er because the algorit hms 



--

exponents equal}. 

Mantissa 
--"

A - .100000 
- B - -.OFFFFF 

c - .000000 

A .100000 x 16 1 

B .FFF FFF X 160 

Figure 6a: Two numbers A and 8, which differ from one another by less than 
one part in 224, but which were represented as two different numbers. 

Guard Byte 

A .100000 00 x~1 161 

B .OFFFFF FO X 161 

Figure 6b: The same numbers as figure 6a, but with 8 shifted to the right one 
digit, and the extra digit stored in the guard byte in preparation for the sub
traction hown in figure 6c. This shifting a!igm mantissa radix points (mol?es 

Guard Byte 

151 
-00 x 

FO x 161 


10 x 151 
 .100000 x 16-5 

Figure 6c: The subtraction of 8 from A to give C. There is only one significant 
digit in the result, which is entirely located within the guard byte. 

A - .100000 x 161 

- B - -.OFFFFF X 151 

c = .000001 x 151 .1 00000 x 16-4 

Figure 6d: If the guard byte is omitted, as in this example, the apparent result 
is off by a factor of 7 6 due to truncation prior to the mantissa addition (or 
subtraction). 

arc identical except for a sign change before 
executing a subtract. 

The add and subtrac t rout ine cons ists of 
three functional ly separate sections. The 
first prepares the numbers for the operation 
by aligning the radix points. This is ana logous 
to aligning the decimal points for an addi
tion or sub traction of decimal numbers. 
The add it ion or sub trac tion is th en per
formed and the result normalized. 

The radix points arc aligned by shifting 
the man ti Sd of th e smal lcr numbe r right one 
digit and incrementing its exponent until 
the exponents arc equal. When shifting right, 
the last eight bits hiftcd out are saved in th e 
guard byte in order lo maintain accuracy. 
During the shifting and incrementing loop, 
the 32 bit mantissa, including the gua rd 
byte, should be checked for II Leroes (a 
si tuation which implies that one pcrand is 
too small to affect the other). This is to 
dvoid shifting insignific.1r t zeroes. For 

example, 0 .0001 added to 100000 will give 
100000 because only six signi fic.rn t digits 
arc retained . 

In the second sec tion the signs of th e two 
operands arc compared . If they are the same, 
addition is performed, Jnd if they arc di 
fcrcnt, subtrac ti on is performed. Addition is 
a straigh tforward 32 bit fixed point add; the 
onl y normalization is a righ t rotate one d igi l 
and exponent increment when there is a 
car ry out. An overflow can only occur if, 
on the right rota te, the exponent exceeds 
the maximum value when incremented . 
When this occurs, the current routine is 
exited, the overflow flag i~ set, and program 
control is returned to th e cal ler. 

If the mantissa signs arc oppo itc, the 
argument mantissa is subtracted rom the 
accum ul ator manti sa in a 32 bit fixed point 
operation. If th e abso lute value of the 
argumen t manti a i greater than that of 
the accumul ator manti sa, a carry out occurs 
and the re ult mu t be negated and the 
result sign comp lemented. The effect is the 
same as subtracting the smaller mantissa 
from the larger and using the sign of the 
larger. 

The last ection normalize and rounds 
off the result and checks for cxpon nt ove r
flow and underflow. NormaliLation consi t 
of shifting the mantissa digit left until the 
most significant digit is nonLero. For each 
shift, the exponent must be incremented 
and checked for ove rfl ow. Onl y 24 bits of 
mantissa are saved . Therefo1·c, the 25th bit 
of th e temporary result determines whethe r 
th e mantissa is to be rounded up or not. 
For examp le, if th e hexadecimal result were 
10000094, it would be rounded up to 
100001, whereas a result of 10000048 
would not. 

I the guard byte and a ro und off opera· 
tion arc not used in an add ition, one bit of 
ignificance cou ld be lost. By comparison, 

subtraction without a guard by te could 
mean a difference of an order of magnitude . 
Two numbers can be di fferent by less than 
one part in 224 and yet be represented as 
two different number (A and B in fig· 
ure 6a). When o ne is subtracted from the 
other, the m li er must be shifted right in 
order to align th e radix points. The guard 
byte stores the hifted out digit (figure 6b) 
and retains the only significant digit of the 
result (figure 6c). With out a guard byte the 
significa nt digit may be off by a factor of 
16 (figure Gd). 
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Figure 7: A flowchart for the floating point multiplication routine. the accum ul ated resu lt if the bit is a one. 

MULTIPLY 

I N I TIALIZE 
RESU LT TO 
ZERO AND SET 
COUNT TO 24 

ADD 
MULTIPL ICAN D 
TO RES ULT 

SH I F T RESULT 
RIGH T I BI T 

NO 

NO 

F IGURE 5 

Multiplication 

Figure 7 is a flowchart of the multiplica
tion routine. Calculation of the exponent 
for the multiplication and division routines 
is achieved by adding or subtracting the 
operand exponents respectively. Since the 
exponents are in excess-64 notation, the 
offset (64) will have to be subtracted from 
or added to the result. If the resultant ex
ponent is less than the smallest exponent 
or greater than the largest, an underflow 
or overflow condition exists and the appro
priate action is taken (for exam pl e, display
ing an error message or setting the result to a 
fixed value). Sign calculation for both 
multiply and divide is a simple exclusive or 
of the two operand igns. 

The partial product method is the most 
widely used in fixed point multiplications, 
decimal or binary based. Using binary num 
bers, this algorithm rotates the multiplier 
right one bit and tests the bit rotated out. 
The multiplicand is conditional ly added to 

The result i then rotated right one bit, 
retaining 32 bits, and the whole procedure 
repeated or all 24 bits of the multiplier.
fAn example of this algorithm implemented 
in hardware was found in the article "This 
Circuit Multiplies" by Tom Hall, page 36 
in July 7977 BYTE ... CH/ 

Though the fixed point calculation is 
traightforward and uncomplicated, it is 

extremely time con urning becau e the loop 
is repeated 24 times. One method of re
ducing the execution time is to cut out al l 
subroutines within the loop and use only 
in line code. A complete multiplication 
ro utine can then have a worst case multiply 
time of about 2.5 ms using an 8080 pro
cessor with 2 MHz clock. 

Division 

Figure 8 is a flowcha rt of the division 
routine . The fixed point divide algorithm is 
analogous to the partial product method and 
is also commonl y used. It compares the 
absolute va lue of the divisor to that of the 
dividend. If it is equal to or less than the 
dividend's absolute value, it is subtracted 
from the dividend, and a one is rotated into 
the least significant bit of the quotient. 
Otherwise there is no subtraction and a 
zero is rotated in. The dividend is then 
sh ifted left one bit and the loop repeated 
for a total of 32 times, generating a 32 bit 
quot ient. Long division by hand goes through 
the identica l proc~dure, but it operates on 
digits in tead of bits. 

Since more processing is done in each 
loop cycle than in the multiply routine, 
division execution times are longer than 
multiplication times. The worst case times 
are still around 5 ms for an 8080 with 
2 MHz clock. 

In both the multiply and divide routines, 
the normalization procedure is identical to 
the one in the subtract routine. Therefore it 
usually turns out to be shared code. 

These routines are the core for other 
floating point functio ns such as format con
versions and scient i fie mathematical fu ne
t ions. Because of this it is important that 
the e routines execute as fast as pos ible so 
th at the other functions' execution times 
are not increased to several second s instead 
of fractions of second . 

BCD to Binary and Binary to BCD con
versions are probably the most difficult to 
implement in a binary floating point package. 
There are several simple methods of con
verting integer from one format to the 
other, but I haven 't seen any published 
literature to date o n either floating point 
arithmetic or number base conversions. 
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The method described here were chosen Figure 8: A flowchart for the floating point division routine. 
because of their simplicity rather than their 
peed. The slow base conver ions are still 

relatively fast compared to the character 
oriented input and output operations in 
which they are used, so for most purposes 
the conversion speed is not noticeable. 

Decimal to Binary Conversion 

The Decimal to Binary (DB) routine 
(figure 9) converts a free format floating 
point BCD number in ASCII to binary 
floating point format, converting from 
ASCII BCD floating point to formatted BCD 
floating point, and then to binary floating 
point in one operation. 

After initia li zation the DB routine first 
checks for a plus or minus sign, which is 
optional. lt ignores a plus sign and sets a 
flag if there is a minus sign. It then reads in 
one or more digits (and possibly a decimal 
point) . When it encounters a decimal point, 
it tests a flag to see if another decimal point 
has already occurred and sets the flag if 
not. lf a decimal point h already occurred, 
the routine jump to the last section. For 
each decimal digit input, the routine multi
plies the accumu lated resu lt by ten in float
ing point format, creates a floating point 
number from the digit, and adds the number 
to the accumulated result. lf a decimal point 
ha previously occurred, a decimal exponent 
count is decremented, keeping track of the 
number of digits in the fractional part. This 
process i repeated until a ch ractcr which is 
neither a digit nor decimal point has oc
curred, at which point control passes on to 
the exponent evaluation routine. 

Here the decimal exponent of the num 
ber, if any, is processed. The routine first 
searches for the presence of an E character. 
If none i pre cnt, control jumps to the last 
sect ion. lf the character is present, one or 
two BCD digits are inputted with an optional 
plus or minus sign. The BCD digits arc con
verted to an 8 bit binary, two's complement 
number and added to the decimal exponent 
count. 

Finally, the manti sa is normali1.ed by 
either repeatedly multiplying or dividing by 
ten, depending upon the decimal exponent 
count. Mu ltiplication is performed if the 
count i greater than 1.cro, and division is 
performed if it is le s than 1.cro. The count is 
either dec remented or incremented respec
tively toward 1.ero for every multiplication 
or divi sion. When the coun t reaches zero, 
the sign i corrected if the number is nega
tive, <1nd the routine returns. 

The Binary to Decimal (BD) routine 
shown in figure 10 converts a binary floating 
point number to packed BCD floating point. 

DIVIDE 

EXCLUSIVE-OR 
SIGNS TO GET 
RESULT SIGN 

SUBTRACT DIVISOR 
EXPONENT FROM 
DIVIDEND EXPONENT 

SET COUNT TO 32 

The number is left in packed BCD notation 
so the user can define his or her own format 
for the decimal point and exponent. 

In itially, the binary number is normalized 
so that it i in th e range of 0.1 to 1 .0, with a 
decimal exponent kept separate. This is done 
by repeatedly multiplying or dividing by 
10 until the number is equal to or greater 
than 1.0 and less than 10.0, and then 
dividing it by 10.0. During this operation, 
each multiplication or division by 10 is 
tabulated in a count. Next, a round off of 
0.0000005 is added and a correction, if 
necessary, is made to make sure the number 
remain between 0.1 and 1.0. 

The number is then converted to a binary 
fixed point fraction , and finally to a BCD 
fixed point fraction of eight digits, but 
accurate to only ix digits becau e of the 
added round off. 

After completing mantissa conver ion, 
the binary count of the decimal exponent 
is converted to a signed BCD pair and tored 
with the BCD fraction. 

32 - BIT COMPARE 
DIVIDE ND 
MINUS DIVISOR 

YES 

32 - BIT SUBTRACT 
DIVIDEND 
MINUS DIVISOR 

COMPLEMENT CARRY 

ROTATE CARRY INTO 
LSB OF QUOTIENT 

SHIFT DIVIDEND 
LEFT I BIT 

DECREMENT THE COUNT 

NO 
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These two algorithms for conversion of 
bases between BCD (base 10) and binary 
(base 2) are valid for any binary floating 
poin t fo rm at, not just the one used here. 

Concluding Remarks 

It is hoped that this discussion along with 
the flowchart specifications of the algorithms 
can be used by readers as a basis for coding 
a floating point arithmet ic package for any 
general purpose microprocessor system. I 
have used this in formation in particular to 

code an 8080 version of the routines for the 
basic arithmetic funct ion s, as well as ex ten
sions for functions such as square root, ex
ponential, natural logarithm, sine and 
cosine, and arc tangent. The extensions all 
use the basic multiplication, division, addi
tion and subtraction operations to evaluate 
the more complex functions involved . Read
ers interested in a detailed copy of this 
8080 mathematical function software 
documentation can purchase it for $10 by 
writing to me at POB 447 , Maynard MA 
01754 . • 

Figure 70: Flowchart of a binary to decimal conversion routine used to convert a binary float
ing point number to pocked BCD floating point format. 

BINARY 
TO BD 
DECIMAL 

CLEAR BCD BUFFER BCD SIGN -- ACC SIGN YES
CLEAR FLAGS COUNT • 32 

DE XP- - DE XP 
DIVIDE B BCD DIGIT BCD EXPN SI GN • MINUS 

YES MANT I SSA BY 2 

ROTATE ACC 
RIGHT I BIT CONVERT DEXP FROM 

DECR DEXP 
ACC--ACC *10 

BINARY TO BCD 

NO 
STORE RESULT 
IN BCD EXPN 

ACC-ACC /1 0 RETURNINCR DEXP ADD 0 . 5 TO BCD 
MANT ISSA WIT H DAA 

YES 

DECR COUNT 

ACC-ACC+0.0000005 

NO 

ACC--ACC / 10 
INCR DEXP 
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The notes supplied by Peter Skye in May I 977 B YTC (page 68) created a 
(furry or correspondence ac1ivity from numerous ource . One of the bes/ 
proposals we've seen is that provided by Glen A Taylor in his letter titled 
"Language Development: /1 Proposal. " The main theme of his ideas is pro
posal of what migh t be called a personal computers language development 
society. For our part, to help foster such efforts, we will provide a "Langu
ages Forum" plat form for individuals wishing to part icipate in print with 
ideas on personal computing languages. This forum is open to all who have 
technical contributions or suggestions to make in the (ield of language design 
for personal computing systems. 

A fundamental ground rule is that persons submitting fetters should supply 
a complete address and be willing to correspond with other readers. Tele
phone numbers will be printed if authors of letters to this forum supply them 
and indicate a willingness 10 get together via that medium. 

Language Development A Proposal 

Glen A Taylor 

The Wisconsin Research and Development 

Center for Cogni tive Learning 

University of Wisconsin 

1025 W Johnson St 

Madison WI 53706 

After reading Peter Skye' note in May 
1977 BYTE and c ch nging corre pondencc 
with him on the subject of a high level lang
uage for personal compu ting, I am moved to 
offer the fo ll owing comments and ugges
tion. I have two fears. My fir tis tha t BASIC 
may become for home compu ting what 
FO RTRAN i for large computer , an ana
chroni m which is the defacto programming 
language . My quarrel with both these lang
uage derive from the fo ll owi ng. They are 
vast improvements over the tedium of pro· 
gramm ing in assembly language. They are 
suffic iently powerful Lo al low most pro
blems to be olved. They are al most univer
ally available. Herein lies th eir in idious 

threat. For all these appa ren t benefits, th e 
programmer sti ll pay an invisibly high cot 
in their lack of well -structured syntax. Pro
gram cannot be given good clear logical 
structure as an au tomatic con equence of 
th e language ; onl y rudimentary mnemonic 
nam ing and labe lling are permitted; and large 
amounts of fairly tedious detail must still be 
attended to in coding reasonably comp lex 
programs. Of course, I'm simpl y restating 
the ofte n heard ;irguments for structured 
programming, but it i a concept gai nin g 
rapid wide prcad acceptance in mainstream 
computing. 

My econd f ar i that peop le who feel 
as I do, that BASIC is imp ly not good 
enough to be enshrined for the ncx t 25 
years, wi ll endeavor to supp lant it with 

their favorite programm ing language. I'm 
not denying the propriety or uti lity of 
effort to imp lement APL or PL/ I or even 
good struc tured programm ing languages 
such as PASCAL. There is room for evera l 
language in home com puting, but I canno t 
see any of these "large computer" languages 
a the be t choice fo r a standard home com
puting language. one of these la nguages is 
without naw. More imp rtanlly, none wa 
written with the needs and lim itati ons of 
home ys tcms and hobbyist programmer 
in mind. We mu L not all w our preferences 
and prej udices to influence our thinking 
about what i appropriate and necessary for 
th is new comput ing field. 

My suggestion is that a group be formed 
for the purpose of defin ing a suitab le per
sonal computing language. I see th is as a 
uniq ue opportunity and high moral respon
ibility. We are act ively engaged in deve

lop ing a technology that promises to touch 
the lives of million of people who are as 
ye t naive Lo computing. What fi ner ambiti on 
than to develop a language that is human 
oriented , powerful , nexible, and that is 
well-suited to the capabilities of home ys
tcms fo r the forseea bl e future. We are fortu
na te that there arc year of researc h into 
programm ing language and a vast store of 
programmi ng concept at our disposa l. We 
need not fashion a language of dated la ng
uage concept and practices. We ab orb 
state of the ar t hardware technology as 
soon as it is marketed. We hould lead 
the computing field in readily util izing 
state of the art oftware technology. 

Therefore, I chall enge readers of BYT E 
to take the lead and place their upport 
behind uch an effort. Here too there are 
valuable lessons to be learned rom the 
successes and failures of sim ilar ventu res 
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in the main tream computing fie ld. The 
development f uch a language mu t no t 
be delayed until there is little c..hance of 
disp lacing a firmly entrenched BASI . 
The effort must en list the upport and 
dS!>i tan e of evcral of the major manu· 
facturers who are committed to offering 
the langu age as part of their major o ftwJre 
line and providing continu ing support for it. 
1- inally, the ervices of a group of people 
who h.ive experience with pre ent home 
sy tern , a clear vi ion of where th e field 
io; most likely to go, .ind an c pert know

ledge of modern language de ign mu t be 
enl isted. 

I hope you will con icier this uggestion. 
I hope the readers of BYTE will provide 
vocal support for this idea, thereby en
couraging ou to support such .i project ,ind 
demon trating i t!> ultimate economic fca i 
bility to those who would h,ive to upport 
it cos t. I am .ilrno!>t certain that you will 
find the person!> with the necessiry technical 
qualificatiom to serve on the language de
signing group among your reader hip . I 
challenge these per on to step forward. • 

Comments on Peter Skye's Language Proposal 


Peter Skye's proposa l to develop d higher 
level language for microcomputer use is a 
fine idea, but it seem Lo be going a tray. I f 
the project goe forward as described in the 
May 1977 Technical Forum it will be an 
expanded PL/I with added features from 
APL and NOBOL and an apparently huge 
character set. It appear it wa planned to 
be al l th ing LO all people {a replacement 
for al l genera l purpo e language ). and I 
think it will fai l for that rea on . 

Programming languages have been 
developed to meet particular need , and 
they can be t be judged on the power and 
appropriateness of their con tructs for 
dealing with the intended cla of problems. 
SNOBOL, TRAC and LISP do arithmetic 
poorly but arc quite powerful when dealing 
with string and natural languages {English, 
for example). RPG , de pite its somewhat 
primitive nature, is widely used because 

it is simp le and oriented specifical ly towards 
producing business report . (The business 
world wou ld be far more interc ted in RPG 
running on a micro than anything el e I 
can think of!) 

The propo ed PL/Skye will make no 
one happy. The comment that nothing 
a particular language can do can't be done 
in PL/ I mis cs the point. BAS IC is simple 
and interactive; APL i powerful and elegant; 
PL/I is a po r substitute or either. PL/ I 
is fi ne in large EDP shops which want to 
convert al l their FORTRAN and COBOL 
programmers to a ingle, powerful language. 
IL doesn ' t need APL a a ub ct. Further
more, it might pay to remember ear ly 
exper ience wi th PL/ I. The first comp ilcrs 
produced atroc ious object code, and orne 
of the feature never did work. It rook 
compi ler wr i ter quite a while before they 
learned to produce accurate, optirni1ed 

Jeffrey L Kenton 
Consultant 
One Bacon St 
Wellesley MA 02182 

400 Norlh Wash1ng1on Slree1 Su11e 200
INTERNATIONAL DATA SYSTEMS, INC. Falls Church, Virginia 22046 USA 

Telephone (703) 536-7373 
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codC' ; it will he f,1r wor~c on " microcom· 
puter-. or i writing the PL/Skye compiler 
in PL /Skye a pr;ictical idea. In te l has written 
an 8080 re idcnt PL/M compi ler in 
PL/M which requires we ll over 100 K 
by tes of code to run (and J di k operating 
s stem which surpons overlays). An 
equiv.i lenl ,1; cmbly language versio n fits 
in 12 K . 

The lirst que Lion to ,1 k when beginning 
a largl' projc t i , "Whal am I trying to do, 
and what i it going to be good for?". I f 
you hJvcn't an w red tffr; quc tion you 
can never tell when your program i> finished, 
nor whether i t works. I'm afraid that's the 
c;i e w ith PL/Skye, and we ma shonly sec ,1 

programmer jump on his horse and go riding 
madly off in ,ill directions. • 

Stephen R Alpert 
Assoc Prof of CS, WPI 
Vice Chairman, SIGMINI (ACM) 

11 Ridgewood Dr 

Auburn MA 01501 

Notes on Floating Point and Critique of PL/Skye 
I would like to add a lew commen t on c. I n ,il l my year of compu ting 

the artic les that <1ppe<1r in May 77 BYTE. {14) I have never had a need for numbers 
greater than I 038 except for the legen· 

I . In Sheldon Linker's article " What\ dary $24 Manhattan Purcha e at 6% for 
in a Float ing Point P, ckage?", page 62, there 300+ year . I wou Id uggest the f ul I ow ing 
arc a few item that shou ld be mentioned. comprom i c. 

a. Usually one tries to keep all 

floating point information normalized. - - - -- 32 b i ts ~ 4 bvtes 


Let 's con icier an examp le: let the expon EXP Is I MANTISSA 


en t be base l 0 and assume we h:ive four 8 bit 23 bit mantissa 


decima l digits of storage. Then exponent algebraic 


sign 

0.0025x105 = 0.2500x103 = 250 
The exponent is a two's comp lement 

Clearly I have a choice of storage. But (execs 200) binary exponent. The dy· 
what about 2576? Then I ca n only u e namic ra nge is 1076. The ign bit is stored 
0 . 2576x 104. Chance are if my operand in place of the normali1ecl most ignifi 
aren't normali;ed then the re ult may not cant bit of the manti ~a. imp le shifts o r 
be also. tests wil l determine the sign {and hence 

b_ In conju nct ion with norma li zed insertion of the MSB is easy). 
datd, a hexadecimal base will yield a lar
ger range than a bindfy ba e, but it wi l I 2. I Peter Skye serious? I ju l fi nished 
not carry the significance o a binary an 8 month project {on the side) writing a 
base. Hexadecim,tl base mean that a compi ler fo r a pseudo-subset of PASCAL. I t 
a leading hexadecimal digit of 1 will wa a rea l job. He will requi re the user to 
waste three binary bit I have 32 K bytes ju st to load the compiler . 

t l nvpn1P.d l>y r (J ff ('SI Mo/l'I 

Introducing- New, Low-cost, Fixed Vocabulary 

Speech Synthesizers · 
for Computer Hobbyists or OEM use 

FEATURES 
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Full spoi..r.n 11u111cr 1r.s plus c1vci r 1c1y o r 11 1 ra~ur.,r111 • 111 wo1ds 

-ASC I I 1 lrn r <.1< l<'IS 11u r11P1ri:s. cilpli cibc?I, punr 11ra1ro11 
• Clra r . lirql1ly 1111t•l l 1q 1bl" 111.il1• vo rl.C 
• All MOS-L S I l.11Lurt1y 
• G·IJrl pc1ra ll cl s1111IJecl 111pu1 
• No Pxwr11dl 1 Im s 1Pqu1red 
• Inputs a11.! TT L i:o111pa11IJI' Boards with numbers & 
• A11;1loc1 Speech ou tput s1qni'.ll calculator functions ... 
• Cust1ir11vocdlJ1ilc11 1es cdrl b' 111 1Jr luu ?d only ...... $95.00 · 

TELES ENS 0 R :1t;~1~s~'~:s~'~"~'~'~:ahle 
34 08 Hillview Ave ., P.O. Box 10099, Palo Alto. CA 94304 
Telephone (415) 493-2626, Attention : Paul Obester 
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manage a household security system, feed your 
dog. 
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Evaluate odds on sporting events and 
horse rac ing. 
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Address --------------------- 
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3. A suggestion: fol lowi ng the ex
ample of the Communications of the ACM, 
unless programs arc for specific hardware 
tasks, they should be written in a si ngle 
"standard" language. My curren t choice 
would be PASCAL fol' the fo ll owi ng rea
sons: 

a. It ha a very stro ng (precise) 
standard. Anyone ca n purchase a user's 
manual and report fro m Sp ringer- Verlay 
for about $6. 

b. There is a strong user's group 
that is international in scope. 

c. The language permits definition 
of user defined data types. One could add 
bytes, bits, etc. Poi nters arc standard con
structs in PASCAL. 

d. If a standard were expounded, 
I'm ure that in short order actual com
pi lers would soon appear. 

e. A top down (or recursive de
scent) compiler for PASCAL is made 
easier if th e output is, in fact, an as
sembly language source. This output can 
then be fed to your favo rite asse mb ler. 
Additionally , by using PASCAL type 
swi tches one could imbed assemble r code 
directly into the higher level code. 

f. PASCAL programs would then 
be highly portable, enhancing the stan
dard even more. 
Lest you th ink PASCAL is my only lang

uage, I have also used and tau ght most of 
FORTRAN, ALGOL, APL, LISP, FOCAL, 
BASIC, BLI SS and SNOBOL {and a little 
PL/ I). 

I hope this letter stirs the pot d bit. 

The only problem with making a highly 
desirable standard representation for pub
lished programs is the problem of actually 
achieving the representations in that form. 
Documentation of an adequate "representa
tion language" is a necessary first step to a 
highly desirable end. A syntax and semantic 

checking program (a compiler minus code 
generation) would also be most useful from 
a publication's point of view to verify and 
correct superficial details of programs. But 
such a standardization also requires authors 
and designers literate in the language as well. 
Would anyone care to make further com
ments on this subject of adopting a repre
sentation standard for programs in print?• 

What's Wrong with PASCAL, 

Mr Skye? 
David A Mund ie 

1048 Oakhurst Cir 
Charlottesville VA 22903 

I am writing in response to the ongoing 
dialogue in your pages over the choice of a 
high I vel language for microcomputers. 

Mr Crone's ana logy with Engli sh (May 
1977 BYT E, page 112) is misguided. Eng
lish, though archa ic, i both beautiful and 
well-suited to its purpo e; FORTRAN is 
neither. His letter conjures up visions of our 
grandch ildren using dream computers, yet 
still struggling with format statements and 
amorphous programs simply because we 
lacked the courage to junk our outdated 
languages as readi ly as we junk our outdated 
machines. They will curse us for it. 

I do not de ign computer , so perhaps 
I am missi ng something, but Mr Skye's com
ment on PASCAL {May 1977 BYTE, page 
68) puzzled me. The point is not that 
PASCA L does nothing other languages can't 
do; the poin t is rather that PASCAL does 
virtually everythi ng the other languages do, 
but starts from a much simpler set of bas ic 
constructs. I should have thought that sort 
of efficiency was just what was needed for 
microprocessors. • 

Questioning APL 
Rich S nodgrass 
229 Llano Dr 
Port land T X 78374 

I gre<1 tl y enjoyed the August 1977 issue 
of BYTE on APL. he art icles were well 
donc t1nd con tai ned much useful in formt1
tion. 

I do wish, however, LO take i sue with 
some of the view cxpres ed by E H 

Anthony in the Technical Forum. I became 
weary with super latives such as "one of the 
grea test intellectual ac hievements of this 
century," "the teacher of the cen tury," and 
"com pu tcr languages scarcely bear close 
comparison wi th APL." I hear similar com
pari ons every year when Detro it comes out 
with a new mode l. 

Such ta tcmen ts arc ubject ive by naLUrc 
and hence a total matte r of opini on. How
ever Mr Antho ny 's tatcment that APL 
the most "general-purpose menta l tool" 
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in comparison with o ther computer lang
u<1ges i just too weeping to let pass withou t 
comment. 

Genera li ty i dn importan t criterion in 
judgi ng programming langu ages and , to a 
limited extent, APL i blessed in this regard. 
However, when all the features of APL arc 
examined, it is rathe r spec ific . 

For example, on ly homogeneous multi 
dimensional arrays, programming of num
bers, and ingle characters are allowed as 
datJ tructurcs ; COBOL' heterogencou 
array and the list tructure avail able in 
LISP and SNOBOL are completely lacking. 

ormattcd 10 and external data files are not 
·pccificd in the language definit ion, features 
found even in lowl y FORTRAN . Structured 
programming i very difficult in APL, and 
even the most basic control stru ctures are 
missing [excep t, of course, for the computed 
(GOTO)! . 

Ironicall y, that "regrettable language " 
ment ioned in the art icle, PL/ I, has all the 
features listed above. PL/ I also excels in 
readability and run time efficiency, espe
cially in comparison with APL. Now PL/ I 
is not even close to the "perfect computer 
language," al th ough it does have more 
ge nerality than many other languages, in
cludi ng APL . 

It will now hopefully be evident that no 
compu ter language is best at everythi ng, 
even APL. The inc redible variety of tasks 
that the computer i now gi ven makes it 
impo ibfe for one language to be profic ient 
a t them all. Sy tern programmers hould 
keep an open mind when deciding which 
languages to implement : LI SP, SNOBOL 
and ALGOL, as well as severa l other impor
tant languages, can be implemented on 
microcomputers with reasonable memory 
requirement. Al f it takes i someone to do 
it.• 

Suggestions for 

APL Optimization 

Jon D Roland 
Micro Mart 
1015 Navarro 
San Antonio TX 78205 

There seem to me to be three important 
difficultie with APL that are unnecessary, 
and that might be corrected in the deve lop
ment of APL for microcomputer systems. 

The attractiveness of APL arises not only 
from the effic ient coding and powerful 
primit ives it provide, but from the ways it 
faci litate interactive programming, so that 
the computer u er can write programs 

Introducing 

Bit Pad. 


The new, 

low-cost digitizer for 


small computer systems. 

Bit Pad is lhe newest product from Summagraph1cs. the leading 
producer of professional d1g1 t1 zers I t has a small 11 -1nch active area and 
a small $555 price lag But the list of applications 1s as big as your 
1mag1nat1on 

Better than a 1oyst1ck or keyboard for entering graphic information . 
1t converts any point on a page. any vector. any distance into 1 s d1g1tal 
equ1valen1s I l's also a menu for data entry You assign a value. or an 
instruction to any location on the pad At the touch of a stylus. 1t s 
entered in to your system 

Who can use 1t? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast It comes compatible with 
an S-100 bus. but you can add a power supply. stand-alone display. 
cross-hair cursor and many other op!lons 

$1 ,000.00 creativity prize. You can also add S 1 000 00 to your 
bank account as a reward for your inventiveness Just write an article 
on an original Bit Pad application and submit 1t to any national 
small -computer periodical I f he editors publish 1t - and the decision 
is solely theirs Summagraph1cs will pay you $1 .000 00 Contact 
Summagraph1cs for rules concerning this offer 

• corporat10n·Ju "'' 
35 Brentwood Ave Box 781 Fairfield CT 06430 
Phone 203/ 384-1344 TELEX 96-4348 
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16K Static RAM 

IMSAl/Altair/Poly 88/ Sol 20 

', rll 
111 11111

$36500 KIT 
s450 Assembled 
• Very low power - 650 ma +5V; 90 ma + 12V; 16 ma -5V 
• Uses 4K Static RAMS-No refresh 
• Low-profil~ sockets for all chips 
• Each 4K addressable to any 4K boundary 
• Solder mask ; silk-screen ; plated-through holes 
• Low-power Schottky TT L's - Tested IC's 
• Fully buffered S-100 bus-Gold-plated contacts 
• Designed for 500ns system - S.D . Sales and TDL Z-80 tested 

Delivery : Stock to 4 weeks. MC and BA accepted. Orders 
shipped prepaid . Californ ia residents add 6% sales tax . 

VNDENBERG DATA PRODUCTS 

PO BOX 2507 
SANTA-MARIA CALIFORNIA 93454 805-937-7951 

CONTROL the WORLD 
OUTSIDE YOUR 
COMPUTER ... 
The OPTO-ISOLATOR/RELAY BOARD ($117) is 
a natural for controlling audio systems. model 
trains . robot devices ... more uses are dis· 
covered dally, as described m our applications 
notes 8 reed relays respond to an 8 bit word 
from your computer. 8 oplo-lsolators accept 
an 8 bit word from the outside world and send 
11 back to your machine for handshaking or fur
ther control purposes. 

All kits are S-100 buss Altair/IMSAI compatible . Available by mail 
(shipped postpaid In the USA lrom stock) or al many fine compu te r 
stores California mall orders add tax . 

...OR THE WORLD 
(~~~ INSIDE IT! 
Whether for lroubleshootmg or analysis. 
at some point you will need o ur EX· 
TENDER BOARD W/ LOGIC PROBE (S35). 
Ours offers a bu1i1 1n logic probe (h 1. lo. 
and pulse) . special edge connector that 
allows clip lead probing. jumper !mks on 
all supply lines. a nonskid needlepoint 
probe . plus quality parts and a realistic 
price. 

MULLEN COMPUTER BOARDS 
BOX 6 214, HAYWARD, CA 94545 

on the terminal with a minimum of prepara· 
tion on paper. 

Interact ion 

The first difficu lty arise from the fact 
that APL is entered from left to right, but 
executes from right to left. I, like many 
user , do not alway know when I begin 
a line of program how I am going Lo fini h it, 
which means that if I am Jt the terminal, I 
must either make frequent correc tion Lo 
what I have alre dy entered, or prepare the 
tatement on paper before I key it into the 

terminal. I sec no fundamental reason why 
APL cou ld not be reversed, or a reverse AP L 
made an option for th e convenience of pro
grammers who think in RPN . There wou ld 
be no need to change the character set; just 
make e ecution from left to right. 

Character Displays 

The APL character se t is not idet1I for use 
with 5 by 7 dot matrix printer or video 
displays. Some overstruck combina tion arc 
not readi ly di tingui hable. Cou ld we not 
choose characters that are optimal for 
legibility and aesthetic appeal, even when 
overs truck? 

Keyboard Layout 

The arrangement of APL character on 
the keyboard is not convenient for rapid, 
error-avoiding typing. Wh y could not the 
APL charac ters be arra nged in some pattern 
that is optimal for the user who wants lo 
touch-t pe his input, as the Dvorak key
board is for ASCII characters (except the 
special command keys). 

I f APL, in some form, i destined to 
become a kind of univer al high level com
puter language, th en let us ,ivoid features 
that are unneces arily umbcrsome for inter
active u age, and re olve now to develop a 
language that i op timal in practica l term inal 
interaction. Let 's not make <1 mist,1ke l ike 
the QWERTY keyboMd! • 

Some Comments on 
"An APL Bigot Speaks" 
H enry Brandt 

Ithaca NY 14850 

In reference to the letter from Gi!ry 
Luther in the Augu t 1977 BYTE, page 12 
("An APL Bigot Speaks"), I wou ld l ike to 
off r a few point~ of larification. 

Fir t, the _uropean APL implcmentJtion 
that he speaks of is described in the IBM 

C11cle 101 on 1nriu1ry card . 



Systems journal, vo lume 16, number 1, 
and is entitled "An APL In terpreter 
and System for a Small Computer." The 
auth ors of this p per took a full APLSV 
interpre ter and broke it up into 289 128 
word modules which arc paged into main 
memory of .1 System/7. This technique 
shoul d st il l prove popu lar among hobbyist 
for whom proce sor costs are overshadowed 
by the cost of large amoun t~ of main 
memory . 

Second, the IBM 5100 doesn't rea ll y put 
the fu ll APL language in 16 K, as Mr Luther 
indicated. The 16 K to which he refers is the 
user workspace, which is available in 16 K 
increment up to a maximum of 64 K. The 
APL interpreter is residen t in 108 K byte 
of read only torage. I suspect a commer
cially availab le ROM offering of this nature 
i sti ll a number of years away. 

Lastly, unles we ee dramatic changes in 
the cos t of memory, we arc most likely 
doomed to impl ementing a subset of APL 
in either ROM or a complete version of it in 
an overlay fashion for tho e who posses 
ccondary storage devices such as Ooppy 

disk. • 

A 6800 Program Relocator 

Andrew A Carpenter 
POB 841 

Gordonsville VA 22942 

Here is a shor t program relocator that 
may be of interest and use to readers of 
BYTE. The program to be relocated must 
presently re idc in memory. Hexadec imal 
dddres es A002 nd A003 are se t to the 
address of the program. Addrcs e A004 
thru A007 arc et to th e beginning and 
ending Jddresscs of the new location for 
the progrc1 m. This program was written for 
a SwTPC 6800 system. 

LOCN Bl B2 83 -. 
!000 
!000 FE 110 02 '• LDX /1002 
1003 /16 00 > LO/\ /100, X 
1005 08 INX 
1006 FF /1002 STX A002 
I 009 FE 110 04 LOX /1004 
IOOC /1 7 00 ST /\ /\00. X 
IOOE BC AO 06 > CP X /1006 
10 11 2700 BEQ 1019 
1013 08 INX 
101 4 FF11004 STX 11004 
1017 20 E7 BR/\ I 000 
1019 3F SW! 
1012 06 
I 0 I/\ 

UNRESOL VED ITEMS 

''' SYMBOLS, SORT? • 
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PROVIDI G I YESTME TBA Kl G, 


BROKERAGE ND RESEARCH COV ERAGE 


OF EMERGING 


TEC ll OLOGICAL COMPANI ES 


WALL STRE T i begin ning to recognize 
the com in g boom in personal compute rs. 
Our Research Department bel ieve that 
PERT C COMPUTER CORPORATION, 
a lead ing mi cro computer upplier (M ITS 

LTAI R . iCOM) has an e ceptionally 
bright fu ture. 

Cal l or send fo r our Resean.: h Report 
on PERT EC 

Please send me your Research Report on Pl:.RTEC: 
ame_____________ ___ 

Company__________ _ ___ _ 
Address ________________ 
Ci ty _____State _____ Zip ____ _ 
Phone_ _______________ 

now open 
New Jersey's most complete store with 

microprocessor and NOVA* compatible 

minicomputer systems and peripherals, 

classroom courses , demonstrations, 

software packages, and expert services. 


For hobbyists, computer professionals, 

and business users. Look for more 

details in the December issue of Byte 

magazine. 


tupetron1C
cdmputer
store 
806 Route 17, Ramsey , N.J. 07446. 
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Relocatable Object Code 


Formats 


In the July 7977 issue we published a 
document handed out into the public do
main by Peter Formaniak and David Leitch 
of Mastel?. (See "A Proposed Microprocessor 
Software Standard, " page 34, July 1977 
BYTE.) Our purpose for publishing the 
document was to get some interchange 
started on the issue of relocatable object 
code formats. 

In this continuation of the discussion of 
the subject of relocatable format, we have 
three items. One is a letter reacting to the 
publi hed information and making some 

Carol Anne Ogd in 
100 Pommander Walk 

Alexandr ia VA 22314 
(703) 549-0646 

The propo al put rorth by Formaniak and 
Leitch i certainly a step in the right direc
ti on, but it also sets unreasonable l imits on 
the length of ymbols permitted . By im
posing a limit of six bytes on symbol length, 
the author propose to throw back pro
gramming techniques to the 1960s. A 
imple an, lysis of their standard hows a 

clear and obviou format that per·mits sym
bo l o virtually unlimited length , although 

suggestions. The se ond item is a format 
used by Technical Design Labs, originated 
by Neil Colvin. This text was given to us 
at the TDL booth at the National Computer 
Conference in Dallas last June, and offered 
as documentation of a standard which is 
in use by that firm, and is reportedly being 
examined for adoption by two other major 
software vendors in the personal computing 
marl?etplace. The third item is a letter from 
Tom Pittman critiquing the TDL standard, 
an item which resulted from a recent phone 
conversation. 

As an addition to the discussion, the note 
following Tom's critique was received from 
Philip Tubb, and has a bearing on the pro
cess of compiling and making available 
standards documentation for this fie ld. 

A Response to "A Proposed Microprocessor Software Standard" 


an imposition of a length limi t of (say) 64 
bytes wou ld not be unrea onable. 

In record types 02 and 03, I propose 
the following modification of their con
ventions: 

Byte Number Descr ipti on 

1 Dol lar sign{$) delimiter 

2, 3 Length of the symbol (or zero, 

$ 495ALPHA z- 80 
ASSEMBLED 

• 	 12 SLOT MOTHER BOARD 

• 	 12 CONNECTORS (S-100 BUS) 

• 	 17 AMP POWER SUPPLY 

• 	 HEAVY DUTY CABINET WITH FAN 

• 	 Z -80 CPU BOARD: A l l Sockets lnc lucJecl, Gold Con

L ct Fingers. H igh Quality Glass Epoxy PC Board. 
Double-Sided, Pla ted Through Holes, Requ ires On ly 
+ s voe J soo MA. 

NOTE : 22 SLOTS/30 AMP POWER SUPPLY - $595. 

ADS also sells IMSAI and NORTH STAR Assembled at Kit Pr ices + LEAR 
SIEGLER ADM 3A Assembled at $888.00 . TERMS: Cash with Order. 
Prices include Freight. (N.C . Residents add 4% Sales Tax . ) 

ALPHA DIGITAL SYSTEMSADS 
Dlta Arqui ition, Computauon ant! ( <introl 

ROUTE 4 BOX 171 A 
BOOSE, ORTH CAROLI A 28607 1111 



imp lying the symbol is terminated 
by carriage return or other control 
code) 

4, 5 Mo t significant byte of the 
addre (definition for record type 
02, addre s of chain for type 03) 

6, 7 Lea 1 significant 
address 

byte of the 

8, 9 Record type (02 or 03) 

10 ... ymbol text 

La t 2 
bytes 

Checksum 

CRLF Carriage return, line feed (De
limiter of end of record and end 
of symbol text) 

The advantage of this format is that it 
permits (but doe not require) longer sym
bol . If the particu lar assembler author needs 

Technical Design Labs 

to impose some arbitrary restri ction on 
mnemonic and symbolic names, so be it. 
But, to impose such arbitrary restrictions in 
a proposed tandard assures that the stan
dard wi ll not be adhered to in practice. 

Finally, a note about proposed standards 
themselves. Unless and until the personal 
computing movement gains a coherent vo ice 
through a si ngle forum, standards will re
main nonstandard. It behoove the users 
to get behind the standards movement. Un
fortunately, the ANS I mechanism is too 
burdensome for our needs. If some enter
prising publisher (hint, hint) were to ded i
cate a half a page to listing the currently 
accepted user tandards and the references 
where the final definition can be found, 
it might begin to serve as that needed cen
tra l forum. Could such a list be publ ished 
every couple of months or so? I should 
point out that without such a single point 
of reference, propo ed amendment (and 
general acceptance of the original or 
amended propo al) will never get pro
perly pro mu I gated to the necessary readers. • 

Nei l Colvin 
Technical Design Labs 
Research Park Bldg H Relocatable Object Module Format 1101 State Rd 

DEFINITIONS 

Object Module : The output from a language 
processor. Object modules mav be loaded into 
mem ory for execution at fixed add resses. 

Re locatable Object Module : An object module 
containi ng information which allows the loader 
to place it anywhere in memory address space. 

Internal Symbol : A symbol whose location is 

Princeton NJ 08540 

available to other modules besides the one in 
which it is defined. 

External Symbol : A symbol which is used in a 
module but is defined as an internal symbol in 
some other module. 

Entry Point: An internal symbol in a module 
which is used to select the module for loading as a 

With the Computer Engineering Poster...Get on the Right Track for Christmas 

. . . If you Hke it in black and white, you (and your friends) will love the fu ll color 
limited edi t ion poster. 

It 's 16Y2 by 21 Yz inches (41.9 by 54 .6 cm) with a while border; the colors are the same as 
the original by Robert Tinney, which graced our July 1977 cover (minus BYTE logo). 
At $3, plus $.50 postage, it is shipped unfolded, in a mailing tube . 

---------------------------------------------------------, 
--~ ___ Posters $3.00 each D Bill BankAmericard - o Check Enclosed 

plus $ .50 mailing D Bill Master Charge s 
No.____________ _• Exp. Date___ 

Send to : 

Address _____ ______________ _BITS Inc 

70 Main Stree t 
C11y __________ State__Zip ______Peterborough NH 03458 

~--------------------------------------------------------
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PRAMMER 

bv XYBEK 

An extraordinary 2k memory board 
for your Altair -bussed computer 

* On board 1702 A PROM programmer

* 256 bytes of RAM plus space for 1792 bytes of read 
only memory I seven 1702A EP ROMsl 

* Supp lied with one 1702A, pre -programmed with 
stand ·alo n e prograniming sof tware no sense 
sw1 tches are used 

* Supplied w 11h programming powe r supply

* 	PRAMMER's own on board clock makes 1l compot 1ble 
with almost any A lta ir bussed system.

* 	All read anct write sequences are generated via an 
board n11cro programmed state 1nach11,e, thus 

el1m1na11ng al l one -shots 

* Cornp lete 1 702A progriJmming in 18 sec onds 

* Inch.ides complete listings for PRAMSYS, an eleven 
function developrnen l system . 

COMPLETE KIT: ............ . .$209 

Assembled and tested : . .. ... .. . .. . . S289 

Immed1ate loll the shelf I del 1very 
California residents please add sales tax 

COD, Master Charge, BankAn1er1 card ancl Visa accepted 

P.O . Box ~925 • St~1111'oru. CA l) 4 30:' 
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IF IT MOVES1 "1JUlJU1- DIG/ TIZE IT! 1 
1 0SHAFT ENCODERS
1 	 1FOR DIRECT MECHANICAL TO DIGITAL
0 	 0CONVERSION ONLY $49 .95 
0 	 1 
1 AI D CONVERTER 0 
1 LETS YOUR COMPUTER USE ANALOG VOLTAGES 1 
1 0COUNTERS0 	 1 

MANY TYPES -- MP. COMPATABLE0 0 
0 SOCKET BO ARDS 1 
0 	 1COMPLETE WITH WIRE WRAP SOCKETS 
0 	 1SUSSES AND BYPASSING. LOW AS $1 .00 PER LOC 
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result of i ts being referenced in anot her module 
as an ex1erna l sy mbol . 

Linkable Object Module : An object module 
con taining i n format ion identi fying external, 
internal, and entry point symbols which can be 
" l inked" to 0 1her si m i lar modules by the loader. 

Relocation Base : The ex ternal symbol whose 
address is the base for the re locat ion of an object 
modu le. The external sy mbol m ay rep resent a 
program , data, or common area o f m emory . 

Object Module Format Definition 

The objec t mod ule format is an ex tens ion 
of the Inte l "hex file" for mat, but is not 
compat ible with that format. Th e mod ul e 
consis ts of a seq uential file or ASC II char
acters representing the binary data, sy mbol 
and control infor mation req ui red to con
struct a inal program fro m the modu le. All 
bi nary bytes with in thi s structure are repre
sented as two ASC II characters cor res
ponding to the hexadecimal value of th e 
byte (eg : ·11001001 _,. C9). All ASCII val ues 
are represen ted by the corresponding ASCII 
character (eg: A _,. A) . 

Each of the differe nt records within the 
module is indicated by the use of a prompt 
characte r as the fi rst charac ter of the record 
(in the Intel format, this is the ":") . The 
va lid prompt charac ters are: 

Character Meaning 

I modu le identification reco rd 
@ entry point record 

internal symbo l record 
\ external symbol an d relocation base 

record 
& sy mbol table record 

data or program or end of fi le record 

Every record in the module is terminated 
by a one byte binary chec ksum of all of the 
preceding bytes in the record except for the 
prompt characte r. The checksum is the two's 
complement of the su m of the preceding 
bytes. Either output for mat (two character 
binary or one charac ter ASC II ) sti ll counts 
as on ly one byte in the checksum (ie: before 
convers ion for outpu t). 

In addition, each record is preceded by a 
carriage return and line feed seq uence to 
facili tate listing the module on an exte rnal 
dev ice. 

• Module Identification Record ("!") 

Byte 
Number Description 

1-2 	 CR I L F 

3 	 Exclam ation point(!) prompt. 

4-9 	 ASCII module nam e. {See comments 
on length in lette r b y CA Ogdin.} 

10-11 	 Checksu m. 



• Entry Point Record ("@") 

Byte 
Number 

1-2 

3 

4.5 

6-?? 

?? 

Descripti on 

CR/LF 

At sign (@)prompt. 

Number of entry points in th is record. 

ASCI I names of entry points, six bytes 
per name. The names are left justified 
and blank filled . 

Checksum . 

• Internal Symbol Record (":") 

Byte 
Number Descripti on 

1-2 CR/LF 

3 Pound sign ( #) prompt. 

4.5 	 Number of internal symbols in 
record. 

th is 

6 -11 ASC II name of internal 
justified and blank filled . 

symbol, left 

12-13 Relocation base for symbol. The v
of this symbol is relative to the rel
t ion base speci fied . 

alue 
oca· 

14-17 Symbol value (16 bi t ). 

The above three f iel ds are repeated 
each internal symbol in the record. 

for 

?? Checksum. 

• External Symbol and Relocat ion Base Record 
("\") 

Byte 
Number 

1-2 

3 

4.5 

6 -11 

12-13 

14 -17 

Descr ipt ion 

CR/L F 

Backslash (\) prompt. 

Number of external or relocat ion sym 
bols in this record. 

ASCI I name of the symbol. left 1usti· 
fied and blank filled. 

Re locat i on number assigned to this 
symbol in this module . This number is 
unique for each symbol . I t starts with 
one and increases sequential ly for each 
subse quent external or re location base 
symbol . 

Relocat ion segment size or external 
reference flag. If this value is zero, 
i t represents a reference to a symbol 
defined externally to this module 
(usually a subroutine or global data 
i tem) . If it is nonzero, then the value 
is the size of the re locat ion segment as 

Circle 77 on inquiry card. 

Bk STATIC RAM KIT~ 
. Complele, includina qJ14S.OO 

sockets for all IC's.250 ns , 

CHIPS 
2708 EPROM 

650ns $14.00 
450ns $18.00 

Z-80 CPU $25.00 
Z-80 A $35.00 

(607) 273-3271 


PO BOX 91 ITHACA, N.Y. 14850 
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HOME COMPUTERS: 2' 0 QUESTIONS & ANSWERS 
by Rich Diddoy 
Vo lume 1 : Hardware 
Vo lume 2: Software 

$7 .95 
S6.95 

STEP BY STEP INTRODUCTIONS TO 8080 
MICROPROCESSOR SYSTEMS. 
by Jomes Melso & David Cohn 57 .95 

HOME COMPUTERS: ABEGINNER'S GLOSSARY 
AND GUIDE 
by Merl Miller & Charles Sippl S6.95 

8080 MICROPROCESSOR EXPERIMENTS 
by Howard Boyet 	 S9.95 

BEGINNING BASIC 
by Pou l Chirlion 	 $6 .95 

dilithium Press books are avoiloble 

from your local computer store. 
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EXPANDOR'S BLACK BOX PRINTER 

$396. 

Cover & Base 


Optional 


$29.95 

Shipped ready to connect to most any microprocessor 

NEW (Not Used) COMPLETE (Not a Kit) 90 DAY GUARANTEE 


CHECK THESE OUTSTANDING FEATURES 


•RELIABLE •LOW COST 

• Parallel interface Included • Small, portable 14.5" 1 13" 1 10'1 
• Lightweight 111 IS lbs.I • Complete dOC1Jmentation 
• Prints 80 columns wide • Prints 10 characters per second 
• 64 Character print set IASClll • Tractor & pressure feed included 
• Easily maintained by USl!r • Uses standard 8\S" paper 
• Pans to you - or return tor service • Regular typewriter/teletype ribbon 

EVERYTHING SUPPLIED - JUST CONNECT TO YOUR PARALLEL PORT 
HUNDREDS IN USE 

M aster Chatge - VISA Check M oney Orde1 

EXPANDOR, INC. 
612 Beatty Road, Box BY , Monroevi lle, Pa. 15146 

(412) 373-0300 
fDeaJer /nQumes /nV1 redJ 

Perhaps you've used software we've 
helped produce. Many people have. You 
may not even have seen our name when 
we've helped produce them, but we were 
there. 

Maybe you've heard our Music System. 
How often have you been del ighted with 
a software product? Many people are 
with our Music System. 

We're working on a variety of new 

and interesting projects which will 

enable you to use your computer 

for some of the things you know it 

can do for you - with the right 

software. We'll let you know about 

our products as they ' re ready. We 

know you'll like them. 


Look for us - we'll be there. 

@SoftwareTech~ 

P.O. Box 5260 San Mateo, CA 94402 

defined in this object module. This 
segment can contain either code or 
data, and may be located anywhere in 
memory by the loader. independent of 
any other segment. 

The above three f iel ds are repeated for 
each symbol contained in this record. 

?? 	 Checksum. 

• Symbol Table Record ("&") 

Byte 
Number Description 

1·2 CR / LF 

3 Ampersand (&)prompt. 

4-?? The remainder of tn is record is identi · 
cal to the internal symbol record. All 
symbols defined in th is module are 
contained in these records. 

• Data/Program Record (";") 

Byte 
Number Description 

1-2 	 CR / LF 

3 	 Semicolon (;)prompt 

4-5 	 Number of binary data bytes in this 
record . The max imum is 32 b inary 
bytes (64 bytes of ASCII represen 
tat ion). I f this value is zero, this record 
is a end of file record, described below. 

6-9 	 Load address of the data relative to the 
specified relocation base. 

10-11 	 Relocation base for all relocation in 
this record. All relocatable values in 
th is record are added to t he current 
value of the specified relocat ion base 
before being put into memory . 

12-13 	 Relocation control byte . This byte 
controls the relocat ion of the next 
eight bytes in the record (if that many 
remain according to the count field). 
The bi ts are used from left to right . 
The bits have the following meanings: 

O: 	 a si ngle absolute byte implies 
load unmodified. 

10: a two byte relocatable value, 
least significant byte f i rst im
plies add the 16 bi t value to the 
current relocation base, and 
load the result least significant 
byte f irs t . 

110 : a three byte reference to a dif· 
ferent re location base. The first 
byte is the relocation base num
ber, and the two after that are 
the 16 bit value. least significant 
byte f irst. This implies add the 
spec i f ied relocation base to the 
16 bi t value, and load the result 
least signi f icant byte first . 
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Note that a two or three byte combin· 
ation is never broken across a record 
boundary. 

14-29 Data bytes contro l led as above. 

30-?? T he above control and data byte com
binations are repeated as specified by 
the count. 

?? Checksum. 

• End of F i le Record (";") 

Byte 
Number Descript ion 

1·2 	 CR/LF 

3 	 Semicolon (;)prompt. 

4.5 	 Zero to indicate end of fi le record. 

6-9 	 Starting address for module relative to 
the specified relocation base. This 
address is optionally generated by the 
language processor. and may be zero. 

10 -11 	 Relocation base for starting address. 

12-13 	 Checksum. 

Reloca t ion Bases 

One of the important capabilites of this 
object module format is the ability to 
pccify multiple relocation bases for the 

module contents. These relocation bases 
may rcpre ent ROM versus u er program
mable memory hared common areas, special 
memory area uch as video refresh areas, 
etc. Within a module, each of these reloca
tion ba cs is assigned a name, and implicitly, 
a sequential ly generated number. The 
relocation base c1re actua lly as igned values 
at load time, but all memory references 
within the module are made rel, tivc to one 
of these bases. 

Four of the relocation ba es (0 to 3) have 
predefined names and meanings, and are 
treated differently at load time than the 
remainder of the ba e . Ba e 0 represents 
absolute memory locations (ie: It always 
h<ts the va lue 0) . Base 1 has the name 
".PROG." and represents the program area 
(may be ROM or PROM). Most program 
code is ge nerated relative to th is relocation 
bas . Bae 2 h,s the name ".DATA." and 
represents the local data areas for each 
module. Mo t loca l d<1ta is defined relative to 
this base. Base 3 has th name ".BLNK." 
and reprcs nts the global "blank common." 
Thi relocation ba e i alw y as igned the 
va lue of the first free address in memory 
after the local data torage (.DATA.) and 
other data relocation segments. Becau e it is 
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always the last alloca ted, modu les referen
cing this area can be loaded in any order, 
regardless of the amount of the area they 
u e. 

Relocation segmen ts relat ive to bases I 
and 2 (.?ROG. and .DATA. ) arc al way 

loaded add itively . (ic: After each module is 
loaded, the value of the relocat ion base is 
increased by the siLe of the segment.) II 
other reloca tion bases arc assumed lo have 
constant values during the load proces an d 
may be alloca ted by th e loader. • 

Comments on the TDL Relocatable Loader Format 

It begins to look I ike we are going to ee 

the same diversity in design of software in 
the personal computer industry that we have 
see n in the hardware design. This remark is 
prompted by a document describi ng Tech
nica l Design Lab ' " Relocatab le Object 
Module Format" which I recently had a 
chance to c amine. 

TDL is not the first to promote a relocat
able fo rmat, and you may be sure they will 
not be the last. Let me suggest some rea ons. 
But first I should remark that the people at 
TDL have obviously put a lot of thinking 
and work into their format. It will serve 
them for much software, some of which is 
clea rly stil l in the future. My personal 
impress ion is that the forma t tries so hard 
to be "efficient" that it has acquired the 
distinct flavor of a kl uge, but I wi ll admit 
that to be a matter of taste and not a matter 
of substance. 

The problem with the TDL format, and 
also with the other formats which have come 
before, is that it is limited to the re location 
of ·16 bit add resses. This may be satisfactory 
for relocati ng jumps and subroutine calls, 
but it is qui te unworkab le fo r data re fer
ences where the actual ad dress of the refer
ence must be com puted from a relocated 
base add ress plus some computed offset. It is 

true thdt you can u e an LXI instruction 
in the 8080 or Z80 and do th e ar ithmetic 
through the reg i ter accu mul ator ADD 
instruct ions, but in the 6800 there i no 
co nvenien t way to do arithmetic from an 
ad dress loaded into the index reg ister with 
an immediate mode. Even worse, th e 6502 
has no 16 bit register which may be loaded 
immediate, and the programmer would be 
fo rced to such subterfuges as defining an 
address constant containing the re located 
ad dress, then u ing ex tended addressi ng to 
refer to it. Another hazard which docs no t 
affect the 8080 and Z80 i the problem of 
re locating base page addresses. So ra r I 
have seen nobody address this problem, 
and yet the 6502 is effec tively inope rab le 
without reference to page 00. Are we to 
continue to fo rce use rs to laboriously all o· 
cate page 00 even after reli eving them of 
the same drudgery with respect to the rest 
of memory? 

I should also like to mention two o ther 
problems wh ich have not been addressed, 
but which are considerab ly less severe. One 
has to do with the problem of the difference 
between two relocated addresses. Most 
assemblers do not all ow co nstructs of the 
form (LXI B, ALPHA-BETA), where 
ALPHA and BETA are both externals. Th e 

SWTP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOU! 

The CIS-3o+ allows you to record and playback data us ing an 
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle! 
Your terminal connects to the CIS-3o+ which plugs into either the 
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800 
Computer. The CIS-3o+ uses the self clocking 'Kansas City'/Biphase 
Standard. The CIS-3o+ is the FASTEST, MOST RELIABLE CAS
SETTE 1/ 0 you can buy for your SWTP 6800 Computer. 

PerCom has a Cassette 1/ 0 for your computer t 
Call or Wr ite for complete specifications 

Kit - $69.95* 
Assembled - $89.95* 

(manual included) 
" plus 5% f/shipping 

PerCom Data Co. 
P.O. Box 40598 • Garland, Texas 75042 • (2141 276-1968 - IANKAll!~ICUD[~EfUJUM] PerCom - 'peripherals for personal computing' TEXAS RESIDENTS ADO 5'< SALES TAX 
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construct is not allowed because there is no 
way to pas express ion to the loader. It is a 
usefu l con truct, and at presen t th e on ly 
way to accomplish th e same effect with a 
re locata ble code cos t seven ex tra instruc· 
lions. But .i I said, thi i less important. 
More import an t is the probl em of error 
checki ng. For reliable media, who cares? But 
if we ar going to bother to put check urns 
in the fo rmat, w hould be sure that every
thing importan t i checked. s far as I know, 
onl y th e hex ab olutc for mat defined by 
MOS T ch nology doc this, unless the TDL 
loader in ist on the presence of the carriage 
re turn linefeed and requires the next char· 
actcr to be e ither a colon or do llar. Most 
loaders simpl y ignore all text unti l the 
header charac ter is recogn iLcd, which 
gives rise to the poss ibility that lines may 
be dropped, an ccurr nee I know to have 
happened. I think the loader hould ignore 
control charac ters (C RL F hould be 
optional) but have some safe ty agai nst 
dropp d lines. 

I sa id we would be seeing sever, I re loca ta· 
ble fo rm at . Like the hardware designers, no 
so ftware designer i comp letely sati sfied 
with what someone else has de igned, so 
he/she want to do her/his own . But more 
than that, when a proposed standard ha 
ser iou defic iencies, it wil l not be widely 
accepted . A you no doubt have suggested 
by now, I th ink I can do better . Time lone 
can tell whether we act uall y achieve any 
standards in this area .• 

Announcing the Centra l Standards Library 

To help solve some of the standards pro· 
blems in the small computer and micro
computer field, A LF Products is sponsoring 
a Central Standards Library (CSL). After 
discussions with several manufacturers in 
this field at the West Coast Computer Faire, 
A LF has set up the CSL as a means of 
standards information exchange for manu· 
facturers, consumers, hobby ists, and others 
interested in tandards. The Library will 
collec t submitted standards and distribute 
them on a nonprofit basis. For more infor· 
motion on available standards, on how to 
ubmit standards, and on the Library's 

services, send $ 7 (to cover printing and 
mailing costs) to The Central Standards 
Library, c/o ALF Products Inc, 728 S Taft, 
Denver CO 80228. You will receive a copy 
of the first CSL newsletter and the first 
ubmitted standard (a parallel interface 
tandard). Manufacturers currently parti· 

cipating include: ALF Products, IMSA I 
Manufacturing, Poly Morphic Systems 
Proko Electronics, Vector Graphic, and 
Video Terminal Technology. • 
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precious back i ue with 
a handsome but rugged library file - or a 
binder- in flag blue Kivar libra1y fabric stamped 
in gold leaf 

Files: Made to hold the first 16 issues of BYT . Price 
per file $4.95 ; three for $14· six for $24 postpaid. 

Binders: Made to hold the first 16 issues of BYTE. Price 
per binder $6.50 ; three for $18.75· six for $36, 
postpaid. 

(Add $1 each out.side USA.) 

Send to : BYTE , POB 5120, Phil adelphi.a PA 19141 ~ 

I enclose check o r money order for$ _ • _____ _ 
Please send me _ _ BYTE ___ Flies __ Binders 
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Address 
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Sa Lisfac tion guaranteed or money refunded. All ow aL least 
fo ur weeks for delivery . 
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A Collection of Programming Problems and 
Techniques by HA Maurer and MR Williams, 
Prentice-Hal/ Inc, Englewood Cliffs NJ, 
7972, 256 pages, 6 by 9 paperback. $6.95. 

Among the things I like about the com
puter field is that it inspires a new style of 
sol itaire: It 's me against the computer, and, 
if I'm persistent , I can always win . A frequen t 
problem, however, is fi nding a game wh ich 
wi ll both bring sat isfac ti on and sharpen 
my ski lls. Many beginning programm ing 
books give on ly modest exampl es and 
problems which do not chal lenge the inter
media te student. Since the trip from ap
prentice to journeyman is paid for o nl y with 
ex perience, a good selec tion of programming 
problems is a must. 

For the enthusiast seeking a cha ll enge, or 
the novice wi hing to become a pro, 
Messrs Maurer and Wi lliams have fill ed thi 
need with nearly 400 problems of varying 
degrees of difficulty. These exercises provide 
ex perience in most of the common problems 
encountered by programmers. Working your 
way through the book will provide an 
in ight into the mysteries of applied high er 
mathematics, even though no knowledge of 
mathematic above the high sc hool level is 
req uired. You 'l l fi nd sect ions on number 
theory, random num bers and equ ations in 
one variable. The chap ter on games discusses 
chess and checkers, and there are number 
games throughout the book. The 10 section 

A 
COLLECTION 
OF 
PROGRAM.MING 
PROBLEMS 
AND 
TECHNIQUES 

challenges you to pr int bridge hands, or 
perhaps a ca lendar. You can make maps, 
circles and fa mily trees. Some of the great 
probl ems and legends of history are also 
described; perhaps you can o lve them. 

Th e problems are couched in general 
terms so th at any of the common pro
gramming languages may be used. Intro
ductory pro bl ems range fro m the reading 
an d print ing of data to the calcu lat ion of 
a bowling score. More difficult probl ems 
address satel lite orb its an d la nguage tra nsla
t ion . There is an exce ll ent advanced section 
dealing with si mple compilers and three
dimensional plotting, as well as the sorti ng 
and merging of data. In working out these 
problems the programmer will gain a facility 
in com mon applica tions. 

An append ix of par ti al answers to prob

$9.0~ 

THE FIRST 

BOOK 
OF 

KIM 

ORB 

BITS. IncThe First Book ol KIM 70 Main St 
Peterborough NH 03458 

Attention KIM users! Here is the book you 've been wai t ing for : The F irst Book of KIM. In it you'll 
f i nd a beginner's guide to the MOS Technology KIM -1 m icrocomputer as well as an assortment of 
games including Card Dealer, Chess Clock, Horse Race , Lunar Lander and Music Box . Also featured 
are diagnostic and uti li ty programs for testing both the computer and external equipment (such as 
cassette recorders) , and chapters on expanding memory and controlling analog devices. This 176 page 
vo lume should prove an essent ial add i t ion to any K IM user's library . $9 .00. 

Please add 50 cents for postage and hand ling. BankAmericard /V ISA and Master Charge welcome. 

For convenience, use any of the coupons on pages 142-144 or 153. Be sure to write The F irst Book of 
K I M on the coupon . 

Processi ng may exceed 30 days in unusual cases. 
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lcms is provided. Since there arc many way 
to program d given task, sample programs arc 
not given. A well thought out index provides 
a reference to any p.trticular problem or 
concept. 

The excellence of thi book lies no t only 
in its gradu ated problem , but al o in the 
tru ly great variety of the cxerc i c . I t is not 
an introduc tory tex t , but of course there arc 
many of tho e. I t docs prom ise to make the 
reader c1 "tackle any thing" programmer, 
which is the very be t kind . 

Noel K Julkowsk i 

18755 V an Bu ren St 

Salinas CA 93901• 

T he Thin k ing Computer: Mind Ins ide Maller 
by Bertram Raphael, W f-1 Freeman and 
Company, San Francisco, 19 76. Softbound 
$6.95. 

Th i excellen t book i perfectl y uited for 
the techn ica ll y in lined reader who wants to 
know more about artifici al in tel ligence ( I ) 
and robo t ics. Wr i tten by one of the pioneers 
in A l re cJrch, i t provides comprehensive, 
up-to-date coverage o f the f ield in a tylc 
that adroi t ly balances techn ical depth 
agdin t readability and under tandability. 
Raphae l is espec ially effec tive in illu trating 
abstract idec1s with memorab le examp le , 
li ke c1 " cryp tari thmct ic " pua lc which is x
plorcd via a trc search, and a butler dnd 
maid my tcry which is solved by theorem 
prov ing techn iq ues. 

The book ' introduction , wh ich provides 
a basic orientation to computers for the 
unini t iated, al o d i~cu sscs specia l Al periph
erals and oftware , and deal , albeit briefly , 
with two com mon misconceptions about 
cornputc1 : that they arc ju t giant arithme 
ti c .tlcul ators, .ind that they arc dumb 
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THE BETTER BUG TRAP 

DEBUG 

AND 


CONBUER 

Altair/IMSAI compati ble board catches program bugs and 
provides timi ng for real-time applicat ions. 

Four hardware breakpoint addresses. Software breakpoi n ts 
only possible at i nst r uctio ns in RAM . Better Bug Trap 
bre ak points can be i n ROM or RAM , and at data or 
i n struct ions i n memory . input /output channel s, or stack 
l ocations . 

Board can stop CPU or interrup t CPU at a breakpoint. 

R ea l - tim e funct ions: watchdog tin.er. rea l· t1me clock ( for 
time of day clock), interval timer. 

Sophisticated timesharing made possible' 

Unique interrupt structure: generates a CALL instruc11on to 
y our subrou tine anywh ere in memory . no t a RSTI 

Addressed as memory . All p arameters set easily by sof tware. 

All this and more for about the price o f a real-time clock 
board, bu 1 nothing else does the job of the Better Bug Trap. 

$160, assembled and tested. 2 manuals plus software. 90 day 
warranty . Shipped UPS. Del ivery from stock . 
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canada Boards DO Something

svs rems. inc . 

CL2400 
Real Time Clock

I I 

S98- K1t S135- Assembled 

II your system needs to know what time ii is , our CL2400 is 
the board for you . The present time in hours . minu tes . and 
seconds 1s always available for input. and 1s continuously 
updated by the highly accurate 60 Hz power li ne frequency 
Need per1od1c interrupts? The CL2400 can do that. too . at any 
of 6 rates . Reference manual with BASIC and assembly 
language software examples included 

PC3200 
Power Control Syslem 

PC3232 S299- K1t S360- Assm 
PC3216 S189-K1t S240-Assm 
PC3202 S39 .50-K1t S52-Assm 

If your system needs on / off contro l ol lights , motors , 
appliances . etc .. our PC3200 System components are for 
you . Control boards allow one I 0 port to control 32 (PC3232) 
or 16 (PC3216) external Power Control Units. such as the 
PC3202 which controls 120 VAC loads to 400 Watts . Optically 
isolated . low voltage . current-limited cont rol lines are 
standard in this growing product li ne. 

P.O. Box 516canada 
systems, inc. La Canada , CA 91011 

(formerly comptek) (213) 790-7957 

WANTED: 

EXPERT 
PROGRAMMERS 

We are the leading manufacturer of industrial pro
grammable controllers - minicomputers and micro
processor -based systems used for industrial automation. 

Our Software Engineering Operation has doubled 
in the last year and we need good people badly. 
We want experience 1n the assembly la nguage, micro
programming microprocessors, real-time control ap
plications, and some familiarity with hardware at 
all levels of experience. 

We offer excellent wages, generous fringe benefits, 
and a pleasant atmosphere for advancement and growth. 

Please send resume with salary requirements to the 
Personnel Department. 

•11111• 

THE PROGRAMMABLE CONTROLLER COMPANY 

P.O. Box~ 

Shawsheen Village Station 


Andover, MA 01810 


mechanical ervants that can do only what 
they have been exp I ici tly told how to do. 
Raphael's refu L..ttion doesn't anticipate po 
sible further objection , but the~e i sue~ have 
been di cussed el cwhcrc . 

The fir t techni JI topic i the representa
t ion of info rm ati on about problem , which 
ha proven crucial in I application oft 
ware. Strings and Ii t tructurc ..trc described 
and applied to the representation of board 
games, symbolic algebraic formula , Engli h 
entenccs and picture . 

The next topic is carch. Brcadthfirst, 
dcpthfirst and p1ogrc~sivc deepening strat 
egic are applied to the problem of ~carchi ng 
tree , and techniques for adding knowledge 
to the search .ire de-. ribcd. The problem of 
finding the shortest route be tween Pari and 
Vienna is used to illustrate the carch 
for a path through a general graph truc
tu re. Technique for se.irching game 
trees, including e aluation functions, m1n1
maxing, and alpha-beta pruning, c1re briefly 
described. 

A major chapter deals with pattern 
recognition and theorem proving techniques. 
The latter di cu sion presents Wang's algo
ri thm for the proposition, I c<1lculus, the 
undecidability of the pr clicatc c,1lculus and 
it implicat ions, reso lut ion thco1·em proving 
and an wer extrac t ion (with a beautiful 
example, "Dr Colcnldn' wife"}, .111d other 
formal systems such a-. modal, probc1bili t ic, 
multivalued and fuuy I gics. While it is 
some tim es cursory and far from rigorous, 
th is i easily the most readable approach to ii 

sometime forbidding topic that I have ever 
ccn; every reader will appreciate it. 

The presentation of formal problem 
solving method · i followed up by a di~cus
sion of informal appro..tches. The p<1r.1digm 
used in cwcll c1nd Simon\ Gener.ii Problem 
Solver i pre cntcd ,tnd applied LO the 
"frame problem," th ,tl or upd,iting d de

ription f the current ~ituc1tion .i al.lions 
arc taken, with ,111 illustr.ition of .i robot 
moving through a room. The pos~ibility of 
dpplying theorem proving techniques Lo the 
frJmc problem lead lo a des ripl ion of 
STRIPS, the problem olving s stem u~ed in 
the robot "Shakey" at Lanford Rc,c..trch 
Institute. The chapter concludes with a 
discussion of the question, "C..tn a computer 
learn?", with illu trations taken from 
Samuel' checker pl.tying progr,11n .111u 
Wimton"; concept learning pll>g1«1111 .11 MIT. 

Raph..tcl then turns to computc1 under
.,t.inding o natur.11 l,mgu.ige, ,111d .1g,1i11 
provide~ J lcchnic.il discussion ur the 
method' without s,1crificing reader undcr 
tancling. Phra e strucwre grammar , trJns

formation,11 g1«1m111ars, ,111d the di licultic~ 
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wi th these .1ppro<1chcs arc described, leading 
to .t con5idcr<1Lion of the in terplay between 
ynta dnd cm.intic , .ind more recent 

.ipproachcs uch ,1 ca c grammM and c n
ccptual depcndcnc theory . Actu<1I y terns 
which undcrst,111d Engli h arc reviewed, with 
" ~pcci..il cmph.isi . n Winogr,td's very suc
cessful progrdm, SI IR DL U. The chdp ter con
clude with comments on the promise of 
current rcsc.irch into pccch understanding 
ys tems. 

Succeeding ch<1p tcrs dcdl with perception 
tnd pi turc pro c sing, Jnd rob t y terns. 

Technique uch a smoothing and harpcn
ing, finding edge> ctncl line , and dealing with 
ligh1 .ind shddow arc described in enough 
dctdil to give the reader Jn idcd or how the c 
thing> ,ire done, with ill ustr<1 ti on> from the 
work or Gu1n1an, Huffm,tn and Waltz. The 
hi tory or robots i re icwed, wi th ex mp lcs 
rrom Ro A hby' Homeo tdt, Grey 
Walter' tortoi c , the Johns Hopkins 
"bec1st," the MI T robo t arm, and Meredi th 
T hring's inventions. Then a ca e tudy is 
prc ·cnted or Shakey, the SRI robot. 

The final chap ter comment on "fron t ier 
appl ic<tti m" in which the fruits of A l 
rcsc<1rch c..in be u cd to better our world. 

xample are draw n from work in cdu a
tion, p>ychology <1nd m d icine, as well as 
other field . The book conclude w ith <1n 
eloquent ommcntar on the potential for 
dchununization and the promi c of enrich
ment o our society posed by inte ll igent 
machines. The key, of cour c, i undcr
t.tnd ing, and Raphae l ha made a real 

con tribution to popular understand ing of 
artificial intelligence re earch by writing th is 
book. 

Dan Fylstra 
Hamilton Hall C -23 

Harvard Business School 
Boston MA 02163• 

T he Anatomy or a Compiler by j ohn A N 
Lee, D Van Nostrand Company, New York, 
1974, 470 pages. Paperbound, $77.95. 

John A N Lee, a profc sor or comp uter 
science at Vi rgin ia Polytechn ic Insti tu te 
and Sta te Univer ity, ha written a book that 
bridges the in format ion gap be tween the ele
mentary exp lanation or compi ler which are 
usual ly rou nd in th e la t chap ters of intro
ductory tex tbooks, and the very ab trac t 
theore tical explanation , ie: th ose that 
·peak in terms of "given a se t S." Dr Lee's 
clear, prcci c pro e posse scs a great deal 
or fid ir leading the mot iva ted reader from 
f irst pri ncip le to complex operations. 

Thi book is a " how to" book, abundant 

Tarbell 
Floppy Disc Interface 
Designed for Hobbyists and 

Systems Developers 

• Plugs directly Into your IMSAI or ALTAIR· and handles up 
to 4 standard single drives In daisy-chain . 

• Operates at standard 250K bits per second on normal disc 
format capaci ty ol 243K bytes. 

• Works with modified CP/ M Operating System and BASIC-E 
Compiler. 

• Hardware includes 4 extra IC slots , built-in phantom boot
strap and on-board crystal clock . Uses WO 1771 LSI Chip . 

• 6 -month warranty and extensive documentation . 
• PRICE: Kit $190 .... . .... . ..... . .... Assembled $265 

• ALTAIR ls a n-ad•mark / tradename of MITS, INC 

•rg 20620 S0u1" leopwood Averue. Suite P 
I (~I Canon.Collfomla 90746 

ro s c213> 5311-4251 

" ' ~ That's right , if we don 't sell a bunch of our 
BASIC SOFTWARE VOLUME 1 albums 
quick, we'll get fired! Included are lots 'n' lots 
of your favorite Basic programs such as 
LUNAR LANDER and BLASTOFF!, plus new 
ones like MAILING LIST, FOURIER FIT and 
AMPLE ANNIE. Plays through your Tarbell, 
Kansas City or Altair cassette interface (we 
coded all three ways). Or make cassette 
copies. Only 6 bucks. Don 't be a dummy, or
der today! Satisfaction guaranteed or money 
back . 

$6 to : SOFTWARE RECORDS 
PO BOX 8401 -B 
UNIVERSAL CITY, CA 91508 
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i A IMICROCESIGN 

~~~~+ ~~~~~~~~~~~~~~ 

Im 1u ocompule1 product\ 

2708 
SK TMS 2718 
16K EPROM/RAM 
VERSATILITY • lndovodual Addressing • Sh1dow allernales ROMw•lh RAM • Exlernal 
RAM disable • Optional IK on-board RAM • S tOO compallble • Power-on tu mp or 
bo-Otstrap capability • All sockets inc luded 

MR 8 KIT .. For 2708 99.50 

MR 16 T KIT . . . FOR TMS 2716 99.50 


EPROM lsllown) no1 mcludeo 


FIRMWARE• 2K Moni1or/Ut1l1ty • Supports Tarbell cassette , paper !ape • Now 
avai lable for SIO. MIO. 3P ~ S . SIO 2 

MM 2K (two 2708 type EPROMS) , 79.50 
MM 2 T (one TMS 2716 EPROM) , 74 .50 

EPROMS • P11me. full speci focailon • programming avarlable 

2708 type 1024 x 8 . . . . . . . 30.00 
TMS 2716 . 2048 x 8 . 55.00 

MICRODESIGN 
679-1 S. Sta te College Blvd ., Fullerton CA 92631 

(714) 870-9860 

6800 AUTOMATIC TELEPHONE DIALER 
PROGRAM . .. ... . . .. .. . . . . $9.95 postpaid 
Have you r 6800 y tern dial your phone • Uses 
only 5 external components • Sto re 650 va riab le 
lenglh pho ne number • Operales in less than 1 K 
bytes of memory 
Includes : Paper tape in Mikbug ' format and ob
ject ode • Ci rcuit diagram and inslructions 
• Inst ru ction for adapt ing to ol her 6600 sys tem s 

6800 TELEPHONE ANSWERING DEVICE 
PROGRAM . ... ... . .. ..• ... $4.95 postpaid 
Have you r 6800 sy tern an wer yo ur phone and 
r co rd messages automatica ll y. Compatib le w ith 
any 6800 ys l em . 
Includes: Assemb ly Ii ting and object code • ir 
uit diagr<1m and inslruction 

Wr i te to : SOFTWARE EXCHANGE 
2681 PETERBORO 
W. BLOOMFIELD, MICH. 48033 

in ex pl anatio n, striving to impress upon the 
reader the hows and whys of current day 
ymbolic language definition and execution. 

Dr Lee places a great dea l of emphas is upon 
the differences be tween compil ers and inter· 
preters by emphasiz ing that compilers pro
duce separate code (object code) that is 
executed afte r the compi lation ph ase of 
execution is finished; but in terpreter 
execu te the source code on a lin e by line 
basi which may not be opti mal in terms o f 
processor time. Compile rs, as contras ted 
with interpreters, output object code to 
ome intermediate storage medium ror la ter 

execution. This means that execut ion of 
compi led progra ms is often more effic ient, 
in terms of processor time, than interpretive 
execution each time the program is run. 
However, source code error are more 
difficult to correct in compi lers than sim il ar 
error in interpreters because there may not 
be a clear relationship between compiled 
object code and the origi nal source code. 
Interpre ters, on the other hand , by virtue 
of their line by line execution character is tic, 
retain a definite re lationship between object 
code and source code. This si mpli fies the 
debuggi ng of source code. As a result of 
these consideration , we may fi nd an in
creasing interest in compilers among com
puter hobbyi ts as high speed mass sto rage 
devices become less expensive. 

Dr Lee also discusses, in great detail, 
lexica l analysis and syntactica l analysis. He 
ex plain that lexica l ana lysis serves to re
move redundancy, condense statemen ts and 
delimit ph rases from the source code. Syn 
tactical analysis serves to recognize phrases, 
parse statements and generate parsed text. 
After di scuss ing symbol tab les which are 
used by the com piler to reference symbols 
from the source code, he covers string 
manipulation and Poli h string convers ions 
in great depth. Program control also receives 
thorough treatme nt. 

Throughout the book Dr Lee draws pro
fusely upon examples of ac tu al impl emen
tations of the techniques he describes. 
Examples are taken from ALGOL, APL, 
BAS IC, FORTRAN, PL/ I, and o ther lang
uages, thereby avoiding the trap of pro
ducing a one language book. Also, much to 
the author's credit, the book i profuse ly 
illustra ted with flowcharts illu strati ng the 
algorithms described. In summary, Dr Lee's 
book is clear, readable and certa inl y usefu l 
to the serious home computerist. I ts weal th 
of practical information shou ld be welcome 
to any computerist's bookshelf. 

Michael E Sullivan 
OZ D ivision USS Saratoga (CV-60) 

FPO NY 09501 • 
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HP-65 Users' Clu b 

This club was started to upport the 
HP-65 programmable calculator, but now all 
modes arc upported {HP-25, HP-25C, 
HP-55, HP-67, HP-97 and HP-65). The 
new let ter, called 65 Notes, is an excellent 
publication in which members {and even 
nonmembers) share programs, ideas, frustra
tions, etc. Even if you Me not a program
mable calculator devotee (timcsharers take 
note...) you'l l find something here. For 
more information contact Richard j Nelson, 
cdi tor, HP-65 Users' Club, 2541 W Camden 
Pl , Santa Ana CA 92704. 

Stock Market Anyone? 

An a ociation of persons who have a 
serious personal intcre t in using a micro
com puter for stock and commodity market 
investment purposes is being formed. If 
covariance i more than just another word 
to you, send a brief note listing your desires, 
qualification and market experience/in
volvement to J Wil liams, 24 15 Ansdel Ct, 
Rcston VA 22091. 

PACC 

Those of you in the Pittsburgh area 
should definitely consider getting involved 
wi th the Pittsburgh Arca Computer Clu b. 
There arc users' groups, displays, activities 
and socializing dt the monthly meetings. 
Plan to be there to brag about your system 
or look at other ' systems. Membership is 
$12 per year. Contact Ed Dehart, president, 
Pitt burgh Area Comp uter Club, 400 Smith
fie ld St, Pittsb urgh PA 15222, or cal l Kenn 
Mark at (412) 352-3412. 

Alamo Com puter Enthusiasts 

This nearly brand new club in San 
Antonio TX mee ts on the fourth Friday of 
every month in room 104, Chapman Grad
uate Center, Trinity University. Call (512) 
532-2340 or 342-3874 for more informa
tio n. Also, lhe ACE newsletter needs your 
input. If you are a brave sou l with something 
in terc ting on your mind, end y ur idea to 
j ohn Stanton, 7517 Jonquil!, San Antonio 
TX 78233, or phone (512) 657-3069. 

SPC-12 Users' Group 

Anyone who would like to form an 
SPC-12 users' group in the Chicago area 
houl d conlacl Manuel C Martinel , 7706 W 

Gregory St, Chicago IL 60656, or cal I (312) 
631-6623. 

LI CA 

The Long Island Computer A ociation is 
a group of hackers, amateurs and even ome 
pros in Lhe Cornmack, Long Island area. The 
month ly meetings feature good speakers, fun 
and refreshments. The group publishes a 
newsletter ca lled The Stack. Nonmembers 
arc welcome to all meetings; bring the whole 
family! Write Lo Long I land Computer 
Assoc iation, c/o Dave Meta l, editor, 28 
Splitrail Pl, Commack NY 11725. 

Washington Amateur Computer Society 
(WACS) 

Every two mont h or so WACS ends us a 
rather impressive computer new paper with 
items of interest to cl ub member and non-

Conducted by 

David Woimak 


HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS! 

Write and run mach ine language programs at home. display video graphics 
on your TV set and design microprocessor ci rcuits - the very first night 
- even if you've never used a computer before! 

SPECIFICATIONS RCA COSMAC microprocessor/mini
ELF 11 f<alur<> an RCr\ 

0 MA CO J\10 '-b11 
micro processor addres s
oble 10 64k b) 1c wirh 
DMA . in1errup1. 16 re~is
:ers. ALU . ~56 byre RAM, 
full hex keyboord . 1wo 
digi 1 he• ourput display, 
5 slol plug-in cxransion 
bus. s1able cr)'Sta clock 
for riming purposes and a 
double- s ided pla t cd
rhrough PC board plus 
RCA !86 t video IC to dis
play any segment of mem
ory on a video monitor or 
TV screen. 

USE ELF II FOR .•. 
GAMES 
Play interacr lvo keyboard games . 
games with ana log inputs. games 
u1111z 1ng your TV ser to r a video 
display • 
GRAPHICS 
Creale plcrures. desi gns. alpha· 
numer ics and fabulous an imaled 
eflec1s on your TV screen tor 
hour after hour ot tam ily tun l 
CIRCUIT DESIGN 
Des ign circuits us ing a micro
processor. Use ELF II as a 
counter. alarm system, lock. 
controller. thermostat. llmer . 
telephone dialer , etc . The pos 
sibil ities are lntinllel 
Comin~ Soon! 
Exc lusi ve Nerronlcs Plug · ln 
Prog ram Debugger and monitor 
al lows visual display ot any 
program on a clock pulse by 
clock pu lse basi s to help you 
learn prog ramm ing t·1·1·tl • 4k 
memory • Cassello 1/0 • D 10 
A. A 10 D • Controller plug-ins. 
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computer 
A THOUGHTFUL GIFT 

FOR ANYONE WHO MUST 

STAY UP TO DATE IN 


COMPUTERS ANO 

ELHTRONICS • 


ELF 11 s9995 
..------- SENDTODAY ______ , 
I 	 NETRO NIC R&D LTD.• Depr. BY! I 

333 Lit hfiekt Road . cw Milford . T 06i76 Pho ne 1103) 354-9315 I 	\ 'es! I ~' '""' lo run proi;:ra111 s 111 
l1omt" a11d h11'' '' t'n c lo s ed · 

I 
I 0 S99.9S plus 3 p&h for RCA 

COS~fAC ELF II kit . Featured 
In POPULA R E LECTRON ICS. 
Includes all components plu>I cvcryrhing ) 'OU need 10 wrirc 
and run machine la.n~uage pro-I grams plu 1he new Pixie chip 
tha1 let> you displa y video

I graphics on your TV screen . De 
signed 10 give engineer< pracri cc 

I in computer programming and 
microprocessor circuit design .

I ELF 11 is :1bo perfecr fo r college 
and colle~e -bound MudcnlS (who

I musr undersrand compurers for 
any engineering . 'cienrific orI bus ineS< career). Easy instruc
tions get you sta rted rii;ht away . 
e\.·en if you've never used ;i com 

I 
I puter before! 

As your need fo r computing 
power grow, , ti c card expan 
sion bus (less connectors) allowsI 	memory expansion. program tle

1 bugger/ monitor. casseue 1/ 0. A 
to D and D 10 A converters. 

conlro llers. etc. (soon 10 be 
availnble as kits) . Ma nu al in· 
eludes insrrucrions for assembly. 
1esrin~. pro~ramming. video 
~ r .1ph1e> JnJ ~amcs 11/11s how 
) Ou c an~·• ELF ti User's C lub 
bulletins. Kit ca n be assembled 
in a single C\'Cnin~ ;m<l you'll 
\llll ha\'e time 10 run programs, 
lnduding games . video graph ics. 
conrrollers. e re . . before 'going to 
bed! O S4.9S for I.S amp 6.3 
VA power supply . required for 
ELF 11 ki1. O SS.00 for RC A 

1802 User 's Monuol. 

O I wan! mine wired and tested 

with 1he po wer rransform er and 

RCA 1802 User'' Manua l for 

Sl49.95 tJ fu SJ p&h. 

Conn. res. add ,ale• rax . 


AME______ ___ 

ADDRESS_ _ _____ 
CITY 

STATE---2.I P ___ _ _ 
O Send info o n other kirs! 

..~~·~~~=~=·-~=·~~t~~·.::....1 
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"We've Got It!!" 
A NEW ADDITION TO OUR STOCK OF 

SURPLUS ELECTRONIC EQUIPMENT 


The IBM Selectric0 Based 
1/ 0 Terminal $695.00 

• 	 INTEGRAL MODEM 
• 	 BCD OR CORRESPONDENCE CODE 
• 	 TABLETOP MOUNTING 
• 	 22"W. 22'" D X B'" H. 58 LBS 
• 	 ASCII CONVERSION AVAI LABLE 
• 	 DOCUMENTATION INCLUDED 

• 	 K EYBOARDS - ASCII 

ENCODED S40.00-S60.00 


• 	 CRT TERMINALS 
• 	 TAPE DR I VES S650.00 • PRINTERS 
• 	 EQUIPMENT CABIN ETS • TRANSFORMERS 
• 	 POWER SUPPLIES • WIRE -CABLE 

I"•~"\ Send for a fr ee ca talog or ca ll Boll Blaney 
\•'1 toll fr ee 800·256·1036. In N .H. 603·885·3705 

WOF1L.CJWICJE E~EC:TF10nlC:S, me:. 
10 Fl t.1gs t ol\~ Drive , Hudson . New Hamp~l11r c 03051 

Many 

Othe r 

Items 

V11il Our 

S1ore 


mem bers al ike. It is pri nted in the form 
of a computer pri ntout by a DECsystem-10. 
The club meets monthly; for pecifics, 
wri te to Wash ington mateur Computer 
Soc iety, 4201 Ma achusett Av, Washing· 
ton DC 20016. 

6800 Users in San j ose 

Anything and everythi ng to do with 6800 
microcomputers i of interest. Hardware and 
ortware are always on disp lay by area 

hobbyist , and everyone is welcome. Mee t· 
ings arc on the first or second Tuesdays of 
each month. Con tact the 6800 Computer 
Cl ub at POB 18081, Sa n Joe CA 95 11 8 
for more information. 

The Chicago Area Computer Hobbyist 's 
Exchange 

The mont ly publication of the Ch icago 
Arca Computer Hobby i t's xc hangc is The 
Cache Register. Thi impre ivc new letter 
has ,tll the nece ary clu b information, some 
great programs, convention new , editorials 
and o on. I f you want clu b information, or 
would like to receive thi new letter, simply 
write Chicago Arca Computer Hobbyist ' 
Exchange, POB 36, Vernon Hills IL 60061, 
or ca ll (3 12) 849- 1132. 

K IM-1 

The K IM-1 u crs' group has introduced 
The First Book of KIM, designed to help 
beginning KIM users. Introductions to pro
gramming, interfacing to KI M, g,1mes and 
utili l y program arc all covered. 

II you arc a K IM· I user/owner/ oon to be 
owner, then the KIM- 7 /650X User Notes 
i for you . A ll kind of helpful oftwar·c and 
stu ff i packed into th is bimonthly . Fo r 
more information, write KIM- I /650X User 
Notes, 109 Centre Av, W Norr iton PA 
19401. 

South Flor ida Computer Group 

In the Fi L1uderd,1lc/Mi.imi area, meeting 
t ime vary. These peop le put out a news· 
letter wi th p.1gc number in binary. For 
information on join ing the club or ccciv ing 
the newslet ter wri te to South Floridd Com· 
putcr Group, 11 55 NW 14th St, POB 
236 188, Mi;imi FL 33123, or phone (305) 
324-5572, c t 45. 

RAM 

The Roche tcr Arca MicrocompUl cr-
Socicty i d group of inclividuab with the 
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aim or t1dv<1ncing the spread or intcrc t and 
knowledge in home computing. By bringing 
together prorc siona ls and amateur , busi
nc smcn and women, tudcnl , and ju t pldi n 
intcrc Led novice , the Society dCl d ,1 foc,tl 
point for the distribution or information dnd 
help in the ricld u r microcomputing. 

RAMS meet~ on the econd Thursdt1y or 
every month t1L Rochester Institute or Tech 
nology, building 9, room 1030, at 7:30 PM. 
Meeting u ually include ,\ guc t lecture 
on some general interest topic relating to 
computers, and discm~ion by member or 
their own experiences. The "random t1ccc " 
scs i ns al low anyone with tl que ti on to 
draw upon the help of the entire group. 
Membership to RAMS co ts $5 per year ,111d 
include <1 ubscription 10 the club rnagt1Zine, 
Memory Pages. For more information, or a 
free copy of Memory Pages, write to RAMS, 
POB D, Roche ter NY 14609, or call Glenn 
A lexander, pre idcnt, al (716) 377-0697. 

Tu lsa Compu ter ocie ty 

The TCS had an c hibit at the Woodland 
Hi ll CA Per onal Computing Expo, t1nd 
rrom the look or the photos in the TCS 
newslet ter, i t wt1s a success. 

Mike McNatt, editor or The 10 Port (the 
new lctlcr of the TCS) ha informed u that 
they would like to trade the /0 Port wi th 
other newsletters from o ther clubs. Write 
to Mi"c McNatt, c/o TCS, POB 1133, Tul a 
OK 74 10 1. 

1802 Users' Group in Ontario 

Herc is another group of hackers who Me 
building their own sy terns from the ground 
up using 1802 chips w i th a ki t imi lar to the 
Co mac El f. The club, number ing approxi
mately 300, i currently working on more 
memory and 10 hardware, and is oon to 
start on monitor program and BAS IC inter
preter for the 1802. Write Tom Cr,1wford1 

50 Bren twood Dr, Stony Creek, Ontario 
CANADA L8G 2W8. 

A Compucolor Users' Group 

The Compucolor User ' Group is ded i
cated LO the exchange of program and tech
nical data for the Compucolor color di play 
y tern. They anticipate issuing a new bu lle

t in periodically. Subjects uch a how to 
concatenate tape and di ks will be covered. 
For each accepted program a member wi l l 
receive " number or other programs in 
return . The in i tial membership fee or $ I 0 
cover the duplication and mailing o mate
ria ls. Those wishing 10 join the group may 

WHAT EVERY CP/M • USER NEEDS 

BASIC-E MANUAL 
A 200 -page User's Guide which provides detailed explanations of 
all BASIC-E capabilities. 

A comprehensive treatment of BASIC programming techniques. 
Includes a Glossary, Index. Vocabulary Summary, and Grammar 
Summary . 

CP/M SOFTWARE 
A disk containing over 40 programs, including : 

• 	 BASIC·E compiler and two run time moni tors 
• 	 Processor to transfer I NT files 
• 	 Disk track ·to·track copier 
• 	 IMSAI memory check program 
• 	 ASCII to EBCDIC converters 
• 	 Letter writer, including name embedding and name file 


management 

• 	 Routine to control number formatung, e.g., total and decimal 

field width, floating Sand commas, etc. 
• 	 Many improved games 

Phone. 1415) 673·8962 Manual Software Manual & 
Wr i te : John K. Jacobs Software Only Only 

S25 S60 S75JEM COMPANY 

Sui te 301 
 Te1rn,. Ca\h w11h 01Clf'I 
2555 Leavenworth St. ~il f orm.J 1e~1dents JdU 6' 
San Francisco, Ca. 94133 S2 tor 1mmed1ate fir\t cldss 

mail d1•h\lerv 

• A Produc1 of 0 1911al Re$earch 

Circle 60 on inqu ory card. 	 BYTE Nov~mh.:"r 1977 213 



send the fee to S P Electronics, 5250 Van 
Nuys Blvd, Van Nuys CA 91401. Further 
informat ion may be obta ined by sending 
a large elf-addressed, stamped envelope 
lO t_he above addres . 

Among the pre ent programs are an 
illu trated version of blackjack, an excel 
lent version of Star Trek, a slot machine, 
and more. For th e mo t part th e group 
tries to exchange recorded media ra thcr 
than progrc1m listings. Anyone intcrc tcd 
i welcome to write. 

Central Pennsylvania Computer Club 

The Central Pennsylvania Computer Club 
i now forming for people who are interested 
in all aspects of computers, both large and 

Circle 151 on inquiry card . 

~and~ 

$830 

.·\l>~l ..1-\ 

• Display: 24 Lines. 1920 Characters • 110 - 30 cps . 132CHARACTERS 
• Addressable Cursor • Upper - Lower Cose 
• Keyboorrl may be cleared remotely • RS232C Compatible 
• Mo Bell Compatible • 9 x 6 Dot Matrix 

• He ight 5 'h' '. Width I 8 ", Depth 2 I 'h'', 
Weight 30 lb. 
D 'rERMINAl S YSTEMS I NC • Sales - Service - Rentals 


,J•:J "um "' ., '' ' ,,., ....... .. , ~ '·'~.·u For further information coll John Storm
ff • 

For All your Mini Computer and Te le-Communication Needs 

mall. People in the Philadel phi a, Pittsburgh, 
Baltimore or ew York area are invited to 
contact either Jose ph Pall as, 1979 Crooked 
Oak, Lancaster PA 17601, (717) 569-3 137, 
or David M Ciemiewicz, 533 Holly St, 
Elizabethtown P 17022, (717) 367-6512. 
They are ecking material for their News
letter, the Data Dump. 

Montreal rca Computer ociety 

Over the pa t year, the Montreal Com
puter Society has grown from 12 members 
to over 90! The club meet once a month, 
u ually on second Tue day evenings at 
Vauicv College, 5160 Decarie Blvd. For 
further information, contact john Erikiev, 
president, at (514) 932-2344, or write 
Montreal Area Computer Society, POB 
613, Stock Exchange Tower, Montreal, 
Quebec CANADA. 

Space Coast Microcompu ter Club 

The second edition of the pace Coo t 
Microcomputer Club Newsletter ha , n 
interesting Feature by Paul Rainosck: J 

tabulated comparison of some o the 
different microprocc sor chip avai lable. 
The various advan tage and disadvantages 
are clearly I istcd. I ncludcd arc the I ntcl 
8080, Motorola M6800, MOS Technology 
6502, Fairchild F8, Signctics 2650, and 
Cosmac 1802. To find out more abou t the 
Space Coast Microcomputer Club, contact 
Ray Lockwood, 1825 Canal t, Merritt 
I land FL 32952. 

Officially LACC 

The Louisville Arca Compu tcr Club 
(LACC}, former ly Loui ville Users of Micro
proce sor (LUM P), hereby mentions the 
fact that the club has a new name. S , tho c 

DAJEN Electronics 
7214 Springleaf Ct. 

Citrus Heights, Ca. 95610 
(916) 723-1050 

HIGH-SPEED CASSETTE INTERFACES (The Stringy Disk) 
CRl-B 

All I Need! !! 

Universal 1/0 Interface 


High-speed cassette, two relays for con

trol of two recorders; space for three 

2708's, one provided, with monitor soft 

ware. 2708 programmer; reset- jump; 

ram for stack; RS-232, 20 ma, 60 ma, 

serial; 3 parallel ports; speeds from 20
600 to 12,000 baud status to 19,200 baud. 

controls, 1 K monitor with 
Kit $285. Assembled, tested $345. 

cassette routines provided 
M astercharge, BankAmericard. Visa 

on tape. 

Biphase, Kansas-City, Altair, IMSAI, Poly, Tarbell compat ible 
Kit $120, Assembled $165 Kit $135, Assembled $175 


Manual $3.50 Manual $4.50 


Relay contro l o f two re
corders, latched input port 
for keyboard, tape reader, 
etc . File-search capabilities. 
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of you wh o have been looking for "LUMP" 
meetings should now go to " LACC" meet
ings. These are held on th e first Saturday 
of each month at I PM {usually). Check 
with thi s address for the loca tions: LACC, 
115 Edgemont Dr, New Albany IN 47 150. 

A n F8 Users ' Club 

A grou p of Fairchild F8 user ha st<1rted 
in the Hartford CT area. They have three 
F8s built and running with two systems 
having 5 K <1nd 16 K memory, and are 
intere ted in con tacting other F8 u er who 
would be interested in exchanging informa
tion ,111d programs. Contac t G W Hemp hill , 
132 Scott Swamp Rd , Farmington CT 
06032. • 

The First Annual Micro-Chess Tournament 

The first annual Micro-Chess tourney will 
be held in Louisville KY in August of 
1978, sponsored by the Louisville Area 
Computer Club. To put on a really fair 
tournament the club is in the process of 
drawing up the rules and regulations. The 
preliminary rules are: 

• 	 Competition limited to approved 8 bit 
microprocessors; no bit slice machines 
will be allowed. Other microprocessors 
will be considered. Send request with 
stamped, self-addressed envelope to 
address below. 

• 	 Programs can be in either machine 
language or a higher level language. 

• 	 16 K 8 bit words memory maximum. 
(9 bits if parity is used.) 

• 	 Homebrew machines and commercial 
machines allowed. 

• 	 Machines may be loaded from any 
media but after the program is oper
ating the loading device must be de
tached. 

• 	 A panel of judges will rule promptly 
on program crashes or other unex
pected problems. 

• 	 Competition will be timed. 

The 1979 Micro-competition will allow 
up to 32 K bytes of memory; the 1980 will 
allow 64 K bytes (65,536 bytes) of memory. 
The sponsoring committee reserves the right 
to alter the rules to meet unforeseen situa
tions. First, second and third place prizes 
will be awarded. For further information 
write: Louisville Area Computer Club, 3028 
Hunsinger Ln, Louisville, KY 40220.• 

Circle 106 on inquiry card . 

ADD EXCITEMENT TO YOUR 

VIDEO DISPLAY WITH A . .. 


PROGRAMMABLE CHARACTER 

GENERATOR 


INNOVATIVE S·lOO CARD PROVIDES THE CAPABILITY OF DYNAM· 
ICALLY CREATING CHARACTERS GENERATED BY YOUR VIDEO 
DISPLAY PROGRAM SPECIAL MATH OR SCIENTIFIC SYMBOLS. 
APL CHARACTERS. SUB· AND SUPER-SCRIPTS. HIGH DENSITY 
BAR GRAPHS. SPACE SHIPS. ETC. YOUR ORIGINAL CHARACTER 
SET REMAINS INTACT AND AVAILABLE AT ANY TIME. 

KEYBOARD INTERFACE AND DUAL JOYSTICK INTERFACES PRO· 
VIDEO ON BOARD. IDEAL ADDITION TO SOL TM TERMINALS. 
POLYMORPHIC T M VTI . PROCESSOR TECHNOLOGY M VDM-1. 
SOLID STATE MUSIC ™ VIDEO BOARD AND OTHERS USING THE 
MOTOROLA fM9x7 MATRIX CHARACTER GENERATOR 

' UN RETOUCHED PHOTOS 

FOR FURTHER INFORMATION 

AND PRICING, CONTACT: 


OBJECTIVE DESIGN, INC. 
P.O. BOX 20325 TALLAHASSEE, FL 32304 

(904) 224-5545 

THE PROM SETTER 
WRITE a nd READ 


EPROM 

I 702A and 2708 

• 	 Plugs Direc tl y into your ALTAlRLIMSA I Compu ter 

• 	 Includes Main Module Board !;I Dd Bx lernal EPROM 
Socket U ni! 

• 	 Sofl ware in~ludep 

• 	 o Ex ternal P ower Supplies. You r Compu ter rloes 
it all 

• 	 Progn1ms and Reads Bot h 1702A and 2708 EPROMS 

• 	 Doubles as an Eight Bil PT1rallel 110 

• 	 Manual included 
KIT COMPLETE - $210 

ASSEMBLED - $375 
Dc /Jvcrr Less Thon 60 Doys 

SZERLIP ENTERPRISES 
14 14 W. 259 1h St. - Harbor City Ca lifornia 90710 

Cu lrfnrfll U ff· ... ul1·nls rl1'C?:-O I ' ode/ (; ' ... ult• ... lu .\. _ 
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Continued from page 22 Listing 7: Most of the lunar landing games I 
have seen are not flexible enough to run a 
two degree of freedom real time simulation 
as described in this article, so I have included 
this listing. At each initialization, this 
program finds a random set of starting 
conditiom (speed, position, mass, etc) that is 
consistent with a safe landing. It then keeps 
track of speed, position and fuel con
sumption, printing them as required, and 
indicating when the surface has been 
reached. The following adjustments will have 
to be made by each user: 

7. 	 Function USR(X) must be provided to 
return the current desired thrust 
settings, 0 to 700% in the vertical 
direction, and - 100 to +700% in the 
horizontal direction. These inputs are 
best achieved by analog to digital con
version from joysticks or slide pots. 

2. 	 The step size and print interval must 
be adjusted for y our system clock and 
peripheral speed in order to simulate 
real time operation accurately. 

3. 	 Function RND(7.) is assumed by the 
program to return values between 0. 
and 7. Alterations may be necessary 
to suit your version of BASIC. 

4. 	 The comments printed by the program 
have deliberately been kept short. A 
better game could be fashioned by 
adding instructions, comments on 
performance, lo w fuel warning, etc. 
In other words, customize the simula
tion to suit your own tastes. 

program should check for end conditions 
and, if none are found, begin another step. 

The speed of a computer makes it 
possible to find results quickly for times far 
into the future, even if the step size is quite 
small. This is fortunate, because as our simu
lation stands now, an error is introdu ced at 
each .step th at becomes worse as the step 
size becomes larger. The error occurs 
because in a real LEM the mass and speed 
are changing all the time, but in our simula
tion they can be changed only between 
steps. A var iety of numerical methods 
have been deve loped to cope with th is 
probl em. In our example, si mply using 
the average of the beginning and ending 
va lues in each step would be quite effective . 
Actual ly, if the step size is small, say 0.01 
second, even th is is no t necessary. It is true 
that by using the average values the program 
could be made to run fas ter, but it would 
also need to store severa l extra va ri ables, 
require more lines of code, and use more 
memory. Obviously, there are trade-offs to 

010 REM LUNAR LANDING SIMULATION 
020 REM SET FUEL SAFETY FACTOR 
025 REM ADJUST TO CONTROL OIFFICUL TY 
030 LET S= 1.3 
040 REM SET STEP SIZE ANO PRINT INTERVAL 
050 LET 0=0.01 
060 LET K=l 0 
070 REM SET GRAVITY ACCELLERATION 
080 LET G: 1.62 
090 RANDOMIZE 
100 REM SET NEW STARTING CONDITIONS 
110 LET M- 1024.•1024 *RNO(I ) 
115 PRINT " LEM MASS - ",M 
120 LET F=G*M*(4.•4.'RNO(l )) 
130 PRINT " MAX THRUST -", F 
140 LET A I.333*F/M G 
150 LET V=F/M*64 *RNO( I.) 
160 LET U 0 
170 LETY=V'*2./(2.*A)* (l . •RND(I.)) 
180 LET X=V 
182 REM VIS VERTICAL SPEED 
184 REM UIS HORIZONTAL SPEED 
186 REMY IS VERTICAL POSITION 
188 REM XIS HORIZONTAL POSITION 
190 REM HALF OF MASS IF FUEL 
192 REM M PIS FUEL REMAINING 
200 LET P- M/2 
210 REM FINO FUEL BURN RATE, I 
220 LET 1=(2.* Y·V**2./G)/{I • NG) 
230 LET l=P/ (SQR(I/ A)*F"S) 
240 PRINT " ALTITUDE. SPEED, FUEL, RANGE" 
250 REM BEGIN DECENT CALCULATIONS 
260 PRINTY, V, M- P, X 
270 LETT 0. 
280 IF M- P THEN 360 
285 REM GET VERT ICAL THRUST 
290 LET A' USR(l )"F/100 
300 REM GET HORIZONTAL T HRUST 
305 LET B USR(2.)* F/I OO. 
310 LET M" M- (A+B)" l *D 
320 IF M> P THEN 360 
330 PRINT " FUEL EXHAUSTED .. 
340 LET A' O. 
342 LET B=O. 
350 LET M' P 
358 REM PREDICT NE\'/ U. V, X. Y 
360 LETV- V • D'(G- A/M) 
370 LET U=U• D* BI M 
380 LET Y=Y- V* D 
390 LET x x- u•o 
395 REM TEST FOR END CONDITIONS 
400 IF Y< 4 THEN 440 
410 T T+D 
420 IF T> K THEN 260 
430 GOTO 290 
440 PRINT " MODULE HAS L ANDED" 
450 PRINT "SPEED ",V 
460 PRINT " RANGE =",X 
470 IF V< 8. THEN 500 
480 PRINT "BETTER LUCK NEXT TIME" 
490 GOTO 110 
500 IF X< I28. THEN 530 
510 PRINT "ITS A LONG WALK TO BASE" 
520 GOTO 110 
530 PRINT " CONGRATULATIONS, GOOD LANDING" 
540 GOTO 110 
550 ENO 

be 	made among speed, accuracy, complex ity 
and size. In each simul ation, the programmer 
must decide which combination is best. 

For our games applica tion, the combina
tion is not critical. A high degree of accuracy 
is not required, and the program is short 
enou gh that memory requirements should 
not be a problem. The selection of speed, 
however, presents an opportunity that 
is uniq ue to the user of a dedicated system. 
Wi th a little tria l and error, it shou ld be 
possible to find the step size which causes 
your system to take exactly 1 second to 
calculate and disp lay the speed and position 
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Circle 131on1nqu1ry card . 

BUSINESS APPLICATION SOFTWARE 

MINI WORD PROCESSING (MWP) enables the 
user to prepare letters . text and mailing labels or 
C'nvelopes When used for cor respondence pro· 
CC'SSmg. MWP allow each entry m the name 
addres' file to be described by a number of group 
t elf' and do ument code For example. an 
t'nlry cou ld be group coded by date and inquiry 
type Phrases . paragraph, r pag s an be pe
c1fwd as document codes to produce an 1nd1v1
dual 11ed letter for each name/ address MWP 
prov1d 1n -l1ne edi ting and page or phra e 1n
'<'rt1on' during t xt gene rati on The letter and 
tPxt output module> prov1d text 1n ert or re 
pli!Cf'rnent , margin control and page numbering 

DISK SORT support> fixed or variable length 
sequential files of any s17e and will sort o r merge 
on Jny number of keys anywherP m the record 

econd into the future. One machine 
might do 100 step of 0.01 seconds and then 
print the peed, etc. Another might do 64 
steps or 0.015625 seconds before di play ing 
new results. Sti ll another, with slow 
peripherals, might output speed and position 
on ly once every 2 or 3 seconds. In any case, 
as long as the simulated data appears at 
the same time that real data would, your 
system will be said Lo be running a real time 
simu lation. A real time lunar lander game 
gives you exactly the same time to react as 
would be given a real excursion module 
pilot. 

To help you implement this idea on your 
own system, a BASIC language program has 
been included with this artic le as listing 1. 
It should be easy to follow, but a few points 
are worth explaining. At each step the pro
gram will need to obtain the thrust settings. 
This i done through a function called USR. 
Because systems differ widely, the content 
of USR is left to you. Some systems will be 
ab le to use a register to hold the thrust; 
others will access memory location; and 
some may have to query an inp ut port. Also 
left to the user is the manner in which the 
thrust ettings are updated. Obviously, they 
cannot be entered at the keyboard for each 

An 1ntera t1vP generator allows the user to def me 
a cu>lon111ed >Ort / mf'rge program for each task 
Mul11plP sort merge task> ca n run unattended 
wllh ll<er defined 1ob· ,t rf'am links ( g sort 12 
11lf'' merge thPm "1th Jnoth••r sorted Ide and 
lin~ to vuur report program ) Memory and di k 
'PaCP Me managed by thl' sys tem to mm1m17e 
pro e's1ng tm1e 

UN IVERSAL DATA EN TRY (UO[J system inter· 
act' "1th the operator to generate ustom key
to-d1>k modul ·s U er def ined displays provide 
·r.11 1n the blanks .. s1mplic1t y Validation pro· 

tedur<» u h .as chPck d1g1ts . va lue tables . r;rnge 
test> . balth totab i!nd record counts improve 
data quality e lectable field duplicate o r mere · 
ment Plim1nate repel1t1v!' entrie> UDE support 
f,.ed or variable length disk file> Spe 1al11ed 

UlJI:: module, can be generated for any appl1ca
t1on that require~ keyrd input 

lhC' above ~y~tcm> are ex lremPly easy to use and 
1n lud,. tare lully creat d prompt and er ror re 
tO\rrv . wel l written u r manual• with varred ex
,1rnple> .rnd rx te ns1vrly do umented programs 
"1th dl't.11led remark' Fach of these >ystem 
pri(Pd at $191 The programs are suppl ied on 
d"~t·lle and run under MITS D1 k E ·tend d 
llASIC el' your compuln dealer or contact us 

THE SOFTWARE STOR 
706 Chippewa Squdre 
MMquelle . Ml 4'lll 'i'i 

<JOO 228-7622 VISA 

0.01 second step. The keyboard could be 
used via an interrupt routine however. 
Ideally, you cou ld implement Thomas 
Buschbach's joystick interface (March 1977 
BYTE, page 88) to all ow continuous contro l 
of thrust in both degrees of freedom. What 
began as a simpl e game will now have 
become a rea l time lu nar landing simu lator 
requ iring quick thinking and a good bit of 
practice to master. 

I f you use th is idea then my article will 
have succeeded in its purpose of introducing 
some of th e basic concepts of imulation. 
Techniques I ikc separating the problem 
into degrees of freedom, determining the 
effect of each force separately, and stepping 
the simu lation into the future are al l 
fundamental to any prediction of motion . 
The differences between this lunar lander 
game an d the complex simulations used in 
the space program lie in the way forces 
are determined and in the numerical 
methods used to calculate speed and posi
tion. In future articles, other applications 
for simulation on microcomputers will be 
discussed as a means for demonstrating some 
of those advanced techniques. For now, 
try applying the ideas presented here to 
create a game of your own.• 

6800 REFERENCE GUIDE 
FOR PROFESSIONAL AND HOBBYIST 

The TOOL you have been waiting for. A 6800 Ref erence Data Guide (similar to the IBM green card) 
containing just about every piece of pertinent information that you are currently spending va luable 
time searching for. T he guide saves TIME , EFFORT and WORK SPACE when programming , debug
ging and utilizing the 6800 system. 

Inc l uded are INSTRUCTIONS , SPECIAL OPERATIONS HEXADECIMAL/DECIMAL CONVERSION 
TABLES code translation tables for MACHINE CODES / MNEMONICS / ASCII / HOLLERITH / BI
NARY , 6800 MPU , 6820 PIA , 6850 ACIA and almost everything else that will increase your pro
ductivity. TRY IT , YOU ' LL LOVE IT . 

Send $4.95 plus 35¢ shipping and handling to: 


MICRO AIDS P.O. Box 1672 , St. Louis , Missouri 63011 
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Pseudorandom 


Number Generator 


Dan iel Grieser 
4326 Kenny Rd 
Columbus OH 43220 

The foll owing algori thm for genera t ing 
a pseud orand om number is based on the 
"power residue" method descr ibed in Jn 
IBM Doto Processing Techniques bul le tin. 
Th e mod ifica tion presented here prese rves 
the brevity of the power residue approach 
and yields 256 8 bit numbers before re
peating. Any seed , including zero, can be 
used prio r to init ia lizi ng the sequence. The 
algorithm i simpl y tatcd: to ob tdin the 
nex t random number, mult iply the previous 
number by 13 and re tain onl y the leas t 
signifi ca nt 8 bits o f the prod uct, then ddd 1 
to the product yieldi ng the new random 
number. In an 8 bit microprocessor this is 
accomplished by a series of shi fts and 
additions. 

Li st ings 1 and 2 give an 8080 and a 6800 
version of thi s algorithm , req uiring 16 and 
15 bytes o f storage, respect ively. Both arc 
simple subprograms which execute st raight 
through with out any loops. • 

Listing 7: An 8080 version of the random number routine. This routine uses 
registers of the processor as temporaries, and places its result in memory loca
tion RND. Multiply ing by the number 7 3 is accomplished with shifts and 
additions without any looping by noting the identity: 

73xN =Nx23 + Nx22 + N 

The power-of-t wo fac tors ore generated by left shifts. 

Address Hexadecimal Code Label Op Code Commentary 

00 00 21 OF 00 ENTRY LXI H,RND Point to RNDM # storage. 

00 03 7E MOVA,M Retr ieve las t random # . 

00 04 8 7 ADDA Shift le ft once. 

00 05 87 ADDA Sh i f t le ft again . 

00 06 4F MOV C,A Store br ief ly . 

00 07 86 ADDM Add unshifted number. 

00 08 77 MOV M,A Store the sum. 

00 09 79 MOV A,C Retr ieve the temporary number. 

00 QA 87 ADDA Sh i ft left . 

00 OB 86 ADD M Add the sum again . 

00 OC 3C INR A Increment the sum . 

00 OD 77 MOV M,A Store th e new random number. 

00 OE C9 RET Return to calli ng program . 

00 OF xx AND BS Random number storage. 


Listing 2: The equivalent routine specified for a 6800 processor. Note that for 
both the 8080 and 6800 versions, the code is completely position independent 
so the absolute objec t code shown con be used without any modifications. 

Address Hexadecimal Code label Op Code Commentary 

00 00 F6 00 OE EN T RY LOA BAND Load B w i th last AND #. 
00 03 17 TBA Copy B into A . 
00 04 58 ASL B Shift B left. 
00 05 58 ASL B Twice . 
00 06 1B ABA Add to A . 
00 07 58 ASL B Sh i ft aga in . 
00 08 1B ABA Add to A . 
00 09 4C INC A Increment A . 
00 QA B7 00 OE ST A A AND Store result as new 
00 OD 39 ATS RNDM # and return. 
00 OE xx AND RMB1 Random # storage. 

FREE! 
DISKETTE 

CASE 
Attractive 

Durable Plastic 

Easy Handling & Safe Storage 

FREE with every 10 Diskettes. 


DISKETTES: Shugart 800, Altair, 

Hel ios. OSI , Digital Systems, 


IMSAI, lnnovex (11 $5.50 


MINI-DISKETTES: Northstar, For

trans IV, Smokey Signal. Metropo 


lis, Shugart SA400 '" $4.25 

Immed iate Delivery l ro m Stock 


Bank America rd I Master Charge 


MANCHESTER EQUIPMENT CO. 

120 Bethpage Road 


Hicksville, N.Y. 11801 

Call Collect: (516) 433-0613 


·····INTRODUCING NEMESIS 7· • • • · 
THE GAME WITH THE BRAIN 
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Conpu ter Crea t l o ns lnc . 

1 lB 'West 2nd S treet; Reno , :.'ev ad 11; 89501 


SURPLUS 
s 
u 
p 
p 
L 
y 

BARGAIN 

• 5V @ 8 5A • 12V @ 2A 
·12V @ 25A · 180V @ 150ma 
•30V @ 200ma (unregula1ed) 
-6 2V @l 25ma (no ad1 pot) 

Brand new. made Dy CDC for 
microprocessor te rminals 110 VAC 
m , regu laled and ad1us1able DC 
ou1puts Overvoltage pro1ec1ed • 5. 
-12 Power sta tus signal Fa n 
Scnema11c Original hst S600 · 
From stock. UPS paid, custom toam 
Dox . guaranteed S50.00 

EL ECTRAVALUE INDUSTRIAL 

BOX 464 


Cedar Knolls NJ 07927 

(201 1 267- 1117 
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\\' irrrr;~TCH·A·PULSE 11 · 

-:::. LOGIC PROBE 
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10 Nm SPEIO Al 3.5 .:~~~·-'15V LEVELS $39 95ONLY , • 
Comp.1tihl~ w•th 
RTL OTL TTL. CMOS. MOS. anrl Mocroprocn\Of\ 
U\•ng a 3 5 10 1 SV POW!'' \u11ply n,,,,holds automan 
call.,. programmf'd Au1omat1c rttettinq memory No 
a<l1ut.1mton1 ll"{tun~rt V•s1,111 1ritl1c~11on ol tOg•c: level\, 
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l~·C: amt PUl\f'\ H gh'V sOChl\t•c:aled. d'!trl POC~"I 
OOtlJhll!' lpro1eoc11ve l•P cau 1tnd removable cool cordl 

E11m1n.ite\ nPed tor hl'itY'.' lf"H PQUtPmen1 
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..i-\ . l:?"ELECTR«i"riics 
Uo' 19299. San Oie~n. CA 92119 . (71 4)44 7-1770 
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--_:===:. - -::; 
: IT'S A GREAT BIG COMPU TER WORLD + 
,,..- But You Only Need -:: 

......THE COMPUTER CORNER~ 
-~ • SOL - A New Dawn h. Here! -+

• 1MSAI 8080 
• POLY - 88 

• TOLZ-80 
• Memor ies & 110 BoarcJs 

-..-
0-


• Computer Book Service 

• Magnut1c Tape$ & 01Sk$· • Full Line of Magazines 

·II+ • Brain Games & Puzzles - • Workshops & Club Information* 
:',_ Vo"' THE COMPUTER CORNER lor 
~ .111 vou1 computer ne~ds Stop m and 
......,_ browse you'll like our per~onal service 

_.,_-. w~.7rie~..~"~-;x.~.E~ ~~=~~:.1 
_.,..._ 200 Ham1t1an A"'~"'• 
.....,__ White Pl111"'· NII!.,., 'Vario;. 10G01 

..,..._ Tel 19 141V.-HY OATA 
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HTC BBP kit $138 
write today for specs 

Homestead Technologies Corp. 
891 Briarcliff Rd. NE Suite B-11 
Atlanta, Georgia 30306 

dealers please inquire 

Circle 64 on Inquiry card. 

CANADIANS! 
Eliminate the Customs Hassles 
Save Money and get Canadian 
Warranties on IMSAI and S· 100 
compatible products 

IMSAI 8080 KIT S 838.00 
ASS . $1163.00 

(Can . Duty & Fed Tax Included). 


AUTHORIZED DEALER 


Send $1 .00 for complete IMSAI 

Catalog . 

We will develop complele appl!ca· 

t1on systems. 

Contact us for lunher in formation. 


Rotundra ~ 
Cybernetics - 
Box 1448, Calgary, Alla . T2P 2H9 

Phone (403) 283-8076 
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WANTED: 

Adventuresome 


Souls 

For New Horizons. 

Hor izon 1 Kit $1439 

Hor izon 2 Kit $1799 


Cash DtscounL Prtces 

We also sell IMSAI, 
Cromemco, TDL, Vector 
Graphic, Pol.yinorphic, Seals 
George Risk Industries and 
others. Call for Cata.log Now . 

(315) 637-6208 

~·· 

P.O Box 71 • Fayellevllle, New Yori< 13066 
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Dlgltal Group 
System owners now have available the 
finest Z 80 software ever produced By 
an exclusive agreemenl with TDL we are 
able 10 release al l their fabulous software 
ready to run 1n your DG Sys1em 
Heres what you ve been wa iting tor 
comp1e1e. user oriented so t1ware1 The 
lollow1ng programs are available now' 
Zappia Basic . . .. . ............. $40 

Super Basic ..............•.... $79 

Macra Assembler .............. $40 

Tex l Editor ... ... ..... . ........ S30 

Word Processor ............... S40 

Syslem Monllor ............... S20 

And soon . a Fortran IV Compiler 

You owe 11 to yourself 10 find ou1 Don't 
lel your hardware be under·ulil1zed 
Order now or send lor our complete cala· 
log Bye Max i · Hello Super 

PO Box 4069 Pompano Beach, Fla 33063 

Circle 85 on inquiry card. 

South Florida 

S uNNY C oMPUTER 

S TORES. INe 
South Florida's First Computer Store 

WE CARRY: 

e ALPHA MICRO SYSTEMS. 


MICRO FILE. IMSAI 

e BOOKS. MAGAZINES. 


NEWSPAPERS 

e FULL SERVICE 

• SOFTWARE 
e WRITE OR PHONE US FOR 

PRICES 
MORE THAN JUST TOYS 

Monday 1 2 noon - 9 pm 

Tues .-Fri. 10-6 


UNIVERSITY SHOPPING CENTEA 
1238A SOUTH DIXIE HIGHWAY 

CORAL GABLES, FLA. 33146 
(305) 661 -6042 

Circle 139 on inquiry card. 
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GRAPLing with APL 


William Leier 
Visual Comforts Etc 
Box 2671 
Houston TX 77001 . 

William Leier sent us the following letter 
detailing his thoughts about APL and 
GRAPL. The lotter is a new language Mr 
Leier is currently helping to develop. 

I have used APL professiona lly for many 
years, implementing such things as jay 
Forrester 's simulation of the world and a 
graphics an im ation package with wh ich I 
have produced several movies. But there are 
many severe limitations to APL, some of 
which become critical on small systems 
like the typical microcomputer. A few of 
these are: 

• 	 All arrays in APL must be homogeneous, 
ie : all elements must be of the same type. 
Si nee APL does not allow data structures 
{like PL/I or COBOL), it is sometimes 
difficult to define variab les that are con
venient to manipu late. This results in 
more computer time being spent getting 
the data into an array for a simple APL 
matrix multip ly than th e time required to 
actually perform the multiply. 

• 	 APL simulates operat ions in parnllel so 
we ll that there are no constructs for oper
at ions seria lly (such as a looping con
struct). This leads to much was ted com
putation (ic : testing all clements of a 
character vector to see if they are equal 
to a space when all you rea lly want to do 
is find the first nonb lank character). This 
may not mean much on, say, the I BM 
370, but it slows a microcomputer down . 

• 	 APL is terrible for dataset management. 
• 	 APL has no interrupt action other than 

the ability to break to the terminal user. 
This requires explicit tests to be in cluded 
for such things as zero divides, etc. There 
have been patches for this, but they are 
hard to use . 

• 	 Since APL creates an d destroys large 
arrays frequently and at random, storage 
management must be done with some 
sort of free space I ist {which eats up 
storage) and a garbage collector with ful l 
compaction of free space (which real Iy 
eats up time). This mea ns that, while on a 
large system most FORT RAN or PL/I 
programs wil l complete ly fit in 128 K, 
an APL program is given {normally) 64 K 
bytes just for data and a symbol table, 
not to mention the space occupied by the 
APL system. 

• 	 Almost no translation can be performed 
on APL code. Every time a variable name 
is encountered, it must be looked up in 
the symbol tab le. A lot of wasteful data 
checking must be done before the simp
lest operation can be performed. 

• 	 Character hand ling in APL is clumsy and 
difficult to code. On ly with great effort 
can APL code be made self-documenting. 
Trying to decipher old code (even my 
ow n) quickly leads to the funny farm. 

But APL has many great features, several 
of wh ich I wish wou ld be available on a 
microcomputer. I have found many of these 
features in language called GRAPL. 
GRAPL al first looks simi lar to APL, but 
there are changes and improvements, far too 
many to list here. But just to begin : 

• 	 GRAPL uses symbolic operators (like 
APL), but GRAPL uses the standard 
ASC II character set with no overstrikes. 
The large set of operators is derived by 
allowing two character operators. 

• 	 AP L execution is from right to left; 
GRAPL is from left to right. No oper
ators have precedence over other . 

• 	 GR PL is block tructured like ALGOL, 

2_20 HYl E NO\emher 11177 



REMEMBER 
16K 

A SC.. 1'-'U l lO 4~•0 t(C:.ltO 

$520 
Features ; 

SIA. fl ( OP(~AllON 
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SIOO BUS (J r.•f•A l ttll f 
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Circle 7 on inquiry card. 

TYSO SCORNER VIRGINIA 
!WASHINGTON DC AREA I 

THE 

COMPUTER SYSTEMS 

STORE 


"Specializing in Systems" 

FEATURING: 

Ptl.)( 'i.OI Ti· r.,_ ~v l1 d's .. ·~. 
Potv 'l.i•rr> [.Jl: 

0.;1f1 I 'I ~Pt. 


; "' '-••.ti 

V1'\.to-1 G"1;1r1i:; n ·.1·•o r,.10.i1 
A'-11'~ flll 

CROM~~.'CC.• 


CO\~PUTERS FOR HOME SCHOOL !. SMALL BUS NESS 
Our ~l.J 'I wit N· ;;. ~tiu ...-·•('( 1 110"" ,., DC<;' cA ('ftl'"r'I IT\ilt u1at 

!Ult'! I COtT'(llfll IN' Sy<;!<>,., tx•'>l SU·'"d r, ,.)Ur ~ 

~ SPECIAL: LE. AA -SIEGLER ADM 3A 

~c Pull . Ylf Tf\E 

1 84 CHl•ll" BR1DC,f ROAD McLEA, VA 22101 
lfLfP~tONf 1703182 8 3 

Circle 37 on inquiry card. 

CHESS 
IN BASIC 

~ 
HERE IT ISi 

A FANTASTIC CHESS GAME TO 
C HALL ENGE BEGINNER OR 
EX PERT - IN STANDARD BASIC 
RUNS IN 16K OF FREE MEMORY 
FOR rELETY PES OR CAT 'S 
COMPL T DOCUMENTATION AND 
A PAPER TAPE INCLUDED IN THIS 
SPECIAL INTRODUCTORY OFFER. 

$20.00 pp 
MO RFSIDfN rs ADD 5 • 

TENBERG SOFTWARE SYSTEMS 
10311-J MALCOLM CIRCLE 

COCKEYSVILLE. MARYLAND 21030 

B'rTESHDP. 

the affordable computer store 

7825 BIRD ROAD OF 
(305) 264. 2983 MIAMI
DIAL 264 -BYTE 

WE HELP YOU GET YOUR SYSTEM 
UP AND RUNNING. 

IMSAl8080 MEMORY EXPANSION 
SYTE-8 COLOR TV GRAPH1CS 
SWTP MP68 LEAR SIEGLER ADM 3 
CROMEMCO PAPER TAPE READER 
PROCESSOR TECH 
INTERFACES (KITS or ASSEMBLED UNITS) 

IN FORT LAUDERDALE 

1044 E Oakland Pk Blvd 

(305) 561 -2983 

Ci rcle 19 on inquiry card. 

Washington D.C.'s 
Newest Computer Store 

301-565-2711 

Intelligent 
Business 

Machines. Inc. 

Cromemco , IMSAI , 

TDL, Adm inistra tor I, 


SEALS, DIP Ch ips, etc. 


Come see us at 


938 Ellsworth Dr. 

Silver Spring , MD 20910 


301-565-2711 


Circle 72 on inquiry card. 

~AV~ li t() ll)·~ 
l.1li ~ 

IMSAI 8080 W/22 SL OTS Sl51 $649 

POL YMORPHICS SYSTEM 2 $135 $675 

SHUGGART MODEL 800 5650 S595 


SIMILAR DISCOUN TS ON : 
IMSAI 4K 16K. 32K RAM. MJD etc 

POL YMORPHICS V IOEO 

DYNA8YTE16KfACM) RAM 
MICROOESIGN 270812716 EPROM BOARD 
OUANTRONICS BK IASMI RAM 
lµS BK IASMJ RAM 
PROCESSOR APPLJCA TIONS OMA FLOPPY 

DISC CONTROLLER IASMI 
TARBELL FLOPPY DISC CONTROLLER 
TARBELi CASSETTE INTERFACE 
SHUGGART MODEL 850 TWO SIDED FLOPPY 

DISC DRI VE 

A L L SWTPPRODUCTS 

APPL£ fl 

MODEL 43 TELEPRINTER (OCTOBER! 

ADM3A TERMINAL 

SOROC 10120 TERMINAL 

REPAIRS IN HOUSE AT LOW COST 

CUSTOM SOFTWARE & FIRMWARE 


In San 1.11 8atbara. CA Ooen1nt' Soon In 
C•H 18051 968-0JOi San1.1 Anil , CA 

D T .M. 

C[]f;lPUTEAlfU~[) 
16919A Hawthorne Blvd 

11 30 h> 1 30 Tue·F11
Lawndale CA 90260 11 to6 S.• 

COMPLETE MICRO 

BUSINESS SYSTEMS 


Soroc IQ 120 
(assembled $899.95) 

Lear Siegler $ 799.95 
ADM-3A kit 

IMSAI 8080 kit s 599.95 
Centronics Busi ness $1145.00 

Printer (132 columns) 

i•IM#t 
DISC/3 COMPANY 

1840 LINCOLN BLVD. 


SANTA MONICA, CALI F. 90404 

(213) 451-8911 


Ci rcle 48 on inqui ry card. 

Microcomputer 

systems, peripherals. custom 
programs for business , service. 
sound counsel on equipment 
selection 

We stock IMSAI , ICOM, 
Technical Design Labs, Vector 
Graphics, Heuristics. and other 
lines. and provide business 
packages and engineering 
design. 

Microtex, Inc. 
Microcomputer specialists 
(713) 780-7477 /9305-D Harwin 
Houston, Texas 77036 

Ci rcle 90 on inquiry card. 

L 

PRODUCTION LINE I' TIME 

AVAILABLE IN 


JAPAN 

AND THE FAR EAST 


To manufacture your electronic 
components or complete units 
in quantity . 

Will call on you anywhere in the 
U.S . to discuss your req uire· 
men ts . 

I Write: ITOY 0 International 

898 Chestnut St 


Redwood City Calif . 94063 

(415) 369-5226 


12131 371 -4010 CloMtil Sunu.1v1Mon<1.1v 

Circle 150 on Inquiry card. Circle 31 on inquiry card. Ci rcle 153 on inquiry card. 
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which al lows a sim pl e and efficient 
stacked storage manageme nt scheme. 

• 	 GRAPL programs are just character 
strings, so, like LISP, code can be written 
by other programs and executed. This 
technique is extremely powerful in 
GRAPL , because much of the GRAPL 
system is written in GRAPL to allow user 
modification. For examp le, in APL, al l 
fu nction editing is done by special func 
tion ed iting routines in a special function 
definition mode. Edi tin g mu st be done a 
Iine at a time. Thus, sim ple tasks, such as 
changing al l occurrences of the name A to 
the name B, are made very time-con
sumin g. In GRAPL, the func tion editi ng 
routines are written in GRAPL so that 
they are easily modified or rewritten to 
suit th e user's tastes. 

• 	 GRAPL has some pattern matching 
sim il ar to SNOBOL4, which makes tasks 
such as program editi ng a lot simpler. 

• 	 GRAPL has a nice set of data types 
ranging from bit strings to integers to 
real numbers to three-d imensional points 
and lines. Needless to say, GRAPL is 
very good at com puter graphics. 

• 	 As well as loopi ng construct, there is a 
construct simi lar to a KEIL structure 

useful for computer aided instruction 
and other dialog. 

• 	 GRAPL programs are com pletely free 
form and , as in the case of FORTRAN, 
spaces are ignored. This allows programs 
to be forma tted to make read ing easie r, 
or al lows code to be compressed for 
efficient storage. 

• 	 When a program is executed, it is par
tially com piled and then executed inter
pretively. Th is is one of the fastes t 
methods of execution. 

• 	 Errors are handl ed either by the user or 
by interrupt routines. Interrupts can be 
signaled in code or with a timer to all ow 
for such th ings as concurrent processing 
and 10, or a limited form of multitasking. 

• 	 GRAPL retains the interact iveness of 
APL. 

I have been involved in the formal defini
tion of GRAPL and its implementation on 
an IBM 370 for a year now, and am begin
ning a Z-80 version which I hope will fit in 
24 K bytes of mem ory (including some 
space for user 's programs). GRAPL should 
prove to be not just a pacifier fo r people 
who want APL, but a distinc t improvement 
with more general application s. • 

All Prime Quality - New Parts Only 

Lowest Prices Satisfaction Guaranteed 


EDGE CARD CONNECTORS : 

Bifurcated Contacts . Not tin . Gold over nickel. 50/100 Pin (. 100 
Pin spacing). Double Read out. 

50/100 Altair Type - Dip Solder Pins $4.25 ea 5 pcs $4.00 ea 
50/100 lmsai Type - Dip Solder Pins $4 .25 ea 5 pcs $4 .00 ea 
50 / 100 lmsai Type w ith Gu ides $4.50 ea 5 pes $4 .25 ea 

lmsa i Guides only $ .30/pr 5 pr $ .25/pr 

All other contacts available : Solder Eyelet, Wi re Wrap, etc. All gold. 
Many other types available: 10/20, 15/ 30, 18/36, etc. 

When ordering : specify type of contacr. 

2708 1KX8 PROM 8080A - PRIME 
$22.95 ea $18.00 ea 

5 pcs or more $21 .50 ea 5 PCS $17 .00 ea 

25 PIN SUBM IN IATURE CONNECTORS : 

Gold Plated Contac ts. 

DB25P Plug $3.10 ea 5 pcs $2.95 ea 
DB25S Socket $3 .90 ea 5 pcs $3.75 ea 
DB51212-1 Hood (grey) $1 .50ea 5pcs $ 1.30ea 
DB51226-1 A Hood (black) $1 .80 ea 5 pcs $ 1 .60 ea 

SAVE : 
Buy a complete set : 
1 Plug, 1 Socket, 1 Hood (any) $8.00/set 
5 sets $7 .50/set 

Wr ite for larger quantity discounts. 


Dealers welcome. 


Minimum order $ 10.00: Add $ 1. 00 for shipping and handling. 
Orders over $25. 00: We pay the shipping: Calif residents add 6% tax. 
No COD 's: For immediate shipment send money order or cashier's check. 

When ordering: 

State method of shipment: 


Mail or UPS. 

ORDER FROM : Beckian Enterprises 
P.O. Box 3089 Simi, Calif. 93063 
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Fantastic new design uses CMOS l.C. and a to 
tal of 39 semi  conductors to give a touch con 
trol keyboard , all the electronic pans in one PC 
Board . This organ i~ easy to build , yet has fea 
tures like a full two -octavo range touch key 
board, vanable tremolo , two voices , built -in l. C . 
amplifier with volume control , complete with 
speaker end a specially designed pie.xi glass 
case 

•1de•I kit for beginner or gilt for chil dren S2'1.50ea. 

30MHZ FREQUENCY COUNTER KIT 

CONDENSER TYPE 
Touch on Touch Qtf 

use 7473 IC 
and 12V rrla y 

$5.50 each 

AU II• ''' ~on'0,.1.0 - • •c l!I0411!0 
SC" ,..,u '"'" Of\ ••I.av Du ll• • O• ll •QQ., 0 1" *' 

cJ u ••I IO• 1 - IG ._. ltrt t•Ol«Jol•• 
h ..itt l u t .,.,. .., uoo• •'" "' · 1-0u'ld c: o<10011.a 1ovt 

~ m • n \t 00..t P I OllKtt 
S W11-olv .o11... • !Iv-.. 'JV o c 

SI M..a n to•Sl.00T•• .dv•nl•V- of tru' new net•-of ·lhe  .,t coun1er le•turin; th• meny btnef11J. of c.unom 
LSI c11cu11ry This new technology appt~ 10 1ru1fument"1on .,.1•ld1 1nhu'l(:ed pert~ 
m•nc. . am•ll•• phy11c.. sue . drt111c.tlly reduced powe-1 con~umptmn lporuble b•Uery 
oper~11on b ngo,y prac11c.. I, depend•b1lltv , 11111y H.Mmb lv .-nd u1volut1onarv low•r pnc1ngl 

'0 5 ' ' red LED 6 dlg l ll dlsP IBY 

O"IU $59.50 ' Rnol u tion 1H.t.-t1 ...c . 10H1a11 / 10sK 

Sub-Mini Size 
Condenser Microphone 

$2.50 each 
V ' Sensitivity 10 Mv AMS to JO H.t 

• lntotne1 p o w •r s.uottlv 6 2V •I 1 amp regu lated 

FET Trans luor Bullt· ln 

Model 250-lOA lnc.ludH .111 Pilrtl , • Input CO,,M K tOf BN C IVP• 
400/l COIL SPOT 

SIGMA 71REI , 12DC RELAY UJ" 
PC eo.. td .ano Triln,rorm•r • I nput power req uited 117 V A C S 0 / 60 11.t 

• Q jode p rotec utd for over voltave Inpu t Sl-30 t?a . o r 10 tor s10 _00 
ALL BRAND NEW UNITSCALCULATOR 

with STOPWATCH 

• 
LCD DIGITAL THERMOMETER COMPUTER G RADE CAPACITORS 

6 Functions with " and m•mory 
8 01git1 big green di1play 

• Built m X ' tal controlled stop 
w•rch coun t to 1110 of a second . 

SPecl1I Price Onl,. 
$16.50 Ea . 

$3 .75 each D 
S600 Mro&O\I S2 20 u 

0 
10 :000 Ml D f.OV SJ 2 !. H 

11 .s oo Mro 1sv Sl 95 ... 
J4 e oo Mro~ov S4 l!;J u 
39 ooo MJ-0 n v s2 c o u 

100.000 M f D 6V S 3 !JO ea 

1W•tt AUDIO AMII n·I . QU~R~;~ CRYS;~~~s P•j~~ TV Gomes 
All parts ore pre assemb led 4 M HZ $~ 2s 

on a min i PC Board 10 MH Z S5 7& 
3'579 M HZ S I 2 ~ 04.-.,., ~ 

Supply Voltage 6- 9V D . C . co•o rv T 

SPEC IA L PRICE Sl.95 ea. ' •u• kl•• °"'II 
---------------.,r,t; CB MICROPHONE $19.so _ 

v f1An.U1 

•ATTCl'tlfl• f\101" lf\ICLVOll:CI 

0.11 p••U c o •npleT•rl O" _.PC B «u tn 
] l '-1380 IC •01., ,.... 

500 MICforCBUnit • 4 G • m H h"n 1t , Hoc ii.•v 
Talk Switch with R -.c:a1.un H • n!Jb•ll ana S on 

Connector and Cord 91• H• rn:Jball 
S2 .50 each/3 for $5 .00 • ~,,';1 ::~:.u"" 1 •' 0 •w ••v on 

CLOCK KIT 
~MOST POPULA• 

~ ~ A~~.~3110~ ~~~ 
• I p , , · , I,• ,' 4 ""' , \o• ~, 

·O 1.0 •, ., • ,, u,., , , 

' '"•I <J " t ,,. I o ~ 
I .. ,._.,., . H 

Spedol Only S 14 95 ea. 

MINl•SIZED 1.C. 
AM RADIO 

h Ht o•hl• con 1•ol ·•~t l u CHi<1 

Suppl11 wol l .... 9 l ~V 0 C 
S etu.+11 ~ 1 1 11 100-.,.., loo 1.,11 au ll•ul 

T 0 1•• h•• n•otH1: ~J t UOr 1ton 
1 1 Jl;;M . 1 ~ ... . II CLOSE OUT SALE t---------------=l s1.1ci sm all• ' 1han a ho" ot macc ht!sl! 

Q., TPUI ' ' V'IOH "''" ' P• 0 1.C:Ted 

ONLY S5 .75 ea . 

15 W AUDIO AMP KIT 
7 l VI 380 .,.... , , h V ol urtu C ontrol 
Po wl!1 Su 1-1L> l 11 6- 18V DC 

TV GAlll llOOULATO• U•T 

ro~~!:..~!'!'~:~ , ' 
W•t" Occ 

C oll 

enl11 t5.00e•. ONLY $4.50 

<1111t-----------..,T=1"'M=1""•"""•=1"'t"""---t A• ••'"•'~!.1.~~~ 80 00 I 

Time Controlled from 1· 1 OOuc. 

l t h : ;JI to ho 11s0C1 lH t une cJelay 
un11 t o t b u rglar alarm. pho10 
s&r v1 t. e . a n c1 01he1 Pu r l)OMJ"I 
M d " loa11mt1 110 V . 2 AMP 
S uopi v vo1t a9c 12 18V 0 C 

Sl 1.50 each 

COMPLETE UNIT 
h lth 1I tor , ,~ iii • n A la• m U ll '1 

01 hoo o.. .. , . to vou • c 111 ti•' "' v1• 
I O,,... ,. ~ ""_, •cn1f'u •n •l •c: :11 01 
L•Qlll Ou 1ou1 u1, 10 130 tJB 

V ol 1o>ge S upl)ly 6-12 V SJ .SO 

19 KEY HEXADECIMAL 
KEY PAD 

• 1 0 • Homekey 

goon ! Gu< h l~lonQ 

6 G•tne 128 ., ," Ojp 
T\/ G •n1• Clt1t1 ... uh 01111• 

T enn1t Stiu•, ,, hn i;. ~ ~ ... 
pj•c llc• & 2 'hoohn q 

Speci~I Only $6.50 
P'C Bo • rd lor TV 0 • 19\• wHh 0&1A S7 s o •• 
S w •t c " 8 ch b•tw e•n O•m• & TV S.1 75' • • 

NI-CD 
RECHARGEABLE 

BATTERIES 
AA SIZE , 1.2V 
C SIZE . 1.2V 
SUB C SIZE 
F SIZE. 1.2V 
5 SUB C 6V PACK 

$ 1 25 .. 
$1.50N 
$ 1 ,ISOH. 
$2.50 ••. 
$4 .90 .._ 

aATTHY HOLDERS ... 9 Y 006P... . A A... • A A 
2 c... .c• 0 
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•• I• 0 •O •• 
•,,. 0 60 • • 
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o•-sc•n• TY 
CLOCK KIT 

Same one as in Ju ly Radio 
E lec:1ronlcs. Kit includes PC 
Board . MM5318 and MM584 1 
chip All other electronic parts 

.,.,____________________-1 with trao~olyes

2
, .oo 

MA1003, 12V DC CLOCK MODULE 
·.- ,: -mu .. .... ..__ . 

: -r .... ... H 

Built m X "TAL controlled 
1lme base Protec1ed ega1nst 
automotive volt uan1len11_ 
Automatic brightness con 
trol with 0 .3" greon color 

~1 11~1 ~~nit1~~·P.~i F "~rnoff 

alPOLA• LID 
Jumbo S1H rC'd/9 reen c hange color 
when re 1J rse p o l nr11 y 0 1 vo~one 

lcJeal to r go /noqo 1 nd ic~t o r 

Two for Sl .00 

WIRE 
WRAPPING 

TOOL 
S29.50 

Wue Wrapping 
I n Bulk 

100· $2 .00 
500· $8 .50 

. 

.,,.1 • Sub Mini S ize 
'; PANEL METER 

,._ 500 UA 
ONLY $1.20 ea 

... -.t C.. £ 0 !llA I R 

POWER TRANSISTORS 
t O AO l • Y.1E1M~ 1'~!11 

""J( )05'~ ~· ... 
10-....._I' SO YOt- f 90 WAtf S 

$2.25 PER PAIR 
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36V Cl lll 3 •"'P S 4 '50 11!• 
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2 4 V C T itl BOOM A $ 1 8 0 11t• 

0 8V 12V l'I 400'Y!A S 1 8 0 u 

AC POWl• SUPPt.T 
AO•Pt•1 Tyl)9 Tt•nirtorm• r 

12V AC Outpu1 200 MA 
$2 .75 _,, 

6V or Output 130MA S1.90 H . 

8 7VDC Output 130MA $1 .llO ... 
12V DC Outt>ut lOOMA $1.00 • &. 
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PUSM· •UTTON SWITCH 
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Virtual Memory and VSAM for Micros 


Mark Dahmke 

1393 8th St 
David City NE 68632 

Concern ing the ,1\P drticle in Lhe 
Augu-t 1977 BYTE, I h<1ve not ycL een .111y 
mention of din;cl .1eces> lilc h,mtlling for 
1-\PL. SinLL' m,1ny -.111.!l l systems u>crs arc 
proce~>Sing Le 1, m.1ili11g Ii ts, mcdic,ll re
cord-,, .111d >Cirntiric dJl.1, I i lc seJr"ching on a 
floppy di>h. would ecm LO be ol gre<1t 
impo1 tance. 

In the p.ist, thr dish. or t.1pe acce s 
method sol 1w,1re w.i-. genera ll y cumber ome 
(and still i'i in l angu age~ l ike FORTRAN). 
Unlortun.itely, I .im seeing th e same mi 
t;1ke> m.1de in lhe softw,irc devc lopmenl on 
miuocompuler. I -,uggest taking a look <It 

lhl· virtu.11 storJge techniques used on 
syslems lih.e the IB 1 370 . A speci.il .1cces 
method c.11led VSAM has been developed 
thdl <1l lows ddta on di k or t.1pc to be 
tre.1ted .1s if it were in programmable 
memmy. Jn ., te.id of giving J file record 
number, or tr.tck ,111d cy linder addrcs, one 
'iimply gives the .1dd1·ess al the p.trticular 
byte or block to be retrieved, .111d VSAM 
docs the conversio n 10 physic.ii .1ddce s. 
Thi also makes VSAM device indepcnd ent 1 

IVly ;ugge; ti on i., lhis : inste.itl ol .1dding 
lc.tture to the in1c1p1elcr (in 1hc lorm ol 
READ .i nd WR ITE commJnds as in 
FORTRA ) to h.1nd le direct access li lc>, 
why no t m.ike the en tire cfok '>LIrf,1ce p.irt 
of virtu.tl memory. rl ie .1v.1 il dhk ;p.ice wi l l 
be lhe S<lllll' .is ii lhc olde1 direct .tlccss 
methods .11e used, hul lhi'> give'> lhe LJ..,cr 
the oppo11u nity to \lore l.irgc I iles .ind d<1L.1 
<lS .1rr.iy'> in memory. Thu\ one '>lu1 ,1gc 
method is u cd .ind c.1lh di\h. '>UI I.tee c.i n 
be ltl' ,t lcd .1s one l.11gl' 1-\Pl. {rn 11thc1 
l.1 ngu,1gc) wnrh.~p.tLc. 

Since rclerencc w.1s m.idc in one .1rtiLle 
Lo the difficliltic'> o l h.indl ing l.irge ,1 1 r.iys 
in u>cr p1 ogr.1111111.1hlc 111cmo1 y, .i nd the 
need Ior mor l' I h.111 20 K "I 111crno1 y lo> 
hold the in 1erp1ClL' I .111d wrn k'>fl.llC, the use 
of <1 lluppy t.Jish. ,1\ vi rtu .1 1 111c111<11y cou ld 
.ill cvi.11c mo\! o l the prob lem. In 1.icl, I 
used to wo1h. wi1h APL 011 .in IBM 1130 
with one di>h. .i nd only 8 K nl co1c memory 
.md ,ilmosl Jll o l the wo1 h.\p.tcc w.1> h.cpl 
on di h.. Most of the 8 K nol u;eu by the 
interpreter wa used .t\ lcmprn .11 y \torage . 

I horie thJ t tho e wh o w1 ite 1hc new 
APL interpreters wi ll co n>ide1 what th e 
new technology h.1> lo olfcr bclorc lol
lnwing the old designs. • 

MAKES YOUR JOB EASIER! II A TOTALLY NEW CONCEPT! SAVES TIME AND MONEY! 

I A powerful new tool for every serious 8080 user - professional and novice alike . I
I ··. ... Priceless timesaver for engineers , technicians, and programmers . Saves time and I 

money in the lab , on the production line, or in the field . 


I Convenient pocket size - 3 3/s by 7314 inches - gives quick and easy access to all vital I
I reference data. No more searching here and there for codes . instructions, or definitions. I 

It's all there - at your finger tips - everything you need to successfully use the 8080A I

I and - Intel's new 8085 microprocessor.
I Features cross listing, for rapid assembly and disassembly, of MACHINE CODES and I 

MNEMONICS• Concise description of 8080 and 8085 OPERATIONS. SIGNALS, II PINOUTS, and INSTRUCTIONS• Convenient cross conversion of OCTAL,I HEXIDECIMAL, DECIMAL, ASCII , and EBCDIC codes• Easy-to-read tables of powers I
I of two, eight, and sixteen ... and much more . . . I 

Sturdy • Handsome • Easy-to-use • Data Packed
I Your timesaver will give many years of professional service. I 

I $12.95 each (plus postage & California sales tax) - 25% discount for 4 or more. I 

I MoneyBack Guarantee: You must be fully satisfied or simply return the guide within 15 days for full and prompt refund . I 

II URBAN INSTRUMENTS • 4014 CODY ROAD . DEPARTMENT Cl - • • . ·.' --BANKAMERICARD ••• 
SHERMAN OAKS • CALIFORNIA 91403 

I PLEASE SEND 8080 timesavers to : CHECKIM o ENCLOSED o BANKAMERICARD o MASTER CHARGE o I 
I NAME CARD NUMBER . . " " ". ".. . . " . ".. . . . . . .. ' .. " II ISTREET 


GOOD THAU 4 DIGITS ABOVE NAME 
CITY I 
· · · · · · · · · · · · · · · · · · · (MASTER CHARGE) I

L:Ti:......-~~~-z;..~~~--;G;T:E.-...~~.;.lll~lll~lll~~~·~·J 
224 fl\ 11 \!41\1•ml•l'I )11-- Circle 154 on .nqu1ry ca•d . 

http:virtu.tl
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http:speci.il
http:virtu.11


Circle 111 on inquiry card. 

0 1ders under $25 and COD 's add $2
P~e Otgltal E1ecttonlcs Lowest Prices onA l l o thers shopped UPS Ppd. 

1701 East Orange Grove Blvd V isa and Maste rcharge accepted 
Pa:.adena. Calllomla 

J '''" 
I I 

Precut Wire Wrap Wire 

10!.JIJ f jl\'". 
• 00 'll 

0 "l 
JOO "" 

~ ..'IJ ..~ 11 
f .; 

~"' 
,. 19"' 

I I ~& 

7 98 •·B,,£ )9 

I:"] 880 " 9 ,,I J 184 
96~I 'Ii 8" 

1.111 IUOJ C>ll 
1 4, 10 41 

... ,,,, 1 81 '"' 
c 'O' r1 ...1 a ,. \',• !( Yr OW Or.tn~ 1.i•P 

01 ., 4 "'"'-'"' t• th• ••I '" "' 1 I•~' f 1 '111.t 
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Bulk Wi re Wrap Wire 
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Wire Wrap 


Starter Kits 
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Wire Wrap Supplies! 


Wire Wrap Sockets 
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Wire Wrap Bo ards 11/W 
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tG6:? .: ,G 41 01....,, 67!> 585 J 00 
J:6B? >ltc tO 44 Butn 0 ,.,,,., 11tlf' 10 so 10 00 JOO 

"''-.67? 4(6 4 ·1 8•1W: on OM Jte'fl 9 50 9 00 8 n1 J 00 
4 4 .: .. 6 11 Bu\'1ont•ci'"' •1.-, tl';O 13()() 1:1!)() 4 00 
l11\l 1 4d; 11 B••r' 900 8~ BOO .-Qd 

3119 4 4:.. lO 11 Ol<tn• 1100 IO"Yt1 1000 4 Qfl 
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Interconnect Cabl es 

H "' "' '" e "1 ur to 
,,.,,,,. Jl• * "' 

6• t 14 I , 2 OS i ]4 "J J 'j l 71 

I 80 LINE DIGITAL4K RAM BOARD 
A ssem bled and test ed. $89.95 1/0 BOARD 

See k it below . - Bus Full y Bu f fered 
- 1/ 0 I ncludes 4 -6820 PIA 'S 
- Compat ible Wi th Ou r Bu s 

4K RAM BOARD KIT 
4 50ns A ccess RAMs 

- 5V OnlyFu lly Bu f fered 

L ow Power $79.95 

Static 

5V only 
 KIT $59.95 
4 y, x 6 inch board 

Buy 4 R A M Board kits at 
$79 .95 each and an 8 slo t 2102 - $1.30 Multiples of 25 only. 
M other Board is y ours Low power, 450 n.s. Access and cycle . 

Incl udes 8 connect o rs and card guides . FREE. 

MOTHER BOARD MAKE CH ECK OR M ONEY ORD ER PAYABLE TO: 

8 SLOT 44 PIN BUS Kathryn Atwood Enterprises 
50 Pin Edge Connector P.O. Box 5203, Orange, CA 92667 

Discounts available at OEM qu an11t1es. For orders less thanMother Board S20 .00 ea $25.00 total, add $1 .25 for sh ipping. Cali forn ia residents 
Connec tors 2.50 ea add 6% sales tax . Es1imated sh ipping rime 2 days ARO with 
Card guides for above $ 10.00 per set . money order For checks allows 7 days for check to cl ear. 
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FOR SALE T\'\O V1a11on 21'. one with rohot 
pnnte1 Also S\\ TPC 6800 w1:n Ct 1024 :actor\ 
1es1eU Two crl"d1t card reader' OnP Un·vac 
h pewr1H~1 tt?rm1rtJI Be-s1 ofter Gu!'q Lud~-w·q 

POB 408 Rote Lake WI S4868 171$1 13 ~ 1680 

SWAP Y ASEU FTDXS70 amateur 1ransce1v"' 1n 
min t condition fm Alta11 or IMSAI M1crocom 
pute1 Specify cash different.al and write Tom 
Harmon, R4 Magnolia Dr. Salisbury MD 21801 
13011 742-4742 

WANTED Software for 1he Fairchild FB m1cro
compu1er. Lloyd Lawrey, 8926 N Sammv Ln, 
Kansas Cl tv MO 64 1SS. 

EDITOR ASSEMBLER· Enhanc.men1s loo lhe 
IMSAI SC5-1 Have package which will add re 
sequencing of 1he cunent file on command, 
pnmmg of 1he svmbol table- on command. a n~w 
op code, ASC, which will .Jllow .tn ASCII ur1ng 
cons1ant of up 10 30 characters 10 be de 1nf"d pe1 

line ol soufce code. Package 1s stored 1n memory 
loca11ons OE50 - OFFF No addllional memory 
n~quuect An INTE L checksum panec tape con 
1am1nq ObJPC I code. a complete sourcC' l•st1ng, :ind 
compleu~ docwnen 1anon for S7 50 1wn1purd 
James E Bell Jr, 491 Johannah Pl , L1lhu1n GA 
30247 

FOR SALE A do1en b1d10-ct1onal 1 8 srnooing 
motor,. new, unu•wd, Compute• Dev1cei Model 
23H 02, S35 each Reaune• 0 5. 1 A 15, 25 V 
powur 1u11ply Onv1n9 (stt>pp1n9) c1rcu11 can l>t, 
assemblt•rl for h~~ than $ 10 Easily con1roll~d Ytfl a 
parallel 10 port on d m1crocompute1 Rav Wilhelm, 
40 Bea• Mounwm Ad. R1nqwood NJ 0745G 

WANTED BYTE ISSues 2. 3. 8 and 9 Con1ac1 
Larry F Tonar, PFC 547969268, B Co In B• 
USAISD5B, POB 92 1, Fort Devens MA 01433 

COSMAC Ooe•s anvon~ 1n 1h • San Ft11nc sco CA 
area hnvc a COSMAC syStl'm) If so would vo~i l1kt-1' 
10 stat 1 a COSMAC users nroup or club' Wr11.. 01 

call Don Heid •n. 1361 Knnsas St. San F,m,c1-sco 
CA 94 107. 141 SJ 285 6966 

FOR SALE 5wTPC 6800 compureo wnh 16 K 
memory $600 AC·30 cas\••11e intetfact• $60. ;md a 
lt!at S1eqler ADM·J dumb wrmmal $700 All 
componen ts of this system arp burned '" amJ 
working. I w•ll nlso mclud 4 K and 8 K BASIC, 
Staf Truk. and 01her softwar free. John Victor. 
11 ldar Ct, Greenwich CT 06830. (2031869-4479 

FOR SALE New SwTPC CT 1024 video 1e1monul 
KB0-5 kevboard option, CT-CA cucso1 option. 
CT-S seual OPllOn, CT P power supply, 1n custom 
black l'TWMl ca~t· . 1unmnq ;tnrl 1J.1J-1tfy 10 oluq tlHO 

youi SwTPC 6800. $450 Ri~Json fo1 \.t:ll1nq, usir\Q 
HAL DS-3000 for both harn s1n1ion 1md comou1••1 
K Slobh, W9BT. 1605 Ookwood Ad. Nonhbrnok 
IL60062, 13 121272- 1223 

Readers who hav11 .ouiom11nt, software Of oth11r 
items to buy# s11ll Of swap should ssnd in a clearly 
typed notiett to char t1ffect. To be consldflntd for 
publicatiOn1 1Jn adllflrtlrsm•nc should btl cl••rly 
noncommtur:uM. tY/»d double sp«:ed on plain 
wh /tB paDdt, and lnclud~ compl~tt! nam11 and 
addl'flss in formation. These notictts ar11 fl't'Ja of 
charge and will ba printed onl tim11 only on •space 
available basis. Insertions should bs limitlld co too 
words or lttSS. Notic111 can bl! accepted from 
mdlviduals Of bona fie# eompucer ustus clubs only. 
We can angage in no co1respondtnc11 on theu and 
vout confirmation ol placem~nt ls app1uuanCB in 
111> issue of 8 YTE. 

Pie~ nore rhat ir mav rake rhnte 01 four 
months for an ild to appe•r in thtJ m~azine. • 

FOR SALE HPC18151\ prrJqr.11t'i'l1Jhi1· L .1 c ..11...110 

\'w,lh ll'te"iJt'(! memo•\ carr" c ..... 'f' tuu CJ1 t• 11 ..h]e' 

1ne1"1l.J P.JPPf, fT'i.ll'lUiJ I t''e:C,'il·•,,. 1JJ\•jot1on 
Ov•'• SJGOO nt"',\ A~'lf:1n9 52600 ,'./;i 1 (Ji"'lld,·~ 

.:100 S t~dl'rin Di 5JG CJrnd 11 o (....\ ':UOtO 
~051 •82..167'' 

FOR SALE: I\) 1w•rot EDP p•u~!li•c.11 -s1• .:: u1 ·~ 

C"t'CM.t 1S1 ""''th ri'l-W mun.agt?mt't"P U• 1ef '"9 .Jnll 
b1hh09cdPhy $!) l)0"11Pdtd 0 J Sche,.f!'r 2~ Rrv 
morH Av. Avt N'Y 10580 

roR SALE ASCllSCOPE 12 by 80 $550 wilh 
documenta rnri Solid S1ate Music MBJ w11h 4 K 
1702A S125. MITS 4 K Dvndm•c S12S. Proc Tech 
VDM S170, 3P and S S13S. Pennvwh1S1le MODEM 
sso. OAE Tape Reade• S65. IMSAI 4 K STATIC 
Sl 20. All ossembled fully socke1ed and factory 
checked out KR Robens, 10560 Mo1n Si, Su11e 
515, Fa1dox VA 22030 

FOR SALE One IBM Model 735 10 Seleciroc 
1ypewr11u. Correspondence wiring 15 1 /2 inch 
p1iJtten end prints. 132 columns. Good document&· 
11on Good concl111on $650 Snm Weiman, 9396 
Fernbury, Cvwe" CA 90630 171 41 827·7432 

FOR SALE Nrw Spherr computer s.vst1•m, \l•ll 1n 
unonenPd bo:itiPs from tactorv Svstt·m cont.um. 74 
bv 80 chr CAT, 36 K pro9ramm.1blt• memo1v. 2 
St•r1t1I 1ntflrf.:tcu 1101 ts {one caSSlflttPJ, d oaralh•I 1ntor 
fJCe oorn~ keyb<H1rd, OOW£• 1uoolv. dual Orb1s 
Hoppy r11~k rh1ve, Jnd .1n Ok•d.113 l1nl• J.mnt1·r 
with t1<Jc1or fl'Cd Pnc1• $6850 T W Rt-'ttv••'5, 290 
Almak Ct NW, lnaquah WA 98027 12061 
392· 144 7 or 12061 655·5308 

FOR SALE Compll?te set BYTEs. 1 to prusent, 
S7S. John Wagner. 2175 Wagneo Dr. CJ10 Ml 
48723. 

Will SELL IS Cl>• Selecu'c ID pnntcr, 1621 
papuc 1Jpc punch .and rnade1, !BM consolt• key 
board printer fnr bc1t oHe~- IBM 131 1 3 2 M 
drive w11h rwo disk packs, $400 n• t>ttsi offe1 All 
stuff with full documentauon. Henry B1rdseve. 
3'6 Jefter•on NE. Albuquerque NM 87108 (SOSI 
268-4727 lOPM to 11 AM 

FOR SALE IMSAI PI04-4 parall"I and 5102-2 
scni11 1ntC"d.1ce bomdi $155 ettch, cables alio 
JViJllilble Various 4 K progriammable memory 
t.oa1ds. 5125 each, •11 assembled ond tested BYTE 
numbers 1 th ru 4 , S 10 Trade any boatds ioward 
floppy d1sk;i Dic1ec Kaernl, 7201 87 SE. Mercer 
Island WA 98040 12061 232-1513 

FOR SA LE Portee 7850 9 trad. magnetic tapP 
drives wHh elec. S275 w11h manual. • l 2 V JA and 
•5 V SA suppl 1es. S2S, Suporoo< Elec TAP 12S 120 
bps op11cul retJdei-, $200, IVC 600 color video 
recorden wlfh m;:mu.al SJOO louE_lmallv S2700l 
wllh tape. MSI FD8 1hs~ cnse and Power 1upplv 
SSS Gary Gnuqtm, 2276 BeavPr VdlV Rd. Fiiubor-n 
OH 45324 15131 878·0288 

FDR SALE Al!a1r 8800a proceswr S600, 88 
~MCS 4 K srnuc momorv card S200. 88·16MCS 16 
K s.1at1c memory card SBOO. 88·DCDD d1s.k dnYP 
and conHoller $1500, 88-2$ 10 1~ru11 Tph1 1yp• 
1n1erface Sl50. 88-ACR audio casselle 1nredilce 
S 150 AU unm. fac:1orv assembled, 1es1ed, brand 
new Fac1ory oiaw ASR-33 Tele1yp<> S1000 
Mochael Clark, RD 3, NaTareth ~A 18064 (2 151 
759 6873 

TRADE ~ 1ctt 24 •s~ue~ BYTE magazine !or 
RO ASA 33 10 qood cond1uo1l. Alvin L Hooper. 
207 S•l I S1. Wa11>e1 Rol.J1ns GA 31093 19121 
923·5235 

FOR SALE C~ml readct. 100 com op11cnl NCR 
EM 02. alw w~lh Spi1ce par ts. S7S Arthur Okun 
1803 N Mull 1oan Av. Ch1coqo IL 60639 13121 
637-0938. 

FOR S4Lc. T1•1eho~ Mooe l ASR.JJ with MITS 
cat con1ro· un• Moael 88 T \A Stana .Jntl one 
c.l'!o.t> of roll l>JpP1 branrt n~w 11f"wr u!io~c.J S99~ 

01 IH~Sl ofle• Bull M.tjd..tr11i 21-1 Coo •Og*' A1,, 
H.isuroucl.c Me.gha J 07604 201 288 JJ,12 
at1e1 7 PM 

FOR SALE OR TRADE Ttn(as ll'\Slfllrnen1s 

LCM 1001 i\l1c1ourog'drn1iit1• trJ1n~r \\ldh an1Ja1 
61 ct bOOk Snfh·V<1rt! Dul,1q11 for M1ccof)roceHur1 
.}Ii 1n .,,CPllM"tl 1..0nJ.J1Qli $100 Or 1n lr41CJ,• IOWJrth 

HP 25 55 GS Ot JITiiJl~Ut ldl.110 yttJr A.ISO n.N~ 

C:OlT'.t>' ..t~ 1 !t' 0 1 8'r TE n rrnn• cond t•on for lJI~ 

o' t•\lCJt- D.t\l•O J Lor"'''"""''" 2 i5 E 15th St 
T•mr><! AZ llS~81 607 ·lG6 Vl~O 

FOR SA LE Nl'w l1hree mon1h• oldll IM5AI 
8080 m1crocompu1er sy•aern Th 1s complete and 
furic11onJI systPm includes Seals 8 K memory. 
Potvmo,.ph1c video d~spl v boarrl connected 10 
GBC mon11or .Jnd SwTPC kt'yboJrt1 Tarbell c~:.. 

se11,.. intt•rfJce 311UChed to GE cas.se11e rncor~··· m.
s.embler and BASIC on tilpc. all manual!, monitor , 
keybc>drd, and recorder d1sconnec1 ;;u bilck panel 
fo, qrna1cr mob1l1tv Pcrfec1 lor hobbyist, $2350 
Joel Schwanz, 5 The Maples, Roslyn E5tate!i NY 
11576. 15 161484-5732 

FOR SA LE 3M DC300A data ca,,rodges which 
work 1n the IBM 5100. TEKRONIX, DEC and 
s1m1hl' eau1oment a1 a club onco of S18 per data 
cartridge plus the cost of postaqe IBM 5 100 Users 
Group, c/o HITS Inc. 5541 Parl1amenr Or Suue 
104 V"g1nia B"J<:h VA 73462. (8041490 01&4 

FDR SA LE Comple 1e NCR 31S- 100 da1a pro
ce-n1ng sy!i·tem Includes 315-JOO mainf rame. 
con5ol,. wuh 1933 Telepnnler and nower suppl ies, 
lO K by 12 bh core memory, five 334 7 rrock ~ 
inch magneric tape drives, 340-503 high speed 
printer ( 120 cha rac1ers per ltne. BOO lines per mm· 
utc) and an IBM 1442 card ceadec/ciJrd ounch. AH 
uri11s arc intact and 1n ocrfec:t ooern11ng cond111on 
Comple1e schemn11cs, se rvice ond opera1ln9 
manuals are included. Looking for otters on all oc 
any pan Garv Boehm, 1671 Timmy Or. Ham1hon 
DH4S011 , 

FOR Sl\LE HP9810A compu1er system Including 
10 by 15 mch planer; audio casseue data sioroge 
um1, ROMs for plot1ec, cassette, ma1h functions, 
alphanumeric 011nt1ng, d~f1nable func11ons. plus 
lots of general purpose soflware wntten by HP 
and me This ws1em is ideal lor a scienusi or 
engineer doing independent research who can not 
afford iJ full·scate computer -system, but who needs 
good Quality plots for publ1cmlon in 1oum3ls. West 
Los An~les anra C-&111 Garv 8edro-s1an weekdav~ a1 
(2 131478 3035. 

FOR SALE BYTE "'1 . 2 and 3. $25 . -'?3 and JO. 
Sl 5, all five, S30. Wonted Used, working micro 
compuier 'VStnm under $ 1000. Donald Erickson, 
6059 Essex St, Roversode CA 92504, 171 41 687 
5910 2 PM 10 9 PM any day 

FOR SALE V1arron Prin t Robot end plans tor' 
m1erface, S60 Converts Selec1r1c and oitier 
1ypewnt r-o; to nrin1ers Wi thout 1mern.el mods. 
via l<Pyboard. L1kf' nPw, G Lyons. 280 Hf>nden.on 
Si, Jers v City NJ 07302, 12011 451·2905 

FOR SA LE Six 4 K rlynilm1c: memory boards 
fM ITSJ, S 150 each, and two 4 K ""'le boards. 
S150 •ach Rohen K 5n1d<•r MD, Modocal Ans 
Cenicr, 1230 N 301h Si, Bolllng\ MT 59101 

rOR SllLE 6800 m•crocompu1or <vstem CPU 
board w•th 1 K EPROM (mon11or. lk•bu9, a~t;em 
~er, f'd11od, 4 KRAM, ',PIA 16 KRAM me-morv 
board v1dt10 ulU>1facP 06 by 32) sN1il1 10 w n h 
1wo ACIA porti (\ILJd10 KC stetndard and !loud 
selec1 RS2321. E PROM I load and clump I. on<J PC 
wiring for TTY/TiL/moctrm. 9 inch TV mon1lO• 
casse11e recorder manu.1ls, schema11cs, documen 
ta11on 'IOflwa1e on c.auetres includes Tmy BASIC, 
games, and mor Prier $1800 Con1acf David 
Domores1, 12697 Graton Ad. St•bastopal CA 
95472. 17071 823 1698 Fac•o•v assemuled and 
tested 
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FOR SALE Sphe•e 330 Computer System 
l nclude1 6800 CPU, 20 K memorv. 32 > 16 video 
inte rface, ASCII keyboard and interface. dual 
cassette 1nrnrface. case less cover. power supply, 
manuals, mon11or, edttor. anri debugger rou tines 1n 
ROM 1ncludm9 caiSette 10. 16 bH math, e1c. Will 
also supply T ,ny BASIC ond 16 K BASIC Com 
olete ~ysiem "'a kn oriqtnJll y cost over S1700 
This Ii an Jssemhlcd, 1es\ed, burned-in system for 
nnlv S 1500 Fus t check to clear ta es 11 all 
W11te Richard H R9e, POB 791 Emporia VA 
23847 

WA N fEO L 1u1nq or source ot hsunq of assembler 
mnqram lor 8080 (hnme-hrewod AM-8080), 101 
reasonable p11ce. T P Douglas, POB 1012·C, 
La Junrn CO 81050 

FOR SALE V IATRON m1crop.-ocessor system 
lnclurtes evboard, 1wo casse tte Hansporu, video 
mon11or , and r>0vver s.upply Only $400 Wrtte 
o• call Mtko V•tale. POB 22. Suncook NH 03275 
1603) 485- 4006 

FOR SALE rrn•d...n $4"1¥ 1r.ftd.11u pupcr 1ape read 
rr un<t Ctlrtl n•;1dt'r S50 Pach. R Rock)eH. 11 Skip 
Rd_ Normtnwn PA 19403 121512795761 

WANT ED Medical softwa1e. also ar 1l1c 1al 1ntel 
ltgence and robotics Send descnp11on and puce or 
tt ade R ob Lulkm. UVA School of Medicine, 
Chmlottesvt ll c VA 22901 

FOR SALE A lm" 8800. 4 K sta11c. 4 K dynam ic. 
Serial 10 4RS232 comp..ttble), Tarbell cassette 
oucdacc. complete documPn1a11on, new cos1 
$1576 , borely u"'d and 1otally lunc t•onel . $1375 
or lx·s t o ff er Norm. 8508 Lurline Av. Canoga Park 
CA 91306 1213) 341 1275 

FOR SALE F•m 24 BYTEs, all hke new Be11 
o ff t!r J L Cu1nqh1, 1417 N Hovi. Ch1lltco1hu IL 
61 523 

F-8 USERS Hove de><gned a 4-1 /2 •nch by 6- 1/ 2 
mch double sided PC card with plated tliru holes 
lor an F·B system cons1st1ng of a 3850, 3853, up to 
two 3851 ot 3861 chips as we ll as space for two 
2708 or 27 16 EPROMS Fo• ded•Cuted appltca 
11ons where no programmabl e memory 11 needed 
Ne~d 10 sell ten at S250 each 10 recover costs of 
developmen1 and prototypes Home' S Wh<te. 
3314 Pick I Ad, Ourham NC 27705 

FOR SALE OUME Spnnt 55 punter. equivalent 
to 0 1abl o pn 111er bu1 better and taste' Has been 
m od1f1ed by facrory to use Xerox p1 1n1 wheels, 
1nc1ud 1n9 pr opon 1onal spacing wheels, new I paid 
S2950 Please b•d. Pu ran , POB 135, Jamaoca Plmn 
MA 02130 

FOR SALE Video checkers on Tarbell cornpatiblo 
casseue Plays under MITS 8 K BASIC. Total of 
16 K memory and Poly Video board required 
Send $10 pos1pa1d for casse tte anrl complete 
documentation ro Marv Mallon, 6914 BcrQU•St Av, 
Canoga Park CA 91307 _ 

FOR SALE IMSAI 8080 wt1h 22 slot mother 
board S649, Polymorphics v1d1?0 board VTl ·64 
$199, Vector Grnphocs 8 K memory board $235, 
Solid Staie Mu5tc 8 K memory board $225. Radio 
Shack keyboard with custom case S49, and a 
Tarbell cassette interface $109, assembled. tested, 
m excellent cond1uon . B Marr , 1800 Brea Blvd, 
Box 18, Full erton CA 92635. ( 714 187().1387 

FOR SALE Lone pnntcr. 300 cpm 132 column 
drum pnnte1 Operational Mohawk Data Sciences 
series 4000 has full document1u1on and 63 print 
able character set Bes t offer over SSOO. FOB 
Madtson WI A.chard Wh11nablo. 425 S•dney St, 
Machson WI 53703 16081 256·3789 

WILL TRADE Novcmbe• 1975 BYTE lor Oecem 
be1 l 975 BYTE Mv November issue 1'5 1n vefy 
good condmon. Elhoi S Wh eeler 101 Volney St, 
So Houston TX 77587 

WANTED Two 1 K memory boards for Mark 8 
microcomputer ff rom July 1975 Radio·Elec· 
rronicsl a'5 produced by Technique'5 Inc. prefer 
unpopulated boards Jeff Lesinski, 1241 Staley Rd , 
Grand Island NY 14072 1716) 773 3783 

WANTED Old PDS 1020E pape• tape software. 
Can copy and return, Aho need any c:1rcu11 boartl 
for connectofs Dave Ovenon. 1709 W 30. Ausrm 

TX 78703 

FOR SALE OUAY 80A 1 do everything prnccssor . 
a comple te ZSO stand alone computer Add Tele· 
iype or RS 232 mrminal and you·re up and 
runmng with 1 K na11c programmable memory 
llow pawed, 512 by 1e (ROMI momto" 4 
UVEPROM sockets 12708). UVEPROM pro 
grammcr, and more, assembl ed and tesled $425 
Al•o TOL ZPU w•th •oltware 18 K BASIC, 2 K 
moni tor , re>tt editor, macro assembled all on 
onginal paper Ulpe wuh documentation, assembled 
.nd tested 5225. MF E Model 250 •upe• cassette, 
high speed drive 140 1ps} new with cas:e. connector 
and much documentation Cost S510. vou1 cost 
$225. Paul Lamar, 1024 17th St. Hermosa Beach 
CA 90254 12131 374-1673 

FOR SALE Alta" 8800 Compuier. w"h 20 K of 
fasr {no watt state) programmable memory, l K of 
slow f 1 wan natel prog~ammable memory , 2 K of 
ROM, Processor Technology video display module, 
nnd 3 petrallel <md ~enal i nterface cards _ MITS 
audro cassene u11Prface card. Price Sl 500 firm I 
will pay 1'h1pp1nq M H nrr1s, POB 1053. New 
Brt1a1n CT 06050. !::>03) 225 0504 

FOR SALE Two MITS 88-S4K (4 K synchronous ! 
memory boards, $110 each Two MITS 88-4MCD 
(4 K dynam•cl memory boards, S90 each All 
boards iissembled with socket, for each 1nrngra1ed 
circuit . Every b11 OK. A 1pare 4 K memory chip 1s 
included d you buy all four boards. Harold Corbm, 
11704 Ibsen D•. Rockvtllo MO 20852. 13011 
881-757 1 

TRICK OR TREAT!!Electrolabs 

Wt 
f 1111 

100% GUARANTEE'! 

1978 
F0< each C2716, 01 TMS2716 

'"''"'"' )r rflul.lCf'n•f'fll tor 1nv purchasPd before 1 Jan 
1111·•'•'""'•' ~h•1 airodu< '' '"" ,.• ., POB 6721, Stanford,CA 94305 1111'>Jl1'\f.H tory uro1tuCl rorurnl.>d .v•lh 

,::,.!I:d'-'.·~VCS" ~1t41:~·~Cr86e ~r~ ~f~~·:~t' ~~~1J 
h1nne11 fresh f•ow 11.. lr1ger~tmJ 1.lOfU'Jl!, 

.:tml 010 ICt. -Nori. nrcme1lvl 

FrPo c:.11.ilOftJu ot !Cs. Cornµo11P.llU Word 
Proc.t•Uni J ~1ppl1e~ u~~fi..11 Oe... •CPS .tnO 
t 111J1fHH1"'nt ient •n rrsponsc 10 1:ach 1nq111ry 
dtul o r lf~r C!lil fot quantity .1ntJ t.riec1al 
t)f 011(.J 1t1'iC:01Jr11 prugr.-,m-; 

LS 1031 8 de1 .:ado t:ounrn r & 1seg dr•"e' 
.-in 01, one 40 r. In d1ir,. u~e" 5 only 15 95 
11111.luUe'!i ~hnm.ttir: .-1HJ app note! 
MANGGAO d11al 6 .. 011tru7a hi 1nton\1ty 2 95 
{,o,11tJ 2 /\MP HOUR C i1..*l' NICAOS 3.95 
MM 14C92GN d dl!Ctldc counter/(1ri,..er 5 95 
MM5058N :?533V 1024 Sta11c SA 10 9·95 

T TAL /\1 CAPACITOR PECIAL 22urd/35 VD ior.99 
Tl1cw 1ru CSR1J tvµu .trl I olltu mccctlent tJypJ$S tilter a11d 1:ouplm9 
1w1forn,an1 •' 1,)111 10 ~Ht Ir'-· IHt'llCit•1. P1utec1 to r nwn,orv illllrl d1g1~al 

Yi" V IOLQ 1 APL Bv ni,1.of US MJ11td1J• h11l.'r !Jul NOT 12.99 
""'•J Ill 0' ,. ~· A11~0•11 Tclv IJ•J•lf .1ntO(.>tJ 10 'o l U S(' ne11her honrt 

loqg11111 rior t· ... 1.C'\\1·.-t.> wo.:i• 2.400 f1 X , "H~ti for 011e hour 10/ 119. 
ploty on Sony Ci f Pomato111t: Urul •II otht!r MonochrOmt! 1.Hl(J co lor 
C:IAJ t.1.mttarn ma. h1ne15 C,:,11 fo1 1Jri<e'5 on 11 .. 01 10 fit Sonv Portooock. 
UHi lnr OlhOr lt!ngtho; 011' liul\1 r.HHC.holSO 1n41ke1 tr 11'1i OflC• f)OS51bto 

Soln 1· t rmr •••Ht ~h•11Pn<l m i.111 oltlfi\1-: t 1 ... o ourmonent IJ l>Jr.,. plo'IHC s rorogo 
Io.. fntm.iT '" rhc h•ghe~t po1fo1manc{'f 11er doll.or No1mallv S22 95 

AJ'L 1'1ugr.1111111ing langu.1g<' clcuric printer b.1ll s 29.00 

VAD I Mndem wrds. C•impkl<', 1cqui11nl\ 1tni\ • 12 \ , +SV, .ind 
2~ p111 co1111lt'll"" lor Bell 101 Clri): \ n""'' Sl'l\icc 79.95 

SMQK[ O[T[ TOR S.,"'a vour l 0 tc. VOUf lall . vow· comp11l or 

MllJ hv BR \Nro H11nk thJt th1t. •S lMe 111011 telt.1Lt~ Ullll on the l'l'M .... Ct 
S.-. 111• I)•. th1~ onfl' dtH110nU1Jtc~t on TV tor P111wav hy Wdhan1 Conn;id 

n .ttl•tHIOn, th1t. unit .viii fun< t•OJ'\ for more thdn 3 veor 011 an 
1noio.pt•ll\tvP YV C't>ll. 1n .:ontr st to 1nanv other~ ruquu1ny d 5 29.95 
7 cJollar l•lllh:irv N.1t1ooatlv adven1sPrt at S39 95 Specrfv b>Jitery 01 I 10V 

we w•ll donate S2 .00 to UNICEF 
rn your name. and 1§suc vou an415-321-5601 

LI E R 
LM323K G 95 
LM309K a 99 
LMJt7K 2 95 
LM375N tdl Osc C~r 2 75 
~ 1 [ 10RY 
MCMG8t0L 1 2 95 
2 t L02 I 1 25 
93411DC t 00 
CJ107B 1 00 
C2 t 14 t 9 00 
uP0 411 04 135nS 3 95 

equal amount 1n cred ll to w ards 
vow 1978 purchases 

UVE PROMS 

C2716 5V Only 59 00 
TMS2716 3 Supplies 49 00 
C2708 Indus. Std 18 .95 
C2708 l650nSec.I 14 .95 
C1702A 2K 4 95 
C1702 2 25 
MM52030 2K 2 95 
MM52040 4 K 9 .95 

Storage Media 
• 	 manufac1ured by 

lnformalion Terminals Corp. 
erba1Im 

1iniDisk.s 5 Per Box Ea Boie 10 BoxM [a 50 Boxes, EA 

M 052!> I (Sof I St••. IOt 29 95 26 95 24 25 
MD525 10 fH.;ird Sector 10 Hale\.) 29 95 26 95 24 95 
MO!J25 I G f HnrtJ S 1~c ror 1 6 t-tolt"S) 29 95 2(, 95 24 95 

Flc~ib l c Disks 2 Per P"-~ 

F DJ4 1000 !Solt Suc101 •BM Std I 1 1 ~s to 49 9 49 
FOJ2 1000 HJrd St!c:tor ltln~ r I t 2 49 tt 29 10 t9 
FOGS 1000 I H.uct Sector OurnrJ 12 49 

" 29 10 19 

Flipp Di~l..s tO Pe, Bo• 

F034 2000 !Soft IBMI 89 JO 80 JO 77 30 
FO:'J2 2000 IH.lHI Inned 93.BO 84 40 75 90 
F 065 2000 CH.ird 01,ierl 93 80 94 40 75 90 
Oigi ral Casscttr 2 P , Pkg 
I 150 For Dll Kan~s C11v·· and other 11g1tal rocordmg with Jud10 rlcclts 

8 0 8 !30 7 49 
tt 9 9 10 99 9 99 

CPUs, Support, & PROM 
z ea J9 oo 
6080A t1 95 
8 3001 55 00 
8228 7 29 
B2t6 2.39 
AV5 1013 4 95 
8223 PROM SPECIAL t~9 95 
uPOJ7 10 Ci1ts.et1e Cn,rl 4 9 00 
uP03720 Flopuv Cntrl 51 00 
82S2708 70nS Pin for P 29 95

• 
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An Unregula ted DC Power Supply for 
M icroprocessor (s) 

Wbat'sN~wP A new DC po wer supp ly 1 hi ch 

A N ew Bar Code Scanner 

Micro-Sc.rn Corporation has an
nounced a ne w bar code ca nner de
signed to read bar code programs as 
featured in BY T E. The unit , ca lled 
the Micro Scan, is capable of scanning 
vary ing cont rast ratios (ph otostatic 
copies can be read) a t rates of 10 to 36 
inches (25 to 91 cm) per second. Docu
mentation of loade r program> for the 
6800, 6502, 8080 and Z-80 processors 
are provided with each scanner. Power 
supply requireme nts are 11 .5 to 18 V, 
unregulated. The Micro can is avai lab le 
for S97.50 from Micro Scan Corpora
tion , POB 705, Natick MA 01760, (617) 
655-5406.• 

Cude 517 on 1n11u1rv cnrfJ 

Shield and 
Seal for Real 

A new conductive materia l with 
excel lent sealing properties has been 
announced by Radcon Corporation, 
246 Columbus Av, Roselle NJ 07203, 
(20 l ) 241-5550. Free samples as well as 
a data sheet giv ing compression and 
electr ical cha rac teristi cs are avai lable 
upon request. The material, cal led 
Multi -Con 2, is priced based on custo 
mers ' app l ications.• 

C1,crc '518 on mui.urv cord 

provides unregula ted power to micro
processors and peripheral equipment has 
been announced by 5 tan dud Po wer l nc. 

Designated !he SMP-308 , th e uni t 
prov ides three vol tages of 9 VDC at 1 A 
and • 18 VDC at 0.5 A. I t may be 
ope rated at 11 5 or 230 VAC, 50 or 
60 H1 input. 

Priced at $27.50 (si ngle quanti t y) , 
the unit measure~ 3 3/8 by 3 3/8 by 
4 3/4 inches ( .57 by 8.57 by 12. l cm) 
and weighs 2.1 pounds (0.95 ~g). 

Details are con tai ned in Standud's 
Catalog C477, avail able on request from 
local distributors, or from St.indard 
Po.-er Int, 1400 S Vi l lage Way, Santa 
Ana CA 92705, (714) 558- 11 72. • 

Circle 519 on 1nquuv Cilrd 

Att enti on APL L overs ... 

MCM Computer is a Canadian firm 
which has been marketing small desk lop 
APL machines for about five years. A s 
thi issue WdS go ing to press, we rece ived 
word that the compan y is making avai l 
able a $5000 package co nsi ling of a 
comple te self-co ntained compu1cr with 
APL interpre ter and dual casse tte tape 
drives for work space. Contact the US 
office, 2125 Center Av, Fort Lee NJ 
07048, (20 l) 94 4-273 7 .• 

Cttcle 520 on 1nou1tv card 

~ qJHcaTI BOARDS 

MB-1 MK-8 Compu1er RAM (not S-100) 4KX8 uses 2t02 
1ype RAMs. PCBO only $22 
MB-3 1702A EROM..Board 4KX8. S- t00, switchable ad· 
dress and wa11 cycles. kit less PROMS $65 

MB-4 Basic 4KX8 ram. uses 2t02 type rams may be ex· 
panded to 8KX8 w1tn piggybacking S-100 buss PC 
board $30 
MB-6 Basic 8KX8 ram uses 2102 iype rams . memory pro· 
1ec1 1n 256 lo BK switchable S-100 buss PCBO $35 
MB-8 2708ER0Mboard S-100 8KX8or 16KX8 •lw•thout 
PROMS $85 
10-2 S-100. 8 bit parallel I Oport. ~of board is for ludg1ng 
Kil $55 PCBO S30 
VB-1 64X t 6 video board upper lower case Greek com· 
pos11e and parallel V<deo w1lh software. S 00 
,Kit $189 PCBO $35 
SP-1 Music synlhesizer board S-tOO. compuler con1roller 
wave forms 9 oc1aves IV rms 17% drs1ort10n . includes 
sohware kt! $250 
Altair Compatible Mother Board. 11 ' 11 "2 x h 
Board only S45 With t 5 connectors 
Exler1der Board lull size Board ont 
W11h connector 

St05 
$9 

$1350 
Solid slate music Cyoercom boards are rugh qual11y glass 
board wilh gold ling r con1ac1s All boards are Check IOI 
shorts K11s only have solder mas< 90 da uarantee on 
Cybercom kits 

NEWI All IC s. sockets & hardware lor WAMECO MEM-1 
includes p11me 2102AL-4 s $144 
Order PCBO separately below 

Speclll 2102AL-4 K x t ram II:! less power than 21 L02 
lype rams. w•lh power down, prme from EC Ea 2 00, 32 
ea 1 80 64 ea 1 70 t 28 ea 1 60. 256 ea 50 

9080A AMO 8080A (Pnme) 
8212:74S412 Prime 
82t 4 Prome 
82 16 Prime 
8224 Prime 
8228 Pnme 
825t Prime 
8255 Pnme 
t 702A-6 AMO 4702A Pmne 
TMS-£011 UART Pnme 
2513 Char Gen Upper Prime 
2513 Char Gen Lower Prirne 
1702A Intel Nol Pnme 

8Tt0 2 00 BT97 200 80L97 
8T13 2 50 8T110 200 81L22 
8T16 200 5m 800 82L23 
8T20 2 50 5312 400 85l51 
8T24 2 50 5313 4 00 85l52 
8T26 2 50 5320 595 85L63 
8T34 2 50 5554 190 86L70 
8T37 2 50 5556 2 50 86L75 
8T38 2 50 5055 t 60 86L99 
8T80 2 50 MC4044 2 25 BBLl2 

2000 
4 00 
8 30 
4 95 
5 00 
890 

14 50 
14 50 
6 00 
6 95 
tl 00 
11 00 
4 00 

1 50 
t 50 
1 90 
2 50 
250 
t 25 
t 50 
t 90 
3 50 

BO 

74LOO 25 74LSOO 40 ltOI 1 25 
74L01 25 74LS01 50 tt03 t 25 
74L02 25 74LS02 40 2t0t 4 50 
74L03 25 74LS03 40 2t1t t 3 75 
74L04 30 74LS04 45 2t12 4 50 
74L05 40 74LS05 45 2602 1 60 
74L06 30 74LS08 40 4002- t 7 50 
74L08 40 74LS10 40 4002 2 7 50 
74L09 40 74LSt2 55 MM5262 t 00 
74L10 30 74LS20 40 7489 200 
74l20 35 74LS22 45 74200 4 95 
74L26 40 74LS27 45 74C89 300 
74L.30 40 74 LS30 40 82S06 200 
74L32 45 74LS37 60 82S07 200 
74L42 1 50 74LS38 60 82St7 200 
74l51 35 74LS42 1 50 8223 2 50 
74l54 45 74LS5t 40 82S23 300 
74L55 35 74LS54 45 B2S123 300 
74L7t 30 74LS55 40 82S126 350 
74L73 55 7.ILS73 65 82St29 350 
74l74 55 74LS74 65 82$130 3 95 
74L75 I 20 74LS76 65 82S1Jt 395 
74L78 90 74LSt51 t 55 IM5600 2 50 
74L85 t 40 74LS174 220 IM5610 2 50 
74l86 75 74LSt75 t 95 IM5603 300 
74l89 3 50 74LS192 2 85 IM5604 350 
74L90 I 50 2501 B t 25 IM5623 300 
74L91 t 50 25028 3 00 IM5624 3 50 
74L93 t 70 2507V 1 25 MMl6330 250 
74L95 I 70 2510A 200 OM8573 4 50 
74L98 2 80 2517V t 25 OM8574 5 50 
74 Ll 23 I 50 25 t9B 2 80 OM8575 4 50 
74Lt64 2 50 2532B 2 80 OM8576 4 50 
74L t65 250 2533V 2 80 OM8577 3 50 
74L 192 I 25 OM8t31 2 50 OM8578 4 00 
74Ll93 1 20 N8263 3 50 2 4576 MHZ 
MH0026 2 95 MC1·189 t so XTAL 7 20 
MC1488 1 50 OM8837 1 50 

Cheek or money order onty II you a1e not a regular custom et and your 
ord er rs large please send e11her a castuer s c~ck or a posial money 
0tde< 0 1horw1se there will 00 a delay ot rNO weeks !or ll'v! chock to 
clear All nems post p&d 1n the US Cab!. residents add &'. lax 
Money baek 30 day guaran1ee We C-WH\01 accept felumed IC s 1na1 
nave been soadered lO Pnoes subjec:t lD charge wilhoul not.c:.e St 0 
mlnlmum order. S1.00 Mr'Yloe charge on ordera W.a than 5 10. 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC, X1stor 
and Computer parts fist 

/'wmc~nc- . WAMECO INC. 

MEa.-1 8KX8 fully buttered S-100. uses 2102 lype rams 
PCBC $30 
Mother Boerd t 2 slol 1erm1na1ed S-100. board onlyS35 
t0% d1scoun1 on 10 or more c l WAMEGO PCBO 1n any 
comblna1 1on 

228 IH TE NoH~1uber 19i7 Circle 93 on inquiry card. 
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NEW BARGAINS SURPLUS BARGAINS 
$sg9s

2708 PROM BOARD (10K) TELETYPES tr~395 

Illustrated above Is our 10K 2708 Board 
(2708) 

Kit w/basic IC sockets. Any PROM addressable anywhere in mem· 
ory map. ORDER AS C80-2708·2. 

PROTOTYPE BOARDS 


Prototype boards for the S·lOObus are available from many others
but ony MIN I MICRO MART supplies four different types. Two are 
wire-wrap v11rsions and two are general-purpose DIP, for either ww 
or point-to.Point wiring. All boards come with a 5V regulator and a 
heat sink . The two "bus" versions are unique and have circuitry 
etched on tor buffering and address decoding, and include the 
decoders and necessary Tri·State buffers. (Illustrated below is the 
general-purpose DIP version, MODEL 01·2115.) 

01·2115 GENERAL-PURPOSE DIP PROTOTYPE BOARD $18.95 

01 -2116 WIRE -WRAP PROTOTYPE BOARD . . . . . . • . 19.95 

01 ·2 136 GEN-PURPOSE DIP BUS INTERFACE 
BOARD, incl . IC's for address decoding 
and buffers ..•.•.••......... 29.95 

01 -2112 WIRE-WRAP BUS INTERFACE BOARD 
incl . IC's for address decoding and buffers .. • • 30.95 

BARE BOARDS 
Bare boards for 8080 and Z·80 systems. as well as for 4K , SK, and 
16K static and dynamic memory boards 

BARE 4K S-100 MEMORY BOARDS•....... ONLY $14.95 


Add $2 for handling, shipping and insurance for each order 
(excep tion: Te/erypes ore shipped freight collect). 

Send stomped, selfaddressed eni>elope for details 011 any advertised 
items or for a copy of our catalog 

MINI MICRO MART has one of the largest selections of used. 
reconditioned, and rebuilt Teletypes 1n the U.S. 
R0-33's (printer only) . • . . . . . . . . . . $395 to $595 

KSR -33's (keyboard & printer) • . . . . . . . . . $4!)5 to $695 

ASR-33's (prntr. , keybd., reader & punch) . . . $695 to $895 

Model 35 AO·s. KSR's and ASR's al'o available. 

SURPLUS PERIPHERALS 
MINI MICRO MART has a variety of surplus (new and used) 
items of interest to the hobbyist and commercial minicomputer 
user. 
Our equipment list changes daily as we sell out of one 11em and 
add others. Among the items we currently have 1n stock are 

HIGH.SPEED PAPER TAPE PUNCHES· FACIT, SRPE, Digl· 
tronics, and others. 

PRINTERS : Univac and others 
HIGH-SPEED PAPER TAPE READERS EECO, D1gitronics 
PERTEC TAPE UNITS 
COGAR TAPE UNITS 

We also heve in inventory an item of interes1 to the homebrew 
builder - an electronic desk wired with line cord, line f ilter, 
circuit breaker , boxer fan, and card cage for 40 PC boards, new 
and used, from$ 49.95-up. 

Write and get on our moilin.i: list for these and other mteresting 
surplus items. 

PRIME COMPONENTS 

2708 1K x 8 EPROM ... . . s 19.95 

2716(11) 2K x 8 EPROM . 39.95 

Z·BO's (Zilog) ... . 29.95 

8080A/AMO 9080A ..• 29.95 

1702A's llntel/AMOI .. 4.95 

2102's low power 450ns . 1.49 

4K x 1 STA TIC CHIPS (5V) 450ns for Heathkit and 

other boards . .. . ....•.•.•• . ... s 8.49 

MiniMicroMart 

1616 James Street. Syracuse, N . Y. 13203, Phone: (315) 422-4467 
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Altai r Offer Microcomputer 
Timesharing 

Anyone who h.1, Jn ;\lt.11r 800 
;erie:. com pu 1er tJn now lOnvcn 11 lo 
scr\c .i_, the con11ol cl·ntcr 101 .1 time· 
~horing system. ,\ pui.il \U ion ol 
Bt\ I , tJllcd Timcsh.ir1n!( B ~I , h.as 
been developed ,ilonK wi1h Alt.air rime· 
sh.irini: Di ;I.. BASIC l:lolh .ire exlcn· 
sions ol t\lta1r e tended l:l1\ ~IC .111d 
Jllow up LO eight 1nJcpc11dcnt poo· 
grJm> to be run simultJncou'>I~. 

A memory pJrtitron technique 1s 
u<cd to keep e.1ch p1ogr.1m 1o b in ,, 
unique dred ol memor\. I Jth pro· 
gr<1m .arc.• lOnlJin'> the BASIC p10· 
J:lr,1m tCXL, variable and stnng :.p.1tc, 
d work pJce, plu> .1pproxim.llcl~ 300 
byte:. ol the timcsh.tring '\>tern. The 
system can be used with a vJriet1 ol 
10 devites includinA video tlispl,ays and 
pr in ters. 

Control of a specific iob ma~ be 
tran fcrred from one 1crmin.1J lo another 
with .1 single 1.ommdnd. VMiou; control 
characters dllow >uspension .ind rcsump· 
tion of t:.1ch job wit hout lo" or J.tlJ. 
DiJgnostiC\ drC provided lor rrogr.1111 
debuiu~in~ Jnd autom.1tic line numberin~ 
i avJildble during PIOl\rJm enlr\. Both 
versions of Altair Timesh.11 ing BA I 
furnish line oriented tc"t editor with 
line .rnd chJral tcr m.inipul.111on 
cdpabililic>. 

'\tcn>ive hJrc.ll•.1rc 1; needed (in 
adu1tton to the 8800 series rn.11ntr.1mc 
,ind processor) to support both version 
ol AltJir Tim esh.tring BASI . Thi> 
inlludcs a minimum of 3~ K bytes of 
prog1 .1mm.1blc mcnior>, .i vec..turcd inter· 
rupt rcJI time clock c,ird, up to four 
2510 serial in1crlJtc boards for terminals 
and Jn optional line pri nt er for the dt>k 
BA~I version. The disk vers ion, of 
course, requires J floppy di sk periphe ral . 

ont.i t MITS, 2450 Al,1mo E, 
Albuquerque Nf\1 87106. • 

Attention Toronto ReJders 

ComputN 1\ldrt in Toronto hJs been 
in operation ;i ncc Janua r~ 1977 and 
maintains at leas t three v>tems up and 
running tor demonstration purposes. The 
;tore oilers comple te service IJcilitic .1s 
well as programming scr,icc> for micro· 
proccs or bJscc.J systems. Thi indude 
upcrJtin~ >\ >tcm l· nh.inc..cmcnts and 
JccommocJ .11 ing unu>ual interface 
situations. both >of twJrc and hMdwMe. 
The s to re'; product line inclutlcs Pro
CC> or Tcc..hnolog>, Pol} morphic, he 
DlgitJI Group, Pe ripheral Vision

1 
1omcmco, l\lSJ\ I , iCQ 1, IA IS, Lear· 

Siegler, Orth S lM, T C Soft w.ire, 
Hitachi and San\ o. Volkcr·traig, 
Scientific Rc scdfch, Sams, H,1yde n and 
AP Products, etc. Computer Mart' 
polic1 is to provide th e most ctfective 
guidance and genera l advi e Lo o u r 
customers and continue this policy after 
the vstcm is plugged in at th e 
customer's home. T he sto re address is 
1543 BJyvicw Av, Toronto , Ontario 
M-IG 3rl 5 CA DA,(..\ 16) 48-1-9708. • 

A n1.1IJ Shank Electric Drill from Wahl 

I le rc is a device that should prove 
useful lor the fabri c.ition of printed 

Jrcuit boards , as well as other .ipplica
tions involving the drilling and cleaning 
ot small holes. The Wahl ISO-T IP efcc· 
tr ic drlll is less tt1an 5 inches ( 12.7 cm) 
long with drill bit removed and i 
designed to li t into tlglit orncrs. T he 
on·off switch provides hoth intermittent 
Jnd lodcd motlcs o operation, and the 
power cord is I 0 feet ( 3.04 meters) long. 

Operating J l 9000 rpm, the drill b 
supplied with a collet .:huck, three 
collcts and two drill bits ( ::56 and :71 J. 
1 he unit Is JvJilablc in eithc1 110 VAC 
or 12 VDC versions. 

Contact the Wahl Clipper Corpor
Jtio11, 2902 Locust St, tcrling IL 61081 
(815)6.25-6525. • 

A New Genera l Purpo e P Board 

Model H-PCB·I i'> th e first in a ~cries 
of PC boJrd,. The I by 4.5 by 1/16 inch 
(10.16 by 11.43 by .19 tm) boJrd Is 
made of g lass c..oatcd epoxy l,1minJtC and 
fc,nures solder coa ted I 01 copper 
pads and has a 22/22 two sided edge 
connector. 

The board contaim a m.1 tri'\ of .040 
inch ( . I cm) diJmctcr ho le on . I 00 inch 
(.25 cm) cen ter>. fw o 1ndepcndcn1 hllS 

systems .ire pro~1dcd for vol 1,ai:c .111d 
ground on both si des of the boJrcl. In 
addition, th e compone nt icJc con tains 
14 individu.il busc ru nning the lull 
length ol the board 1, hi ch c11;1blc direct 
acc..cs from edge rnntac t 10 dist.mt 
com poncn ts . 

Priced ,ll ·1.9 lrom OK 1Jc h111 c 
anu Toot CorporJtion, 315.5 Conner 1, 
Bron Y 10475,(212)994-6600. • 

DatJ O n t he Cab le? 

OK l\l .1c..hinc .ind I ooi CorpurJtion, 
455 Co1111cr ~I. Bron'\ NY l (l-175, 

(211) 9' -f-6600, hJ> cnt .1 p 1c•u1c of t11c 
ne" du.ii 111 line p.1ck.t)!~ c.1hlc tcrmin.i· 
tion .1 cmblic>, rct.1ilin!! .11 I. 1.7'i 1u 
$4.35. V.iri.wom on thb theme 1n<luclc 
double ended t.iblc' 1n lcn)!tlh 01 2, 4 
and 8 1r1thc (5. JO .rnd :?0 cm) .ind 
sin~Jc ended cable' in lcn)!lh' of 12 .111cl 
2-1 inches (30 and Iii cm); ri1hc1 11 or 
IIi pin cab le' ,tre .iv.1ilablc. • 
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Tennis -Handball 
Hockey· Smash 

I.cl"°'" p.K:"'-.cl C:OtOr •"'•'1o1•nmtot'>t tor 
lhtl ""' '101• FAl'\111 A.Up.ia\.lbl• ~I.ill ~$ 

conl•Ol<t o11 IO• l)l4J•r.. Of •ll -O•I 10 c:~ 
l*t• 1n 1Mnltl tlot. i\ _., MMI Nl\dMitl 

Designed lot 11'\e on the go e.i.ecuUve, tllal mdl Tt1t1 10\tr '1•1114 •"'•1••nm-'1.I ,.,.,., 
viduaJ whO nas to maJ.. 1hose on 11\e spot lrJJfll '('DI.II l••)•tl'°" !•110 I H,_O pill)......Oeci•'ans 

~ ,Kr..n KQf>tlg I•• m(llCWI lolh;fld andHandsome gold 1one atamloss steel watch l'W C:atr'lpol'lent Coluf m111liH Uh Ytd~ 'ht ••ION•• loir w.. •''"'•led qu•nllf'J ot ut«> ML'd•' l~ •leatutoa space age micrCK:ucu1try The MOS C.tl l&f Jn• • r•llent tNy a.I.,., Ju·•11 PfKe(l illt Of'lfW" J.tA9 5i()Color S24.88integrated circu11 conta1n1 100 DCulvalent of COl'T'Pl•I• •II " IM'll•nn• bo"I • nd AC .,,.pt., 
morn than 10.000m1ns1stors 

This LED wnst w~lch displays dale. l ime 
anso ~s ana •ISO uncllons u an eight HEXADECIMAL KEYBOARD 

dlg11 c.iculatOf' w11n memory lntormallon M&.r,..S-ttr:fl h<UIOICH'l'\111 ~~,..,.re O.•g~ IOI' 
stored 1n memory Ciin be recalled at any li ter m!CttlC~IM l~Jlem9 lti.\I '-Olil•• .4 bit °'"t0\11 

dale, even weeh Of ~lhs Use mis memory "'"•r"dardM.ococle 

feature 10 11ore pnone numbett, parking s41H Eact1•aNl'Tlblyc:U11a1111o1111~1 
w11,a.GAi.o1"9d•"'1tc:nn111nOnllocaHon Of I tight depanure time 
lhof ~41C:lff'.U•tf'j 


ulactutcd by one 01 C.Htorma s load~no 
 lh Ul'Vf• IMO O«Or.S CIOC"" 1Mt.,... '-9'1 1" UO :l•afolct1 ~h •• 
a rospace contr•c1ors Bec1 use o f the 

R911~ u,... lt1Ctl0ft-...~ '""' llr1"flrJyl"'9 ,....,_ l'•O Pr•M'"'"'OUt...-1m..u.-~a1aitmctoc:apf11t1gM"a .,. u.d•lld fOf thtl 1frl00Cn 
lllf'W'.llC)I'\ IOw'I 'IOU to -•eon •I f!W ~ ,_ .ar-1'1 niom•f>O "'•O'OUI ...,...... ,_..11""0 UOOft !"Ml.."'"'<! I~ w»..e-up I"'- ,,_. C)O("li 1 IOJO~pa....- 9f'l\lta 

a lscoun1 price "Ae hilve ttgreed not 10 puOllSh 00flf•llOl"llW\Cl~h le otttt1t1Jllf9"\....,, 

the manulacturer·, name "°""''•'°""' louc.1'11~ ""°°"". DillllYl.-roGIJot•C..lf '°' #\lllOU11•:;initl a 
lnclu<Je.s t>auenes tewelry caJe and Hknonlh """""''•• ol ,,..0 C • ••.ta '"11Ctoont1 .s • 19"-mt"Mil• ill1'1IOW ,,,,.... 

r11etory warranty A!Mon S.t I~''"'' AM """U.10'-rf 

RS-232 
DB25P 

mile plus I. hood 

"""';"'' s3~scO ~.. ill 
c; ) -----

DB25S tem1ltI·x:..:::::::::;;J 0 1 
m s3_95 

" ...'.,,." .... ,...... " 

"'.. ...'" 
"' 
"' '"' "',... "'-""" ,.,,,,-""" .... 

QuietBusi 
S-100 MOTHER 
1'ne a-~.., Bu•• l•Ol'fl ''°'" • 1,.a,.•t11111 •• 
ouat•t)' •11.0•l'lfff"4 ho •!\Oft t:ull "'111•• been'•' •" 
to proouce lhil molNK DOelll Ao..11 .. IHm1".1t<Or1 
Cttt.\l•l'Y 0te'""1Jt'>ll rlOoM na tto"lil' Ml"w!... 
IU<fldfl'Offt• • lr11,,..tyFR••r- '''il'U·• r111•tr.11• 
101.1-.dek.ob>tll,.wlit"9.. i;op....,...H.ce• flutt~a
11\ot tioArc •IOf'9 w·t"' l!'\41 cw:i • 1..,C.C>•) ~ t NOo• 
a."td 1 111tulftt~ tart '• t t_., M·:•o-.5,.tle<'n 

Alt.tr lmNt COl"ICNlhble gotd plllttd dual SO 
f 125 centarsl three 11*' ~r• wrao 9dge 
COOMCIOf 3 IOI Jt3 60 

Certified Di&ltal 

CASSETTES 
Won•t drop 1 Bl TI 

...""' ... ...""', ,,.,....., - ...,.,«Ml ,.,., -..., ,...,., ,., -
-.... ,.." 
C'U '1 

'"' ""' ,,,.1'fJ -· ''" 

lOIH - " 
l01C~ " " 

- '" 
.. -"'" '".. )07H """ .. 

~1C"I JIJ 

99 

JOO• .. -""'"· "" 
l!OC"° ''°" "' JllH .. "'.. l11 N 
J12Pt ... 
" 
lt•H 

• "' l11CN "' 
'" 3'01<1l """ "' '" 3201-S II! 

'101.. " '" 
lZDT 11 "' 
3201.11 t;s
l10 , . '" ,,..--· _.. ... '" "',., 
_,, '" ''"'"' ...., '" ..:MOte-11,...,. I ..,,., 
3'0112 """ J.IOT IS I'" if 

54.98 

MCMOU ...'"" """ ,210..lh'll
11c.:
1'011 
1tU11 ... "' '" 

ClOCK "s ,...,,. ..,"" ,..."" 

llOt ~· :t!<l• "'.. 
'""' " """ ,'",,'"'m• " '" ,...,.,m• . '" '" "' ""......" "'.. "9fW ...'" hf.~H 
,lt f~ti' "' .."""'' '" 

"-"""· ,, 11(1Jll' ""'" 111H l9" 
/11 N Jt
m• ..
m• ..,.,
lllM ""' ... 
'3Jlj 
rn• " 
'.'-Ul'W '" ,.,lGH,,.,.... ,, 

DI ,. 
1414N 

"" "' ... .....•<96.• 

-ltHN 

"".... ,..,,. -"""" "' 

lhe 
GEORGE 

RI K 

ASCII 
KEYBOARD KIT 

°'- t'W"ht.• ........ lot.It 1C)Cto" ~'

~ ~ ~.,,.,. -.!9"(;• r..~ IO BRIDGE RECTIFIER 
..... ·~ .... • ~Kllllif......,~ Model 753k ~ 59ss 
:~._..,nt<90•"Cl••":OtcCl"tl _., 

SPOT 
MINIATURE I 
TOGGLE ,j, 
SWITCH 

$.98... lcKI 
..,_.. tu~y tor S,.100 ,,.,,...,,._ Con 
I••"• a I 1,,. iwc.a_..,,, c:om~ll 10 so 100 '"'tii'
'° ~c• S l'Ol t• a 10 A , 11 • l.88 .11.73 .66 
1" o\ tvoll90• Klu•tlv h.ogti..l H•w 
•urpt111 from "'°'"'"°"ft' Coioo•a41oP1 

IC11 1nc;lvdn 11r 11; t••ri11lotmar 

O•Od•• •·• c:oml)l.ller ;r..oe ftl..-:tro
lft1c;.1 c:"-l!n111 c:11icv.i1 br'f:•~ 111 ..ino '.98 .. ffe
Q~f'IO*d ~ COtd T1atttfOtmoef" 

P\H~Olitpul * •lllOl'ngl ~...i/Jlritlll'Oe l 'i '°'"'PP•"'O E••1 o« 1"
M lH•H'Dtl'I $4 00 IOI C..1,1 Ill. 01"4M 
S~IH $100 OPOT ..,,,.,.. 

ROCKE R SWITCH 
COMPUCORP .ltlhc ' .12 .09 Power Ada pter .Ot disc .06 .05 ~¥ SPOT MINIATURE 

10 n 100 

' 139 ... s11s 10• H~~59 
Conductor ft . Coll 5 or 12 Volt de. 

IBBON WIR 3 Amp Contacls 


SPECTRA ·S TRIP P. C. Boord Mount 


Transistors 

MJ305S 
ZN377Z ZI! !H !IS IS' 

ZN3'04 .15 .II .09 .07 
ZN390& .IS .II .09 .07 

Diodes 
10 25 100 


IN400Z 100•. :oi06.05" 

IN4005 '00•. . IO .OS.07 


win wnp Soldu 
... u so •L 15 SQ 

171 16 15 
37, 36 35 2D 19 II 
38 37 36 Zl 20 19 

99 93 as 36 35 34 
115 !SS ll• 63 60 58 

KYNARl:m 
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A ingle Chip SrepperMoto r Drive 

New Add 111 011s w U P 
Un int e11up1ib lc Po wer Su pply FJ m tl y 

'nmiu>ntJu,1or Circuit• lnl, iO r 
Riw r St, ll Jve rhill .\1A lJIS :Hl, h.1, .111· 
nounu·d tht' .1ddit1on ol 2~ nl'w rnodcb 
to ll S line 01 un111tctru1>11ble power 
;uppl y \y,tcm,. fhe UPS> l.1mil\ !lo.it 
ch.iri:c> eothn J 12 '" 14 \ h.1d.up 
h.itlCI\ .rnu (II ' lhc d10 ll' OI J 

• I 2 or • 1 ~ \I[)(. output lor po\\crin2 
.rnJlnR d"utb I he third ou t pu t , 
•5 V IJC lur po1.crinp log1t, 1cm.1i ns 
und1.t n~cd . l\lTUf (me.in lirnt· bct1-ccn 
f.1ilu1c>) 1' ,,lid lo be 1n l'Xlc» ol 50,000 
hours ,11 2 'i L. 

T he UP sci ics lOn>crvc~ ha I tcry 
chJri;c b\ ctnplu\ ing both J DC, [)( con · 
1ertcr , wh1eh deliver s cllhct JnJlog 
power uutpuls ol + 12 o r I :\ \' OC Jt 
! 100, t 200 or ·30U m·\ , ,ind .1 

'>W1ld1 ini: re~u ll tor, whtch dcl11c" J 

lo~ll po\\ er outpul ol ~s \ L>t .It 1, 2 
or 'l A. 

Linde• no rm.ii line condition> ><tie; 

P·"' J'OIH'r ;uprl\' ·CrlC> ·'' 111, po1vc1 
1n pu 1 111 the llL/ Ol •Onl'<'rl<'r' .i nd •> rl 

flo.11 ch.irgc ou1put lor cilht·1 12 01 24 V 
b.1tkup lu tt cr1c' . 

,\II rn•Hh-h .11 c p.nk.t»ed in .1 hl.1tk 
JflOllitcd ,1lu111111u111 U· tl'Pl' open lrJme 
1h.11 1' drtlil'J 101 mounttni: 111d wh1 t h 
mca>Utc> I by 6 by 9 ind1c' (7.h2 h r 
15 .2·1 by 2:!.81, rn1 ), P•1ln 1.1n~c l rom 
· 155 to :!:!'\ 101 1 '>in~lt· unit, .ind 

I 18 ll• lO'i in quJnlilil'' ol ten J nd 
more. ,,1d1h1lit\ I\ '>tod to two 
Wl'l'k'!I . • 

(...1 I ' l i'I r\llU \ 111 1 

Nn Tr.111s1c nt > All owed 

Nauo nal Upgrddes C/MP Electronics 

F..;ll'r, lower p wer n ( h <1 nnel meta l 
o "1 d c scm1co n d uu o r ve rsions of 
N.lllunJI :>cmiL<> tHJ uuo1 Corp\ SC/ MP 
microproce >01 arc no 11 avail J blc a> 
rc 1roti ts lor :> C1MP ~ i t s. 

L .illed the St:. / VlP-11 , t he ne w 8 b it 
si ngle d11r dcviLc h ,1; J ll 1h e feJ tures o f 
t he ong111 a l p d1.111 11cl MOS ver sion but 
w ill opcr J te a t l wicc th e speed and wi ll 
d15s ip,1Lc less t hJn 200 m illiwa tts of 
power, Jbou t 25 ~o o f the power d is· 
sipa tcd by th e firs t SC/ MPs introdu ced 
las t 1·e.11. 

SC1 MP· l I re q uires o nl\ a +5 V 
supp l1, compa re d wi th 1hc +5 and - 7 V 
upplics requ ired o n ear lier versions. 

l3ec,1u col the ~s V o n ly opera tion, the 
SC/\1P·ll lao he in terlaced 11ith TTL 
Jnd 1\10 dc l'i l c , Jnd ( h~ u sing pull up 
re>i>tors) wit h C/\10S de vices. 

T he S Cf,\.1 P·ll m icroprocc;so r re tro 
fit kil i~ av dil Jb lc 10 1 $ 18.5 0. It includes 
the ne w SC/ MP · ll central processing unit 
(t..PU). a 2 Mii ; c rys t dl, a re trofit kit 
u;c1 '> mJ nu.i l , an a p pl k a t1011 s handbook 
and .1 SC/ MP-II d.t t.i shee t. o so twdre 
ch.i n11.cs .ire rcq u rrcd as lon g as the retro· 
fi tt ed SC/ MP-II runs J t lhc sam e speed 
as ii > p redecessor. Co ntJc t Na tional 
Se micondu ctor .n 2900 Semiconductor 
Dr, .1nt a Clar.1 CA 95 0 5 l. • 

I lw I) \ md i\L Linc Su rge Protec tor 
i'> .1 \ Upp rc S>OI .i nd fil te r ombinJt ion 
whkh i'> desig ned to r ro tec t equipment 
such ,1s m1 .;roproccsso rs and peripheral 
u n i t ~ I rom 'o lt,1gc t rJ n sie nt ~ on in com· 

in~ '"""" li n e~. f he un i t plug> d ire c tlv 
In to .Jn\ ,t,1 ndMd i\ outlet. equipment 
to be p ro tec ted is plugged directl y into 
lhc ' Ur<:e pm tel to r. 

1 he 20 A lo ad mode l is pr k ed at 
$14.95. Othe r ra tings arc available on 
spcciJ I onf ·r. Cont al t Dym.i Enginee r· 
mg, 213 Pueblo Del Sur, POB 1697, 
TJm M 8757 1. • 

orth Ameri can Philips Controls 
Corporation , hcsh ire Industrial Park, 
Cheshire LT 0 6·110, (2 0 3) 27 2·0 30 1, hJ , 
introduced th is intcgrJtcd drcuit stepper 
motor drive r 111 a 16 pin dud! 1n line 
package . The chip is intended to be used 
w1 th 4 phase teppe r moto rs whilh use 
12 VDC and have 3 50 mA coi ls tor each 
phase . Thi dr ive c irc uit include; the 
necessary logic to c re ate motor mot ion 
in fo rward or reverse direction dt rates 
dctermir1ed by J cloc k input. The motors 
wh ich North American Philips m.inu · 
facture Me li,tcd in the brochure 
describing this part, and Cdn typically 
provide working torque values in the .16 
0 1-in to 6 o z-in range with maximum 
stepping rates from 700 steps per second 
(lower torqu e motors) to .ibout 200 
>tcps per second (higher torque motors.) 
Typical step si zes lor th e motors 
m e ntione d rn the engineering no tes on 
the driver arc 7 .5 and 15 °. With gearing, 
this type of motor should prove quite 
useful fo r robotic mechanisms c>.per· 
iments . Price tor the SAA 1027 driver 
circuit is $4. 75 in lots of I00 . • 

Circle 473 on inquiry CJrd 

A New Music System Program 

Softwa re Technology CorporJtion 
has announced the Mu ic Sys tem, a 
ha rdware and so ftware package designed 
to generate music by produ ci ng lhrce 
simultaneous tones of fi>.cd amrli1udc 
using a cornpfc, w<1vcform which appro· 

imatcs the sound of " recd organ. 
ronc> are generated using >qu.ire waves, 
which arc actu.1lly produced by d highly 
controlled pul ing of one of the AltJir 
(S· I00 ) bu> status lines. 

The Music ystcm comes ~ompletc 
with " prog rJ m o n cassette tape, six 
sdm ple selec tion ~ , a u;cr's m a nual and 
J ci rc uit board with 1:omponents. 

Runn ing in dose 10 2 K byte' of 
p rogrammJblc memory , th e progrJm in· 
dudes ,1 mon itor, kxt editor compatible 
with Proce sor Tec hnology 's ALS ·8 
Ille >truc tu rc, dnd d high level mu,i c 
composing l,1ngu.ige comp ile r. LanguJgC 
LdpJbilites include dolled not~>. 

4 o c tave range Jnd tJccato. 
With th e Jdd ition of amplifier, 

spea ker, cable and any Altair (S· l 00) bus 
computer, the Mu ic System is ready to 
play . The price is $24.50. Contact Soft · 
ware Technology Corporation, POB 
5260, San Mateo CA 94402, {415) 
349-8080. • 
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CALL US NOW! (617) 261-2700
C:OMPUTER 
WAREHOUSE 
584 COMMONWEALTH AVE ., BOSTON, MA. 02215 

:;.>" RASTER SCAN, 7x9 IN.
DATAPOINT 2200-200 CONSOLE 24x80 DI SPLAY POSS ISLE 

POWERS PPLY VID AMP, ANTIGLARE 
r 

OLIVETTI P6060 
•BRAND NEW• 

I. FAST EFF ICIENT COMPLIER BASIC! 
2. TWIN FULL-SIZE FLOPPY DISKS! 
3. 80 CHAR./SEC. PRINTER! 
4. FULL FUNCTION 96-KEY KEYBOARD! 
5. HASSLE - FREE MAINTENANCE (OLIVETTI 
6. 48K EXPANDABLE TO 80K! 

~: ~~~~~~M0~~~~~ : ~~s, s;~~~~~ N~~R 
1ABLE~ $8950 complete! 

9. OUTPUT FORMATS SELECTED BY PROGRAM! PLUG IN d USE 
I 0. COMPLETE INTEGRATED SYSTEM 	 an 

jt ·(, .. ~ *~-	 WARRANTEED COST-SAVING USED PERIPHERALS 

··it ~· ~..... .~ 	 ASR33 is •••and MORE!!...~.:·~··. .. · ,.·~J,, All an 
' .· ··~~- OL IVETT I 318 

~ ! ...·.· -~ $ RS232, QUIET OPERATION, lOCPS PRINTER,
"'~ 1 	 ;,., · ·• J_........- 875 PAPER TAPE READER/PUNCH, ELECTRIC TYPE

+> . 165 lb. WRITER KEYBOARD AND 10-KEY NUMERIC PAD 
~. . ",shi pping STANDARD PAPER/TAPE . OLIVETT I MAINTENANCE 

ORDER OUR 
NEW CATALOG 

SYSTEM BUILDERS 
I DISCOUNTS UP TO 207 ! 

I WIDE RANGE OF MICROCOMPUTERS 

I SUPER SELECT ION OF GOOD USED 


AND COST SAVING PERIPHERALS! 
I 	 OVER 250 BOOKS DESCRIBED AND 


READY TO SHIP! 

I IN- DETAIL DESCRIPTIONS OF 


HARDWARE, KITS , PERIPHERALS! 

I 	 SPECIAL SELECTION OF PROFES

SIONAL-GRADE COMPUTER SYSTEMS! 
I 	 MICROCOMPUTER COMPAR ISON CHART! 

SEND $1 TODAY!! 


OUR GREEN PHOSPHORIDEO MONITOR$1S 
o ~A~t5L~:~PPING 

lV PTO P COMPOSITE 
VIDEO, 16MHZ BANDW., 

B~ T£ No-.murr I q77 233Circle 38 on inquiry card . 



Robot and Mechanism Hackers 

Game Theory So You Wan! 10 Automate Your House ? 

fired of t\lonopoly, AggrdV<llion Jnd 
Sorrv ? Lool..ing for J game th a t tcalhes 
>omcthing about computers dS well .1s 
being fun ? Then tr y Compute r Rage for 
a chJnge. Fir>! of Jll it uses th ree dice, 
but they're bioury dice, >O you can move 
from 1ero to seven spaces per turn . 
There arc priority interrupts, input .ind 
out rut di.1nnds with finite " 1pacity, 
power fJilu re>. program bugs Jnd branch 
pomts. You r objective is to get your 
three programs (shaped like mini.nurc 
disk pJtl..>) from the input to the output 
wc,iving throu~h a ma1.c 01 program 
steps, chctl..points , 10 queues, interrupts 
dnd dcci; ion roin ts . 

Comput r RJgc comes with a large 
( 19 by 19 inch) gJmc board, 12 playing 
piece>, three binary dice, 38 interrupt 
c.1rd>, rules and a booklet describing how 
to use the game as .111 education.ii tool. 
Recommended for age:. 9 to adult, two 
to lou r players. Several playing varia· 
tions arc possible. Compute r RJgc is 
availJbfc for $8.95 postpaid lrom 

reative Comfwt1ng, attn: Pame la, POB 
789-M , Morristown j 07960. • 

C11clt· d90 on 1n•11Jlf V card 

A Slick Dress for KIM-1 

you want to control things with a 
microprocessor system, boards like this 
product from Wlntck, 902 N 9th St, 
Lafayette I 47904, (317)742-6802, 
will prove useful wl1cn applied with 
other product; in the firm'> line of 
rnodulcs. This photo shows the same 
board popu lated in two different ways 
to emphasiLe lhc fatt that combinations 
of up 10 16 output driver circuits or 
eight sensor inpu1s can be built on the 
same board, when ordered at a price of 
S69 plus $3 per driver and $ 12 per 
sensor. Drivers wi 11 hand le up to 28 
volts at 250 mA for use with relays, and 
sensors arc optically isola ted inputs for 
AC or DC voltages up to 240 V. • 

Co ch:! 49 2 oo 1nqu11y card 

3000 Hole 
General Purpose 
Prototyping Board 

Electronic Product Associates Inc, 
1157 Vega St , San Diego CA 92110, 
(7 14)276-8911, announces the ava ila 
billt~· of a new general purpose proto
t ping board for use In th" Micro-68 
microproce sor systems. The 8 by 14 .8 
inch (20.3 by 37.6 m) GP-2 board is 
Motorola Cxorcisor bus compatible and 
has ornplete bus buffering dlready 
established using 8833 driver/receiver 
Int grated lrcults. The GP-2 boaru con
tain +5 V power and ground busing, 
3000 holes worth of blank DIP patterns 
which allow for u p to 35 large (24, 40 
o r 42 pin) DIP packJges, or up to 107 
small (14 or 16 pin) DIP packages. Price 
1s $170, and they are ~aid to be available 
from stoc~. · 

The En lo ures Group, 55 St venson 
St, San Francisco CA 94105 , (415 ) 495
6925. has introduced this intercSllng 
enclosure lor the Kl 1-1 product of t\105 
Tc hnology. It hould help to pro1cc1 
the circuit board of the Kll\l, especially 
during 1ransi t. The SKE 1-1 is available 
from stock in a variety of colors for 
$23.50. • 

CirclP 4 91 on ntiu lfv Cd 1d 
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Here's on unusual item: Artisan 

Ele troni has announced a new 
miniature solenoid designed with body 
dimensions equivalent to that of the 
T0-5 transistor ca e. Mo t applicdtions for 
this T0-5 arc for impulse duty, ic: the 
generation of rc lati ely high forces for 
short times or pulsed operations on 
in te rmittent duty . On such impulse 
duty, the average power should not 
exceed Y.. W. InstJn taneous power may 
be as high as .200 W. prov.idcd th a t the 
on time docs not exceed 25 ms. /\t this 
duty, force uri to 50 ~rJms rn.1y be 
genera ted Jl g.ip> of 0.100 lnche; 
(0.254 cm). For applications of con
tinuous duty, the T0 -5 sole noid will 
develop forces of from I to I 0 grams 
with plunger travels up to .050 inches 
(0.025 cm). t this duty the solenoid is 
rated at Y.. \V . A typical coil for 
operation on 12 V DC impu lses would 
have a resistance of 1.5 n, pulsed a t 12 
voe with a ma imum 011 time of 25 ms 
and a minimum off time equal to 130 
times the on time. 

Contact Alan Seman, Artisan Elec
tronics, 5 East mans Rd, Parsippany NJ, 
07054, (20 I) 575-7684 .• 

http:education.ii
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COMPUTER GRADE CAP. 

48.000 MFD 2S WVDC Mallory 

$3.95 	 NEW! 

T. I. A Cll CHARACTER GENERATOR 
TM 4103 J . 28 PIN CER DIP. Ha 
~c en bil COLUM N Output for u e with 
Matrix hard copy de vice . With s pec . 

$3.SO 

MOTOROLA 7805R 
VOLTAGE REGULATOR 

Same a~ standard 780S ex cpt 750 MA 
0 TP T. T0-220. 5V DC OUTPUT. 
$ .44 each 10 FOR $3.95 

RCA HOUSE #2N3772 
IC SOCKETS NPN Power Tran i tor. JO AMP. 

For the newer RAM chip . ISO W . VCE0-60. TO-J. Vast ly ou t 
18 PIN 4 FOR SI performs 2N305S. Reg. Li s t $3.04 

22 PIN 3 FOR SI 2 FOR SI 

~f.~\ 4K STATIC RAM'S New! 
2114 . The industry standard. 18 PIN DIP. Arranged a IK X 4. Equivalent Ill 

FOUR 21 L02"s in ONE package! TWO chip give IK X 8. with dat a. 
2 FOR 524 

450 N.S.! 

NATIONAL SEMI. MAI003 CAR CLOCK : ~ •............~.u·,;.... / .. 

ot a kit. Complete tested mod ule. .· 

. 12 :'-18 : $19.95Work on 12 VDC, has on board time 
. ·base. Sold by others at $24.95. Big .30 .. :· '""""'"!.."!" •.. .... 

Brig ht Gree n Dig its. Same a u ed by 

Detroit in new cards. 
 EDGE CONNECTOR - Sl.50 

1KX8 

D.R.C. ELECTRONICS 
16K E-PROM CARD $69.95 cKIT) 

lMAGINE HAVING 16K 

OF SOFfWARE ON LINE AT ALL TlME! 

KIT FEATURES: 
I . 	 Double sided PC Board with solder mask and ilk crcen and 

Gold plated contact fingers . 
2. 	Selectable wait states. 
3. 	All address lines and data lines buffered ! 
4. 	All ocket s included . 
S. On ca rd regulator . 


KIT lNCLUDES ALL PARTS AND SOCKETS! (EXCEPT 2708's)

DEALER lNQUIRES INVITED 

ADD 525 FOR 
L OFFER: Our 2 os·~ (o50 NS) arc $12.95 when purchased with abo e kit. ASSEMBLED AND TESTED 

SK LOW POWER RAM KIT!$149.00 KIT 
ADD $30 FOR ASSEMBLED AND TESTED. KIT FEATURES: 
I . 	Double sid d PC Board wi th older mask and s ilk screen layout. USES 

Gold plated con tact fin ger . 21L02-l 
2. 	All ncket included! S-IOO(IMSAl / ALTAIR) RAM 'S. 
J . 	 Full)' buffered on all addre s a nd data lines. B SS OMP A TlB LE 
4 . 	 Phantom i ju mper selectable to pin 67. 
5. 	 FOUR 7 OS regulators are provided on card. 

REVERSING 

L	
S-100··:..c EXTENDER BOARD 

...:::E,c;__ fl $24.95 Turns the board unde r te i around so that the foil side is facing you. 
Makes trouble sh otin g a nd debugging a SNAP! P.C. Layout designed t.o?-- . ···4~; with connector 
minimi ze noise and s tray capacitance. 

-.. 

Z - 80 PROGRAMMING MANUAL 2708 EPROMS 2708By MO TEK . the major Z - 80 econd source. The most detailed explanation 
Prime new unit s from a major U.S. mfg . e ver on the workings of the Z - 80 CPU CHIPS . At least one full page on each 
oSO N.S. acce time. Equivalen t to four " f th IS8 Z - 80 inMructions . A MUST reference manual for any user of the 
1 702 A · in one package!Z · 80. JOO pages . Just off th pre ! A D. R.C. exclusive! $12.95 

515.75 each 

TERMS: ORDERS UNDER $15 ADD 5 .75. NO C.O.D. WE ACCEPT VISA, MASTER CHARGE AND AMERICAN 


EXPRES CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. TEXAS RESIDENTS ADD 5 % SALES TAX. 


WE PAY POSTAGE! 

ELECTRONICS P. 0 . BOX 401247 •GARLAND , T XAS 75040 • ( 2 14 l 27 1-24-61 

II' T [ Novtmb<r 19 77 235Circle :>0 o n 1nqu11 v caod . 



North Star's New Computer 

SYSTEMS 

A F in1slwd Prod uct Con cept 

Vector G1aphk Inc , 790 Hampshire 
Rd ·\ ·B, Wc~ila lo. c V il l dJ.lc Ci\ 9 136 1, 
(805) ·197-0n~. h,1s se nr alo ni1 1his 
j'>holu ol the IJtc I ou tpu t OI i ts design 
and prodUl lion IJli l ity This VcL to1 I + 
" .111 1\ l l Jir (S-100) hu lomru1c r pro 
dud man ,111rall1~c cabmc r , w 11 h pro· 
vim>n' lur the u~cr to .1d d .1 Shugart 
mh11!111pryT:\1 (or clj Ui\ Jknr) dis lo. u ri ve 
(not 1ndudcd), thu~ r ro' id in g an in te· 
~rJtnl pruc~''"' .ind mJSS \tOragc 
<e>mb111J l iun r.trrlv snn so tar in the 
pu on.i i cumru 1111i: m.irkc rpl ace. !' rices 
StJrt al S6'9. • 

An L 1- 11 Ba, ed Com pur er 111 a u1tca~c 

Andromeda's New Computer 

And romeda Sy stem has announced 
the Model 11 / B, an LS l ·ll based 
turnkey computer. The dual floppy 
system features 20 K by 16 bi l s of 
programmable memory and J 24 l ine 
video terminal with 80 characters per 
line. Th~ termina l communicates with 
1hc rnmpuler via an RS232 interface 
al 9600 bps. 

The 11 / B U>CS lhe RT-I I operating 
sys tem , the same sys I em used by the 
D igitJI Equipment Corporation PDP -11 
omputer. It is designed for the single 

in terac t ive use r, although it can support 
up to eight users under multiuser BAS IC 
(opt ionJI ). System progr.Jms include d 

text ~<JI tor, mac roassembler, file 
manager and batch monitor. The user 
can ch oose from a variety of high leve l 
langu,1gc options, including FORTRAN 
and FOCAL. The processor has a built-in 
lloal i ng point package. 

rJ1c floppy disk system provides 512 
K bylcs of on line mdSS storage. A 
bootstrap loJder program Is built into 
the dislo. controller. 

Contacr Andromeda Systems, 14701 
Armin1a St #1, Panorama City CA 
91402 , (213) 781-6000. • 

C11c le 47 7 en ~ nqu 1,._, card 

North Star Compu le rs Inc h.is 
Jnnou nced the new North StJr 
Hori£onTM computer, which uses ,1 
full speed (4 MH z) Z-80 microprocessor 
and i ncludcs 16 K bytes of memor y , a 
disk controller with one or two Shuga rt 
miniOoppyTM dis!.. drives, .ind full c . 
tended disk BAS IC. A cr i,11 10 po n is 
.il so provided . 

Op1ion indudc Jdditional dis" 
drives, hardwJrc lloatrn)I point .irithmetk 
board, 24 line by 80 char.1c1cr uppe r Jnd 
lower case video c.Ji spl.t y coniroller 
board, anu 16 K memory board with 
parity check. The video drsplJ) boJrll, 
when used in conjunc lion wit h lhc 16 K 
memory board, will display high rcsolu · 
1ion (480 by 250 point) graphks on a 
video monitor . The 1loriLOn compulcr 
uses lhe Altair (S· 100) bus. 

The single Llrivc i> $1599 in f..it l orm 
and S 1899 assembled. rhc Llual dr ive 1s 
S 1999 rn f.. il form and S2349 asscmbfcll. 

on1 a t Nor1h Stai ompulcrs lhc, 24 65 
rour1h t, Berkeley CJ\ 94 7 10, (4 15) 
549 -0858. • 

CHcle 4 7R on mc.iu11 v ca rd 

Attention London Computer Hackers 

London 's Compu ter Workshop has 
announced a new 4 terminal multi user 
computer ~ystem Inc luding .1 printe r and 
a BAS I compiler for under ( 3000. To 
obtain more information aboul this 
system, contact either Gordon Ash bee or 
John Burnett at the Computer Work· 
shop, 174 l field Rd, London SWlO 9AG 
E GLAND , phonc01 3 73 8 71. • 

Cucle 4 79 on 1nttu1rv td1d 

~rum KU1\ Inc comes news ol tile 
PRD ll,Jn L~l-11 h.1>cdm 1uornmpu tcr 
with the ~.ipacity for 5b K b) 1c ' ol pro· 
gr,1mm,1blt• ll1C'11U f ) Jnd pl'O\ !>JOOS fo r 
multiple 1c1111i11JI intcr t.1ccs, ,, m JS 
lllClllttr) 1ntc1 l.tLC Jnd .1 d.i l.L JC l.j ll l>lliOll 
sub>ntt·m. T he e11t11L' unrt wcii:hs 23 
puurid' (I 0.-13 lo.g) .ind ;, hnu>c ll i n an 
Jlun1inum ')Uitc~s$Z", a u~cfu l tc.1turc for 
!he t1J\cllcr 

Pic tured with rhc P ~Dl I is a 
Compute Opt ro111uns port . bk LI C 
!Jpc mas mcm or\ com pJ tible wi th th e 
Diglt,11 I 4uipmcnt Corpvr.lt ion' RTI 1 
o r er.11lng wqcm. So l twJr, ,t,Jilahle i n· 
eludes a rnalroassrmb lcr. I ORT RA IV , 
m11J11u>cr B \ SIL, f OCJ\ L and APL. 

The PRn I I com pie l e " ith 3'.! K 
CT) Le of orm:nmrnablc mem ory and a 
5Cr!.JI lrnc 111t~1 l.1Cc is priced Jt $"1 ,95 0 . 
Cont...: RDA Inc, 50 12 Heral Pl, 
Bdts,ille \ I D .:?0705 . (301)937-22 15 . • 

C 1c•1 4 76 011 1 Jt '' " c 1n;t 

EPA 's Microcompute r and Floppy Disk 

Elcc lronic Produ ct A ssociJtes Inc, 

11 57 Vega St, San Diego CA 92110, 

hJ\C Jnnounccd d combined microcom· 

putc r Jnd lloppy disk system which uses 


1he 6800 processor . The milrocomputer 
is designalCd the Micro-68b and comes 
complete with 8 K b~ tc of program
mable memor1 plus the Moto rol.t 
M IKBU G monitor system, 20 mA cur· 
rent loop and RS-232 interlaces, ,rnd 
cassette interface. In addition, there i; a 
built-in hexJdecimJI ke y board and LED 
display. 

The Micro-68 floppy Llisk system is 
compJtible wi th IBM standards and is 
.ivail .1ble in c11her singl e or dual con f igu· 
rat ions. Both versions come compl ele 
with power supply o1ncl interface clcc· 
tronics. 

The Micro·68b costs $18 78; 1hc 
single rloppy disk system is $ 25 95, Jnd 
the dudl ve1sion is $3295. Softwdre 
avdilablc i n Judcs FORTRA IV, 
BAS IC, assembler language, an editor, 
and a floppy d i>k operating system.• 

Circle 480 on 1nQu1ry cu1cl 
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BUTTO 

APPLE II I/0 BOARD KIT 
Plugs Into Slot of pple II Mother Board 

FEAT RES: KITI CL D ·S: 

I 8 Bil Parallel Output Port P.C. Board, l.C."s Socke ts and 


(Expandable ro 3 Purl •) sscmbly Manual. 
I Input Port 
I SmA Output urrcnt Sink PRI E: 

or Source I Input and I Output Purl 
TTL or CMOS Compatible for · 49.00 
Addrcssabl<' anywhere in mem

ory output area l Input and 3 Ou1put Porls 
Can be used for peripheral for $64.00 

equipment such a. printers, 
noppy discs, ca ·sc ttes. paper O 	 ALER INQ IRIES I ITED 
tape., et c. 

UNGAR OLDERING IRONS 
27W SOLDERING IOWI. 	 . 

IRON KJT SSEM BLEDDESOLOERI G KIT 
Includes iron 3nd 3Includes iron , 2 tips SOLDERING 

roll of solder and desoldcr lips fo r dual IRO 
in lines. cam • etc.iron land $14.97 

$6.72 S24.70 

LD-130 PUSH 
3 DIGITS WITCH 

A/D CONVERTER Red 

$11.95 or Green 

3 for $1.00 ,/ I 

A FULLY PROGRAMMABLE 
SLIDE RULE 

the MATHEMATICIANwith JOO STEPS 
• RPN logic w11n ou1U·1n h1er • S1mphl1ed orogramnung Vou 
cUChy fOr lnCU.}ill'.. 0 ~DCC!cJ and s1mo1y engage a learn swnc 
accuracy tt'I catcula11ny ~e t1t\d 11orma procrem 1n normal 
Quentes 1n"1JOl'l.'1no an1hmet1c manner rne 4615 reco1ds lhe 
1rigonomo111c fooi1111hmic oow lormula and lets ~ou debug lhc 
er or o.c.pon.ontial lunr11ons. orogram as 11 s wtinen • The 
• Athree·lttve1stac1o1.rilu$seoer  learn-mode caoac11y total , 00 
a1e accumulahnQ memory ror s oara1e st OS • Several 01ller· 
ou1c accura1esolu t10nstocom ent c•ograms canoe con lai•ned 
o•o• calcula11oos. • E•orir-c~g•1 at lhe same 11me • Constant 
LE O ci1so•av "'''" 1u11-11oa1ing ra::.tors can be entereo as oro
dOC1mdl 1vstem • Common ana 9ram S[eps • Dele te rearure 
natvra1 1oc.1.tr11 ms ano 11n11tog lets ycu corr 1grograms whi le 
iu11hms • Sine cosine 1anoen1 yOu are w11t1ng them • $k10 k.ey 
ano mi,,ocrsc U19onomf'111c rune· oerm1ts sk1pp1ng O\ler enlitC pro.
11 ons • 1ns1an1 au1omahc cal · 91ams to access adchl1ona1 oro· 
cul<Won 01 p.oweors <ind roots o•ains w11h1n 1QO-s1ep cacac1t)' 
• Instant convers1onsol radians • Proigrams remain 1nlBCI un t il 
10 degrcrs 01 vice ve1 sa • new pro9rams are •1muen ove' 
Souai~ souare rool ano rcci or unhl vour 461~ 1s !urned ofl 
orocJ~c.i1c:ulal1<m~ • P1 chal'\gc • You nave 101a1 lreedom ro 
s19n 1tnd •CQtSIC• c~ chnn9e sel t kevnoard entries as va11 · 
lu,!"Y'!t • Auwm ..m c 1e 101ocai:. ables or cons1an1s • Au1oma 11 c 
• A b1l11v w au1oma11cally Slim ""'-arn1no 51gnal 1n d1sotav teis you 
s.auares • Siotag memo•v • 1-.now ,,_. nen you exceed pro 
11oll-down Cl~at • MOS LSI 9rammmg capac11y • Ttie 46, ~ 

iOlld ·stat circu•lrv • (ngin~ r is recna,.ocat>le af\d comoscom· 
ed ttNJ man1J l i1clu1u<J b~· Nation otclc w•th n1c" ~cadmium baE 
at Sem1Conductor Corp .a world len s 
leadc.>• 1n soho ~11110 1echnl)IQOv 

10 DAY MONEY BACK GUARANTEE 

_ 4615 " 2995______ 

_ AC charger " 495 ______ 

_ Carrying case o 2 95______ 

_ Cslc. stand a 1 95______ 

3RD GE ERATIO I ONLY $63.00 
ASCII KEYBOARD KIT 

' ll 

FURTHERIMPROV A UR S 
• TTL Logic Circuits 	 OPTIONS : 

• Metal Endo ·ure (Paint • Power : +5V , 275mA 
ed IBM Blue and White

• Upper and Lower a. . . . . . . . . . . 25 .00 
• Full SCll et (Alpha • 1 Pin Edge Con . 2 .00umeric, Symbols. 

Control) • I.C. Sockets . . . 4 .00 
• 7 ot Bit ' Parallel Data 	 • erial Output (Shift 
• Optional Serial Output Register) . . . . . 2 .00 

• 	 Selectable Po itive or • Upper Ca e Lock 
Negative Strobe. and witch (for Capital 
Strobe PuLe Width Letter _a'.1~ . ~m~~~O~ 

• 	 'N' Key Roll-Over 
KIT UMBERS : Kev· • 	 Full Debounced 
board , P.C. Board , ·all re

• Carriage Return Key quired component · and a · 
• Repeat Function Key sembl manual. 
• Shift Lock, 2 Shift Key~ OTE : If you have thi 
• 4 U er Defineable Key. 	 63 Key Te.letype Key 
• 	 P.C. Board Size : board you can buy the 

17-3/ 16" x 5'' Kit without it for 44 .95. 

FROM CONCORD 

THE FIRST FlJLL FEATVRE 

Ls1DMM KIT 
INTRODUCTORY PRICE : 

Reg Sugges ted Re1a11 s 149.00 

AlJTO RANGING 
MEASUREMENT RANGES. 

AlJTO POIARITY 	 Volt .~ge rAC& DC11MV - 1000V 
Current IAC DC 110 /.J A· l A 

AlJTO ZERO 	 RESISTANCE 1 · 10 
Basic DC Accwacy b ner han 
0 . t 01 113 Large Digits (1/2") Power <l AA battenes I Rer.ha rg-

Rechargable 1hlt• baue,,es 0011onall 

NI-CAD BATTERIES: S6.00 • AC CHARGER: S4.95 • ENCLO
SURE: $12.95 • TEST LEADS: $2.95 • SHUNT KIT FOR 3 
CURRENT RANGES: $4.75 

linimum Order: $ 10.00 __________ 
lllPPl'G \i\I> II \l'dlLl'G 

K EYBOARU. l>\l\ J :111d ·\L l l. \ TOR 3 ·o 
.\LL 0 I llFR I 00 

California residents add 6% sales tax 

ELECIBONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 


REDONDO BEACH, CA. 90278 

TEL. (213) 376-8005 


WRITE FOR FREE CATALOG 

You are invited to visit our store at the above address 


U"v TE No\rnlht'r 1077 237 
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l 	 0 \lirrocomputer BnJrd\ 

YSTEMWhat'sNewP 
nat Lc.1p' 11110 Dual MiniTlopp) y~tcm 

fhc duol (,t\,\ T ·P.\C. 51 'lcm 
n11UOLOmpllkl I no\\ ,l\JllJbic' \lllh 
duJI rrnn1llur11) d k dr1'< lror'l Cr.Jt 
C..omrutcr Inc, 7 '"~ ( un101 Lt , Uni! h, 

'.:>Jn l>rcl(u (..,\ <J21I1. LJ<.h 1111n1llopp1 
h,1111U1,1gt· ,q>Jdi> 111 i-;01\: bVl\',,Uflt'I· 

.111on' 1ntludt on ho.1rd dJt,1 bulierm~. 
,1u1om.1lit 1ccking .uul d"k 1111 1i.ll 1.111011. 

1he 11'1c111 i1 lJli<'d tire c !t•ntkd 
~~ 'h·m 8, .1nl.I 11 1.11rt1l·' t'<1u1ppt d wllh 
the lull1rn111~ ll'.1turc,: 

• 	 I h K ll\ IL' 111 11ro~r .1111rn.1 t> ,. 
memory . 

• 	 2 K b1 cs ol rro~rJ1111n.rl1k re.HI 
11111> rncnH>r\ (PRO\I) t\llh patt 

for .111 .1dd111011.rl I I K b1 tt '· 
• 	 '.:rCrlJI JnU fl Jr Jlld 10. 
• 	 D11k 1111crl "' 1ml LOntrullcr. 
• 	 lfe .1,ln1111JI !runt p.rncl. 
'.:rolt11.1rc lor the ')y1tc111 1mlutlc1 J 

111on1tor, llnohtr rp loJckr , JnJ di1I.. 
ope1.1t1n~ >l>ll'lll. 1ht:1:1un1to1 .111d lo 1.l
cr .ire PRO\l rc>idcnt. file disk upcr.11 
n)? 11 stem lc.1turc1 .tr1 .i1>cmblcr, editor 

Jnd Jdrnl(gt· 1.ith r.ltt, tnt md 1it'h 1g 
capJbility. PL/1\1, B·\51<, I ORTR,\N 
and other hil!h lc1el l.inguJ~CS .lie Jt.lil· 
able 5in-:le unit 1>r1<.c i $1690 • 

tlU · ~ C j 

Winick Module Lrnc 

A "Pu11ling" New Developmcnl 
from Europe 

\\'h.11\ h.1ppenin~ in I urupe? One 
.111 11e1 ll> thi: quc1ticm 1> I') nn1 
"Pu//IL" 1111noprncl'~'ur ''-tern. PuulL· 
h .t 650~ 1>.t>l'll '>\' tcm "hi..11 ll\C\ 

I uropt:.rn tvlt· ririntt·d Lir1.u11 ho.1r<h 
J'ld u1n1h'l' or$. 1t t...Olhi. b ol 1 (lro~c ... ,u. 
l.otrc.l ('11th ;oo h tt:' o l pro)!r 11n1n,1lur 
rnt·1111111 ,111cl 2 I' h\ tcs 01 proi;1.1mm .1hll' 
re,uJ uni; 11wrn1111· J. ,1 ~ r.. h11,· pro~r.1111 
mJlllt• rncnH><I t\l<"lSion ••11d ..1 (i tu 12 
K b\ le nrni:r.1mrnJl'>lt- niL"rnon e\tcn,ion 
CJrd, .111d .Ill IU CJr<l. 

,\ ofl\\JI<' dc1clopmLnl .ind le'! 
>\>!Cm i .11>(1 J\,111.tbk 11h1.h ICJllJ!n 
•l'riJI Jnd pJ1 .illd i111crl.1cc,. 

I or more inlorm.iliun, 1.nn1.1t1 lni: 
Eriht Steiner, 1130 Wein G1.·1 lin~~J.1l 
Io ,\U'.:r I f{IA, phonL' 82 2u 74. • 

C, L• ~fj] 0 , 1lJ1, r J 

I Ice<· I> till' b•·•ut1 ontnl Ph<Jlo ol 
lht· \\ intr~ line ul module, lor 1111.10 
p1u,c,,01 >\stem> use. This un1q11r lrnc 
01 \\ lll•l' ~11.:ro t>.h>duk> " mduJc, 
h.1LkPl.tnn, ••1rd r.1d.>, po\\t'I ,uprilic 
and .i'">CIJl<d itcllls I Ile intent I> to 
.1llt111 lhc U>CI to quid.I\ ot•Hl ct•< J!'i 
.t'!l:.ocl1lt"l1.· ..1 1..u ... to1n1Ll'd nlh.ru-.u1npukr 
>I Stl'lll USlfl~ the >l.rndJrd -l.5 b\ b 5 
1111.1, 11,4 1>1 lb.'i cml 1 t pin uu1nc1.i.1 • 

-.t d 11.1il.1blt• !rum lhc 1m11 OpllOth 
,n.11l.1blc tnLhrdc rnudulc' tor •<Jntrol, 
vol.1lllc U11:1 mcrnol\. RO~l rnd ERO~! 
pr,1..:f.tllUllt.."1 1 .in411u in t1.·rl., l;. t\, d.tt.1 J1.· 

qui>ilion, rd.n drhu~ ..in"i :.ot.•n,e 1npu~>, 
l.J'"'lltt.l 1ntcr1J'-l'"• rlurp d1~h. 1ntctL1Ll', 

,on"ilc, l . \105 101.1111 m,·rnur~ \\,lh 
l1Jtk1\ bn.k:Jp, jlh.1 J l11ud1 tone 
trJn~ni1t,H·C:el\c nHHh 11 \\1nt<k » 
lul..ll<d .it 901 9111 ~I, L lldll'ltc IN 
·1790-1.t317/-·11·l> 02. 

/ilug Jn,· I J' tnlro<luLcd .1 l.1111111 of 
li10 h.1>cd rnicro<i1mputcr bo.utl\ lo 
oflu U>c1;. ,1 111nclul.1r .tppro.1d1 IOJ build· 
ing lh•·1r <J\111 cornputin~ ,ind prOLC>>ing 
\)1"111\. 

The "'"' 1CB bo.1rd 'cr1c> 1> de · 
"~nccl 111th /ilo"• I 0 urcuil. l .1ch of 
!ht· I '""·nt b1>.11d1" bu1 L1rrnp.1tihk .1nd 
d1r•'1.tl\ 111tl'1 lo11.1.1 with .111 other bo.ird'> 
in the trot». \I bll.ird11.urrt:nll\ ollcrcd 
JIC .11.1tl. bit· lor kli.t·1v 30 tl.1\' ARO. 

Lc.tdmg oil the "'"c'" the /~0-~1 [3 
ml 1<1t1>!11fH.Jlt: l10.ttu, un1i:nl'd lo opcr
111 · .11 .1 ..in~lt• h1»1.d 1.ompu1c1. including 

It) O\\Jl ._. t (.l) ll!.11ncd IUl'!llUI}-, plU"i 

,,. JI ,1nJ p.11.dll'I 10 po1h. I lie /80

\!Lli h.1'\ ~.rp.ll 11\ nl I " h\ IC\ <>I 
d nJm11.. 1Ho~r .101 rn.1hlc 11cnH11 v plLh up 

tn IK h 1 ·, n! p111~r 1mni.1blc ll'ohl nnl1 
rn1.•mo1\, 1.·r.1,.1b lc r1·.1d uni\ mc:moq., or 
rlJtl UfH\. ltlt'UHH\I. 

I h, /!iO-\\l.B "'n lrt t''l'·111dcd lo 
1ndud, mm1 10 .mJ mt:1t1or1 b\ .t<lding 

011!<1 bo.llLh 1n till'"'""'· A \lr.1ppi ni: 
l,p11<rr1 JllLI\\ U\~r> to put 11, K hi I bit 
(I\ n.1m11. p10-:r.1111ni.1blt- 111 'lnor1 mod
ule 1n pJ ,1l.c uf I K b\ I bit pro!(r.tm· 
rn.11Jl<- 1111:111011 rnudult'I. '.:r111glc uni1 
pritl' o• 1lw /~O- ,\H . B i S-l'l'i. 

The /oO-MDC mcmory1d1>k contro l· 
kt ilo.ird JHO\ldcs u'cr> 11 ith 12 K bytes 
o: d1 nJn•i. pro~r.1111m.tbk mcmor\, rlus 
.1 1loprv c.J1 k ~nn1rolltr L.tfl.1hlc ol h.tn· 
dline un to c1~h t llopp1 d1>k drives. The 
/'IJ-Vl[)l. 11.r- .1 >tr.1pp111~ opllon 101 
>ettinR 'l.trl .1dd!l''' ol c.tLh Ir.. b~lc 
p,1~c . Anuth•·r lc.11u 1c ;, .1 lh hil i;ydic 
rcdund till die, f.... ::rm~le qu,111111 v pt 11.c 
ol lilt'/, 0·:\ID I> ~!l'i, 

Tl1e /b0-P\113JPRO\I mtmor\ boJrd 
proviclt' up 111 3~ K h\ I<!> ul 111cmo1v . 
I umpt:r up lion' .1110" c.td1 I 11 I<. by tc> ul 
mrmcH\ ro rt·..,idl' in 1nv \1.·gnh·nt ol the 
Ii l r.. .1du C> l'-1"'" I l•c pr 1u· 1> ~JY5 lor 
'lln>!,lc Uflil\ 1 t.' \. Ith.Jing lht.• 1..0-,l ol rro· 
;::r.trnm.1 1 It- 1c.td oni\ ITlt.:nHH\ 1..hlp-,. 

1\l>o .nc 11ckJ m !he \H B "''"'' .uc 
tl 1r 1 1. prul:tJ1nmc1 th.>.tnh dnJ three 

intul,11. · ho,1rd,. <,1,inc.Ja1tl c.inJ <.1ges, 
c tender bo.11d,, rd~l' 1.011nt'Llll1> Jnd 
\\Ill'\\. r,\p t'o.l rd'3 JIC J\o td tblt .1~ up1ions. 

f tH moll' inlOffT1Jli11n l.tlf11.11..l rl,tVC 

\\i:>t .tt /1 10~. IUlfJU Bubb Rd, <..upc1
trnu CA 'l'iUI :, I !Oil) o.l ll1·-1t1hb • 

(. ,, 

http:l.tlf11.11
http:It-1c.td
http:pro!(r.tm
http:d1r�'1.tl
http:111nclul.1r
http:lin~~J.1l
http:uropt:.rn
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SE l'RY CRY~"TALS SiiRl~.S M0011, FIJNIJAMl:NTAI., l. 13 
WI RE U,AllS. llC 18 PAt:KAGE. . • • • ••. $4 . 95 each l. 13 
(oll frc~ucnClCS tn I;) l I) 
~.O I 5315 5.U 8.0 9.0 
tn. o 1:1.11 JS.fl 18.0 

MISOH.l.ANEOllS CRYSTAl.S 

II H~IS l'lt..'l ,~ .JI lo"' up to 1or ~hip• SEVERAL GOOD REASONS • HY YOU S HOULD 
11111):, Muff' 1ur \ ec t o r •\'P ~ . r~crc..., rt"- llAVE OUR FLY E R : I} !MOS ~l 1.1\fARS 
1undlJ l'rllCC. ~ood throl1Rh enJ of •lg• l M ICROPRlJCfSSO~S 1 1 l'O H R SUPP ti! S 
J:lnt co~t..·r 111onth c .1111orn1nn<ii adJ tal.. SJ RfSl~~tlkS bJ C•l'~CITORS "I lllS
!Ols .u:cl·ptl"J "'1 1 h fr·\.:t .1dJrc~!!.. J.or P LAlS 8; SOC ETS 9) HCTOR PROOIJCTS®@@)ID®(!!J~

K1n)r. r.it..•r1c1.1rJr \ IS·\~/ 'l,1.,t<. rchar~t.·•orJe r ~ Bill G006001 ELECTRONICS 10) HllU\URLS 1 11 Al L Tllf OT llrR 
!$IS ~1nl c1 I I 41 5 · S62-06 l 6 . ~: hour~ BOX 2355. OAKLAND AIRPORT, CA 94614 Tlll \ GS h' F " 'T FfT l '< TO TlllS SP ACF. 
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MEMORY 

Memory Mo d ule from MIT 

-= 

lt,1ir memory module p1 o 
bytcs or dynJmic random 

dCc~ss mcmor~ . The unit ru ns at ,1 m.1x
irnum power dissip.ition of 3 W .ind J 
maximum cycle time of 350 ns. 

Crys tJI ~ontrollccJ logic timing 
elimi nate the need lor on bo.Jrcl one hot 
multivibrator drcuitry to Jllow con· 
tinuous operation without wail states. 

Bus strips provide isola tion between 
power and signal lines for maxim um 
noise suppression. Addre s selection Is 
switch sclectJble in 4 K blocks. Each 
board req u ires o ne slot on the A ltair 
(S- l 00) 8800 bus. Contact MITS a t 2450 
Alamo SE, Albuq uerque M 87106. • 

Will Memory Meg.i lom,1nia Never lop? 

-, cllmit In c, 91 lO Red Brrlnth Rd, 
olumbi.1 MD 210·15, (800) 638·28<3, 

h,1s juo,t sent along Jn t:'dling new 
clc,clopmcnt lor those 1cadcrs intcH·,tcd 
in opting tor the Tc,.1s Instrument 
TMS -9900 Jrch1tctturc . Ttw rirm manu· 
f.1~1LJrcs a I MS ·9QOO ba cd protc o,or 
board. shown Jt the top in this photo 
The new development i' the hoMd .tl the 
bottom, the rEC -9900-r.lA dynamic 
memor) board whiLh ha> ,, 'aracr t) of 
up 10 32 K b le (I h K 16 bit \•ords) 
Jncl plugs dlrcttly into the prcviou~ 

Tl ·9900 - :, prod UL t. The new board 
mea~urcs 7 by 16 inchc ( I 7 .8 by 
40.6 cm) .ind inclutlas all the nccessarv 
rcfre h .tnd tontrol circurlry. Aclure s 
selection logic allows DI J> swi tches to 
pecify .iny starting dt.lcJrcss lor lhc 32 K 

by te region 111 I K Jddress intrements. 
The board uses re as Instrum en ts TMS
4051 oynamic mcmor) thip which are 
t>rgan i1cd 4 K by I bit. As J result, the 
board can be popul.1ted wrth any rn· 

cr.. mcnt of 4 K I bit wo rds. The c 
memory parts h,l\'C a sullicientl) fast 
re ponsc l ime to .1llow the 9900 lo run 
al its nld imum spcct.J of 3. M ll z tlocJ,. . 
,\ fully populated 32 K byte version ol 
lhL' board ells under pan numb<'t 
TEC9900-MA-32KB for $799 .1~scinbled 
.ind te~tcd. (At the price of 3 cents/bit 
rn~IJllcd , who cJn t1 .1gglc?) Thb is .i 

very tJesirJblc ilcm for the l1om cbrewcr 
willini: to supply the f111bhi ng touches 
to ,1 l G bit minicompuln with 32 K 
b\ tc~ of memor~. The c'onom ics can be 
summarized "' follows: 

EC-9900·55 Pro cssor $399 
Tl-9900 • Jndlliaries 
l EC-9900-MA·32KB Memory $799 
3:2,768 by te memory 
TEC-9900 ·PJ> Power surply S149 

$1347 

To 1hcsc Jsscmblccl .in d tested module 
price~ one should .1dd the cost of <1 serial 
A Clf tcrmin .1 1, J cabinet or c hJssis in 
whid1 to mount the eq uipment (home· 
brew Lyle), .ind any mass storage re
quired 10 comple te the S\'Stem. 

/\ rhone tonvcrsation wi t h the firm 
a t the lime this note was being written 
(Julv 5 1977) brought out the fact that 
forthcoming Jdditions to the line are a 
video and audio casscllc interface board 
(TEC-9900 A), and a nappy disk 
cont ro ller, both o v.hich were expec ted 
to be available in the lourth quarter 
ol 1977. • 

An LS I ·1 1 E ROM Board 

...~!!1•• 1'A t tentio n Microprogrammed Co m pu ter 
Designer 

slower TTL logic.) Illust rati ng thC' way 
future packJging trends Jrc going, this 
MC I 0803 memory interface procc sor is 
mountctJ In a so·callcd "quad in line" 
(QU 1L) package with four rows of 12 
pins for 48 pins total. 

--· E:)J•llilllliii 
I ts internal logic, shown in t he back · 

I ' ' ' : -· :..I-  - . ground, in ludes six 4 bi L regis ters, an 
arithmetic logic unit (with encoded 

RDA Inc, 50 12 HerLcl Pl, Beltsvil le 
MD 20705, (301) 937-2215, lldS sen t 

t l :: • 

l 
selections of func tion and operands) and 
datJ transfer circuitry. I ts intended use is 
as a node In a large machine, dedicated 
to memory and peripheral operations. 

Jiang thl pi turc of Jn L I- l I option 
(Di11i 1al Equipment Corporation ) which 
requires two slots of on LS l · l I's back· 
plane and provides 8 K bytes of s1or.1ge 

= An example is performing the tasks of using 2708s as memor)' eleme nts. The 
c: - dircc,;t memory acce s control where memory is set up for se lectable 

intelligent programming Is useful, but addressing. Power rcqulrcmenLS arc I A 
the vcrsatilit of a main processor is not on e.1ch of three voltages: +5 V, 5 V 
needed. and l 2 V when all sixteen 2708 mem

The high speed nature of this device ories arc plugged into t h~ cir uit In the 

Motorola has sent along this photo 
and block diagram of a 11e" addition to 
their MI 0800 family of high >peed 
MECL 10,000 cu rrent mode logk. (Th is 
amily of logic 1s used in the highest 
peed con1cmporar1· proce ors, and due 

to 111c diffi ulties o designing with 
transmission line interconnections, tends 

and its price ($40 in 100 quantity) say 
thJt thb chip will be of mos t in terest to 
those individuals designing new products 
subjec t to high performa nce spccifica· 
Lions. For more informa tion contact 
Je rry Tonn at Motorola Semiconductor 
Products, POB 20912, Phoenix AZ 
85036, (602)962-2515. • 

empty sockets shown in the photo. (A 
separate programming device is required 
since th is boa rd docs not In Jude • built· 
In programme1.) Exclusive ol the 16 
memory chips, the price of this bo.Hd 1s 
S285. Assuming a current mall order 
price of $35 for each 2708, fully tu fling 
the board I ill COS! SS60. • 

LO be ignored by experimenters favoring 



DIODES/ZENERS 
1N914 lOOv lOmA 
1N4005 600v lA 
1 N4007 1000v lA 
1N4148 75v lOmA 
1N753A 6.2v z 
1N758A 10v z 
1N759A 12v z 
l N4733 5.lv z 
1N5243 13v z 
1N5244B 14v z 
1 N5245B l 5v z 

SOCKETS/BRIDGES TRANSI STORS, LEDS, etc. 
.05 8-pin pcb .25 WW .45 2N2222 NPN (Plastic .10) .1 5 
.08 14-pin pcb .25 WW .40 2N2907 PNP .15 
.15 16-pin pcb .25 WW .40 2N3906 PNP .10 
.05 18·pin pcb .25 WW .75 2N3054 NPN .35 
.25 22-oin pcb .45 WW 1.25 2N3055 NPN 15A 60v .50 
.25 24-pin pcb .35 WW 1.10 T1P125 PNP Darlington .35 
.25 28-pin pcb .35 WW 1.45 LED Green, Red , Clear .15 
.25 40·pin pcb .50 WW 1.25 D.L.747 7 seg 5/8" high com·anode 1.95 
.25 
.25 
.25 

Molex pins .01 

2 Amp Bridge 

To ·3 Sockets 

100-prv 

.45 

1.20 

XAN72 
FND 359 

7 seg com-anode 
Red 7 seg com -cathode 

1.50 
1.25 

25 Amp Bridge 200-prv 1.95 

CMOS 
4000 .15 
4001 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 .95 
4009 .30 
4010 .45 
4011 .20 
4012 .20 
4013 .40 
4014 1.10 
4015 .95 
4016 .35 
4017 1.10 
4018 1.10 
4019 .60 
4020 .85 
4021 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
4041 .69 
4042 .95 
4043 .95 
4044 .95 
4046 1.75 
4049 .70 
4050 .50 
4066 .95 
4069 .40 
407 1 .35 
4081 .70 
4082 .45 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7426 
7427 
7430 
7432 
7437 
7438 
7440 
7441 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 

.15 7473 

.15 7474 

.20 7475 

.20 7476 

.15 7480 

.25 7481 

.35 7483 

.55 7485 

.25 7486 

.15 7489 

.10 7490 

.25 7491 

.30 7492 

.45 7493 
1.10 7494 
.25 7495 
.40 7496 
.15 74100 
.30 74107 
.45 74121 
.15 74122 
.30 74123 
.35 74125 
.35 74126 
.25 74132 

1.15 74141 
.45 74150 
.85 74151 
.45 74153 
.65 74154 
.95 74156 
.95 74157 
.70 74161 
.25 74163 
.25 74164 
.20 74165 
.25 74166 
.40 74175 
.45 
.40 

8266 .35 
MCT2 .95 
8038 3.95 

- T T L -
.25 74176 1.25 74H72 .55 
.35 74180 .85 74H101 .75 
.35 74181 2.25 74H103 .75 
.30 74182 .95 74H106 .95 
.55 74190 1.75 
.75 74191 1.35 74LOO .35 
.95 74192 1.65 74L02 .35 
.95 74193 .85 74L03 .30 
.30 74194 1.25 74L04 .3 5 

1.35 74195 .95 74L10 .35 
.55 74196 1.25 74L20 .35 
.95 74197 1.25 74L30 .45 
.95 74198 2.35 74L47 1.95 
.40 74221 1.00 74L51 .45 

1.25 74367 .85 74L55 .65 
.60 74L72 .45 
.80 75108A .35 74L73 .40 

1.85 75110 .35 74L74 .45 
.35 75491 .50 74L75 .55 
.35 75492 .50 74L93 .55 
.55 74L123 .55 
.55 74HOO .25 
.45 74H01 .25 74SOO .55 
.35 74H04 .25 74S02 .55 

1.35 74H05 .25 74S03 .30 
1.00 74H08 .35 74S04 .35 
.85 74H10 .35 74S05 .35 
.75 74H11 .25 74S08 .35 
.95 74H15 .30 74S10 .35 

1.05 74H20 .30 74S11 .35 
.95 74H21 .25 74S20 .35 
.65 74H22 .40 74S40 .25 
.85 74H30 .25 74S50 .25 
.95 74H40 .25 74S51 .45 
.60 74H50 .25 74S64 .25 

1.50 74H51 .25 74S74 .40 
1.35 74H52 .15 74S112 .90 
.80 74H53J .25 74S114 1.30 

74H5o .25 

LIN EARS, REGULA TORS, etc. 
LM320K5 179051 1.65 LM340T24 .95 
LM320K12 1.65 LM340K12 2.15 
LM320T5 1.65 LM340K15 1.25 

74S133 .45 
74S140 .75 
74S151 .35 
74S153 .35 
74S157 .80 
74S158 .35 
74S194 1.05 
74S257 (8123) .25 

74LSOO .35 
74LS01 .35 
74LS02 .35 
74LS04 .35 
74LS05 .45 
74LS08 .35 
74LS09 .35 
74LS10 .35 
74LS11 .35 
74LS20 .35 
74LS21 .25 
74LS22 .25 
74LS32 .40 
74LS37 .35 
74LS40 .45 
74LS42 1.10 
74LS51 .50 
74 LS74 .65 
74LS86 .65 
74LS90 .95 
74LS93 .95 
74LS107 .85 
74LS123 1.00 
74LS151 .95 
74LS153 1.20 
74LS157 .85 
74LS164 1.90 
74 LS367 .85 
74LS368 .85 

LM723 .50 
LM725 1.75 
LM739 1.50 

9000 SERIES LM201 .75 LM320T12 1.65 LM340K18 1.25 LM74118-141 .25 
9301 .85 LM301 .25 LM320T15 1.65 LM340K24 .95 LM747 1.10 
9309 .35 LM308 (M ind .75 LM339 .95 LM373 2.95 LM1307 1.25 
9322 .85 LM309H .65 7805 (340T5l .95 LM380 .95 LM1458 .95 
95H03 .55 LM309K (340K ·SI .85 LM340T12 1.00 LM709 (8.14 PIN) .25 LM3900 .50 
9601 .75 LM310 1.15 LM340T15 1.00 LM711 .45 LM75451 .65 
9602 .50 

MEMORY CLOCKS 
74S188 (8223) 3.00 
1702A 6.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 
2102L-l 1.95 
TR 16028/ 

TMS 6011 6.95 
8080AD 15.00 
8T l3 1.50 
8T23 1.50 
8T24 2.00 
21078-4 4.95 

LM311 D lM1n1l .75 LM340T18 1.00 NE555 .50 
LM318 !Mini ) .65 NE556 .95 

NE565 .95 

INTEGRATED CIRCUITS UNLIMITED NE566 
NE567 

1.75 
1.35 

7889 Clai remont Mesa Boulevard, San Diego, Cal iforn ia 92111 
(71 4) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COO orders accepted $35 . $99 
$100 . $300 

5% 
10% 

Discounts available at OEM Quantit ies California Residents add 6% Sales Tax $301 . $1000 15% 

All IC's Prime/Guaranteed . All orders shipped same day received . $1000 - Up 20% 

24 Hour Toll Free Phone 1-800-854-2211 MasterCharge I BankAmericard I AE Circlr 70 on 1nqu1ry c.1rd. 



A 16 K Bit EROM 

MEMORY 

An E ROM Programmer 

: . ., : D
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v 

MicroPeriphcrals, 24 Matford Close, 
Westbury on Trym, Bristol BS 10 6LR 
ENGLAND, has annou nLed thb pro· 
grammcr for th e popular cr•sablc read 
only memories with p.1rt numbers 
2704, 2708 .ind 2716. The product 
will program d I K chtp tn 2.5 minute>, 
d process which include) setting up the 
programmed r>.illern dnd verifying the 
p.1t1ern . The programmer 1s int ended 
to be u cd wi:h the user's processor as .1 
pc1iphcral, dnd comes in scvcrJ I model>. 
The ba ic model is intended tor use with 
2704 (I {2 Kb tcs ) and 2708 ( 1 K bytes) 
p.irts, borrowing rower from the user's 
sys tem . Th is model is priced at S 199. 
The larger models teaturc built-in PO"-Cr 
upplies and ma nual opcr.1tions \id 

swi tches dnd LEO readouts. • 

At the Fro ntie rs of Sili con Technology 

This electron micrOSLopc image 
shows a new Ameri ca n Micros) stems In c 
VMOS proce>S memory device with a 
human hair ju taposed on top of it. The 
magnifkation factor is on the order of 
10,000 time the actu,11 si1e. The V in 
VMOS is cmphasiLCd b\ th e V-shapcd 
slots in the st1ucture ot the dc\iccs. The 
p.irt design from which this cnl.ugcmen t 
was made (rhc S-1015·3 intcgrdtcd cir
cuit) is a new co mmercial volatile memo· 
ry product which has a n ei.trcmely fa\t 
access time (.J S ns) and I K by I bit 
tatic opcrJtion. The product b intended 

for use with fa t random dcccss sc ratch 
pads, buffers, c..ict1c memories, etc. 1- or 
those implemen ting microprogr.1mmcd 
m.1chines o n an c perim ental basi>. thb 
memory will prove idea l in a con trol 
to re matched to the LhdfJL 1cristlls of 

the TTL bit slice parts uch .1~ the 2900 
and the Texas Inst rumen ts' 7o.1548 I 
t am ily. American Micro ys tc1m In c. Is lo 
cated at 3800 Homeste ad Rd , Sant<1 
Clara A 95051, (o.108) 246-0330.• 

Nonvolatile to the Core 

For the first time, to our knowlcdi:c, 
a nroduct has been designed lur the 

ltjlr (5·100) bus which provides .-or<' 
mcmor.1 for a rcrson,11 computer yqcm. 
The product is Micio Mcmo1} Int..'> 
1~1-S I 00 8 K b 8 bit progr.1mmJblc 

memory card. Of what use is a m.1gnctic 
core memor~ in an ,1gc of semiconductor 
circuits? Nonvolatillty is the answer. 
With J core memory, magnetic storage of 
datJ 1s involved, a technology which is 
not dependent upon continuous 
application of power. Tu111 off the 
power on a core mcmor1, and it will 
retain its pattern unaltered "f orever. " 
Tu rn on th e power and the active 
circuits, and it is functionall1 like an y 
semiconductor programmable memory. 
This co re memory card thus combine 
the no11volatil lt1 of a read only memory 
with the programmability of dynamic or 
static semiconductor mcmo1 ics. 

The Mi\1-S 100 un it plugs directly into 
the Altair (5· 100) bus, and has all the 
circui try need ed: timing. .:an tral logic, 
decode logic, drive circuit , Jddrcss and 
data latches, power regulators, etc It 
runs with a 1.0 µ; cyc le tim~ so t11at no 
wait states arc needed with a stdtHlard 
8080 lock rate . The price is S650 from 

1icro Mcmor~ Inc, 943 Irondale A-, 
Chatsworth CA 91311, (213) 998· 
0070. • 

Cucle 481an1nuuuv curd 

16 
£PROM 

If 1our 270 cr;tsabl<: [lrogramm;1blc 
re.id only memoric (EROMS) are lilling 
up l.ist, here'> one dll WN to the pro· 
blcm Tc'"' lnst1urncn ts ' 27 16 , J direct 
plug-in rep lacement tor the 2708. Each 
chip contain' 16,384 bit s of memory 
and features low power consumption 
(375 milliwatts typical) and D noise 
immun ity in both high ,111d low s tat es 
so th Jt all input> can be driven by TTL 
logic "ithout the use of pullup re>istors. 

The memory circuit is organized as 
2048 "ords of 8 bit leng th. It is designed 
for h igh de nsi ty, fixed memory applic.i· 
Lions where low power dissipation, fast 
turn .1round'> or progr.im ch.inges Jre 
required. i\1,t'\imum acce>s .rnd minimum 
cvcle times .ire o.150 n'. The clat .1 outp uts 
of the TM5~ 716 .ire tlircl' st.i tc to ,tl low 
con necting ol mulliplc device on 
common bll . The E ROM c.1n be rrascd 
b1 c pming the chip throui:h the trans· 
p.1rcn t qu,1rt1 lid to high irllcn ,ity ultra · 
\'IOIC t light. rhe TM 2716) L IS Sllpp lied 
in a StJndJrd 24 pin dual in line ceramic 
P(IC ~tlge. 

Contact Texas Instruments Inc, In· 
quiry Fulfillment Service, POB 144 3, 
M/ S 669 (attn : TM52 7 16) Hous ton TX 
77001, (214) 238-20 11. • 
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MICROCOMPUTER 

SUPPORT DEVICES 

8212 4.00 
8214 12.95 
8216 5.25 
8224 6.00 
8228 9.25 
8238 8.20 
8251 12.00 
8253 28.00 
8255 12.00 
8257 22 .00 
8259 22.00 

6800 SUPPORT 

6810P 6.00 
6820P 8.00 
682BP 9.60 
-6834P 21 .95 
6850P 12.00 
6852P 17.00 
6860P 15.00 
6862P 18.00 
6880P 2.70 

Z80 

SUPPORT DEVICES 

3881 15.95 
3882 15.95 

F-8 SUPPORT DEVICES 

3851 14.95 
3852 14.95 

FLOPPY 

DISC CONTROLLER 

P0372D 65.00 
1771 69 .95 

DYNAMIC RAMS 

4140 (16P) 
1103 (16P) 
2 104 (16PJ 
21078 (22P) 
2 1078·4 (22Pl 
TMS4050 (18P) 
TMS4060 (22Pl 
4096 (16PJ 
MM5262 (22PI 
MM5270 ( 1 BPI 
MM5280 (22P) 

STATIC RAMS 

31L01 
9 1L11 A 
91L 12A 
1101A 
2101 
2102 (105) 
2102· 1 (5.00NS) 
2M1A·4 
2112A·4 
25018 
3107 

•4200A (250NS) 
4100 (200NSI 

'4804 
5101 
74C89 
745201 
9 1L02A 
7489 
8225 
8599 
82509 

• L1m1ted supply . 

5.50 
1.50 
6.50 
4 .50 
4 .00 
4.50 
4.50 
5.50 
3.00 
5.00 
6.00 

2.00 
4.25 
4.25 
1.00 
3.00 
1.25 
1.50 
4.45 
3.00 
1.45 
2.95 

13.75 
11.95 
20.00 
20.00 

3.00 
4 .75 
2.00 
2.25 
1.50 
1.50 
9.00 

MISC OTHER 

COMPONENTS 

NH0025CN 1.75 
NH0026CN 3.00 
N8T20 4.00 
N826 3.25 
N8T97 1.45 
74367 1.00 
DM8098 1.00 
1488 1.95 
1489 1.95 
3205 6.20 
D'· 3207A 2.50 
C-3404 3.95 
P-340BA 6.75 
P-4201 4.95 
MM -5320 7.50 
MM-5369 2.00 
DM -8130 3.00 
OM -8131 2.50 
OM-8831 2.50 
DM-8833 2.50 
OM-8835 2.50 
SN74L5367 1.00 
5N74L5368 1.00 

SHIFT REGISTERS 

DYNAMIC 

1404AN 3.00 
2405 4.95 
2505K 3.00 

SHIFT REGISTERS 

STATIC 

MM506 .89 
2509K 1.00 
25188 3.95 
2533V 2.00 
TMS3002 1.00 
TMS3 112 3.95 
MM5058 2.00 

USRT 

S-2350 
IM-6403 
TMS-6011 [Tl ) 
TR ·1602A (WO) 

UARTS 

AY5·1013 
AY5-1014A 

13.50 
10.80 
6.25 
6.25 

6.75 
9.95 

CHARACTER 

GENERATORS 

2513 
2513 
3257 
MCM6571 
MCM6571A 
MCM6572 
MCM6581 

WAVEFORM 

GENERATOR 

8038 
MC4024 
566 

6.75 
6 .75 

18.00 
10.80 
10.80 
10.80 
8.75 

4.50 
2.75 
2.00 

FIFO 

3341A 6.75 
2812-0 11 .95 

KEYBOARD CHIPS 

AY5-2376 14.95 
AY5-3600 14 .95 

TV GAME CHIPS 

TM5 1955 (6Games) 
10.95 

A Y5S-8500 (6 Games) 
10.95 

MICROPROCESSOR'S 

F-8 
Z-80 
Z·80A 
COP1802DC 
AM2901 
6502 
6800 
8008·1 
8080A 
80808 

19.95 
36.95 
49 .95 
29 .50 
22.95 
24 .95 
24 .95 
8.75 

15.95 
16.95 

PROM'S 
1702A 5 00 5204AO 
1702AL 7 00 6834 
2704 20 00 6834-1 
2708 24 00 82S23B 
271 6 75 .00 82S 129B 
3601 4 50 82236 
5203AO 7 00 

10.00 
21.95 
16.95 
4.00 
4.25 
4.00 

IMSAl/ALTAIR S-100 COMPATIBLE 

JADEZ8Q 
KIT 

-with PROVISIONS for 
ONBOARD 2708 and POWER ON JUMP 

$135.00 EA. 

C:<> 

• Electron ics for rhe Hobbvist and Experimenter 

_. , .' 5351 WEST 144th STREET 

LAWNDALE, CALIFORNIA 90260 


(213) 679-33 13 

D iscounts available at OEM quant111es. Add $1 .25 

fo r shipping . California res idents add 6% sales tax. 

~1~1rm 

SK STATIC RAM BOARD 

* WI LL WORK WITH NO FRONT PANEL 

250ns. $209.95 
350ns. $199.95 
450ns. $189.95 

* FULL DOCUMENTATION* * * * 
FULLY BUFFERED 
SlOO DESIGN 
ADEOUATEL Y BYPASSED 
LOW POWER SCHOTIKY SUPPORT IC"S 

KIT 

250ns. $169.95 

350ns. $149.95 

450ns. $139.95 
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PUBLICA "flONS 

Motorola ' New HEP Catalog 

Motorola has announced its new 
cross re crencc guide and CJta log dcscrib· 
ing the Hl:P li ne of semiconductor 
products. 1-1 EP product arc designed 
primarily for hobbyi,ts, cwerimenters, 
professional service technicians and 
dealers and onsist of repla ements for a 
large number of trans istors, th) ristors, 
diodes and FETs, a well as RTL, HTL, 
DTL , TIL and CMOS integrated circuits 
and linear devices. The catalog costs $2 
and is available from the Motorola 
Technical Center, MotorofJ cmi· 
conductor Products In , POB 20294, 
Phoenix Al 85036, (602) 244-6900. • 

IEEE Offers Microprocessor Talks on 
Casseue 

A recordi ng of three talks given at J 

tutorial " How to Use Microproce sors" 
held at Stanford Universi ty in the 
Spring of 1976 is .ivai lable on standard 
magnetic tape Cdssc ncs for $5 trom th e 
IEEE . T he talks arc b) Dr Robert 

oyce, chairman of the board, Intel 
Corporation, Floyd Kvamme, vice pres· 
ident, National Semiconductor, and Dr 
Adam Osborne, pre idcnL, Osborne 
Associates. 

Tori es covered inc lude future 
dc·velopmcnts In microprocessors, the 
business as pects of produdng them , and 
which of the current microprocessors is 
most suited to particuldr hardware 
req uirements. The tuto rial was 
sponsorl!d by the IEC[ Computer 
Society, the Eleccron Devices and the 
Reliability Groups, Santa Clara (Silico n) 
Valley Section . 

To obtain your cop) of the casscne 
Lape, send a check for $5 to the IEEE 
Section Office , 701 Welch Rd , Palo Alto 
CA 94304. Notes on the blackboard 
pre entations and view graphs of the 
speakers will be included. • 
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Is the Dragon a Phoenix? 

The theme of rebirth and renewal is a 
very real one, as exemplified by Phyllis 
Cole's transformation of People's Com
puters from a newspaper format tiibloid 
(hard to keep track of) into the 64 page 
(including cove rs) saddle stitched publi 
cat ion shown in its May-June 1977 form 
in this pho to. People's Computers is 
published bimonthly by People's Com
puter Company, 1263 El Camino Real, 
Box E, Me nlo Park CA 94025. PCC is 
a tax-exempt, nonprofit corporation 

A Special Free Offer from Roidio Shack 

Radio Sl1ack is offering 1ivc free 
copies of their new llrclrer Semico11
ductor Reference llundbook to Jny in
terested organization. 

The 128 page handbook, which nor
mally se lls for $1.95,, lists over 36,000 
repl acemen t transistors, diodes and other 
devices, and include s a cross-reference 
guide, seLtions on the cMc and handling 
ol t ra nsi stors, soldering prec<1utions, how 
to te st tr ansis tors , and glossary. 

To gel five free copies ol the hand· 
book, write on your c lub 's stJt ionery to 
Radio Shack, Dept SRH, 2617 W 7 th 
St, 1-ort Wort h X 76107. • 

Home Computer Books Available 

Dilithium Press has a new broch ure 
detailing their computer books, all of 
which are sl~n tcd toward the home com· 
purer t1acker. Beginner's books as well as 
more advanced books arc included in the 
list, available for free from Dilith ium 
Press, POB 92, Forest Grove OR 97116. • 

and donations are said to be tax·deduc l
ibl e. Subscription a rc SS per year in 
the US. Single copy price is $1.50. 

The editorial flavor which Phyllis 
brings to thi pub lication is that of 
commentary on what's happening, li ght 
oftware, background information on 

computing and related peripheral issues. 
it is a magaLine intended co be readable 
and enjoyable for the neophyte . (Our 
resident noncomputer people at BYTE 
grabbed the first issue so quickly that it 
became difficult to find a copy from 
which to abs tract this short review .) 
Some titles from the first issue received 
he re in the new form.it include: 

Home Computing: An In troduc· 
tion for Novices 

Once Upon a Faire 
Computers and Copyright Law 
Women and Computers: A Dia

logue 
The Dot and the Line 
Stock Market Simulations 
BASI Mortgages 
Exagon 
Women and Math Projects : 

Lawrence Hali of Science 
Space Colony: Living in a ,arden 

o Illusions 
Fortran Man 
More Tiny BAS IC 
Ma ke Believe Computers 
Pilot 
The Data Handlers Users Manual, 

Part 3 

Announcements 

Letters 


It is an interes ting and positive transfor· 
mation which should be sampled Lo be 
believed...CH • 

Fenwal Offer a New Thermistor Manual 

THERMISTOR 
MANUAL 

Many peop le who read BYTE are 
interested in microcomputer app lications 
involving temperature mca urement. One 
w y to monitor temperatures is with a 
thermistor. Fcnwal Elect ro nics is making 
available a free 34 page thermistor 
manudl containing a variety of tempera
ture coefficient tables, resistance temper
ature tables and so on. Contact Fenwal 
Elec tronics, 63 Fountain St, Framing
ham MA 0170 1, (6 17 ) 872-8841. • 
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PDP -11 oftware Information Available 
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"Real-Time Svstems, " a new 
brochure available lrom Dig1tal Equip
ment Corporation, describes the hard 
ware and soft ware omponcnts 01 
Digital ' real time computing systems 
based around the PDP-11 lam il1 of 
computers . The publication covers th e 
RT -11, RSX and IAS operating S\>tems, 
~ORTRAN IV , fORTRA I -Plus and 
IAS COBOL high level idnguages. Also 
overed is special Jpplication oriented 

sof1ware lor real time data acquisition, 
analysis .ind re porting in biological and 
ph\ sic al science laboratoric and process 
monitor /control situations. The 
brochure Jlso lists sample configurations 
rJnging from PDP- I I V03 to PDP- I 1 /7 0 
ystcms. laboratory and industrial real 

time Interfaces, and available supporti ng 
se1viccs. To obta in a copy. contJct 
Communication Se rvices, Digi ta l Equip· 
rnent CorporJtion. 444 Whitne\ L, 

orthboro MA 01532. • 
C1rr1p 500 on •'HJuuv c tel 

New Informat ion for phere Owners 

Ir you \e been looking for informa
tion Jbout the Sphere computer, contact 
Programrna Consult.ints , 3400 Wilsh ire 
Blvd, Los Angele> CA 90010. They ofter 
J free ca ta log of new software and h,1rd
warc, plus user group news pert;iining to 
the Sphere . The cata log 1 a rranged in 
question Jnd answer format, and deals 
with uch topics JS the availability of 

OCAL, roRT , PL and cross orn 
pilers lor the uni1. • 

C11clt: SO 1 on 1nou1tv r.arn 

An Assembler /Tex t Editor for the KIM 

Micro oftware Spe ialists ha ve ,in

nounced their new assembler / text editor 
pa kagc for KIM and TIM computers. 
Docu mentation and a he adeclrnal 
object code listing arc included. The 
price b S 19.95 tor the program in either 
assctte 01 paper tape form. Contact 

Micro oftwuc Spe iali ts, POB 3292, 
ET tauon ,Comrne rceT 7542 • 

Cucle 501 on 1nciu•• y t:ard 

A High Level Programming Language 
for the Motorold Microcomputer 

lnt erme tr ic Inc lus announced PL / 
M6800, lhc first high level programming 
language tor the Motorola M6800 (or 
AMI 6 00 ) microcomputer. The lan 
guage i yn tauically Identi ca l 10 Intel' 
PL 1. 

PL/M 6800 has a 1 pass complier 
which produces dire tly loadable object 
code and listings. The new compiler 
features a user controlled switch to 
determine whether the emi tt ed code will 
be in the AMI or Motorola loader 
orrnal. Other user controlled leatures 

include listings ol source code, ob1ect 
code, and assembler code, as well as 
symbol table dumps. 

The new compiler is accessible via 
the CSS timesharing networi-, or ca n 
be purchased directly from Intermetrics 
for •n rall ation on IBM 360 or 370 
computers. The purchase price of $1000 
inc ludes a tape containing the cro ss 
compiler and all library routines, a user's 
manual, a language reference manual, 
and product maintenance for one year. 

T he PL/ M6800 compiler is com
patible with the PL/ M language developed 
by Int el to program their line of rnicro 
procc~sor . Intermetrics claims to offer 
" t rue software portability" in that 
PL / M6800 is not onl y "PL/M-lil-c," 
but is syntac t ically identical to PL/ M. 

In formation on PL/ M6800 i .ivail
;lble from P L/M6800 Product Support, 
Intermetrics Inc , 70 I Concord Av , 
Cambridge MA 02138, (6 1 7) 661 -1 840.• 

A Mini Word Processing System 

The Software Store has announced 
its Mini Word Processing system designed 
to run on Altair equipment under disk 
e tended BASIC, for S 150. 1in l Wo rd 
Processing is designed to he lp the oper
ator ge nera te letters, te t , and malling 
labels or envelopes. The system consists 
of seve n programs whi.ch are driven b a 
menu select ro utine. Each program inter
ac ts with the operator to establish file 
names and drive numbers . The options 
arc elected by the yes or no responses 
to the detailed program prompts. A fter 
ca h function Is completed, the system 
reloads the menu routine. 

A user's manual consisting of 5 1 
pages is provided with the system. The 
manual includes detailed instru tions 
concerning all operator prompts and sys
tem error messages, plus a number of 
examples wi th test data and program
ming considerations for custom appli ca
tion. 

Contact The Softw are Store al 706 
Chippewa Sq, Marquette Ml 49855, 
(906) 228-7622. • 

Cuclr" 504 on 1m1uirv c~ud 

Computerized Plotting 

y l1Jnh ill\ Lab ha> ,1 nn<Junced t l1 c 
availab il ity ol 8080 oltware to co111rol 
it; series of plotter>. Appro im.1tc l1 2 K 
bytes of memory are required. Th e sofl 
WJrC ma) be used in con1unc1ion with 
application routine .wdil.1blc from 
Micro-Visions Inc , 4926 T ravis. Ho u> ton 
TX 77002. 

Pl o tt ers .ire shipped cornple tcl\' 
as>emblcd and tested . The user mounts 
them on the d1 Jwing surf.tee ,ind 
om pletes the in tcrconncc tion be 1wcen 
rh~ control boards and the computer. An 
8 bit parallel 10 port , and 5 and 2-1 V 
power sources ue ,1lso >upplicd by the 
user. 

App lica tion inclu de arthllcctur al, 
mechanical and s hema tic dr,1wing; 
pr inted ircuit board art,,.orl- , posit io n 
ing of small objects ; computer gencrJtcd 
art ; games. Si1cs av.illablc arc 11 by 17 
Inches (27.94 by 43 18 cm) for $rO, 17 
b 22 inches (4 3. 18 b y 55 .88 cm) for 
S895, and 22 by 34 inches (55.8 by 
86 .36 cm) for S 1200. 

Contact Sy lvanh1 lb lJb Inc .1 t I 
ylvd nwa y, POB 239, ~tralford MO 

65757, (41 7)736-2664. • 

TEMPOS, a Multita sking Operat ing 
y tem for MIT Compurcrs 

Administrative S1 stems Inc (A I) ha 
announced i ts memory resident , rnulti
u~e r, multitasking operating sys tem , the 
TEMPOS Operating System for Ml S 
compu te rs with MIT flopp d1 ~s. Up 
to seve n on line use rs may a.: c the 
system concurrently, using shJred (re
ent rant ) or different tasks. In Jddi t ion , 
background tas~s arc supported ,1> 

queued pro esscs. 
rhe TEMPO system supports shared 

access to data files with a file "lock·· 
feature under program control. 
Ex tensive file handling cap ,1b di tic>, 
including u er defined logical record 
length and random J cess to tile, as well 
as logical record number . .lfe featured. 

command m a ro rc.nurc may be 
invol-ed under the TE~lPOS S\ tern. al
lowi ng an unlimited number of rna,ros 
to be defined Jnd rt!CJ lled .ll the system 
and user progrJm levels. Also. to 
fa ihta te debugging, J ;ingle ste p trace 
t.:at ure is included for Jsscrnbly l,1 nguJgc 
programs. 

The minimum re~ommcnded 

memory requirement for the TEMPOS 
rnulti u er , multitasking operating ws
tcm, using two disks nd three tcrminab, 
Is 48 K by 1es. The price o l the TEMPOS 
system is S l 000. or further informa
tion contact Administrative Systems Inc, 
222 Milwaui-ce , uitc 102 , Denver 0 
80206, (303) 321-2473.• 
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• New Bipolar Unit 
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• Low Power 
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DIP SWITCHES sm Slid•""• 
" ?Oe-' I I pin dip) 4 S• llC:fl •nil II 71 H . 
• 205 ·7 " ' pin Olp) 1 I WllCl'I 11n11 sI IS .. 
1 106 8 (1 6 p1n Gip) 8 swlltb unit U 21 U toncMIO~

....,,....,..,.....__,.,-----------------1• Lisy to is.semtue '°' -~chln11 Klis ..... "' - WON 

32 XA· l :.;.:::;,.~= $29.95 ea:.:.... 
27 x A-1-- t-"''"' s 9.95 ea . 
Plugboards c......,w ._, -. • -~, 

3662 t\ •, , ._, r6t.o"" ;g. S 6.95 ta . 
P Pa'T'°" U 11 ( lO'Wl(ll¢ •!16

22144-- ..__... __ s 2.9511. 
11""-...~ 

8800V-- $19.95 ea . 

I 
... .. .. 


1/16 VECTOR BOARD 
,, ..... s..w... ,,,..,.. 

·~ ,... .. 
' w "" '"' 

....., .. ,II.... ' ..'" ... ." < 

·i·· 
.t,.,.,,. SLIT·N·WRAP WIRE WRAP TOOL 

J...'o:!::'.......'.:l!rD
=::.:Ul_i • Slits ana opens lnsulltron tJ;PQSiMO 
bar! wue 

• No Pf"!: ·cutting or pre-stnpp.no 
• Comes complete wrtn - 100 n sc>00ls #28 AWG wife 

Modtl P110 S24.58 

HEXADECIMAL ENCODER 19-KEY PAD .' 
, >SCDEf 

• "''"'f\ ' "' 
a 1'.lt:~..,.,I! "'')' PtflOO I 
• - i<t11i 

$10.95 each 
63 KEY KEYBOARD $24.95 

·~ .... -· ~ 

o· I 

lllol- °""' ~7MS O~OOn.Jf Cl.Mer 4 semr llU:51'1 cul SB SCu 
A' 1OMS - Chain Nost Pl rs 4l, IOnQ 7 sc .. 
T 6 - Wire S111ppe1 1116 to • 26 QAuge 
558 - W1rt1 SlfltlPtt • 10 10 • 20 oauoe 
CS 8 - Cu1ter Cnmper Tool 9t., lono 
Nlbblno Tool - Cuts l nm\ or Notr;flel Melli 

UPIO • 18gaugt 6~ea 

N1DD1ono Tool R•t>llumen1 l'vOC'1 3 75 .. 

PERMACEL• P-29 PLUS Etedncal Tape ·All w..111er 
. .. • 10r•6fi11 • .., 

f.9 Rollo S.71 ucJI 10·uo Ron• s&.116/10 rtll ,.cbv• 

u0-15A 

Beiy!hum Copper w·oliclr lvush for TD·5 S .25 
Aluminum lor T0·2'20 Tr.11ns1Stors & 
Reoullrors s .25 
Black Anod~OO Aluminum lor 10·3 SI 60 
Blick A.no<l11eo Aluminum - prednl~ 

moun1ono no1es 1or ro.3- 4"'' 1 • • r Sl .75 

$2.'9 

$2.95 
S6.9S 
$6.95 

$3.25 
54 ·95 -,N ~.fo

MICROPROCESSOR COMPONENTS 
8000A CPU Sl6 DO 11228 Svs1•m Conlitrfltl Sus o..... SID 95 

... 

P8102 1 '4 5 39 95 2' PIN BSC 
PB10J 9 ' 6 5 95 OESIGN MATES 
PB1G< 95 •8 7995 OM C11cu1t Oes4Qf1e•
PB2D3 9 75 ' 6'• , 21. 80 DO $69 9S 
~ ;. :;,:. 6~1 x2~. 129 95 OMl1 Function G.ene1a:1or t--------..;.;::;;;::;;;::;;;:;;;;;;;;:;.;;.___~ 

$74 95 
MAll· IDI FlllOUOICY COOOltJI Logic Mon1101 OM3 · RC 81ldo<20 MHl·100 MHz - actiQff  011 ~r P 

$74 956' LED llS4.• 

QT PROTO STRIPS 

U .• U.I ,..., O.~ S..C ....., • Z>t 

Ctltlon.!1 J\nJfnb - AM "'- S.ltl hi Ot1IM I~ 


~,J~~~:-ELECTRONICS ~,.
PHONE ORDERS WELCOME - (415) 592· B097 

All~ Prtc:n GMll Rn "'"llLMr 

,. ... 
Cl'W 

Ql-J~ """ 
a1,,·1 
Qt'~ 

Qf )~ 

or 1M 
UT 1n 
or~ 
Cl 1' 

- S.00 ls. Ila'"' 1
AnUMl1 

....,,., ·- ,.,"" M ' .. .., 
... '"', .....0,,. "',,. 
Oc.tl''" '.,,.,"' "' .. '"' ...."' 

22 SC 
ID DO 
7 95 

15 DO 
39 95 

I " 

... " 
' 
'" 

"' 


CD limeband 

Digital Alarm Clocks 
... 

•..,. ........ 

r"-" ,,.6. .. ...... 

io'J'lol-*• 

(Sill 110f't CIH Cl111 
,_ L...,.C.MI • 1 w...,..•••t.M• 

JE803 PROBE ~,-- _; 
~.. ~-----

S9.95 Per Kil 
oton 1ed c11cu11 ~oar d 

"""°"~'N •t- t • 
D' ,.Q- 1 1.\_\U>,J "'11!11• 

'°""~ "'" 
-~UOJ flt,.; l"'t'Wt.~• IT1" 

$9.95 Per Kit 

Cu cle 79 on omtun v card 

s 9 951 
$10 9S 

?' 1,.._ 
,,......... pt 

Pl SY 1A Supply 
._ 1n,t,,; 
""

.,, ..... ., ....... ~,.'"'' 
~1" IWfC 
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Floppy Disk Drive 

MASS STORAGEWtlat's N~wP 
A 5 100 System Mass Storage Device 

Users of the IBM 5 100 personal 
computer product will appreciate this 
new addition from Jn independent 
vendor. Sykes DatJlroni s of 375 Or· 
chard l, Ro1.hester Y 14606, (716) 
458-8000, showed off 1h1s IB 5100 
compatib le dual nopp y di k ubs,stcm 
a l the CC show in Dall,1s T\ in June 
of this year. WhJl it does 1s give the 
user J truly random access 3740 com· 
patlblc diskette hardware subsystem 
Jnd tile management sot1wa1c on 3M 
cartridges for the 5100. o changes 
to the 5 I00 arc requlrcd. Jnd this 
subsystem plugs directly into the 51 OO 's 
serial 10 port . The software provided 
with this vstem include ten BA I 
file~ and 14 APL functions, and allow> 
BA I progr.1ms 10 communicJtc with 
/\PL programs using files on disk as 
Jn ln1crmediary . The price is unde r 
$ 000 for a single drive S) stem, 
,ind under $4000 for dual drive. • 

Circle 48 1 on mautt y card 

A New Cds et te Recorder I 111erfacc 

Dalen Elcu roni cs has announced a 
new asscll~ recorder interface wlth data 
transmission rates selectable from 800 to 
12,000 bps. I 2 K by tcs of memory can 
be lo<lded in approxlmJ1t•h 8 seconds. /\ 
1 K byte monitor pro~rarn is included to 
provide basic system operations and 
allow the ,a,ing of files. The unit is com
patible with the Altair , IMSAI, Kansas 
City, Poiymorphlc Sy terns and Tarbell 
form 1. Kit price is S120; the assembled 
unit cos ts $165. The price of the manual 
is S3.50. 

Con tact Dajcn I lectronlcs <ll 7214 
Springleaf t, Cit1us H ·1ghts CA 95610. 
(916)723·1050.• 

According lo the 111Jnul.1Lturc1. (.en· 
eral 5\ tern, ln1ern.11ion.1I Inc , 
14.JO Allee 1, Anaheim, CA 92805. 
(213) 378-CJ38S, thi drive uses both 
sidrs ol the flopp~ di s J.. recording me
dium tor dJl .1 JS opposed to 1m1 one. 
We c.in c peel lo sec rcr~ona l com
puting svslcms with on line lloppy dis!.. 
storage cJf'Jc11ics on the order of 
t .S million b\ tcs per drive growing out 
ol 1h1 s type ol 1Jrivc technology. Price of 
thi s d11ve lo tndnufacturers is "in the 
low S400 range."• 

C1rtll" 484 on 1nou•ry cord 

A!!ention Floppy Disk Corresponde n ts... 

A new lightweight mal ling envelope 
lor floppy disks which saves 44 to 50 
cnls per disJ.. 1n first class postage com

pared with older corrugated mailers is 
.ivailablc lrom Curtis I000. 

The new envelope ac ommodatcs one 
to live lloppy disks with iling sleeves in 
a lint and dust free envi ronment. 

Macie of DuPon1·s Tyvck ® fiber, the 
new Curtis 1000 " Disk-0-Mailcr" mJil· 
ing envelope is extremely rcsistan 1 to 
tca rinit .ind puncturi ng lorces, as well as 
uch dJngers 10 floppy disks as chemica ls 

and we tness. t l fea tures fas t , dry sealing 
clo urc. I ts glo~sy whi Lenes and green 
triangles printed Jlong ;1 11 edge~ on 
both sides assure first das handling in 
the post offiLc rust like regular business 
let tcrs . Retailers and fl opp) dis!.. soft 
ware distribution outlets ~hould contact 
the firm a l 1 000 Curtis Dr. m rnJ GA 
0080, (·I04) -136-615 '. • 

C1rcl~ 485 on 1nqtmv C:drd 

A Dual Floppy Subsystem 

This photo shows the new 5\ lo.cs 
DJtatronics Serie 9000 floppy disk 
sy tern which 1s a complete mass toragc 
subsys tem with two drives ,ind a buil1-in 
6502 rn ic roproce sor contr lier . The 

system is o tfc rcd in the dudl drive 'cr
sion 1ll u lrdtcd here (S3900) and J single 
drive version ($2800). II ear1.h , block
ing, <..Rt vcriliCdlion dnd mechanical 
controls <1re handled asynchronous! 
by the " mar l .. 6502·based controller 
of this dc\lc('. and data is buffered 
u ing rJFO memories. The phys1LJI 
dimensions are table top compatible: 
9.7 bv 17 by 19 inch.: . (25 by '13 by 
48 cm). H.ird" arc interfaces include 
an optional programmed 10 parallel 
lnterlJCC, v.hkh "ill be of interest to 
homebrcwcrs. as well ~s detailed inter· 
laces tor a vuiely of mlcropro c sors 
and minicomputers. Typicdi interf.l e 
co ts Jrc $300 Jbo'c the b.ise prke ; 
using the non-I B 1 tormal "dual and a 
half" demit) re ording fo rmal, appro i
matei\ 630,000 b) tcs cJ n be recorded 
on each Cdrtridge, making the dual drive 
on line cap.1L1ly appro imatcly I 26 mil 
lion by te . S.1kcs " I 1.aled at 375 
Orchard ':> ! , Rochester r~Y 1-.1606, 
(716) -.158 · 000. • 

C1rtlfl 483 en 1onuov ca<d 
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!\IITE C l\IP TER PRI~TER 


lite 123P Impa l printer. [) sign cl fur mall 

k yboard print r l rminal . 6 ·hara Ler pC'r lin on 

8Y2 inch pap r. 75 character" per line . 10 CP . Printer 

only , no ele ·troni . 

ed, good hap . 
h.ipping wgt. 18 lb . 

Th 
l TR 

tt 

CO R C VIDEO l\I ITOR 

·hd out. perat on 115 volt 6 cy le . In 
hown. 128 x 40 with bandwidth of 8 l\l . Id aJ 

for omputer or T monitor. Green pho phor di play, 9 
tub . With data&. chematic. 

hipping w!!t. 16 lb . $6_.oo 

SPECTRA FLAT TWIST 
50 conductor. 28 gauge, 7 strands/ 
conductor made by Spectra. Two con 
ductors are paired & twisted and the flat 
ribbon made up of 25 pairs to give total 
of 50 conductor. May be peeled off in 
pairs if desired. Made twisted to cut down 
on "cross talk ." Ideal for sandwiching PC 
boards allowing flexibility and working 
on both sides of the boards. Cost orig 
inally $13 .00/ft 
SP·324·A $1 .00/ft . 10 ft/$9.00 

SP-234-A $1.00 ft 50 cond. 10 ft/$9.00 

SP-234-B .90 ft 32 cond. 10 ft/$8.00 


With · 0 page do um ·nlalion . 

."'63.00 

ETTE DE K 
de k alone . 3 - .00 

WIRE WRAP WI RE 
TEFZEL blue #30 Reg. price 
$13 .28/100 ft. Our price 100 ft $2 .00. 
500 ft $7 .50. 

MULTl COLORED SPE TRA WIRE 
Footage 10' 50' 100' 

8 Cond. #24 $2 .50 9 .00 15.00 
12 22 3.00 11 .00 18.00 
14 22 3.50 13.00 21.00 
24 #24 5.00 20 .00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1 /4 
book prices. All fresh~' new. 

TOUCllTONE ENCODER CHIP CH RACTER GE!\F.RATOR CWP 
Compatible w11h Bell system. no crystal required . Ideal Memory 15 512x5 produces 64 five by seven ASCII 
for repeaters & w /specs. $6.00 charac1 rs . New material w /dala 56.00 

Please add shipping cosc on above M inimum order $10 

FREE CATALOG NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 

Circle 83 on 1nqu1rv caret BYTE No\ltmbt.•t IQ J7 249 
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PERIPHERALSW~at's NswP 
Do Yo u Wan r to Draw 
Pict u re s on Your Di play! 

U>crs of person.ti computer who Me 
1nlcre>ted 111 1traph1cs input will lind 
tl11 new pelipheral ot great interest, and 
Jt d prite whkh mal..cs it Jltfd ti•e for 
per on.ti u c. !>cientific Accessories Cor
por.ilion, 970 King, HighY.JY IV, South· 
port CT 06490, (20 ) r 5· 1526, h<l> in· 
trodu ccd the Mode l GP· I 0 I sonit d1g1 ti ler 
for J 1ngle unit price ol S800 . What you 
get b a ;tylus wi t h or withou t inJ.. or .1 cur· 
sor, .111 elettronic; pJckage, .rnd the L· 
fr,rn1c sensor seen in thi photo. It is in· 
tended to be u cd in an\ ;i tu Jtion where 
input ot XY position data is required. 
T vpically, a computer orie n ted artis t 
might ma ke a rough ketch ol graphic 
di play Information on paper and the n 
trace the outline ot th e figure with the 
tylus after positioning the rough within 

range 01 the sensors. The artis t ic dig· 
i t11ation could a lso be done interactively 
with the display in J Jreehand mode. 

To use this dcvi e, some additional 
logic Jnd t iming circuitry will be 
rcquiicd since the basic cledronics 
simpl\ produces TTL leve l signJ ls which 
have a known start edge time and a var· 
l.ibk delay time representing the )\ and 
Y distJnces to the >tylus or cursor unit. 
I he user must also provide power 
supplies and LU>tom softwMc to analyLe 
the signals lor particular purposes. • 

A 60 Character per Second Printer 

Sarge nt 's New Altair (S-100) 
Prototype Board 

argent's Distributing Company , 
4 209 Knoxvil le , Lakewood CA 90713, 
hJs introduced thi new ltair (S ·IOO) 
bus prototype board. The board is con· 
struc ted of epoxy G-10 material. There 
is space for fo ur 7805 type voltage 
regulators. It accommodates 14, 16, 18 
24 ,rn d 40 pin wire wrap sockets with 
room for a maxim u m of forty-eigh t 14 
or 16 pin socke ts. Also availa ble is a 
comple te se t of plans for a S· 100 bus 
comparible ront pa nel and bootstrap 
svs rc m which It fea tu res direct parallel 
ASCJ I keyboard Input, o ne addi tion al 
par•llel input port, an d rwo parallel o ut · 
put ports. Thi design uses PROMs fo r 
Ins tan l turn on and reset. Start cassette 
tape a nd yo ur system 1s fully loaded and 
running in Jbou r 30 seconds, an d ca n be 
wire wrapped using the proto typing 
board. Price of the pro totype card is 
only S25 postpaid; th e plan set ls S7.50 
pos t paid; and a comple te kit o all parts 
tor the front panel design is $79.95 pos t· 
paid. • 

A New Model Self-Scan from Burroughs 

. 
. - . 

The Electroni Components Division 
of Burroughs Corpora t ion, POB 1226, 
Plainfield NJ 07061 , has in troduced this 
new sing le line 40 character version of 
Self-Scan 11 technology, inte nded for use 
in any product where a limi ted siLe 
alphanume ric display is req u ired. Special 
effec ts Include le ft or righ t data entry, 
moving message effects, blin king sub· 
tields within tl1e 40 character line, e tc. 
Self-Scan is a registered trademark of 
Bu rro ughs Corporation . • 

The Altair C700 from MITS is a 60 
charac ter per second serial printer usi ng 
a 5 by 7 dot matrix and the 64 c h aracter 
ASCII subset. The unit is designed to 
be inlcrfaced to t he Al lair 8800 compu
ter and fea tu res au toma l ic moto r con
trol , paper runaway in h ib itor and au to · 
matic line feed af t er carriage re tu rn. 
The printer is b idirectional .ind c.i n 
print 26 132 colum n line per minute. 
It can accommodate 15 inch wide forms. 

Dimensions arc 7 by 28 by 24.5 
inches ( 17.8 by 45. 7 by 62.2 cm). 
Contact MITS, 2450 Alamo SE . 
Albuquerque NM 8 7106. • 

C11< If' 509 on 1nqu11y CiJrd 

Centronic Introduces High Speed 
Micro printer 

Cc nt ronic~ Data Compu ter Corpora
tion has announced a high speed com 
pac t microprinter called the Micro-1 for 
S595 . Aimed a t the home, hobby .ind 
microprocessor marke ts, rh c 240 c ha r· 
ac tc r per ccond Micro· I i o ffered as a 
complete unit including case , power 
supp ly, 96 ch aracter A C l I gene ra to r 
an d in terface, paper roll hol der, low 
paper detector, bell, a nd mulllli ne 
asynchronous input buffer. 

The microprinter produces copy on 
al uminum coa ted paper by d ischargi ng 
an elec tric arc to penetrate the coati ng, 
which is less tha n one micron thicl... 
To ners and ribbons arc not requ ired. 

The printed c haracters arc did to 
be impervious to light, temperature and 
humidi t y. Th e m dch in c prints 180 lines 
per minute on 4 3/4 Inch roll p.ipcr in 
20. 40 o r 0 co lumn widths. selec t a ble 
by Lhe user. T he spe i,11 lum lniLcd 
paper used by the unir co~t; nominJIJy 
more tha n s t.t ndard paper . 

This is an excelle nt way to ge t 
accep tably high speed listing .tt rela· 
li vely low prices. Co nt acr Ccn t ro nics 
Da ta Computer orpora t ion, Hud on 

H 0305 1 , (603) 88 3-01 1 I.• 

250 UYTL No"cmhct 1117 7 

http:HighY.JY
http:person.ti


Now low-cost memory 

stacks ug ·n reliabilitgl 


Introducing anew generation of ECDNDRAM. dynamics 

with SynchroFresh™reliability 


Meet ECONORAM• Ill with SynchroFresh™, the 
8Kx8 dynamic memory for S-100 bus computers that 
really works. And uses less than half the power 
of static designs . And costs just $149 for an 
assembled BK. 

Unlike previous attempts at building a low-<:ost dy
namic memory, ECONORAM• Ill is entirely reliable ... 
because of SynchroFresh™, a new approach to memory 
refresh that is simple, elegant and totally effective. 

SynchroFresh™ was invented by George Morrow, de
signer of the original ECONORAM•. Instead of ar
bitrarily interrupting your CPU to perform memory 
refresh cycles, Morrow designed SynchroFresh™ to 
weave refresh invisibly into the natural timing of the 
S-100 bus. SynchroFresh™ circuitry simply monitors 
your computer's mach ine states, utilizing all of the 
normal opportunities for memory refresh . It's 
that simple. 

And simplicity means reliability and dramatically 
lower cost. That's why a SynchroFresh™ design was 
chosen for the first ECONORAM• dynamic, to follow in 
the footsteps of the largest-selling static memories 

ECON ORAM• Ill with SynchroFresh™ is an 8Kx8 dy
namic board, configured as two indivjdu<1lly address
able 4K blocks for flexibility. It is available assembled, 
tested and warranteed for one full year for just $149. 
This unprecedented warrantee offers a full refund of 
purchase price if ECONORAM* Ill does not run 
reliably with your S-100 CPU-evidence of our con
fidence in its performance. 

It is also available as a kit with complete assembly 
instructions and documentation for $159. 

ECONORAM• Ill with SynchroFresh™, in assembled 
or kit form, may be ordered directly from Thinker
ToysT~ Write 1201 10th Street, Berkeley CA 94710 
or call (415) 527-7548. Call BAC/ MC orders toll-free 
to 800-648-5311. Or ask your computer store to order 
it for you. 

NEW LOW PRICE 

$149 

8K assembled,.tested, warranteed 

1 year 
for personal computers. \Y A product of Morrow's Micro-Stuff for 

Th1!!~~!,,~.rovs·m 
C10c le 97 on 1nqu1ry card. 



A Pair of New Terminals 

PERIPHER LS 

Apple II Features Built -i n olor 
C...•p<1bdity 

The Apple 11 " ;\pJ">lc umputcr In•' 
entry in the home compu ter mJrkct. The 
unit u c the 1\10. Tcthnolu;:1 6502 
prntc\Sor ,inti t.tn d1spl•1 JlphJnumcrk 
chdr.tllcrs .1nd video grarihics 111 15 
color> using ,m7 s tandar d •ulor telc · 
vbion set. 

A BA~ I C... l.inguage p;i,ka)(e i per· 
m<1ncntf\ stored in 6 K bvlc o read 
only memor•, cxnu11on ;peed i IJSt 
enough to ru n m.1ny v1tlco games. The 

lnfoton, Second A•, Burlington MA 
01803, (617)272-6660, has Introduced 
this pair of video lerminal products. The 
Model 200 i> the low end version, J 

Tele type replacemen t with multiple 
additional features and 80 character by 
24 line display. The Model 400 is a 
model with more features, Including 
upper and lower case displ.1y, ddditional 
keyboard functions, etc. Both models 
fea ture RS -232, 20 mA current loop and 
60 mA current loop serial interf.i es at 
16 swii.h s lected data rates to 19 ,200 
bits per sc ond . No price w.rs given in 
1hc documcnlat ion from which this note 
WdS abs1racted . • 

Cirtlt 515 01'\ -1'1Quory CJtd 

ever al G imix for the SwTP 6800 Bus 

We received .1 sale brochure fo r three 
products .ivdilable Jrom Gi1111x Inc , 1337 
W 37 th Pl, Chicago II 60609, (312)927· 
55 I0, wh 1ch plug direuly into 1hc Sou th 
wc,1 Technit.11 ProdtKI' C...•>q1ordt1on'' 
6800 bus . One of these products i~ a 
S 119 read only memory board which 
holds up to 8 K ol 2708 CRO 1 pub 
(no1 supplied), dnd can be plac d 011 any 
even S K memory address bounnary {ie: 
0000, 2000, 4000, 6000, 8000. AOOO , 
COOO, or 000) using switches. A ccond 
produc1 is J S25 cxlendcr board lor US<' 
when trouble hooting or debugging J 

prototype card . The tlmd product Is a 
video output boJrd which contJi ns d I K 
by 8 bit volatile programmable memory 
region whtth cJn be conncl tcd .ii .uly 
l K boundary in memory .rdd re s spalc 
using jumpers. This $249 generator 'an 
be ct up for l 6 lines of 32 cl1aracte1s or 
16 lines of 64 characters; output is El 
video wit h ad1ustablc " densit~ " (?) and 
left ·hdnd margin. These products arc 
fully ,isscmblcd. • 

Cuch• 51 G on 1nau• 'v (.dr«l 

n Altair Bus Compatible Mu ic Board 

cwtcch Computer y;lcrns' Model 6 
·lusk Boaru 1s dc>igncd to enable c>.· 

rerimcntcrs h.wing Alta ir (S-100) bus 
computers to rroduLr music and sound 
ell~ t . pplicJtions indudc gcncra1ing 
melodics, rh~ thms, sound cflcttS, Mo rse 
code anti 1ouch ronc S\ mhes1s . 

integer BAS IC IJ n.l(uagc inLludcs spcdal 
tunctmns rcl.n ·d to color \ldco display 
progrJ mm1ng. 

In both 1hc color grJphics mode Jnd 
in 1hc high resolution graphic mode, 
four lines ol text may be optiondlly 
displa yed at lhc boltom ol the screen 
IO an no1 .i1e displ.iy . The Apple 11 also 
fcJ1urcs .1 built·m casscltc inlcr acc . 

Minimum memory conligurJ1ion 
avJil.1blc intludcs 4 K bytes of progr~m
mablc memory Jnd 8 K bytes of read 
onl ~ memory. A l K b7 tc monitor 
provides tlebug lOmm,mds, a m1n1· 
assembler, disassembler, llo,Hing point 
package Jnd softwarc·simul.i tcd 16 bil 
.trilhmctit capability. 

I he uni I comes com pie le wllh a 
witLhing power supply which require> 

no Ian. The comruter is housed in a 
plas1ic ca e with dimensions of 18 by 
l 5 .25 by 4.5 inches (45.72 by 38.74 by 
l l.42 cm). It comes with 1wo game 
paddles and a demons1ra1ion casscue 
for S1298. I 1 is also available in board 
only form, wi1hoot case, keyboard, 
power supply or accessories for S598. 

Contact Apple Computer l nc, 20863 
S1evens Creek Blvd, Bldg 83-C, Coper· 
tino C...A 95014. • 

Circle 512 oo 1n11u1 1v card 

The Music Board comes assembled 
and tes ted . Features inc lude selectable 
output port address decod ing, a latched 
6 bit digital to analog conve rter , audio 
amplifier, spca\..cr, volume control and 
RCA phone jack for connection to 
c ternal audio systems. It employs a 
glass epoxy printed circuit board with 
pla1cd through holes and gold pl a ted 
ringers. 

A users manual, which Is sup plied 
with 1hc board, includes a BASIC 
language program for wricing musical 
scores and an 8080 assembly language 
routine lor playing them . The prii;c is 
S59.95. Contact Ncwtcch Compu ter 
Systems Inc, 13 I Ioralemon S1, Brook· 
lynNY 11201,(212)625-6220.• 

A CT-1024 Scroll Mod 

Lcnwood Computer Sys1cms, POB 
6 7 , Hiaw~lhJ IA 522J3, has announced 
a modifica1ion to Sou1hwest Te hnical 
Producis Corporation's CT· I 024 1ermi· 
nal product. The Model SM-2 >trolling 
modifica1ion board i <1v.iilable at S 19 
plu' S l .5 0 postJgc and handling, and 
convert the CT- 1024 lyle dl pla from 
a page orien ted display to a scrolling 
disol .w . The pho10 shows 1he board 
mounted on the CT·1024 main board 
using J 1and off tud .• 

http:displ.iy
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SD SALES COMPANY 
~ .,.= ~ r9tII 	 P.O. BOX 28810-1 DALLAS, TEXAS 75228 

NOW-THE ULTIMATE RAM BOARD 

Memory Capacity 	 Interlace Capability 32K FOR $427. 


BUY AN Sl OO COMPATIBLE SK RAM BOARD AND UPGRADE CONTROL, DATA AND ADDRESS INPUTSMemory Addressing 
THE SAME BOARD TO A MAXIMUM OF 32K" IN STEPS OF UTILIZE LOW POWER SCHOTTKY DEVICES. 

Memory Write Protection BK AT YOUR OPTION BY MERELY PURCHASING MORE 
RAM CH IPS FROM S.D. SALES! AT A GUARANTEED PRICE 

BK. 16K, 24K, J2K USING MOSTEK MK4115 LOOK AT THE FEATURES WE HAVE BUILT INTO THE Power Requirements
WITH BK BOUNDARIES & PROTECTION . BOARD . BVOC 400MA DCU11hzes DIP swnche-s. 

•18VDC 	 400MA DC 
18VDC JOMA DC 

PC board comes with sockets for 32K operation PRICES START AT Sl39.00 FOR BK RAM KIT. 
THE ABOVE NOW AVAILABLE ADO 596.00 FOR EACH ADDITIONAL BK RAM DESIRED 

Board fully assembled and tested for $50.00 extra. 

'AVAILABLE THE 1st QUARTER OF 1978· ' 
16K, 32K. 48K. 64K USING MOSTEK 4116 
WITH 16K BOUNDARIES & PROTECTION . BK FOR $139. 

f'lE'i'lpR\Ctl Z-80 CPU BOARD KIT Complete Kit 
CHECK THE ADVANCED FEATURES OF OUR Z- BO CPU BOARD 


Expanded set of 158 instruction•. 8080A software caoab•h ty, apcration from a single $139.

5VOC power supply . always stops on an M 1 state. true sync generated on card la real 

Plus feature). dynamic refresh and NMI available, either 2MHZ or 4MHZ operat ion[ ttJ Cf.! 

qualuy double Sided plated through PC board. standard kit shipped with Z-80 tcchnica 
 :-;El<' p icE! 

' j'Jt: 1<' pl{manual and all parts µlus sockets ~rovided for all IC's. Z-80 Chi~ & Manual Sep. - 39.95 

·Add Sl0.00 extra for -80A chip which allows 4M Z operation 


ALL OF ABOVE ARE 5100, IMSAI &. ALTAIR 'A' COMPATIBLE. 

We can supply modifications needed for many other systems! 


SIX DIGIT ALARM 

CLOCK KIT 


FEATURES. Lotromx dual 1 /2" d1Splays, Mostck 
50250 super clock chip, Single I C. segment dnver 
SCA d1g1t drivers. Grea tly simplified construction 
Mot0 reliable and e41s1or to build . Kit cmcludos atl 
necessary pans (except easel P.C. Board and Xfm1 
opt1onal.Ellm111ate the hassle - avoid the 5314100 not 
confuse wi th Non Alarm kits sold by our tompetttiont 

P.C.8. - $3.00; AC XFMR - $1 50 $9.95 KIT 

RAM'S 

21 L02 - 500 NS 8/ 11 .50 
21 L02 - 250 NS --· .. . . .. . . . B/ 15.95 
2114 - 4K 14.95 
1101A 256 8/4.00 
1103 1K .. .99 

MUSICAL HORN 
ONE TUNE SUPPLIED WITH EACH KIT . ADDI 
TIONAL TUNES - S6 .95 EACH SPECIAL TUNES 
AVAILABLE - YOU SUPPLY THE SHEET MUSIC 
WE SUPPLY PROGRAMMED PROM TO YOU. 

STANDARD TUNES NOW AVAILABLE· 

- DIXIE - EVES OF TEXAS - ON WISCONSIN - YANKEE 

DOODLE OANDV - NOTRE DAME FIGHT SONG - PINK 
PANTHER - AGGIE WAR SONG - ANCHORS AWAV 
NEVER ON SUNDAY - BRIDGE OVER RIVER KWAI 

CAR & BOAT KIT HOME K IT 

$34.95 $26.90 

CPU'S 

Z-80 includes manuol . ... 39.95 
Z- 80A Includes manual 4495 
8080A CPU 8 BIT ...... 11.9S 
8008 CPU 8 SIT 6 95 

JUMBO LED CLOCK KIT 
FEATURES 
A Bowma1 Jumbo .5 inch LEO array 
B. MOSTEK - 50250 - Super Clock Chip 

1 
1,ut:! 


C On board prectS1on crystal time base cool) y , 

D 12 or 24 hour Real Time Format. 

E. Perfect for cars. boi:1r$, vans. etc 
F P C Board and all pans (less easel included 

Alarm option - S 1.50 

AC XFMR - Sl 50 $16.95 KIT 

PROM'S 

1702A - lK  1.5us . . 3 95 or 10/35 00 
2708 - BK Intel - 4S0ns . .. .. . ... 14.9S 
S204 - 4K . .. 7.95 
82S129 - 1 K 2 so 
2708S · BK Stgnetlcs 650ns .. ..... . .. 9 95 

~ESSOR CHIPS-MICROPROCESSOR CHIPS- MICROPROCESSOR CHIPS- MICROPROCE 
8212 1/0 PORT 
8214 - P 1.C 
8216  NON INVERT BUS 
8224 CLOCK GEN 
B226 - INVERT BUS 
PIO for Z-80 

.. 

. . 

.... 

. . . 

3.50 
12.95 
4.95 
4 .95 
3.95 

14.95 

8228 SYS CONTROLLER . ,., .. 
B251 PROG COMM IN TERFACE .. .. 
8255 PROG PERP. INTERFACE .... .. 
B820 DUAL LINE RECR .... .. 
8830 OUAL LINE OR . ... 

8.20 
10.95 
13.50 
. 1.75 

1.75 

25 13 CHAR. GEN . 
B838 QUAD BUS RECR 
74LS 13BN - 1/8 DECODER .. 
8T97 HEX TRI STATE BUFFER 
1488/ 1489  RS232 .. 

7.50.. 
2.00.. --· 

99. .. ... .. 
1 25 .. .. 

. ... 1 50 
CTC for Z- 80 ....... . ... ...... 14.95 TR 16028 UART . .... . . .. . 3 95 

NTER CHIPS- COUNTER CHIPS- COUNTER CHIPS- COUNTER CHIPS- COUNTER CHI 
MK50397 6 digit elapsed 11mer ......•....•. 8.95 MK50380 Alarm chip . ... .•. •... .. . ... ... 2.95 MK5002 • 4 digit counter ..•. . ..... .. 8.95 

MK50250 Alarm Clock ...... . ......•. . .•• 4.99 MK50396 . 6 digit up/down counter .. ...•.• 12.9S MK5021 · Cal. Chip w/sq . rt ............... 2.50 


I SPRAGUE 
75234 AND 75235. 49c each AMP. TOlOl 49c each 1N82AGI 

FLAT PACK fi.400 SERIES. ITT DUAL SENSE AMPLIFIER. DUAL DIFFERENTIAL GENERAL INSTRUMENT DIODE . 

DISC CAP ASST. 
P.C. luc:h .Al lt•u 
10 ditfuent "Vtlutl . 
lnc.lud•• .001 , .01 , 
.05 .. othtt u1n· 
d1rdwalu n . 

60/$1. 
tOOO MFD 

FILTER CAPS 
R11ed 35 WVDC 
Upright t.ty le wuh 
PC l•Mh. M"'V 
popul•r 'fllu'" 

4/$1.00 

39 MFO 
16V Mallory 
Electroly11c 

15/$1. 
THERMISTORS 
MEPCO - NEWI 

!.SK OHM 

5/$1.00 
7500 Mallory 

30WDVC 
Computer 

Grade Caps 
S3.00 each 

CALL IN YOUR BANKAMER 
ICARO IVISAI OA MASTER 
CHARGE ORDER IN ON OUR 
CONTINENTAL TOLL FREE 
WATIS LINE : 

RESISTOR 

ASSORTMENT 


PC leads 

A good m1 

of valu~ 
SPECIAL! 

200/$2. 
POWER 

RESISTOR 
150HM 
25Wby 

CLAROSTAT 

75¢ ea. 

IC's from XEROX 
IC's Rernovtd from PC board!!. . All tested ; full spec . 

7400 - 9c 7430 - 9c 7493 26c 
7402 9c 7440 - 9c 74121 22c 
7404 - 9c 7437 - 10c 74123 - 32c 
7410 9t 7438 - IOc 74155 - 22c 
7416 !lt 7451 - 9c 74193 3Sc 
7420 - 9c 7474 - 16c 8233 35c 
l402A - 50< 7475 - 24c lni.I 1302 

GREAT BUY!! L/,11/Tf:I) QllANTITl" 45c 

ITT Part # SAJ 101 Gooosu"' 
IDEAL FOR ELECTRONIC 
MUSIC Cl RCUITS - 7 STAGE 
FREQ. DIVIDERS. 49¢ ea. 

on board regulation IS provided 
ON BOARD (INVISIBLE) REFRESH IS PRO 
VIDEO WITH NO WAIT STATES OR CYCLE 
STEALING REQUIRED. 

MEMORY ACCESS TIME IS 375ns. 

Memory Cycle Time Is 500n• 


4K LOW POWER RAM 
Fully Buffered - on board regulated - reduced power 
consum11on ul1hzong low power 2 1 L02 - 1 500ns RAMS 
Sockets pr011ided for all IC's. Quali ty plated through PC 
board. 'Add Sl0.00 for 250ns RAM operation . 

The Whole Works - $79.95 
NEW PR ICE! 

I SPECIAL BUY FROM ITT.19c each 20 Assorted Devices for S1 .00 

MICRO-DIP by EECO $1.95 
NEW SERIES 23001 

WORLD 'S SMALLEST BCD CODED DIP SWITCH I 
P.C Mount I 2300- 02G- 1248, 2300- 12G- 124B comp1tn,.n1 

JOY STICKS IC SOCKE TS 
4- l OOK t4 pm S/Sl.00 

POTS l6p1n · 5/$1.25 
28 pin 3/S 1 00$3.95 ea 

PC. LEAD TRIM POTS 
DIODES 10K. 20K, 

1Nd148/ 1N914 25K 

100/$2. 10/$1.00 

Slide Swltch Au1 . 
Our but .ell cu In 
du111. mml•tun! & 
,tandud nluu. 

12/1.00 
1N4002 

IA 
100 PIV 

40/$1. 
Tcu> Residents Call Collect : 

5% SA LE S TAX ADO 5'loo OF ORDER 'terms - 60 'Da11214/271-0022 FOR POSTAGE & HANDLING . OR 
OERS UNDER S10 ADO 75c HANO1- 800-527-3460 LING.FOREIGN ORDERS - u s.Mone11 Back Q1111rantee!DEALER INQUIRIES INVITED! FUNDS ONL YI 

NO COO's. TEXAS RESIDENTS ADD 

Orders over $15. Choose $1. FREE MERCHANDISE! 
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Video Display Mcmury B(JJrd for 
L 1-1 1 ytems

PER IPHE RALS 

New Termina l from TE I 

TE I Inc o f Hous ton TX has an· 
nounced a ne w processor term in al. De· 
sign ated t he Model MCS·PT , t he unit is a 
elf-cont ained com pu ter sys tem with d is· 

play and di sk storage, keyboard, an d a 
12 slo t motherboard. It may be used 
ei 1her as a s tand alone processor or d> a 
processor termin al in a larger system. 

Features Inc lude a 15 inch (38.1 cm) 
high re olution video m oni to r with d fu ll 
upper an d lowe r case ASC II characte r set 

NEC " Spinwriter "' Technology 

The latest in a ser ies of low inerti a 
spinning plas ti c font impac t printers to 
come to our auention is thi s NEC 
lnformaiion Sys tems " Spinwriter" 
terminal , intende d for commercial 
markets. This termin al comes with a 
choice of five standard inter aces, 10 or 
12 charac ter per inch spacing (4 or 4.7 
characters per cm ) , AS C II characte r 
codes, and a var iety of plastic "thimble 
print mechanism" fonts for diffe rent 
ty pe faces. The typing e lemen ts are 
rated a t over three million impressions 
per character. No pricing info rm a tion 
was giv~n In the press re lease , other than 
the vague comment "I 0 % below most 
competi ti ve printer. " If past cxperie n e 
is an y guide this means a price above 
$3000 in u nit q uantities . Deliveries of 
this p ri nte r begin in O c tob r 1977 and 
are expected to be 60 days after receipt 
of orders thereafter. NEC In ormation 
S ys te ms is located in Lexington MA . • 

Circle 496 on inuuirv cnra 
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~cy boud, ~ight u er de il(natcd <;pcci.i l 
func t ion key; , and d 16 key numcrk 
cluster pJd. A hug,1rt ~A--1 00 mint· 
flnppy disk drive is s tandard . 

The 12 <; lot mainlrJme cont.iin; ,1 

proce,sor bo.ird feat uring ,m 80 0 pro· 
cessor Jnd J 'pccial tircui1 lh.11 implt- · 
ments a s1an up "jump 10" rout ine to 
any user elec ted memory ,1ddrc;,. I (1 K 
by tcs of programmable memory is pro
vided with .1 ddit iondl capad ty Jvd il ablc 
as an option. The dis!.. controller (which 
can ha ndle up 10 lour drives) J n d the 
video board are also standa rd. The 10 
board p1ovide' three parallel and three 
se r ial ports wi lh selec table data rates ol 
75 to 19,200 bps. RS·232 or TTL 
interfaces Jre p rov ided. Power is pro · 
vided by a con tant vol tage transtormer 
(C VT) power su pply . 

Sof1w.irc provided inc.;fudcs a P/M 
disk ope rati ng svstem and BA IC on 
disk. T he proce~sor term in.ii i S3495, 
tully assemble d and tes ted. The J..it b 
$2995. The un it withou t the d isk drive 
and co ntroller is $2·195 assembled , or 
$2195 in ki t form. 

Contact Bill R T atroc, CMC t\lbr· 
kcting Cor p , 723 1 Fon dre n Rd, llou,1011 
TX 77036, or call (713) 774-9526. • 

C1rt'lil 495 on .nqu11v carc.J 

A Sele ctri c Interface for Microcomputers 

The Ccn 1er for th e Study or the 
Futu re ha announced an ch:~ t ronic 
Selectric interface kit designed to work 
wi 1h most Selectric terminals and type· 
writers usi n g the Tycom adap ter . It 
inc lu des 14 solenoid drivers rated for 24 
V (sole noids , nd powe r supply MC no t 
incl u ded in the kit) . The price of 1hc kit 
plus manual is S325, available from the 

e nte r for th e Study o the Fu ture, 
4110 NE Alameda, Portland OR 97-12, 
(503) 282-5835. • 

Compu ter Technology, 6043 L.tw· 
ton Av, 0.1J..l.md CA 96418, (415) 
451 ·7145, h.t introduced .1 boJrd which 
plugs Into Lhe LS l-11 bus ol Di !( ilal 
Equipment orporJtion, ,ind 1..rc<1tcs a 
video d isp l<11• peripheral IVhiLh lc.11 urcs 
16 lines of 64 II dt.trJclcrs JCLesscd 
as a 1 K byte region ol memory J ddress 
spdlC. ALtording to the inlo1 mJtion 
received here, the board lits into one 
dual widlh h.111 slot segm ent ol the 
LSl-11 b.ickplJ nc ,ind require' only 

5 V and ... I 2 V power supplic,. Out· 
pu1 is EIA R~·l 70 Lomposilc video 
(2 vo lts peJJ.. to pc ,1J.., neg.Hive sy nc) 
mA matd1ed to 7S ohm to.i,iJI L.tble. 
The photo sho ws ,, 1ypicJI dbp l.1y on a 
video monitor. lnd1vidu.il> using LSl - 11 
ws1cm m,1y li nd this 10 be quite ,1 use· 
lul additio n to memon .1ddrcss ,p,1cc. • 

A New Desktop Teleprinter Terminal fo r 
APL Users 

Designed to meet the special 
charac ter set req uire ments of APL users, 
the newly announLcd Anderson Jacob· 
son A I 860/A desktop Teleprinter 
terminal produces both an APL 
ch arac ter set a11d a high resolution ASCI I 
character set. Usi ng a 9 wire dot matri 
printe r mechanism, the Al 860/ A prints 
each 9 by 5 charac ter in a 9 by 12 char
acter ce ll. The APL character set 
includes all of the s tan dud APL over· 
strike chara rer>, while the S 11 char· 
ac te r se t includes lower case, underscore 
and selec tab le double wide charac ters. 
Alternate se lcc tt on of either the 128 
code APL charac ter se t or the 128 code 
ASCII charancr sc i Is done lrom 1he 
J.. evboard or remotely by code se lccllon. 

StdndJrd feat u res inc lude operator 
sc lcc1ablc speeds of 10, 30, 45 or 60 ps, 
hori zontal and ve rtica l t abula t io n , 
reverse line Iced, autopagination, dual 
gate forms tra~tor, s<· lf·tcst diagnostics, 
.ind .l 350 c harJctcr r ceivc·only buffer 
with buffer nvcrflow proccction. Single 
unit purcha5e pri e is $3285 from 
Anderson Jacobson, 521 Charco t Av, 
San Jose CA 95131, (408)263-8520. • 

http:lnd1vidu.il


NEW COMPUTER INTERFACE BOARD KIT 

Our new computer kit allows you to interfar;e constantly connecting and disconnecting your 

serial TIL to RS 232 and RS 232 to TIL. There terminals. 

are four of these supplied with the kit, so you Example: Out store to printer - Voltage 

can run up to four devices on one TIL or four requirement + 5V and ± 5V or ± 12 V depend·
$490 0 
separate TIL to RS 232 devices. ing on your RS 232 device. 

Typical use: You can use y0ur computer We supply - board, connectors. documen
ports to run an RS 232 printer. video terminal tat ion and components. Sorry, we do not supply 
and two other RS 232 devices at once, without case or power supply. 

WHERE IT MAKES SENSE, MAY BE USED WITH ANY 8080, 6800, Z80 or F8 COMPUTER 

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 

This power supply kit features a high frequency torroid transformer with switching 

transistors in order to save space and weight. 115V 60 cycle primary. The outputs 

with local regulators are 5V to 10A, in one amp increments, - 5V at 1A, ± 12V at 1A 
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regulators suppl ied 6 340T-5 supplied. 

UNIVERSAL 4K 
MEMORY BOARD KIT $6995 

FB EVALUATION BOARD KIT 
WITH EXPANSION CAPABILITIES 

Th is memory board may be used with the 
F8 and with minor modifications may be used 
w ith KIM-1µp. 

32 2102·1 static RAM's, 16 address lines, 
8 data lines in , 8 data lines out , all buffered. On 
board decoding for any 4 of 64 pages, standard 
44 pin, .156" buss. 
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SILICON SOLAR CELLS 
2 '4" d11m ernr 

4V al 500 m• S4.00' 

A fantastic bargain for only 
with the following features : 
• 20 ma or RS 232 interface 
• 64K addressing range 
• Program control timers 
• 1K of on-board static 

memory 
• Built in clock generator 
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$9900 
• 64 Byte register 
• Built-in priority interrupts 
• Documentat ion 
• Uses Fairbug PSU 
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Inquiry No. Page No. Inquiry No. Page No. 

48 Disc 3 221 99 mp1 213 
50 DRC Engineering 23 5 100 MSD Inc 107 
51 Dynabyte 99 101 Mu l len 196 
52 EDP Professionals 189 102 Nat ional Multiplex 101 
53 Electravalue Industrial 218 103 Netronics Research 211 
54 Elec ro Labs 227 104 Newman Computer Exchange 140 
55 Elect ronic Control Technology 212 105 NorthStarComputer 61 ,67 

1 AAA Chicago Computer Center 189 56 Electronic Warehouse 237 106 Objective Design Inc 215 
2 Alpha Digital 198 57 Essex Data 189 Oht0 Sc1en t1ftc l nstrumen1 39.45 
3 Anderson Jacobson 23 163 Expandor 202 108 Oliver Audio Engineeri ng 66 
4 Apple Computer 34 , 35. 36 58 Extensys 93, 165 109 Osborne & Associates 75 

14 Arrow219 59 Formula International 223 110 PAIA 139 

5 Atwood En erpnses 225 61 Godboul 239 111 Page D 1g 1tal 225 

6 AVA Electronics 219 62 Hambrecht & Quist 197 112 Parasiti c 15 

7 AVATAR Systems 221 63 Heath 24, 25 Percom Data 32, 204 

8 Axiom 7 64 Homestead Technologies 219 114 Peripheral Vision 129 

9 Beck1an Enterprises 222 65 Heuristics 87 1 1 5 Phone I 189 


10 Bell & Howell Schools 13 66 IMMM 78 135 Polymorphic 27 
11 Beta Business Svst ms 189 67 IMSAI 48, 49 117 Processor T ech noloqv 62-65 

12 BITS 142-144, 153, 159, 161, 163, 178 68 lnlorma1ion Term inal s 5 119 OuHn tron 1cs 1 7 


15 BPI 109 69 Integral Data Systems 145 120 Rad10 Shack CIV 


16 Byte Inc 157 70 Integrated Circuits Unlimited 2<11 122 R HS Marketing I 05 


71 In el 11 123 Rotundr;.1 Cybernetics 2 I 9 

Inquiry No. Page No. 

• BYTE Binders 205 

18 Byte Shop Mail Order 141 72 Intelligent Business Machines 221 
 118 S-100 Inc 103 

124 Scelb151 , 11719 Byte Shop of M 1am1 221 73 Interdata Systems 29 
Sc1ent1 1c Research 115, 131 20 BYTE Subscnpt1on 187 74 Interface Age 193 


126 SD Sales 253
75 I nternational Data Systems 191 
127 Seals 71 

21 Californ ia Industrial 231 
22 Canada Systems 208 76 IOR 189 

128 Smoke Signa l Broadcasung 12377 1thaca Audio 201 
129 Sof1ware Exchange 210 

23 CMC Marketing 57 
78 Jade 243 


25 Computer Corner 219 79 James Electronics 245, 247 , Clll 

24 Compu talker 203 

130 Software Records 209 
131 The Software Store 2 1760 Jem 213 
132 Software T ch 202 

26 Computer Creat ions 218 
27 Computer Data Systems 21 80 Lear Siegler 55 


28 Computer Depot 189 
 81 Logical Services 155 133 SolidStateMus1c19 

13 Manchester Equipment 218 134 Solid State Sales 25529 Computer Enterprises 219 

135 Sol1clStateT1me158
30 Computerland 30, 31 82 MCBA 47 

136 SwTPC Cll
31 Computerland, Lawndal e 221 83 Meshna 249 
137 Space Byte 7933 Computer Mart of NH 189 84 Micro A ids 217 

138 Summagraphics 195
34 Computer Mart ol NJ 207 85 Micro Com 219 

139 Sunny Comput er S ores 219
35 The Computer Place 219 86 Micro Design 21 0 

140 Sybex 170. 179
36 Computer Room 169 87 Micronics 207 

141 Synchro Sound 58. 59
37 Computer Systems Store 221 88 M icro Tech 113 

142 Szerltp 215
38 E;omputer Warehouse 233 89 Micro Term 70 

143 Tarbel l 209
39 Creative Computing 183 90 Microtex Inc 221 

144 Tech Mart 81
40 Cromemco 1, 2 91 M1croware 148 

145 T echnica l Design Labs 33
42 DaJen 214 92 MSI 133 
146 Techn ical Systems Consul tants 8943 Databy 1e 125 93 Mikos 228 


44 Data Search 203 94 Mini Micro Mart 229 
 14 7 Tech Prize 200 
23 TEI 5745 Digital Group 97 96 Mod1con 208 


149 T elesensorv Systems 192
46 Digita l M icro Systems 92 97 Morrow's M icro Stuft 251 

47 Dilith ium Press 201 98 Morrow. William & Co, Inc 156 
 150 Tenberg Software Systems 221 

151 T erminal Systems 214 
152 Texas Instruments 8, 9 
153 Toyo lnternauonal 221 - 49 T ypetron1c Computer Store 197 
154 Urban Instruments 224Augu t 1977 BOMB results appear on page 38. 
155 Vandenberg Da td Products 196 
156 Vector El ec1ron1cs 138On BOMB Card. 
157 Vector Graphic 120, 121Article No. ARTICLE PAGE 
158 Vect ran 139 

1 Ciarcia : Memory Mapped 10 10 159 West Coasc Computer Faire 175 
2 SP Smith : Simulation of Motion. Part 1 18 160 Worldwide 212 

3 Piela: A Minicomputer Fair: Tiny and Personal 26 161 X 1med1a 171 
162 Xybek 2004 MF Smith : Using Interrupts for Real Time Clocks 50 


5 McCain : Spikes: Pesky Voltage Transients 54 


6 Grappel : Does Anybody Know What Time It Is? 68 

7 Sneed : Adding an Interrupt Driven Real Time Clock 72 

8 Hashizume: Floating Point .11.rithmotic 76 

9 Jones: Building a Computer From Scratch 80 

10 Brader: A 6502 Personal System Design: Kompuutar 94 

11 Lynne : Implementing an LSI Frequency Counter 146 

12 Wozniak : SWEET16 : The 6502 Dream Machine 150 

13 Trollope: Do You Need the Real Time? 166 
14 Dol iner: NIMBLE : The Ultimate NIM? 172 
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The first complete, low-cost microcomputer 
system for business, home or education 

The computer that helps a small business think big Radio Shack TRS-80 and grow bigger. The TRS-80 can g reatly reduce the time 
you spend on payroll, accounting, inventory control and 

Incl ud es other clerical tasks. So you have more time for clients or 
CPU . customers . You don't have to be an expert in 
111 e 1n or y. programming or electronics, because the TRS-80 is not a 
k e yboard . 

kit - it's wired, tested, U.L. listed, ready to use. Thedispla y. 

po w e r 280-based system comes with 4K read/write memory and 

s upply. Radio Shack Level-I BASIC ~ s tored in read-only memory. 

casse tte 
 Memory expandable to 62K bytes. With programming
reco rd e r 

instructions and ready for an expanding selection of 
prepared programs on cass ettes. Designed and built in 

the USA by Radio Shack. Just 599.95 ! 

: ,._. .. : ........ - --. -. ·-: ~
: -.::..-
1,, ••••• • . ... 
'~\ ~ . . . . . - . - . 

"-·...... 
Clip and Mail Coupon Today! 

r ------------ - ----- - - --------1 
I Mail to : Radio Shack. Dept. TRS-80 COio I 

SOLO ONLY WH ERE YOU SEE THIS SIGN :I 205 N .W. 7th St.. Ft . Worth, TX 76101 J 

I Send me more data on the TRS-80 microcomputer I 
I • Description of applications, software and peripherals I 
I available through Radio Shack • Owners ' newslett er I ltad1e lhaeK 
I • Price list • List of stocking stores and dealers I 

A TANDY COMPAN Y • FOR T WORTH. TEXAS 76102 

I NAME APT NO. I OVER 6000 LOCATIONS IN N INE COUNTRIES 
I I 
I ADDRESS I 

Circle 120 on inquiry card .
l CI TY STATE ZIP I 

Pr1c inay vaty al 1n d 1111dual s tares and deal er s L----------------------------~ 
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