


SYSTEMS - SOLUTIONS 
If you have a problem that can be solved by a computer-we have a systems solution. 

• Two central processors with maximum RAM capacities of 56K and 384 K bytes 

• Three types of disk drives with capacities of 175K, 1.2M and 16M bytes 

• Two dot matrix printers with 80 and 132 line capacity 

• A Selectric typewriter interface and a daisy wheel printer 

Match these to your exact need, add one or more of our intelligent terminals and put together 
a system from one source with guaranteed compatibility in both software and hardware. 

Southwest Technical Products systems give you unmatched power, speed and versatility. They 
are packaged in custom designed woodgrain finished cabinets. Factory service and support on 
the entire system and local service is available in many cities. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 (512) 344-0241 
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You can do surprising things 
when you have 64 kilobytes of fast RAM 

on one card 
4 MHz FAST-AND EXPANDABLE 

Here's 64 kilobytes of memory on 
one RAM card. Yes, we mean 512K 
bits of read/write memory on this 
single card. 

And , yes, we mean it's fast. With 
150-nanosecond chip access times 
- so the card can operate in fast 
Z-80 systems with no wait states. 
Repeat, no wait states. 

EXPANDABLE ON TWO LEVELS 
Not only does the new Model 

64KZ give you a large, fast RAM 
but it is expandable on two levels. 

First, through our Cromemco Bank 
Select feature, you can expand to 
512 ki lobytes in eight 64K banks. 

Or, with our Extended Bank Select 
feature, you can expand memory 
space to as much as 16 megabytes. 

This expandability we call your 
obsolescence insurance. 

The legend on the card's heat sink 
is an easy reference for address and 
bank selection. 

BENCHMARK IT 
Obviously, the speed and memory 

capacity of th is new card give you a 
lot of power. 

You can see that for yourself in 
our new 7-station Multi-User Com
puter System which uses these Model 
64KZ cards. This S100-bus system 
outperforms the speed of many if 
not most timesharing systems of up 
to 10 times the Cromemco price. 

And yet where some of these much 
more expensive and cumbersome 
systems clearly slow to a snail's pace 
when timesharing, the Cromemco 
system using Bank Select switching 
runs surprisingly fast. 

SEE IT NOW 
See the new Model 64KZ at your 

computer dealer now. Study the lit
erature on it. See how for only $1785 
you can get around that ever-present 
barrier of memory that's too little 
and too slow. 

For high rellab lll ly all Cromemco memory 
cards ere burned In el Iha factory In these 

temperature-control led ovens. 

Cromemco Mui II-User System 
shown with 7 stations 

C3 ~t:'!~~~~e~ 
280 BERNARDO AVE. , MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
Tomorrow's computers now 
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Here's how you can be fully computerized 
for so much less than you thought 

BUSINESS- EDUCATION - ENGINEERING - MANUFACTURING 

We are pleased to announce the first 
p rofessional time- haring system in th 
microcomputer field. 

Na turally, it's from Cromemco. 
Thi s new mu lti-user system will do 

all o f the tasks you usually associate with 
much more expensive time-sharing com
puters. Yet it 's priced at an almost un
believably low figure. 

Look at these features: 
• You can have up to 7 terminals plus 

a fast, 132-column line printer 
• You can have a large system RAM 

memory that's expandable to 1/2 
megabyte using the Bank Select 
feature 

• Each user has an independent bank 
of RAM 

• You can have floppy disk storage of 
up to 1 megabyte 

• You have confidentiali ty between 
most stations 

• And, make no m istake, the system 
is fast and powerful. You'll want to 
try its fast execution time yourself. 

2 UY 11 Ju1>e 1979 

PROGRAMMERS LOVE OUR BASIC 
This new system is based on Cro

memco' well-known System Three 
Co mputer and our new Multi-User 
BAS IC software package. 

Programmers tell us that Cromemco 
Multi -U er BASIC is the best in the field. 
Here are some of its attractions: 
• You can use long variable names 

and labels up to 31 characters long 
- names like "material on order" 
or "calculate speed reduction." 

• You get many unusual and helpfu l 
commands that simplify programs 
and execution - commands such as 
PROTECT, LIST VARIABLES, NOLIST, 
and many more. 

• No round-off error in financial work 
(because our BASIC uses binary
coded decimal rather t han binary 
operation). And we've sti ll been able 
to make it FAST. 

• Term inals and printer are interrupt
driven - no add i t ional overhead 
unti l key is pressed. 

• The conveniences in this Multi-User 
BASIC make it much easier to write 
your own appl ication software. 

• A I ine ed itor simplifies changes . 
BENCHMARK IT - NOW 

In the final analysis, the thing to do 
is see this beautiful new system at your 
dealer. See its rugged professional qual
ity. Eva luate it. Benchmark it for speed 
with your own routine (you ' ll be agree
ably surprised, we guarantee you). 

Find out, too, about Cromemco's rep
utation for quality and engineering. 

Look into it now because you can 
have the capabilities of a fLilly compu
terized operation much quicker and for 
much less than you ever thought. 

~~~!,~!~~~ L.:::I 280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Th is month' s cover by Ken Lodding is 
ca lled " The Turing Tes t," after the fa mou s 
tes t def ined by Alan Turing. It was Tu ring's 
cont ention that a computer could be judged 
as intell igent if a human quest ioner could 
not differentiate between a computer in one 
room and a human being in another. 

The ba sis for the cover painting is the 
Necker cube, an opti ca l illu sion where i t is 
unc lea r which end of the cube is in f ront. 
The ques tion here is: Is it the human or the 
co m pu te r c irc ui t conn ec ted to th e 
keyboa rd? 

1'1 T~is EYTE 
Before d iscuss ing the design of A Model 

of the Brain for Robot Control , it is 
necessa ry to def ine the notation that wi l l be 
used in the model. James A lbus d iscusses 
the overall mode l ob jectives and the no ta
t ion used to describe it, drawing on contro l 
systems theory. page 10 

The IE EE Micromouse contes t requ ires 
that a mechanica l " mouse" f ind i ts way 
through a maze. The w inner is the mouse 
that makes i t through the maze in the lea 1 

amount of t ime. Sandra and Stephen A 
A ll en discuss some of the Simple Maze 
Traversal Algor ithms they and Tony Rosselli 
used fo r the Micromouse contest. page J6 

The types of input avai lable for your com
puter are limited only by the imag inat ion. 
This mon th Steve Ciarc ia uses Mind Over 
Maller to cont ro l h is computer. Find out 
how to inf luence your computer using mu s
cle pow er. page 48 

A lthough the off icial documenta tion for 
the Apple 11 high reso lut ion co lor graph ics 
pack age states th at the co lo rs violet and 
green are the only co lors bes ides black and 
whi te which may be obtained, ad justment 
of the television controls allows any pa ir of 
comp lementary co lors to be d isp layed. It is 
al so possib le to obta in four colors and black 
and white w i th appropri ate ad justments. 
All en W atson 111 exp lains how in his art ic le 
More Colors for Your Apple. page 60 

Publl1hor1 Producclon Editors 

I f you en joy tak ing you r computer sys tem 
to c lub meet ings or o ther event s, bu t don't 
look forwa rd to the attendan t wi re f iddling 
and fuss. read A Home for Your Co m puter 
by Joseph D awes. Now you ca n have a com
pact computer storage and trave l case that 
doubles as a desk . page 70 

O ne o f the most interes ting app li cations 
o f your compu ter is the cont rol of physical 
devices. Perhaps you've thought o f having a 
robot-like devi e that your computer cou ld 
control. James Gupton Jr describes th fun 
that he and two of his students had when 
they set ou t to do just tha t 1n Talk to a 
Turtle. page 74 

I t' s not hard to put a b it of artific ial in· 
te lligence in to your computer sys tem David 
Stanf ield found a way to m;ike his ys tem 
searc h for "food" in ii maze he set up Fi nd 
out how to do i t in M y Computer Runs 
Mazes. page 86 

W ill iam D Johnston deve lops a general 
purpose progra m w ith the capa b il ity to 
generate a wide va ri ty o f more advanced 
perspecti ve pro jections. He inc ludes a fu nc
t io nal program wi th great versa t i l i ty, as we ll 
as a number of ma ps genera ted by that p ro
gram . Mr Johnston shows how Computer 
Generated M aps ca n be used in sa tel li te 
communicat ions and many other prac tica l 
applicat ions. page 100 

W i ll iam T Powers has a con tro l theory 
approach to the simu lation of human 
behav ior. However. be fore we ca n simu late 
human behav ior in a robot, we must dete r· 
m ine wha t behavior is. Wil l ia m Powers 
takes a look at behav ioral ac tions as he ex
plores The Nature o f Robo ts. page 132 

When hand-assembling a program it is 
useful to have a table summarizing the op 
codes for the processor. Henry Me l ton sup· 
pl ies us w i th a tab le fo r The 1802 Op 
Codes. page 146 

Kei th S Reid-Green cont inues h is History 
of Computing discuss ion wi th a look at The 
IBM 7070, a second generation computer 
announced in "1959 . page 148 

Some scien tists over the yea rs have 
argued that a thinking machine ca nno t be 
bu il t beca use i t would v io late the second 

Clrculatlon Manager Comptroller 

law of thermodyna mics . In Artif i cial In
telligence and Entropy au thor R M K ieh n 
d isc usses some recently completed work in 
ch m islry that refutes this claim and open 
the door once more to the pos ibi lity of in
te l ligence in machines. page 152 

W hen perform ing a lot of man ipulat ions 
w i th tex t i t is necessary to have the abili ty l o 
pe rform editing fu nctions on the file tl1d t 1s 
bei ng u ed. I f you hav a compu t r system 
that runs BAS IC. you may find that l'red 
Ruckdeschel's BASIC Text Edi tor IS a v ry 
handy tool. page 156 

Bubble memories are a fairly new form of 
mass storage m d ium that is available to t. h 
general pub lic For a quick overview of 
Texas Ins truments' bubble memory product. 
see A I Hal ema's arti le Bubb le Memories. 

page 166 

W hat is a stack? W hat does LIFO mean/ 
Stacks can be important too ls for the com
pu ter progra mmer Knowi ng what they are 
and how to use them will aid you in improv
ing you r p rogramming skills. Fi nd out how 
stacks stack up in T Radhakrishnan and M V 
Bhat's art icle, Stacks in Micro processors. 

page 168 

An input comma nd language is often 
rega rded as the lea l important part of a 
system. Therefore. some excel lent systems 
are ignored due to the inconven ience en
countered when t ryi ng to u se them. ~ inite 
state machine theory is one solu tion to this 
problem. For an excellent in troduction to 
the worl d of fini te l ate machines read 
G A Va n den Bou t"s article on Designing a 
Command l anguage. page 176 

Have you ever cons1d reel u ing your 
o mputcr system in a l 1111csharing mode! To 

discover wha t is involved In setting up uch 
il sys tem. read Ti m eshari ng: Squeezing the 
M ost from Your M icro by She ldon Linker 

page '228 

Ca lcula ting randomn ess is a very deter
m inis ti c proposi ti on , espec ial ly when 
pseudorandom number seq uences are used. 
C Brian Honess in h is article on Three Types 
o f Pseudorandom Sequences gives some 
necessary background in formation on ran
d om number ca lcu lat ions and sta ti st ical 
tes ts of randomness. page 23-1 
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Structured Systems 
business software can 
put a microcomputer 

to work for you. 
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SSG's general accounting, data inquiry, mail ing, and 
communications software packages are bringing real 
computer power to hundreds of businesses r ight 
now. They are ready to go to work for your business. 

Some Pleasant Surprises 
Your computer retailer can give you a demonstration 
and literature. You might f ind a solution just right for 
your business with "off the shelf" prices and delivery 
times. Or we will be happy to send you literature direct, 
including a list of our dealers and compatible hardware. 
Write us, or call. 

The Honest-To-Business $12,000 Computer~' 
Our software will power DYNABYTE, CROMEMCO, 
IMSAI , NORTHSTAR, ALTOS, MICROMATION, DIGITAL 
SYSTEMS, or other Z-80 or 8080 based computers 
through your General Ledger, Accounts Receivable, and 
Accounts Payable. And mainta in a conversationa l 
data-base query system, store and print your mailing list 
and labels, produce and edit correspondence. address 
it from your mailing list, and more. The price for a total 
system-hardware and SSG software-ranges from 
$8,000 to $14,000. 

Real Business Computing 
Our Business Software packages are designed to be up 
and runn ing and working for you in a matter of hours. 
Without expensive reprogramming, technical staff addi
t ions, or cost ly tria l-and-error. Our quality is high , our 
documentation practica lly se lf- inst ructive. The appl ica
tions are flexible and extensive, designed to meet and 
exceed the requirements of most sma ll to medium busi
nesses. Real computer solut ions at microcomputer prices. 

Circle 353 on inquiry card. 

The SSG product line includes these outstanding packages : 

General Ledger 
Accounts Receivable 
Accounts Payable 
CBASIC-2 

LETTERIGHT Letter Writer 
NAO Mailing System 

QSORT Sorting System 
WHATSIT? Data /Query System 

Scruccured Sys[ems Croup 
I < c 11{f'<>l{~ l I I 1 

5204 Claremont Oakland, Cali fornia 94618 (415) 547-1567 

* Complete p r ices will vary wi th equipment and software selected . Requ ired : 
8080 or Z·80 based computer running a CP/ M or,CP/M-compat ible 
d isk-based operat ing system. Your retai ler or SSG can advise on specifics. 
<CP/M is a p roduct of Digita l Research .) 
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Altos Computer Systems 
2378-B Walsh Avenue 
Santo Clora . CA 95050 

Apple Computer 
10260 Bandley Dr. 
Cupertino. CA 95014 

Digital Microsystems Inc. 
(Formerly Digital Systems) 
4448 Piedmont Ave. 
Oakland. CA 94611 

lmsai Mfg. Corporation 
14860 Wicks Blvd. 
Son Leandro. CA 94577 

Industrial Micro Systems 
633 West Katella. Suite L 
Orange. CA 92667 

North Star Computer 
2547 9th Street 
Berkeley. CA 94710 

Percom Data 
318 Barnes 
Garland. TX 75042 

Polymorphic Systems 
460Word Dr. 
Santo Barbaro. CA 931 11 

Problem Solver Systems 
20834 Lassen Street 
Chatsworth. CA 91311 

Processor Applications Limited 
2801 E. Volley View Avenue 
West Covino. CA 91792 

SD Sales 
3401 W. Kingsley 
Garland . TX 75040 

Smoke Signal Broadcasting 
6304 Yucca 
Hollywood. CA 90028 

Technlco Inc. 
9130 Red Branch Road 
Columbia . MD 21045 

Texas Electronic Instruments 
5636 Etheridge 
Houston. TX 77087 

Thinker Toys 
1201 10th Street 
Berkeley, CA 94710 

Vista Computer Company 
2807 Oregon Court 
Torrance. CA 90503 
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by Carl Helmers 

On Beginning a New Project ... 

This week, I began a new project. It is one which could be begun by 
many of our readers, that of building a new computer system . In photo 1 we 
see what my last project turned into after four years of effort at various 
levels: a 6800 processor with some 28 K of programmable memory, sockets 
for 8 K of 2708 read only memory, a Sykes 9000 series floppy disk sub
system, a tape subsystem, 
and commu nications via 
parallel ports to two other 
computers : an Altair and 
my ALF Products AD-8 
music synthesizer. As can 
be seen by the photo, this 
system is a packaging night
mare. 

I now use a cleaner ma
chine, manufactured by 
Northwest Microcomputer 
Systems, as my primary 
computer. The old home
brew sits downstairs, un
used for the most part. 
The Pasca l oriented ma
chi ne that is upstairs gives 
me a software develop
men t faci li ty which can 
support my hardware pro
jects, someth ing I did not 
previously have to such a 
degree. However, the Pas· 
cal machine does not yet 
talk to the music synthe
sizer and the music key
board, so I still have that 
problem. 

To solve that problem, 
I have set out on a new 

Photo 7: This home brew personal computer 
system is an example of the kind of packag
ing nightmare which can result from experi
mentation with hardware. It works quite 
nicely, but is not exactly portable. This 
system proves that in hardware, as in soft
ware, it is possible to get o system where the 
patches and ad hoc kluges tend to out
number the original features of the design. 

project: bu ild ing a general purpose computer for use as a local controller of 
the music peripherals. The communication with the main software source, the 
Pascal machine, will be via a high speed serial communications line when the 
music machine is not used alone, as in a live performance situation. The pro
cessor in this new local controller will be a Motorola 6809. It is perhaps the 
ultimate 8 bit processor of current technology. 

In order to accomplish the musical goal of either self-contained or remote 
commanding of the synthesizer, such a controller must contain certain mini
mum functions. It must have a local communications oriented monitor, as 
well as a monitor oriented toward self contained operation. The communi
cations monitor contains simple binary (not decoded ASCII) command func
tions for loading memory, examining memory, dumping memory, and jump
ing to ar bi trary locations. This sort of monitor might take 100 or 200 bytes 
of code in the 6809 's instruction set. The self-contained operations monitor 

Text continued on page 124 



"After working oil day with the computer at 
work . it's o kick to get down to Basic at home. And 
one thing that makes it more fun is my Shugart 
m inifloppy ™· We use Shugart drives at work . so 
when I bought my own system I made sure it had a 
minifloppy drive . 

"Why? Shugart invented the minifloppy. The 
guys who designed our system at work tell me f·hat 
Shugart is the leader in floppy design and hos 
more drives in use than any other manufacture r. If 
Shugart drives ore reliab le enough for hard-work ing 
business computers. they've got to be a good 
value for my home system. 

"When I'm working on my programs late at 
night . I can' t wait for cassette storage . My 
minifloppy gives me fast random access and data 

transfer. The li t tle minidiskettes ™ store plenty of 
data and fi le easily too. 

"I made the right decision when I bought o 
system with the minifloppy. When you lay out your 
own hard-earned cash. you wont reliability and 
performance. Do what I did . Get a system with the 
minifloppy." 

If it isn't Shugart, 
it isn't minitloppy. 
~ Shugart 
'135 0 kmeod Parkway. Sunnyvale . California 9'1086 

See opposite page for list ol manufacturers featuring Shugart's minilloppy in their systems. 
TM m inllloppy Is a roglste te d trademaJk ot Shug orl Associates. 



DIGITIZING DATA BASES 

Recen tly I saw an advertisement fo r 
the new Bit Pad One and thou ght o f the 
numerous uses it presented. One that Is 
especial ly interesting is building a data 
base. 

The computer could be program med 
to pr int a sentence o r word in any form 
of le tterin g or type font, from script to 
Old English by letti ng a string equal any 
modified lett er of the programmer's 
choice. With 26 strings, y ou would have 
a comp le te alphabet in any form you 
like. The computer could identify the 
Input letter, word, or phrase, match 
it with the correct string variable, and 
print tha t variable (letter). The outcome 
wou Id range from a letter to a fu II para
grap h typed and printed in any font 
Im agi nable. 

The only way to store su ch data as 
these modified letters without Investing 
hours of time in plotting coordinates 
and typing them in, would be to 
Illustrate the letters on th e new Bi t Pad 
One. 

I hope all computer enthusiasts can 
derive as much enjoyment from this 
amazing device as I ant ic ipate. 

Jeff Korn 
71 Hillary Ln 

Penfield NY 14526 

Any way you look at your proposed 
projec t, it Is a major undertaking. Th e 
concept of building data bases from a 
digitizer Is not new, but the program
ming exercise it involves is sure to be 
rewarding. RGAC 

DIGITAL RADIO OPERATORS 

I n response to Don Stoner's letter, 
"Calling all Computers" (December 
1978 BYTE , page 159), I though t yo u 
might be interested in so me detail s of 
th e new "packet radio l icense" avai l
able in Canad a. 

Th e Amateur Digi tal Radio Opera
tor 's Certifi ca te is an Amateur Rad io 
certificate, the holder of which is quali
f ied to operate in some amateur radio 
bands . Mr . Stoner refers to th is as th e 
" Pac ket Radio Service " and implies 
that it is separate from th e Amateu r 
Radio Service. Th is is not true . Ne ithe r 
is it true tha t some of the ban d will 
probably go to the GRS (CB) service. 
As a matter of fact, the DOC seems 
proud of the fac t that Canad ian amateurs 
are the firs t i n th e world to implement 
the tech nique of packet radio on th e 
amate ur bands. They have made l iberal 
bandwidth allowances in several port ions 
of the 220 MHz band specifically for th is 
technique, and it seems unli ke ly th at 
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they would start chopping off portions 
of this " show case' ' band to hand ove r 
to the G RS service. 

The Amateur Digital Certificate allows 
opera tion on all amateur freq uency bands 
above 144 MHz. Th is in clu des 144 to 
148 MH z (2 meters), 220 to 225 MHz, 
420 to 450 MHz, 1215 to 1300 MHz and 
five more bands from 2 .3 t o 24 GHz. It 
allows all current modes such as Morse 
code, single side band vo ice, FM voice, 
FSK or AFSK te letypewr i ter or data, 
and television, as well as several modes 
of pulse t ransmission . This is aimed 
primarily at th e computer and elec
tronics hobbyists who would like to 
participate in computer networking. The 
requirements (ie : examination) reflect 
th is. 

Th ere is no Morse code exam at all. 
The written exam has three parts: 

• multiple choice questions on 
Ca nadian amateur radio regul a
tions, 

• quest ions on radio commu nica
tions theory and operatio n (on 
the Advanced Amateur level), 

• the digital exam with questions 
on comput in g, analog and digi tal 
transmission , packet radio , queu
ing theory, digital coding, error 
co ntrol and other topics. 

The pass requirements are 70 percent 
per section and the exam is not simple 
(I 've written i t) , so it seems tha t they are 
looking for serious hobbyists to pass th is 
exam . 

T hose who already hold an amateur 
or advanced amateur cert ifi cate in Canada 
are allowed to do anything that this new 
cert i ficate allows (in clud ing packet radio) 
exce pt for the pulse modes of transmis· 
sion . (F SK is the curre nt favorite for lo w 
speed networks and poin t to point con
tacts, with some type of PCM for the 
higher speed networks .) This new li cense 
is ideal for those computerisls who want 
to ge t on the air with t heir termina l or 
computer but cou ld never stand Morse 
code. 

Personally, I can't wait Lo finish 
bu ildi ng my transmitter and ge t my Z-80 
system on the air, and I would Ii kc lo 
hear from o th er Canadian readers who 
arc doing the sam e. I certain ly don't 
talk to many hams on t he HF bands who 
are interested in comput ing. 

Ron Vanderhelm , VE7COR 
University of Bri tish Columbia 

Amateur Rad io Club 
Box 7 SUB , University of BC 

Vancouver BC CANADA 

LINEAGE PROGRAMMING 

I am a genealogist and would like to get 
in contact with suppliers of programs 
for use by genealogists. I have a Digital 
Equipment Corp PDP-10 w ith expanded 
memory , disk, and paper tape. 

Mrs G V Creaser 
4 Sunny Hill Rd 

Northboro MA 01532 
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BEnlE Yll BIY CllPllll#I, VISD1 
CllPITEllAll 

If the truth is that you wont a 
computer . . . then we wont to be your 
computer store. 

We're Computerlond, the # 1 
computer store chain in the U.S. What's 
meaningful about that foci is, that 
Computerlond hos been chosen by more 
people as having whet they 've been 
looking for. And, since you're look ing, let 
us tell you what you' l l find, when you visit 
o Computerlond store. 

You'll find o product line that's 
continuol ly evaluated to provide you with 
the w idest and best se lect ion in quality, 
brand name microcomputers anywhere. 
You 'l l find on enthusiastic and 
know ledgeable staff able to in terpret oil 
the equipment specifications, in terms of 
how they apply to you, and in o way 
you' II understand. You ' ll f in d demonstration 
areas where you con get a f irsthand 
exper ience of running a computer yourself . 

CllPmRS 
n1 m111ESS 

You 'l l f i nd educational materials to give 
you o total insight into the world of 
microcomputers. 

You ·11 find a fu lly equipped service 
department to provide whatever assistance 
is requ ired to keep your computer running 
in top·notch condi tion. You ' ll find computer 
user 's clubs to ioin, where you con shore 
ideos with people as enthusiastic as 
yourself . And, with each new visit, you 'll 
f i nd excitement-from the people you deal 
with, the equ ipment they offer, and from 
your own ever-growi ng personal 
involvement. 

Computerland Corp. 
14400 Catalina St. 
San Leandro, CA 94Sn 
(41 S) 895-9363 
Franchise Opportunities Worldwide. 

© Computert.and Ccxp., 1978 

Enough about us. How obout whot 
computers do. To attempt to describe all 
the things you r computer might do, would 
be to describe your imagination. So 
instead, we 'll briefly list some of the many 
things for which small compu ters ore 
already being used. 

In business, the advent of the 
versatile and compact microcomputer hos 
put the benefi ts of computing within reach 
of smal l companies. With systems starting 
at less than $6000, the busi nessma n con 

CllPITERS 
FIRTHE HIME 

computerii:e th ings like accounting, 
inventory control , record keeping, word 
processing and more. The net result is the 
reduction of administrative overhead and 
the improvement of efficiency which allows 
the business to be managed more 
effectively. 

In the home, o computer con be used 
for personal budgeting , !rocking the stock 
market, evaluating investment opportunities, 
controlling heating to conserve energy, 
running securi ty alarm systems, automating 
the garden 's watering, storing recipes, 
designing challenging games, tutoring the 
chi ldren . .. and the list goes on . 

In industry, the basic applications ore 
in engineering development, process 
control, and scienti fic and onolyticol work. 
Users of microcomputers in industry 
hove found them to be reliable , cost
effect ive tools wh ich provide computing 
capabi lity to many who would otherwise 
hove to wait for time on a big compu ter, 
or work with no computer at al l. 

And now we come to you, which leads 
us right bock to where we started: If you 
want a computer, then we want to be 
your computer store. 

Whether you wont a computer for the 
home, business or industry, come to 
Computerlond first. We' ll make it easy for 
you to own your first computer. Because, 
simply put, we really want your busin ess. 
When you come right down to it, that's 
what makes us #1. 

ComputerLand® ComputerLand Europe 
Europa Terra ssen 
6 Rue Jean Engllng 
Dommeldange, Luxembourg 
Phone 43 29 05 Telex 2423 WE KNOW SMALL COMPUTERS 
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A Model of the Brain 
for Robot Control 

Part 1: Defining Notation 

The ideas presented in 
this article represent the 
views of the author and 
not those of the Depart
ment of Commerce or the 
National Bureau of Stand
ards . 

Editor's Note: 

This month Dr James 
Albus begins an ambi
tious 3 part series about 
the brain. His theories, 
which evolved out of 
control systems theory, 
form an Interesting con
trast to Ernest W Kent's 
series, "The Brains of 
Men and Machines" in 
BYTE for January, 
February, March, and 
April 7978. We hope 
that nonmathemat/ca/ly 
oriented readers will 
persevere through the 
more technical sections 
In order to benefit from 
Dr A/bus's insights . ... 
CM 
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In order to build a computer model of 
the brain for robot control we must start 
with a clear understanding of what the 
brain is for (ie: its. primary function). If 
one examines what most brains do all of 
the time, and what our own brains do most 
of the time, it is clear that the brain is not 
used primarily for thinking. 

The brain is first and foremost a control 
system. All brains, even that of the tiniest 
insect, control behavior. Some brains can 
produce very complex behavior, but only 
the most sophisticated and highly developed 
brains exhibit the phenomenon of thought. 
Clearly then, thought is not the central 
purpose of the brain, but is, rather, an arti
fact that arises out of the complex comput
ing mechanisms required to generate and 
control extremely sophisticated behavior. 

This implies that would-be brain modelers 
should first attempt to understand, and if 
possible, reproduce the control functions 
and behavior patterns that exist in insects , 
birds, mammals, and, in particular, primate~. 
Only after these control systems are success
fully modeled can we expect to understand 
the mechanisms that give rise to intelligence 
and abstract thought in the human bra in. 

If the brain is primarily a control system, 
then any brain model we construct should 
control something. One of the most obvious 
candidates is a robot manipulator, since it 
rather closely resembles a I imb, the most 
common type of device controlled by the 
brain . We shall therefore first develop a 
computer model of a basic neurological 
structure which can compute control func
tions for a robot manipulator. 

We shal I then attempt to demonstrate 
how this basic model can be generalized to 
compute a broad class of analytic, transcen
dental, or logical functions and production 

James Albus 
Project Manager 

National Bureau of Standards 
United States Dept of Commerce 

Washington DC 20234 

rules of many multivalued variables. We will 
show how this same model can learn, re
member, and recognize patterns and how 
it can be interconnected into a hierarchical 
network for generating sensory interactive, 
goal directed behavior. 

We will suggest how such a hierarchy 
might remember experiences, solve problems, 
plan tasks, select goals, answer questions, 
structure knowledge of the world and events, 
and understand and generate music or natural 
language. Finally, we will also suggest some 
possible experiments and lines of research 
that might be pursued by one or more 
ambitious personal computer enthusiasts 
with limited resources. 

The Nature of Computation in the Brain 

The brain is , of course, not a single 
computer, but rather a network of billions 
of individual computing devices intercon
nected so as to produce coordinated and 
unified action. There are mil lions of photo
detectors in each eye and thousands of audio 
detectors in each ear. The body is embedded 
with sensors which detect touch, pressure, 
heat, cold, and pain; chemical analyzers that 
detect the smell and taste of things; and 
sensors that measure the position of joints, 
the tension in tendons, and the length and 
velocity of contraction of muscles. Inertia l 
sensors measure roll, pitch, and yaw accel
erations, and the position of the head with 
respect to gravitational attraction; and 
hormone detectors, thermosensors, and 
blood chemistry analyzers report on the 
internal biological condition of the organism. 

All of this information is ana lyzed and 
processed in innumerable computing centers 
which detect patterns, compare incoming 
data with stored expectations, and eva luate 

Circle 141 on inquiry card. -
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the results . In many different ways and at 
many different levels this sensory data 
stream interacts with the behavior generat
ing system to select goals, modify habits, 
and direct the actions of mil lions of muscles 
and glands to produce wha L is observed as 
behavior. 

Perhaps the most obvious feature of the 
brain is that many computations are going 
on in many different places sim ultaneous ly. 
The brain does not execute sequen ti al pro
grams of instructions under control of a 
program counter. There is no fetch/exec ute 
cycle. The mathematics of finite state auto
mata and Turing machines are not wel l
suited for descr ibing the basic operations of 
the brain. In fact, the fundamental compu
tations performed in the brain arc not even 
digital - they are ana log. Each neuron in th e 
brain is essentially an analog computer per
fo rming complex additions, integrations, 
differentiations, and all sorts of nonlinear 
operations on input var iables that ca n num
ber from one to several hundred thousand. 

The brain is a digital device on ly in that 
informat ion is encoded for transmission 
from one neuron to another over long trans
mission lines (cal led axons) by pu lse-fre
quency or pulse-phase modulation. When 
these pulse encoded signals reach their 
des ti nations, they arc reconverted into 

analog vo ltages for the computations which 
take place in the dendrites and cell bodies 
of the receiving neurons (see "Designing a 
Robot from Nature " February 1979 BYTE, 
page 28). 

The brain achieves its incredible precision 
and rel iab il ity through redundancy and 
statistica l techniques. Many axo ns carry 
informatio n concerning the value of the 
same variab le, each encoded slightly differ· 
ently. Th e statistical summation of these 
many imprecise and noisy information chan
nels results in the reliable transmission of 
precise messages over long distances. In a 
similar way, a multiplicity of neurons may 
compu te on roughly the same inpu t vari
ables. Clusters of such compu ting devices 
provide statistical precision and rel iability 
orders of magn itude greater than that ach iev
able by any single neuron. The outputs of 
such clusters of neurons are transmitted and 
become inputs to other clusters, which per
form additional analog computations. These 
are the varia bles we have to deal with and 
the computations we have to simulate if we 
are Lo model the brai n in any meaningful 
way. 

To those fami liar on ly with fetch/execute 
machines, this may seem an extremely diffi
cult structure to model. I hope, in the course 
of these articles, that some of the difficulties 

Interfaces to TRS-80, Apple II, PET, and others. 
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will be cleared away and the prospects for 
building such structures wi ll seem less 
dubious. 

The Need for Notation 

In order Lo discuss an engineering design 
for a robot contro l system mode led after the 
brain, we must first devise a mathematical 
convention and notation Lo br idge the gap 
between the structure of the brain and the 
structure of current ly avai lable computers. 
This is essential if we arc to describe 
behavior prec isely and to transla te that 
description in to a desi gn for circuits and pro
gram statements Lo generate behavior in a 
computational ly concise manner. 

Vectors 

One way to describe many variables and 
deal with many simu ltaneous multivar iant 
computations is to use vector notation . A 
vector is simply an ordered set, or list of 
variables. A vector can specify magnitude 
and direction. The vector V in figure 1 b has 
two components vx along the X ax is and vy 
along the Y ax is. The ordered set, or list of 
components define the vector so that we can 
write V = (vx, vy)· 

The components of a vector can also be 
cons id ered as the coordinates of a point 
(vx, vy) which corresponds to the tip of the 
vector. The locus of all pairs of componen ts 
which can exist defines a vector space (for 
two dimensions the vector space is a sur
face). A vector can have more than two 

4 
(dJ 

3 

Figure 7: Defining space 
with vectors. A vector is 
an ordered list of variables 
which defines a point in 
space; (a), (b), (c), and (d) 
depict vectors rep re sen I ing 
7, 2, 3 and 4 dimensions, 
respectively. The number 
of dimensions in the space 
is equal to the number of 
variables in the list. (The 
illustration in (d) is meant 
only to be symbolic of a 
four-dimensional vector, 
which cannot be visualized 
in three dimensions.) 
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Figure 2: If, as time progresses, one or more of the components of a vector W 
change, the vector will move through space, tracing out a trajectory Tw. 

(o) 

Figure 3: If the ordered list of variables which define a vector includes time, 
the space defined by the vector will have time as one of its axes. As lime 
progresses the vector will move along the time axis. If none of the other 
variables is time dependent, the trajectory will be a straight line parallel to the 
time axis, as in (a). If any of the other variables change with time, the trajec
to1y will be some cwve with a component along the time axis as in (b). 
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components. A vector with three com
ponents defi nes a volume (figure 1 c), and a 
vecto r with four or more components 
defines a hyperspace (figure 1 d). A hyper
space is impossible to visualize, but is a very 
useful concept for our discussion. 

A vector in a higher dimensional space 
can usually be visualized as a projection onto 
a lower dimensional space. For example, 
typical mechancial drawings portray front, 
side, and top views of a three-dimensional 
fo rm projected onto a two-d imension al sheet 
of paper. Each projection can either 
il lustrate a cut through the object at a partic
ul ar plane along the projection axis, or a 
superposition of all the salient features of 
the object collapsed into the plane of the 
il lustration. In the col lapsed version, the fac t 
that two points or lines intersect in the pro
jected image does not necessar il y mean that 
they coinc ide or intersect in the higher 
dimensional space - they may simply lie 
behi nd each other along the projection axis. 
The projection operator ignores variable 
differences which correspond to distance 
along the projection axis. 

It is not necessary to make the projection 
axis coi nciden t with any of the coordi nate 
axes. For example, in the oblique projection 
(perspective drawing) of figu re 1 c, the pro
jection axis (the normal line to the paper 
through the or igin of the coordinate system) 
is not al igned with any of the coordinate 
axes. The lines in the drawing represent the 
projections of lines in a three-dimensional 
space onto the two-dimensional surface of 
the paper. In a simi lar way we can project 
higher dimensional vectors and hyperspaces 
of any dimension onto a two-dimens ional 
drawing. Figure 1 d illustrates a four-dim en
sional vector projected onto a two-dimen
sional drawing. 

States and Trajectories 

A vector can specify a state. This is the 
primary use we shall make of vectors in this 
discuss ion . A state is defined by an ordered 
set of variables. For exam ple, the state of 
the weather might be characterized by a 
state vector W = (w1, w2, w3, w4 ) where: 

w1 = temperature, 
w2 = humidity, 
w3 = wind speed, 
w4 =rate of precipitation. 

Now the weather, like many things, is 
not constant. It varies with time. Each of the 
state variables {temperature, humidity, wind 
speed, and rate of precipitation) is time de
pendent. Thus, as time passes, the point 
defined by W1 wil I move through the four-



dimensional space. Figure 2 illustrates the 
locus of the point traced out by W as it 
moves to define a trajectory T w· 

It will often be convenient to represent 
time explicitly in our notation. We can 
easily do this by ·simply adding one more 
variable, time (t), to our state vector, thus 
increasing by one the number of dimen
sions in th e space defined by the state 
vector. For example W = (w1 , w2, w3, w4 , t) . 

As ti me progresses, any point defined 
by the state vector moves along the time 
axis. A state vector whose wi components do 
not vary wi th time will now trace ou t a 
straight line trajectory, paralle l to the time 
ax is as shown in figure 3a. If, however, any 
of the wi components is time dependent, 
the state trajectory will contain veloci ty 
compon ents that are orthogonal, as well as 
paral lei to the time axis, as shown in figure 
3b. 

If we project the state space of all the 
variables except time onto a two-dimensional 
surface, we can represent the passage of ti me 
by the motion of this two-d imensional plane 
along the time axis normal to it, as in figure 
4. The state trajectory T 5 is the locus of 
points traced out by the state vector as time 
passes. 

A large variety of th ings can be repre
sented as vec tors. For example, we can 
represent an ASCII character as a vec tor 
(figure 5). The ordered set of binary digits 
in the ASCII representation corresponds to 
the components of a binary vector. Each 
symbol in the ASCII alphabet is un iquely 
paired with a vector in an eight-dimensional 
hyperspace. Each symbol thus corresponds 
to a point in the hyperspace. 

Th is is an important concept, because it 
al lows us to define any set of symbols as 
vectors or points in hyperspace. Any string 
of symbols th en becomes a trajectory 
through th e hyperspace. For examp le, the 
stri ng of symbols, " the cat chased the rat, " 
can be described as a trajectory through a 
hyperspace defined by any set of variabl es 
defining th e English alphabet (plus a blank 
character). This also applies to the string 
WXYZ when : 

W is the command: Reach to Position A· 
' 

Xis the command: Grasp; 
y is the command: Move to Position c-

' Z is the command: Release. 

We need not restrict ourselves to binary 
vectors. Symbols may be represented by 
vectors with continuously variable compo
nents as well. This allows us to introd uce the 
concept of fuzzy symbols. If the hyperspace 
is contin uous, then each poin t which cor
responds to a symbol has some neighbor-

About the Author: 
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opt/ca/ and electronic subsystems for over 15 spacecraft, and for one 
year managed the NASA Artificial Intelligence Program_ Sinoe 7 973 he 
has been with the National Bureau of Standards where he has received 
several awards for his work In advanced computer control systems for 
Industrial robots. He has written a survey article on robot systems for 
Scientific American (February 7976) and his Cerebellar Model Arith
metic Computer won the Industrial Research Magazine IR-lOOAward 
as one of the 700 most significant new products of 7975. 

t = 0 I = I t = 2 t = 3 

Figure 4: If the vector space defined by all of the vector components except 
time is projected upon a two-dimensional surface, then the passage of time 
can be represented as the movement of the two-dimensional surface along the 
time axis normal to it. 

b3 

a = ( 1, 0 ,0 ,0 ,0 , 1,l, I) 

A= ( I , 0 , 0 ,0 ,0 ,0 , l ,O) 

Figure 5: A vector can represent a symbol. Here two symbols from the 
ASCII character set, an uppercase A and a lowercase a, are represented 
as vectors (or points) in an eight dimensional space. The values of the eight 
bits in the ASCII code are plotted along the eight axes. (b8 is the even parity 
bit.) 
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Figure 6: Each point in 
hyperspace, corresponding 
to a part icular symbol 
such as a or e, has some 
neighborhood of points 
around it which are closer 
to it than to any other 
symbol. Variations from 
the exact, or ideal posi
tion of a symbol vector 
may derive from noise in 
a transmission channel or 
from differences between 
the observed symbol and 
the ideal. 

Figure 7: Functions can be 
expressed in a number of 
different ways. Here the 
funct ional relationship be
tween Y and X is ex
pressed as an equation and 
a graph. 

16 June 1979 © BYfE Publlco tlons Inc 

EXACT SYMBOL e 

NEIGHBORHOOO OF e 

VARIATION INS , 
CO MPONENT OF o 

hood of points around it which are much 
closer to it than any other symbol's points. 
This is illustrated in figure 6. We may view 
the points in such a neighborhood in one of 
two ways: 

1. The difference be tween the neighbor
hood points and the exact symbol 
point derives fro m noise on the chan
nel transmitting variab les denoting 
the vector components . Th is is use
ful in signal detection theory, where 
the detection of a vector withi n some 
neighborhood of a symbol vector co r
responds to the recognition of that 
symbol against a noisy background. 

2. The di fference from the exact symbol 
derives from distortions or variations 
in the symbol itself. This makes the 
best sense if the components of the 
symbol's vector are values of attribu tes 
or features of the symbol, rather than 
arbitrary digits as in the ASCII con
vention. In th is case, a neighborhood 
of points corresponds to a cluster of 
feature vectors fro m a symbol set 
which are not identica l, but very 
near ly so. 

For example, a vector of features from the 
pri nted character e will be slightly different 
for each instance of that symbol on a page 

-4 -3 -2 -1 0 2 3 4 

NEIGHBORHOOD 
Or o 

s1 COMPONENT OF e 

due to variations in the paper on which it is 
printed. However, if these e feature vectors 
fall in compact clusters far from the feature 
vectors of other symbols, the letter e will 
be easily recognized, despite the fact that no 
two specimens are exactly alike. 

This is a fundamental concept in pattern 
recognition theory. Hyperspace is parti
tioned into regions, and the existence of a 
feature vector in a particular region cor
responds to the recognition of a pattern or 
symbol. By definition, the best set of fea
tures is the one that maximizes the separa
bility of pattern vectors. In the design of 
pattern recognizers it is important to select 
a set of features which is easily measured 
and which produces widely separated and 
compact cl usters in feature space. 

Functions and Operators 

In the physical world , functions are usual
ly defined as relationshi ps between physical 
variab les. For example, we could say that 
climate over a particular geographical region 
is a function of the heat input, the prevailing 
wind conditions, and other factors, or that 
the seasons are a function of the position 
and orientation of the earth relative to the 
sun . Similarly, we may say that the level of 
hunger we experience is a function of the 
signals on nerve fibers reporting on the state 
of the stomach, chemistry of the blood, the 
ti me of day as ind icated by internal biolog
ical rhythms, and so on. 

In mathematics a function defines (and is 
defined by) a relationship between symbols 
that can sometimes be set in one-to-one cor
respondence to physical variables. As in the 
physical world, a fu nction usually implies a 
directional re lationship (eg: the relationship 
between cause and effect has a direction 
which flows from cause to effect). In tra
ditional terms a function may be expressed 
as an equation , such as: 



y = f(x) 

which reads: y equals a function f of x. 
The function: 

y = 2x 2 + 3x + 6 

is a relationship between y and x. 
Functions can also be expressed as 

graphs. Figure 7 is a plot of the equation 
y = 2x2 + 3x + 6. Functions may sometimes 
be defined by tables. The table in figure 8a 
defines the Boolean AND function Z = X •Y. 
This function can also be drawn as a circuit 
element (see figure 8b) which performs the 
AND function on two inputs. 

Tables can also be used to define non
Boolean functions. Tables of logarithms or 
trigonometric functions are good examples 
of this. Of course, a table defines a contin
uous fu nction exactly only at the discrete 
points represented in the table. Thus, the 
accuracy of a continuous function repre
sented by a table depends on the number 
of table entries (ie: the resolution on the 
input variables) . Accuracy can, of course, 
be increased by interpolation techniques. 
In general, the number of entries required 
to compute a function by a table lookup is 
proportional to RN, where R is the resolu
tion of each input variable, and N is the 
number of input variables. This exponential 
increase in size of the table required is the 
principal reason that multidimensional func
tions are seldom computed by table lookup. 

Modern mathematics often expresses 
functional relationships in terms of mappings 
from a set of states defined by independent 
variables onto a set of states defined by de
pendent variables. In one notation, this is 
expressed by the string f: 

f:C-E 

which reads, "f is a relationship which maps 
the set of causes C into the set of effects E. " 
It means that for any particular state in the 
set C, the relationship f will compute a state 
in the set E. This is shown in figure 9. 

We have already shown that states can be 
denoted by vectors and sets of states by sets 
of points in vector hyperspaces. Thus, the 
notion of a function being a mapping from 
one set of states to another naturally 
extends to a mapping of points in one vector 
hyperspace onto points in another. 

Suppose, for example, we define an oper
ator h as a function which maps the input 
S = (s 1, s2 1 s3, ... SN) onto the output 
scalar variable p. We can write this as: 

p = h (S) 
or 
p = h (s1 , S2, . .. SN) 

y 

0 0 0 

0 0 :=o-z z = x. y 

0 0 

(0/ (b) (c/ 

Figure 8: Functions can also be expressed as tables and circuits. Here the 
Boolean function Z = X · Y is expressed as a table, a circuit, and an equation. 

c 
~~ 
~ i------

1 ------':--=::::::-~ 

SET OF CAUSES SET Of EFFECTS 

Figure 9: A function can also be expressed as a mapping from one set onto 
another. Here the function F maps the set of causes C onto the set of effects 
E such that for every cause in C there is an effect in E. In our discussion we 
will be concerned only with single valued functions such that there is only 
one effect for each cause. We will, however, allow more than one cause 
to have the same effect (ie: more than one point in C can map onto the 
same point in E). 

Figure 7 0: We will define 
the operator h as a func
tion which maps the input 
vector S into the output 
scalar variable p. 

r s2 

S S3 

SN 

s, 

h2 

h, 

h p 

hl. PL 

h3 8 p:3 p 

p, 

Figure 17: We will define the set of operators H = (h 1, h2 . .. hl) as a func
tion which maps the input vector S into the output vector P. 
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OUTPUT SPACE 

Figure 7 2: The operator H maps every input vector S in input space into an 
output vector P in output space. H thus maps the trajectory T

5 
into the 

trajectory T p· 

Figure 7 3: A multivariable 
servomechanism. The ref
erence, or command input 
is the vector C consisting 
of the variables s1 thru s,
The feedback is the vector 
F consisting of sensory 
variables s;+/ thru sN The 
function H computes an 
output vector P consisting 
of p7 thru PL which drive 
actuators and thus affect 
the physical environment. 
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We can also draw the functional operator 
as a circuit element or "black box" as in 
figure 10. {A black box is an engineering 
concept sometimes used to depict a process 
with inputs and outputs. The viewer sees the 
effects on the output of changes to the 
input, but the internal work ings of the 
process remain hidden in a black box.) 

If we assume that we have L such oper
ators, h1, h2, ... hl , each operating on the 
input vector S in figure 11, we have a map
ping: 

H : S ~ P or P = H (S) 

where the operator H = (h 1, h2, ..• hd 
maps every input vector S into an output 
vector P. Now since S is a vector {or point) 
in input space and P is a vector (or point) in 
output space, we can represent the function 
H as a mapping from input space onto 
output space, as shown in figure 12. 

For the purposes of our discussion we 
require that both the input and output space 
be bounded and that each S will map into 
one and only one P. Several different S 
vectors may map into the same P vector, 

{ ~I 
c • 

s , p 

s H 

FEED BACK 

however. Of course, if any of the variables 
in S are time dependent, S will trace out a 
trajectory Ts through in pu t space. The oper
ator H will map each point S on Ts into a 
point P on a trajectory T P in output space. 

Goal Seeking Control Systems 

We are now ready to consider the struc
ture of control systems for sensory inter
active, goal directed behavior. The simplest 
form of goal seeking device is the servo
mechanism. The setpoint, or reference 
input to the servomechanism, is a simple 
form of command. Feedback from a sensi ng 
device, which monitors the state of the out
put or the results of action produced by the 
input, is compared with the command. If 
there is any discrepancy between com
manded action and the resu Its, an error 
signal is generated which acts on the out
put in the proper direction and by the prop
er amount to reduce the error. The system 
thus fo ll ows the setpoint, or, put another 
way, it seeks the goal set by the input 
command. 

Now almost all servomechanism theory 
deals with a one-dimensional command, 
a one-dimensional feedback, and a one
dimensional outpu t. Our vector notation 
will allow us to generalize from this onc
dimensional case to the multidimensional 
case with little difficulty. 

Assume we have the multivariable servo
mechanism shown in figure 13. The function 
H operates on the input variables in S and 
computes an output P = H(S). Note that we 
have par titioned the input vector S into 
two vectors: C = (s1 , s2 .. ., si, 0 . . . , 0) and 
F = (0, ... 0, si+l • ... sN ); such that S = C+F. 
If i = 1, N = 2, L = 1, and H computes some 
function of the difference between C and F, 
we have a classical servomechanism. 

In our more general case C may be any 
vector, and in some cases it may be a sym-

ACTUATORS 

SENSO RS 

PHY SI CAL 
ENVIRO NM ENT 
(E XT ERNA L 
WORLD) 



In California, a store owner charts sales on his Apple 
Computer. On weekends though, he totes Apple home to help 
plan family finances with his wife. And for the kids to explore 
the new world of personal computers. 

A hobbyist in Michigan starts a local Apple Computer 
Club, to challenge other members to computer 

games of skill and to trade programs . 

Innovative folks everywhere 
? .A have discovered that the e ra of the 
:'~ personal computer has already 

\J.. begun - with Apple. 
U Educators and students use 

Apple in the classroom. Business
men trust Apple with the books. 
Parents are making Apple the newest 

family pastime . And kids of all ages 
are finding how much fun computers can 

be, and have no time for TV once they've discovered Apple. 

YISit your local computer store 
The excitement starts in your local computer store . It's a 

Circle 15 on inqu iry card. 

friendly place, owned by one of your neighbors . He' ll show 
you exactly what you can use a personal computer for. 

What to look for 
Your local computer s tore has several diffe rent brands 

to show you. So the sa lesman can recommend the one that 
best meets your needs. Chances are, it will be an Apple 
Computer. Apple is the one you can program yourself. So 
there's no lin1it to the things you can do. Most impor tant, 
Apple's the one with more expansion capabi lity. Thal 
means a lot. Because the more you use your Apple, the 
more uses you'll discover. So your best bet is a per onal 
computer that can grow with you as your ski ll and 
involvement grow. Apple's the one . 

It's your move 
Grab a piece of the future for yourself. Visit your local 

computer store . We'll give you the address of the Apple 
dealer nearest you when you call our toll-free number. 
Then drop by and sink your teeth into an Apple. 
800-538-9696. In California, 800-662-9238. ( 

cJS<>~~ a, 
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Figure 7 4: A stationary C vector establishes a setpoint, and as time progresses 
the feedback vector varies from F' to F2 to f3. The S vector thus traces out a 
trajectory T

5
• The H operator computes an output P for each input Sand so 

produces an output trajectory T P' The result is that the input command C is 
decomposed into a sequence of output subcommands pl, P2, ll3. 

s, 

~--- Ts 

H H H H H 

~--- Tp 

pl 
p2 

p 3 
p4 

p5 

Figure 7 5: If the command vector C also changes from time to time, it will 
trace out a trajectory Tc· 
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bolic command. The feedback vector may 
contain information of many different types. 
It may simply report position or velocity of 
the controlled outputs, but for a compli
cated system such as a robot manipulator or 
the limb of an animal, it may also report 
the resistance to movement by the environ
ment, the inertial configuration of the 
manipulator structure, and other parameters 
relevant to the problem of making rapid and 
precise movements. 

Figure 14 illustrates the situation when a 
stationary command vector C establishes a 
setpoint, and as time progresses the feedback 
vector F varies, creating an input trajectory 
T

5
• The H operator computes an output 

vector for each input and so produces an 
output trajectory T P. The variation in F 
may be caused by external forces imposed 
by the environment, or by actions produced 
by the output, or both . One or more of the 
variables in the feedback vector F may even 
be taken directly from the output vector 
P. In the latter case the H operator becomes 
the transition function for a finite state 
automaton. In any of these cases the result 
is that a single command vector C produces 
a sequence of output vectors TP . The pro
cess is driven by the sequence of feedback 
vectors Fl , F2, F3 . The superscript Fk 
denotes the vector F at time tk . 

The sequence of operations illustrated in 
figure 14 can also be viewed as a decomposi
tion of a command C into a sequence of sub
commands pl, p2, p3 . The vector C may be 
a symbol standing for any number of things 
such as a task, a goal, or a plan. In such 
cases the output string P1 , P2, P3 represents 
a sequence of subtasks, subgoals, or subplans, 
respectively. 

Wh ether figure 14 is a servomechanism 
or a task decomposition operator, there are 
many practical problems concerned with 
stability, speed, gain, delay, phase shift, etc. 
In our notation these are all embedded in 
the H functions. If the H functions are 
correctly formulated and defined over the 
entire space traversed by the S input, then 
the output T p will drive the physical actua
tors in such a way that the goal is achieved 
(ie: the error between the command C and 
the result P is nulled) and stability is main
tained under all conditions. 

Servomechanisms are , of course, onl y the 
simplest form of sensory interactive, goal 
seeking devices. By themselves they are cer
tainly not capable of explaining the much 
more complex forms of goal seeking com
monly associated with purposive behavior 
in biological systems. However, when con
nected together in a nested (or hierarchical) 
structure, the complexity of behavior 
in feedback control systems increases 
dramatically. 



Hieran:hical Control 

Assume that :th e command vector C in 
figu re 14 changes such that it steps along 
the trajectory T, as shown in fi gure 1 5. Th e 
resu It is that the sequence of input com
mands c1 

I c2 
I c3 

I fo llowed by the sequence 
c4, cs produces the seq uence of outpu t 
vectors P1 , P2 , P3 , P4 , P5 . In this case the 
subsequence P1 , P2 , P3 , is call ed by the 
commands C1, c2 , c3 and driven by the 
feedback Fl, F2, F3 . The subsequence 
p4 I p5 is Called by c4 I cs and driven by 
F4 , F5 , etc. 

If we now represent time explic itly, the 
C, F, and P vectors and trajectories of 
figure 15 appear as shown in figure 16. The 
fact that C rema ins constant whi le the feed
back changes from Fl to F2 to F3 means 
that the trajectory Tc is parallel to the time 
axis over that interval. The jump from C1 

I 

c2, cJ to C4, cs causes an abrupt shift 
in the Tc trajectory in the time interval 
between F3 and F4. 

Note that each instant can be represented 
by a plane {or set of coplanar regions) perp· 
endicular to the time ax is. Each plane con
tains a point from each trajectory and rep
resents a snapshot of all the vectors simu l
taneous ly at a specific instant in time. 

We are now ready to consider a hierarchy 
of servomechanisms , or task decomposition 
operators , as shown in figure 17a. Here the 
highest level input command C4 is a symbolic 
vector denoting the complex task {ASSEM
BLE AB). Some of the components in C4 
may denote modifiers and arguments for the 
assemble task. The subscript Ck denotes the 
C vector at the k1h level in the hierarchy. 

Note that in figure 17 vectors are not 
repeatedly drawn for each instant of time 
during the trajectory segments, when they 
are reasonably constant. Thus, C4 is shown 
on ly at the beginning and end of the tra
jectory segment labeled (ASSEM BLE AB). 
C2 is shown only at the transition points 
between (REACH to A), (G RAS P), (MOV E 
TO C) , etc. It should be kept in mind , 
however, that H4 computes P 4 continuously 
and produces an output at every instant of 
time, just as H 1 com pu tes P 1 . 

The feedback F 4 may contain highly 
processed visual scene analysis data which 
ide nt ifies the general layout of the work 
space, and thereby determines wh ich output 
vectors P4 (and hence which si mple task 
commands C3) should be selected and in 
which order. F4 may also contain data from 
P4 and P3 wh ich indicates the state of com· 
pletion of the decomposition of C4. F 4 
combi nes with C4 to define the complete 
input vector 54 . The H4 operator produces 
an output vector P4 = H4 (S4}. 

Tex t continued on page 24 

Figure 7 6: When time is represented explicitly, the vectors and trajectories of 
figure 7 5 become as shown here. In this example, the C vector remains 
constant from time t = 7 to t = 3 and then jumps to a new value fort= 4 and 
t= 5. 

th• 
mlcrocomput•r 
p•opl•® 

Computers don't make a 
computer store, PEOPLE do. Our 
people have been Involved with 
mlcrocomput•rs sine• day one. 
We offer experience and 
expertise unparalleled in th• 
microcomputer Industry. Wh•ther 
you are in the market for a 
complete system, p•ripherals, 
custom software, service, or just 
som• friendly advice; ther• simply 
is no other place to go. 
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cook up all your favorites. 
Now, we 're cooking . Our boys in the lab have turned 

circu it chefs these past three months to c reate a smorgas
bord of delic ious ly assembled boards to support you r 
APPLE W TRS-80 1 or S-100 bus systems. Feast your eyes 
on our monstrous selection in the menu below. Then , order 
enough to sat isfy your hunger for exper imentation for 
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us direct. Bon appetit! e: 

California Computer Systems • 
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Text continued from page 21: 
At least part of the output P 4 becomes 

part of the input command vector C3 to the 
next lower level. C3 is also a symbolic vector 
which identifies one of a library of simple 
task commands together with the necessary 
modifiers and arguments. As the feedback 
F 4 varies with time, the input vec tor 54 , 

and hence the output vector P 4 , move along 
a trajectory generating a sequence of simple 
task commands at c3 such as (FETCH A), 
(FETCH B), (MATE B TO A), (FASTEN B 
TO A), etc . as shown in figure 17b. 

Feedback at F3 may identify the posit ion 
and orientation of the parts A and B, and 
also carry state sequencing information from 
outputs P3 and P2. As F3 varies with time, it 
dr ives the input 53 (and hence P3) along a 
trajectory generating a sequence of elemental 
movement commands at C2 such as 
(REACH TO A), (GRASP), (MOVE TO C), 
(RELEASE), etc. 

Feedback at F 2 may contain information 
from proximity sensors indicating the fine 
positioning error between the fingers and the 
objects to be man ipulated, together with 
state sequencing information derived from 
P2 and P1. The operator H2 produces P2, 
which denotes the proper velocity vectors 
C1 for the manipulator hand in joint angle 
coordinates. 

Feedback F2 also provides joint angle 
position data necessary for the coordinate 
transformations performed by H2. P2 
provides reference, or setpoint commands, 
C1 to the servomechanism operator H1 • 

F 1 provides position, velocity, and force 
information for the traditional servocom
putations. The output P 1 is a set of drive 
signals to the actuators. 

Feedback enters this hierarchy at every 
level. At the lowest levels, the feedback is 
unprocessed (or nearly so) and hence is fast 
acting with very short delays. At higher 
levels, feedback data passes through more 
and more stages of an ascending, sensory 
processing hierarchy. Feedback thus closes 
a real time control loop at each level in the 
hierarchy . The lower level loops are simple 
and fast acting. The higher level loops are 
more sophisticated and slower. 

At each level the feedback vector F 
drives the output vector P along its trajec
tory. Thus, at each level of the hierarchy , 
the time rate of change of the output vector 
Pi will be of the same order of magnitude as 
the feedback vector Fi, and considerably 
more rapid than the command vector Ci . 
The result is that each stage of the behavior 
generating hierarchy effectively decomposes 
an input task represented by a slowly chang
ing Ci into a string of subtasks represented 
by a more rapidly changing Pi . 

At this point we perhaps should em
phasize that the difference in time rate of 
change of the vectors at various levels in 
the hierarchy does not imply that the H 
operators are computing slower at the higher 
levels than at the lower. We will, in fact, 
assume that every H operator transforms 
S into P with the same computational delay 
tit at all levels of the hierarchy. That is : 

at every level. The slower time rate of 
change of P vectors at the higher level s 
stems from the fact that the F vectors driv
ing thi< higher levels convey information 
about events which occur less frequently. In 
some cases certain components of higher 
level F vectors may require the integra
tion of informaion over long time intervals 
or the recognition of symbolic messages 
with long word lengths. 

When we represent time explicitly as in 
figure 17, we can label the relatively straight 
segments of the Tc trajectories as tasks and 
subtasks. Transitions between the subtasks 
in a sequence correspond to abrupt changes 
in Tc . 

If we do not represent time explicitly, 
the relatively constant C vectors corre
spond to nodes, as in figure 15. The result
ing tree structure represents a classical 
AND/OR decomposition of a task into 
sequences of subtasks, where the discrete 
Ci vectors correspond to OR nodes and 
the rapidly changing sequences of Pi 
vectors become sets of AND nodes under 
those OR nodes. 

Intentional or Purposive Behavior 

Figure 17 illustrates the power of a 
hierarchy of multivariant servomechanisms 
to generate a lengthy sequence of behavior 
which is both goal directed and appropriate 
to the environment. Such behavior appears 
to an external observer to be intent ional, 
or purposive. The top level in put command 
is a goal, or task, which is successively 
decomposed into subgoals, or subtasks, 
at each stage of the control hierarchy 
until at the lowest level output signals 
dr ive the muscles (or other actuators) 
producing observable behavior. 

To the extent that the F vectors at the 
various levels contain sensory information 
from the environment, the task decomposi
tions at those levels will be capable of re
sponding to the environment. The type of 
response to each F vector depends on the H 
function at that level. If the F vector at any 
level is made up solely of internal variables, 

Text continued on page 28 
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Figure 17: A hierarchy of H operators produces sensory interactive, goal directed behavior. The highest level input command C4 defines a goal, which in this example is 
(ASSEMBLE AB). The feedback F 4 carries highly processed sensory data describing the state of environment in which the assemble command must operate, including the 
state of the lower level P vectors. The H4 operator maps each input 54 into an output P 4 As F 4 changes the goal (ASSEMBLE AB) is decomposed into a sequence of subgoals 
(FETCH A), (FETCH B), (MA TE B to A), (FASTEN B to A). At each level in the hierarchy a different ty pe of feedback data with a different time-rate-of-change drives the 
decomposition of a higher level command into a sequence of lower level subcommands. Finally, at the lowest level the P 0 vector consists of motor drive signals which actuate 
observable behavior C0. 
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Figure 18: Around each trajectory representing an ideal task performance 
there exists an envelope of nearly ideal trajectories which correspond to suc
cessful, but not perfect, task performance. If the H functions are defined 
throughout these envelopes so as to drive the system back toward the ideal 
whenever it deviates, then the trajectory will be stable and task performance 
can be successful despite perturbations and unexpected events. 

ERROR IN 5 1 

Figure 19: If the H functions at the lower levels are sufficiently well defined, 
small perturbations from the ideal performance can be corrected by low 
level feedback without requiring any change in the command from higher 
levels. 

- ERROR I N 52 

Figure 20: If the lower level H functions are not adequately defined, or if 
the perturbations are too large for the lower level to cope, then feedback to 
the higher levels produces changes in the task decomposition at a higher level. 
The result is an alternative strategy. 
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Text continued from page 24: 

then the decomposition at that level will be 
stereotyped and insensitive to conditions in 
the environment. 

Whether or not the hierarchy is driven by 
external or internal variables, or both, .the 
highest level input command commits the 
entire structure to an organized and coor
dinated sequence of actions which under 
normal conditions will achieve the goal 
or accomplish the task. The selection of a 
high level input command in a biological 
organism thus corresponds to an intent 
or purpose, which, depending on circum
stances, may or may not be successfully 
achieved through the resulting hierarchical 
decomposition into action. 

Obtaining Successful Performance 

The success or failure of any particular 
task performance, or goal seeking action, 
depends on whether or not the H functions 
at each level are capable of providing the 
correct mappings so as to maintain the 
output trajectory within a region of success
ful performance, despite perturbations and 
uncertainties in the environment. 

At all levels, variations in the F vectors 
due to irregularities in the env ironment 
cause T5 trajectories to vary from one task 
performance to the next. This implies that 
while there may exist a set of ideal trajec
tories through S and P space at each level 
of the hierarchy corresponding to an ideal· 
task performance, there also must be an en
velope of nearly ideal trajectories which cor· 
respond to successful, but not perfect, 
task performance. This is illustrated in 
figure 18. 

The H functions must not only be de
fined along the T 5 trajectories corresponding 
to ideal performance, but also in the regions 
around the ideal performance. Consequently, 
any deviation from the ideal is treated as an 
error signal which generates an action de
signed to restore the actual trajectory to 
the ideal, or at least to maintain it within 
the region of successful performance. 

Smal I perturbations can usually be cor
rected by low level feedback loops, as shown 
in figure 19. These involve relatively little 
sensory data processing, and hence are fast 
acting. Larger perturbations in the environ
ment may overwhelm the lower level feed
back loops, and require strategy changes at 
higher levels in order to maintain the system 
within the region of successful performance. 
This is illustrated in figure 20. Major changes 
in the environment are detected at higher 
levels after being processed through several 
levels of pattern recognizers. This produces 
differences in the F vector at the higher level 
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Figure 27: The command 
and control hierarchy pro
posed by Tinbergen to 
account for the behavior 
of the male 3 spined 
stickleback fish. The heavy 
line indicates the particular 
type of behavior vector 
actually selected by the 
feedback shown at the 
various levels of the hierar
chy on the left. This 
figure represents a snapshot 
in time corresponding to 
one of the two-dimensional 
surfaces shown in fig
ure 76. 

30 Jun~ 1979 © llYTE Pu blica 1ion Inc 

WARM 
SHALLOW 
WATER 

RED MALE IN 
TER RITORY 

STR ANGER 
rHREAHN S 

which in turn produces different C vectors 
to lower levels. The result is an alternative 
higher level strategy to cope with the 
perturbation. • 

Of course, if the H functions do not pro
vide stability, or if the environment is so 
perverse that the system is overwhelmed, 
then the trajectories diverge from the re 
gion of successful performance and fai lure 
occurs. 

Over- learned tasks correspond to those 
for which the H functions at the lower 
levels are sufficiently well defined over 
a large enough region of input space so as 
to maintain the termina l trajectory well 
within regions of stabi lity and success with· 
out requiring intervention by the higher 
leve ls for strategy modification. Thus, a 
highly skil led and well-practiced performer, 
such as a water skier, can execute extremely 
difficult maneuvers with apparent ease 
despite large perturbations such as waves. 
His lower level H functions are well defined 
over large regions of space corresponding 
to large perturbations in the environment. 
He is thus capable of compensating for 
these perturbations quickly and precisely 
so as to maintain successful performance 
without intervention by higher levels . Such 
a performance is characterized by a mini
mum amount of physical and mental effort. 

We say, "He skis effortlessly without even 
thinking." What we mean is that his lower 
level corrections are so quick and precise 
that his performance never deviates signifi
cantly from the ideal. There is never any 
need for higher level loops to make emer
gency changes in strategy . On the other 
hand, a novice skier (whose H functions are 
poorly defined, even near the ideal trajectory, 
and completely undefined elsewhere) may 
have great difficulty maintaining a successful 
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performance at all. He is continually forced 
to bring higher levels into play to prevent 
failure, and even the slightest perturbation 
from the ideal is likely to result in a watery 
catastrophe. He works very hard, and fails 
often, because his responses are late and 
often misdirected . His performance is erratic 
and hardly ever near the ideal. 

However, practice makes perfect, at 
least in creatures with the capacity to 
learn. Each t ime a trajectory is traversed, 
if there is some way of knowing what 
mistakes were made, corrections can be 
made to the H functions in those regions of 
input spaces which are traversed. The 
degree and precision of these corrections, 
and the algorithm by which they are com
puted, determine the rate of convergence 
(if any) of the learning process to a stable 
and effic ien t success trajectory. 

There are many interesting questions 
about learning, generalization, and the 
mechanisms by which H functions are 
created and modified at the various hierarchi· 
cal levels in biological brains. However, we 
will defer these issues until part 2 (July 
1979 BYTE). 

Task Decomposition and Goal Seeking 

Note that figure 17 illustrates on ly a 
single specific performance of a particular 
task . None of the alternative trajectories 
which might have occurred under different 
circumstances with a different set o f F vec· 
tors are indicated. These alternatives which 
might have occurred can be illustrated in 
the plane orthogonal to the time axis . 

Figure 21 illustrates the set of alterna· 
tive C vectors available at various levels in 
the behavior-generating hierarchy of the 
male 3 spined stick leback fish. This figure 
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represents a snapshot, or single cut thrnugh 
space orthogonal to the time ax is. C,1, the 
highes t level goal, is survival. Th e feedback 
F4 consists of variables indicati ng water 
temperature and de pth, blood chemistry, 
and hormone levels generated by length of 
day detec tors. Wh en the hormone levels 
ind icate the pro per ti me of year- and the 
blood chemistry does not cal l for feeding 
behavior, then migratory behavior wi ll be 
se lected un ti l warm, shallow water is de
tected. The F 4 vector w ii I then trigger the 
re prod uction subgoa l. 

When C3 indicates (REPRODUCTION ), 
an F3 vector indicating a red male in the 
territory wi ll cause the (F IGHT) command 
to be selected to C2 . When C2 indicates 
(FIGHT) and the intruder threate ns, a C1 
wi ll be se lected, and so on . At each level, 
a di ffere nt feedback vector would select a 
di fferent lower level subgoal. For example, 
if F 3 indicates a fe male in the terri Lory, 
C2 wi ll beco me (MATE), and the type of 
mat ing behav ior se lected will depe nd on F2 . 

In si mpl e creatures like the stickleback 
fis h, the se nsory stim uli that prod uce F2 
and F3 vectors which trigger specific be
havioral trajecto ries ar·e ca ll ed innate re
leasing mechanisms. Innate r·eieasi ng mech· 
ani sms and thei r associa ted behavio ral 
patterns have been studied ex tensively in 

a number of insects (ie: th e digger wasp 
and various bee and ant species), several fish , 
and many birds (i e: the herri ng gull, turkey , 
and golden eye drake). 

In these relat ively si mple creatures, be
havior is suffi cientl y stereotyped that it can 
be descri bed in terms of a small set of be
haviora l patterns t ri gge red by an equal ly 
small set of sensory st imuli . This suggests 
that insects, fi sh , and birds have only a fe w 
levels in their control hi erarchies and a small 
set of behavior patterns sto red as H func
tions at each level. It fu rther impli es that 
there are few externa ll y driven components 
in the F vectors at each level. Behavior t ra· 
jectories are internally driven, with only a 
few branch poi nts con tro ll ed by sensory 
data processed th rough simple pattern recog
nizers. The trajec tory segments drive n en
tire ly by internal variables are called fixed 
action patte rns, o r tropisms. The exte rn al 
variables which control the relati vely few 
branch poin ts are the inn ate releasing mech
anisms. 

In hi gher animals, behavior is more com
plex and much less stereoty ped. This im
plies more levels in the hi erarchy, more 
exte rn al sensory variables in the F vectors at 
each level, and hence many more possi bilities 
for branching of the result ing t rajector ies. 

Figure 22 il lustrates a set of trajector ies 
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Figure 22: A set of T P 

trajectories in which there 
is opportunity for branch
ing at many points in 
time. If behavior can be 
modified by feedback at 
many different levels and 
in many different ways, 
it appears to be adaptive 
and flexible. If there are 
only a few branch points, 
with only a few alternative 
actions available at each 
branch, behavior will ap
pear stereotyped. 
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in which there is opportunity fo r branching 
at several different levels at eve1y step along 
each trajec tory. AL each instant in t ime the 
C vector to any part icular level depends 
upon what the C and F vectors were to the 
next higher leve l at the previous instant. 
Thus, a change i 11 the F vector at any level 
causes an alternative C vector to be sent to 
the level below. Behav ior is con tinuousl y 
modifi ed at all leve ls by external variables, 
and hence does not appear ste reoty ped at 
all. 

Many degrees of fr eedom pl ace great 
demands on the H funct io ns for mai ntaini ng 
stability and prec ision of contro l in such a 
large space of possibi lities. Since successful 
behavio r· is o nl y a tin y subset of all poss ib le 
behaviors, it is clear that most of th e poten
t ial branches will lead to disaster un less th e 
H functions produce actions which steer 
the S and P vectors back into the na rrow 
regions surroundin g success trajectories. For 
a multil evel hierarchy with sensory inte rac
tion at many different leve ls, this is ex
tremely complex. However, if the H func
tions are trainable, Lhen performance can 
improve through practice . Complex tasks 
can be learned, imitated, and communicated 
from one individual to another. 

Conclusion 

We have now co mpl eted the first step in 
our development. We have descr ibed a hi er
archical comput ing structure which can 
execute goals, or intended tasks, in an un
predictab le en vi ro nment. We have also 

-----Tpi - 2 

defi ned a notat ion by which the behavior of 
such a hierarch y can be desc ribed clearly and 
concisely. We have asserted th at th e com
pl exity of behavior resulting from such a 
control hier·archy depends on four things: 

• the number of levels in the co ntrol 
hierarchy; 

• the number of feedback variab les which 
enter each leve l; 

• the sophistication of the H functions 
which reside at each leve l; 

• the sophistication of the se nsory pro
cessing systems which extract feed
back variables for use by the various H 
functions. 

In part 2 we will describe a computer 
mod el of a neurophysiological structure in 
the brain which compu tes multivari an t H 
fu nct ions . We wi ll then suggest how th e 
brain might use such structures to learn sk il ls, 
remember events, select goals, and plan 
future actions.• 
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Word sm ith is the video text editing system you've been 
wait ing for Its power. flexibili ty and simplicity help you carve 
any text editing task down to size -in a way you can 
understand. W e wanted a system that allows you t o think in 
tradit ional ways about text layout , yet at the same t ime makes 
the traditmnally tedious opera t ions such as cut and paste 
simple and fast . We think we've done it . We want you to decide 
for yourself 

Flexibility 

• Logical/Physical Page Distinction. Define your own 
hardcopy size. Wordsmith remembers the difference 
between the screen size and the hardcopy page size. 

• Modular Hardcopy Driver. Drive a Qume® Spr int -5 or 
TTY-like device directly now, Diablo, NEC and other 
hardcopy devices soon . 

• Pure Text. Wordsmith fi les are pure text with no control 
char acters mixed in. This universal for mat keeps you as 
compatible with the world as possible. What you see on t he 
screen is what you get as hardcopy. 

• Page Templates. Snapshots of the block layout of a page 
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Recall a 
t e mplate 
a nd hop 
from. window 
to window. 

• File Switching. Moving from document t o document to 
examine, copy, move and change text is like roll ing off a log .. 
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Simplicit y 

• Auto Word B r eak. Forget the r ight margin. Wordsmith 
notices when you won't be able t o complet e t he current 
word and moves it to t he next line for you as you continue 
typing. 

• Understandable Commands. The most frequent ly used 
commands are single keystrokes. The res t are easily 
remembered abbreviat ions. 

• Informative Status Lines. The top t wo screen lines 
constant ly display page number information. document 
name, cursor position, t ab stops and status/error 
phrases. You're always in t ouch with your document . 
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• Protection Against Catastrophic Errors. It 's near ly 
impossible to ru in your document with a single bad 
command. Wordsmith's page oriented design and double
checking user in t erface help you do what you mean! 

Power 

• Page Orient ed Philosophy. A document is a collection of 
pages. The screen displays one entire page at a time. Simple 
random access page flipping commands take you quickly to 
any page in the document. Equally efficient commands allow 
you to insert, delete. copy and move pages both within one 
document and across documents. 

n 
Merge 

J J Document s I 
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... Flip ... .. Peg es ... 

• Extensive Block M ani pulat ion Capabil i t ies. Using 
" windows", portions of text. charts, etc., can be quickly and 
effortlessly moved around on the current page, or across 
pages. The shape and size of any window can be changed in 
real t ime. with the contained text automatica ll y 
r eformatting itself !heeding word and paragraph 
boundaries! to conform to the new shape. 

Move 
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Set Up 
Multiple Text 

Regions 

Change Text Shape 
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a host of other line and character level commands help you 
put text in its place quickly and accurately. 
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Simple Maze Traversal Algorithms 

Sandra and Stephen A Allen 
2543 Luciern aga St 

Car lsbad CA 92008 

This an icle is a discussion of some solu
tions to the problem of traversi ng a maze. 
The algorithms here represent neither an ex
haustive nor a high-powered study of the 
problem, but rather an in tu itive approach. 
The ideas reflect our though l processes and 
those of Tony Rossetti in our efforts to com 
pete in IEEE Spectrum magaz ine's ongoi ng 
Micromouse contest. 

RIGHT 
ANGLE 

LEFT 
AN GL E 

lF U-TURN 

MOUSET RAP 

Figure 7: Types of intersections allowed in the maze. All intersections are at 
right angles and no cross intersections are allo wed. 
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Problem Specification 

The IEEE Spectrum's Micromouse Maze 
contest began time tr ials last Ju ne at the 
1978 National Computer Conference in Ana
heim CA. A mechanical "mouse" (ie : robot) 
must find its way under its own power from 
the entrance of a maze to the exit. Eac h 
mouse is given three tr ies through the maze, 
with a time limit on each attempt. The 
mouse with the shortest logged time wi ns 
th e contest. The so lution to the problem, 
then, is to fi nd the path through the maze 
that yields the shortest ti me. 

An important conside ration in f inding a 
so lution is the char·acteristics of the maze. 
The corridors are of unifom1 width. Ther·e 
arc only five types of intersections: r·ight 
angle; left angle; T; U turn; and mouse
trap. These are shown in figu re 1. There are 
no cro s- interscctions, nor are there any 
ki ng's chambers, which are la rge vacant areas 
in the maze. This si mpl ifies the traversa l 
algorithms somewhat. Fina ll y, there arc 
exactly one entrance and one exit on the 
perimeter of the maze, but not necessari ly 
on opposite sides. 

Characteristics of the mouse shou ld also 
be take n in to consi deration. It mu st be com
pletely self-contained, havi ng an on board 
computer and any required memory. Since 
the mouse must carry its own battery, ava il
ab le power is a limiting factor. 

Easy Algorithms 

The cri teria used in looking for a sol ution 
were pr imaril y based on the considerations 
discussed above. The lim ited pcwer, pro
gram space, memory and prncessor power 
were perhaps the most important aspects. 
Simplic ity was also an im portant element 
in order to provide easy modification and 
enhancement of the robot. 



The traversal algorithm that suggests itself 
first is the simplest one: each time the robot 
encounters an intersection, the rightmost 
path is followed . This is the equivalent of 
the robot resting its "right hand " on the 
right wall of the maze corridor and not lift
ing it throughout the maze walk (see figure 
2). Of course it works in the same way when 
taking the leftmost path instead of the right
most. This algorithm certainly meets the 
requirement of simplicity, and the program 
is small and uses little memory. It also guar
antees a solution, but unfortu nately in usin g 
th is algorithm there on ly exists one solu tion, 
so there is no way to take advantage of the 
second and third runs through the maze to 
significantly improve the traversal ti me. 

The resulting path may be a very long, 
roundabout path through the maze. Thi s, of 
course, depends on the configuration of the 
particular maze. Indeed, the possibil ity 
exists that the path takes more than the 
allotted time for the robot to complete. So 
the leftmost/rightmost algorithm guarantees 
one solution, but has significant disadvan
tages. 

A variation of this algorithm is one in 
which, at each intersection, the robot 
chooses one of the available paths at ran
dom. Aga in, this is an easy and short pro
g1·am to imp lement. It has the important 
advantage that a different path is picked 
every time through the maze, so that there is 
the chance of picking a fa irly short path. A 
definite drawback, though, is that no so lu tion 
is guaranteed. The robot may come out the 
entrance instead of the exit, or may wander 
around in the maze until the all otted time 
has run out. 

Another slight variation on the leftmost/ 
rightmost algor ithm is the straight-ahead 
first algorithm. If, in this algorithm, a 
straight-ahead alternative exists at an inter
section, that path is chosen (otherwise either 
the right or left path is taken). Li ke the 
former algorithm, this one is short and 
simple, yie ldi ng a unique path; however, this 
path may not be a solution . This algorithm 
can have certain advantages, though. When a 
maze has cross intersections and the en trance 
and ex it are on opposite sides of the maze, 
the robot gets close to the exit faster. Also, 
for robots which are mechan ica ll y faster at 
going straight than at turning, this algorithm 
can minimize the requ ired turns. 

Al I of the solutions discussed above are 
very simple and, except for the random path 
algorithm, give only one possible so lu tion 
for each maze configuration. Since the 
mouse gets th ree tries through the maze, a 
logical next step is to use a differe nt algo
rithm on each run. For example, choose the 
rightmost path on the first time through, the 

Figure 2: Example of a rightmost, maze walk. At each intersection encount
ered, the rightmost available path is chosen. 
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(0, 30) 

(0, 201 

(0, 10) 

(0, 01 

Figure 3: Representing a 
maze path by coordinate 
pairs. In general, horizon
tal movement will add or 
subtract the distance from 
the X coordinate; vertical 
movement will odd or 
subtract from the Y coor
dinate. 

(10, 201 

(10, 101 

Figure 4: Example of how 
a section of a maze might 
be labeled using the tech
nique shown In figure 3. 

Figure 5: Sequence of X, Y 
coordinates of all the 
Intersections visited during 
a maze walk. Two short 
samples of the leftmost 
and rightmost path lis ts 
through a simple maze 
section are shown. 

leftmost path the second time, and the 
straightest path the third time. In this way 
the mouse is al lowed to take advantage of 
having three tries, and perhaps one will 
yield a reasonably short time. 

Smarter Algorithms 

An unfortunate characteristic of mazes 
built for a competition of this sort is that 
wall -hugging mice (ie : those that don't 
recognize corridors and intersections, but 
are buil t to blindly follow the right or left 
wall) are heavily penalized. This means that 
the maze probably has a fairly short and 
direct path from the entrance to the exit, 
but that th is pa th has so many dead-end 
offshoots that a wall -hugger ends up cover
ing a large portion of the maze's interior 
before reaching the exit. Th is aspect makes 
it not such a good idea to use only a right
most or leftmost algorithm. Rather, it argues 
for using an algori thm that can be smart 
about picking the path and learning from its 
mistakes. 

Obviously, the only way the robot can 
learn from its mistakes is by remembering 
what it did. In this way, the robot can make 
a first try through the maze using one of the 
simple algorithms discussed before, remem
bering the path taken. Then the remembered 
path can be optimized. This attack gives the 
potential for sign ificant time improvement. 

Remem bering the Path Taken 

The most difficult part of remembering a 
path taken through the maze is how to re
present that path in the mouse's memory . 
One straightforward way to do this is to 
conceptuall y map the maze onto an X, Y 
coordinate grid, picking a convenient origin 
(ie: the entrance to the maze) and orien
tation (ie: forward from the entrance is +X). 
Since al l inte rsections of corridors are at 
right angles, any movement wi ll be either 
parall el to the X axis or parallel to the Y 
ax is, and will have either a positive or 
negative increment. This mechanism pro
vides a way to uniquely name all inter
sections in a maze simply by giving the 
X, Y pair which specifies the distances from 
the entrance at (0,0). See figures 3 and 4 for 
examples of naming in tersections. 

As the mouse visits in tersections on its 
walk through the maze, it can record in its 
memory the X, Y coordinates of each, thus 
generating a list of X,Y pairs starting with 
(O,O) which uniquely describes the parti
cular path taken. Figure 5 shows the coor
dinate lists representing the leftmost and 
rightmost paths through the labeled maze 
of figure 4. 
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Figure 6: Maze pitfalls. On 
its first, nonoptimized 
attempt, the mouse will 
traverse the entire length 
of the dead-end corridor. 
After optimizing the path 
by deleting bac!?tracked 
corridors, a shorter path is 
tal?en. 

LEFTMOST PATH 
BEFORE OPTIMIZATION 

10, 01 

(10, 01 
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(20.10) 
(20, 20) 

DO, 20 1 

( 20. 20) 
( 20, 101 

(10, 101 

(10, 01 

120, 0) 

(20. - 101 

Figure 7: Leftmost versus rightmost maze traversal, in which the robot l?eeps 
its righl or left side against the respective wall while traversing the maze. The 
leftmost path the mouse would travel is shown in red. Notice that the outer 
edge of the loop is completely circumvented. When intersection 7 is visited a 
second time it is clear that this whole section of the maze is fruitless because 
all corridors leading away from the center of the loop were tried and found to 
be useless. Since the exit to the maze is along the perimeter of the maze, no 
corridor going to the inside of the loop could possibly reach the exit. The 
rightmost path is shown in gray: in this case the whole loop is neatly by
passed. The mirror image of the above maze section can be used to argue 
similarly for chopping the loop off the rightmost path. 

40 luiit• 1979 © BY J £ Publicd lions. Inc 

LEFTMOST PATH 
AFTER OPTIMIZATION 
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Optimization 

Now that the mouse has a way of remem
bering the path it takes on the first attem pt 
through the maze, the next problem is, how 
can it find a better (shorter) path for the 
second attempt? The main motivation be
hind optim izing a path is to chop off all 
parts of the path that don't contribute to 
getting closer to the exit. That is, remove 
any part that had to be backtracked. 

The first type of backtracking is that 
in wh ich a corridor is a dead end, and the 
mouse has to return to the main corridor 
to continue. Clearly the time spent negoti
ating this part of the maze is wasted and 
should be omitted. Figure 6 il lustrates this 
kind of backtrack optimization: every 
coordinate pa ir along the backtracked path 
can be del eted from the list. Notice that 
this same method works no matter how 
lon g the dead end corridor is (ie: how many 
intersections it has). 

A second kind of backtracking occurs 
when the maze contains a loop or cycle. 
The presence of a loop is indicated when the 
mouse returns to an intersection that it has 
previously visi Led. The whole traversa l of 
the loop can be cut out of the maze walk 
since that part of the maze is useless and 
cannot lead to the ex it. Figure 7 illustrates 
how it is always the outer edge of the loop 
that is traversed. Once an intersection is 
revisite.d, all corridors leading away from 
the center of the loop have been al ready 
tried and fou nd to be fruitless (otherwise 
the mouse woul d not have returned to the 
loop entrance). And since the exit is along 
the perimeter of the maze, no corridor 
leading to the inside of the loop could 
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possibly reach the exit. Therefore, it doesn't 
matter that these were unexplored, and 
every intersection along the loop can be 
deleted from the optimized path with no 
loss of important information. 

Detecting the two different types of 
backtracks (straight line and loop) involves 
answering the same question: has the mouse 
been here before? The handling of both 
types of backtracks is also the same too: 
delete all of the path history between the 
last visit here and this visit, then continue 
from there. Up until now, the optimizing 
process has been discussed in an "after the 
fact" fashion, as if the whole maze walk 
path had already been generated from the 
start to the fin ish. However, it can be 
much more efficient if the mouse can per
form these optimizations while it is re
cording the path. 

The actual details of the implemen
tation are not important here, since they 
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Figure 8: Backtracking checks. Whenever the mouse records the intersection 
it is in, it checks backward in the path list to see if it has been here before. 
If so, the path list is pared back to that point, and thus the backtracked 
path is automatically "forgotten." For example, in A, the mouse is at inter
section (70,20); it scans back through its path history and sees that it has 
been here before at pointer I. So the NEXT pointer is reset to just after I 
and the mouse continues. In B, the mouse again finds that it has revisited an 
intersection, and again the NEXT pointer is reset before continuing. In C, 
the final, optimized path is shown. 
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would depend on the type of microprocessor 
used. In general, though, assume that the 
intersection X,Y coordinates are stored in the 
mouse's memory in a linear fashion (ie: 
in an array or li st). Furthermore, assume 
that there is a pointer in to the array or list 
indicating where the next coordinate pair 
will be stored (ie: NEXT pointer). In this 
way, each time the mouse encounters an 
intersection and is about to record its 
coordinates as the NEXT position in the 
path list, it can scan backward from the 
NEXT pointer to the beginning of the list, 
looking for an occurrence of the same coor
dinates. If no occurrence is found, this is 
the mouse's first visit here. These coor
dinates can be recorded at the NEXT posi
tion in the list, and NEXT can be appro
priately incremented to prepare for any 
successive intersections. If an occurrence of 
the same coordinate pair is found (ie: at 
position I in the list), the mouse has been 
here before. The easy way to "forget" the 
backtracked part of the path (between I 
and NEXT) is for the mouse to reset NEXT 
to I, then continue normally by incre
menting NEXT and loo king for another 
intersection. Figure 8 shows this diagramati
cally. 

Incidentally, if the mouse has relatively 
low accuracy motors and sensors, it is pos
sible to obtain sl ightly different readings 
when encountering an intersection for the 
second time. Therefore, when checking to 
determine if this intersection has been 
visited before, allowances must be made for 
the inaccuracies. Th is is easily accomplished 
by checking to see if X[NEXT) is within 
plus or minus delta ofX[IJ, and ifY[NEXT) 
is within plus or minus delta of Y[ I], where 
the delta value reflects the amount of pos
sible deviation, instead of checking for 
X[N EXT ] = X[I) and Y[NEXT) = Y[ I). 

Although it may seem that a lot of com
putation is done while the mouse is running 
the maze (and, after all, speed counts), in 
fact, the time taken for computation is so 
small compared to the time it takes for the 
robot to move to the next intersection that 
it is hardly noticeable. Another factor which 
makes doing the optimization during the run 
even more desirable is that the exit of the 
maze is not always we ll defined. This means 
that the robot merely passes through a cor
ridor and trips a light sensor to stop the 
timer, and then proceeds to "fa ll of the edge 
of the world." This makes it difficu lt for the 
mouse to determine that the maze run is 
finished, and that it should now optimize 
the recorded path. Optimizing during the 
run is certainly cleaner and more efficient. 

A suitable way to take advantage of the 
backtrack-trimming algorithm would be 
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MED2 is a reliable, 
debugged program that 
generates valuable adminis
trative reports, bills, aging 
account analysis, and 
insurance forms. It is the 
result of over a year of 
design, testing, and 
retesting in colloboration 
with medical offices. It 
features a large on-line 
capacity and can be 
operated by the existing 
office staff. MED2 is 
suitable for one person 
offices or group practices. 
It adapts readily to GP's, 
specialists, dentists, and 
medical laboratories. 
MED2 requires a Z80/8080 
microcomputer system that 
supports CP /M and it is 
available on Micropolis 
5 .25 in. and IBM 3740 8 in. 
diskettes. 

FREE USERS SEMINAR 
WITH EVERY MED2 DISK 

There is a lot to know 
about MED2 · more than can 
be explained in an ad or 
manual. To show you what 
MED2 can do, how to use it, 
and why it is configured as it 
is , OHIO MICRO SYSTEMS 
makes an unprecedented offer 
. a FREE two day user's 
seminar (lodging included) 
with every MED2 disk . We 
believe this is the best way for 
you to obtain a thorough 
working knowledge of MED2 . 
You get to see, question, and 
evaluate MED2 with its 
designers. The seminar is 
comprehensive and includes 
information on procedures in 
medical offices, customizing 
MED2 for unique situations, 
technical aspects of MED2, 
and marketing strategies. The 
seminar can be a complete 
course for an end-user familiar 

with microcomputers, but it is 
specifically geared for dealers. 
MED2 provides an excellent 
entry for dealers Into the large 
new marketplace of medical 
offices. There Is no question 
that the need exists. Investing 
the time in the seminar will 
open the doors to increased 
hardware and system sales. 

The price of MED2 is 
$895 . A deposit of$200, which 
applies toward the purchase 
price, is required for 
registration in the seminar. If 
you decide to not purchase 
MED2 after the seminar, you 
owe no more. Contact OHIO 
MICRO SYSTEMS for 
seminar dates, registration, 
and further information. 
Phone (216) 678-5202 or write 
to us at 500 South Depeyster, 
Kent, Ohio 44240. 

OHIO MICRO SYSTEMS 
500 S. DEPEYSTER ST. • KENT, OHIO 44240 • (216) 678·5202 
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Figure 9: Optimization. If 
a leftmost path were to 
y ield the red path and a 
righ tmost path were to 
yield the gray path, the 
common intersec tions 
would be A, 8, C, and D. 
By tal?ing the shorter path 
between each successive 
pair of intersections, one 
obtains the shortest total 
path which has been tra
versed. Examples of short 
paths are the gray path 
from A to B, either path 
from B to C (s ince they 
are the same), and the red 
path from C to D. The 
final path is the most 
direct and shortest path 
through this section of the 
maze. 
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Figure 7 0: Turning time considerations. Due to the I ime it ta I? es for the 
mouse to tum in an intersection, evaluations regarding this difference in the 
average length traveled per unit time must be made. For example, the mouse 
mo ves one unit of length in one unit of time and it takes lwo units of time to 
tum in an intersection. Then with the mouse starting in position A in each 
course, after 12 units of time the mouse has progressed 7 0 units of length on 
the left and a full 7 2 units on the right. 
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for the mouse to take the ri gh tm ost path, 
optimizing and recording as it went on the 
first at tempt, and simil arly take the lef t
most path on the second try. Now the 
mouse has recorded in its memory two 
di ffere nt optimized paths. At th e beginnin g 
of the th ird a ttempt, each of the two paths 
can be measured by a straightforward, length 
of corridors sum, and the shorter of the two 
optim ized paths can be taken on this final 
run. 

A logical ex tension of th is shorter total 
path phil osophy is to compare the leftmost 
path list to the rightmos t path li st, f inding 
al l the common intcrsectiom. A short tota l 
path can then be composed by joining the 
shorter of the path segments between each 
comm on in te rsec tion pairs. For example, 
each compl ete path might go through the 
ori gin , in tersection A, intersection B, and 
the ex it poin t (perhaps alo ng with many 
other di ffere nt intcrsecLions). Then an 
opti mal pa th could be made by combin in g 
the shorter path between th e o rigin and 
A, the shorter path between A and B, and 
shorte r path between B and th e exit. Con · 
ccptually, thi s is li ke break ing the maze 
down into "com mon denom inator" sections 
and picking the shortest path th rough each 
indi vi dual section. And, in fact, this path is 
the shortest one which has been traversed 
through the maLe so far (sec figure 9) . 

However, time is critical, not distance, 
and most likely the robot corners more 
slowl y than it goes straight (see figure 
1 O). So if the shorter path has many turns in 
it, and Lhe longer run has few turns, th e 
shorte r path may not necessaril y yie ld the 
shorter tim e ror the run . Therefore, a slight
ly more soph isticated scheme could measur·e 
th e paths usi ng a weighted sum (a la rger value 
for turns than for straightaways), and yield 
values wh ich more close ly reflect how fas t 
th e robot ca n negotiate the maze by the 
di ffere nt paths. 

Conclusions 

The algorithms presented here are by no 
means high-powered or devious , but arc 
more the results of a natu ral, in tuit ive ap
proach to the maze traversa l problem. They 
are all straightforward and relatively easy to 
im plemen t. But even so, they arc reli able 
an d produce solutions which are reasonably 
good, especiall y when compared with the 
common wall -hu gging tact ics. 

Cl ea rly, there are stil l many ways to im
prove th e per for mance of these algo ri thm s. 
More contests like th e IEEE Spectrum 's 
Micromouse contest will perhaps encourage 
investiga tion in thi s area and will produce 
much more sophisticated approaches and 
solu tions to the maze problem .• 



Horizon Disk Capacity 
Keeps Growing 
The Horizon is now capable of 72G< 
bytes on-line! The Horizon can connect 
to four double density 51/4 ·single-sided 
disk drives. Each of those drives can 
access 180K bytes of information. A 
four drive system accesses 720 K bytes! 

That's capacity you don't usually find in 
a microcomputer. but there's even 
more to come! The North Star disk con
trol I er board is designed so that two
sided disk drives may be added as 
soon as they become availab le from 
North Star. 

Existing Horizons will accommodate the 
new two-sided drives so North Star 
owners can simply add additional 
drives to up-grade their system. Each 
two-sided drive will access 360K bytes! 
That means the maximum on-line disk 
storage for the Horizon will increase to 
over 1.4 million bytes! 

New Cabinet 
for Disk Drives 
North Star additional d isk drives are 
now available with the same high 
quality wood cover as the Horizon 
computer! The Additiona l Drive 
Cabinet (ADC) is designed to accept 
either one or two drives for the Horizon 
or for mounting North Star Micro Disk 
System drives. Like the Horizon. the 
ADC is available with either wood or 
blue metal cover. Included is a new 
power supply capable of powering 
one or two drives. The ADC is $129 In ki t 
form. Assembled, with one drive the 
ADC is S599, with two drives $999. 

Circle 285 on inquiry card. 

Pascal Now Available 
for Horizon 
The much-heralded Pasca l language 
is now being offered for use with the 
North Star Horizon computer. North 
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Inside view of Horizon with processor 
board, RAM board, d isk controller. two 
drives, and power supply. 

Star, with the co-operation of the Uni
versity of California at San Diego, is 
now delivering a Pascal Program De
velopment system. North Star Pascal is 
ideally suited for developing large 
programs because of features such as: 
long variable names, block-structured 
control statements. and compi lotion. 
North Star Pascal is available on 5114" 
diskettes for use with the Horizon or 
Micro Disk System. North Star Pascal 
will operate with either the Z80 or 8080 
microprocessor. 

Pascal, including documentation, is 
available in either single or double 
density versions for $49. 
An auxiliary Pascal diskette. contain
ing an 8080/Z80 assembler and some 
additional Pascal util ities. is available 
for $29. Complete information is avail
able at your local reta il computer 
store. 

First Double Density, 
Now Double Memory 
The new North Star 32K RAM board 
(RAM-32) has doubled the memory 
density of the popular Horizon compu
ter. Available either with the Horizon or 
other S-100 bus computers, the RAM-32 
runs at full speed - no wait states -
with the 4 MHz Z80A microprocessor 
(as well as with slower Z80 and 8080 
processors). Addressab ility of the 
RAM-32 is switch-selectable in four 8K 
regions. 
North Star RAM features like bank
switching and parity checking are 
standard. The parity checking capa
bility means that the RAM-32 is con
stantly diagnosing itself. That's a plus 
for your system. The fact that parity 
checking Is a North Star RAM-32 stan
dard is a plus for your pocketbook ! 
There is no extra charge for this impor
tant capability. 
A Horizon with 48K of RAM con be con
figured by using one North Star 16K 
RAM board and a RAM-32. Need 
more memory? 56K con be configured 
by using two RAM-32 boards with one 
8K region switched off. 

NORTH STAR MOS, ZPB, 
FPB FOR OTHER 
S-100 COMPUTERS 
Upgrade your system with these North 
Star products-available for any S-100 
computer : Micro Disk System - a 
complete 5114" floppy disk system. Z80 
Processor Board. or the Hardware 
Floating Point Boord. 

Horizon and RAM board prices are: 
Kit Assembled 

Horizon - l -16K 
Horizon - l -32K 
Horizon - 2-32K 
RAM-32 
RAM-16 

$1599 $1899 
1849 2099 
2249 2549 
599 659 
399 459 

~A typical Horizon configuration: CRT, Hori
zon computer. Additional Drive Cabinet 

~¥ 
Computers 

2547 Ninth Street 
Berkeley, Califomio 94710 
(415) 549-0858 



PROVIDES 
POWERFUL 

With A New Concept In Documentation 

PRS MAKES A 
BREAK-THROOGH IN 
DOCUMENTATION 
Every PRS program comes with a 
complete and instructive handbook. 
This unique documentation is written 
in clear and easy-to· understand 
English. PRS offers you a true fluency 
in computer-user dialogue. 

PRS HASA 
POWERF<JL CODE 
Powerful code means fast and accu
rate answers. PRS permeates the de
sign of its unique code with "human 
engineering." And you'll appreciate 
the delicate balance between machine
human dialogue and resident pro
gram-space memory. 

PRS PROGRAMS ARE 
PROTECTED IN A BEA<JTIFUL 
CASSE1TE OR DISK FOLDER 
The PRS cassette or floppy disk and 
manual for your PRS programs are 
protectively nestled in an efficient and 
durable gold-imprinted folder. Wher
ever you file it, in your room or office. 
the decor will be enhanced by its 
elegance. 

PRS S<JPPORTS YOOR MAJOR 
BRANDS 
Over 20 packages are currently avail 
able. For example: Cuts, Xitan, Tar
bell, TRS-80, Micropolis, North •Star. 
Use the order form on the other page 
to order your program. Just indicate 
your version and the configuration of 
your computer. Mail it to us today. 
And we will have it fulfilled immedi
ately by a dealer in your area. 

VISIT YOUR NEAREST DEALER 
TODAY 
Let your dealer demonstrate the excel
lence of PRS programs. Let him show 
you the new concept in PRS documen
tation. Use the order form to obtain 
the names of the dealers in your area. 
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PRS EXCITING UNE OF PROGRAMS 
D MICROFILE: A NEW 

DATAFILE MANAGEMENT 
PROGRAM 

With PRS MICROFILE you can: Man
age any list of items. Edit files. Sort 
items alphanumerically. Search by 
keys. Total columns. Justify columns. 
Save and retrieve data with mass stor
age media. 
PRS MICROFILE documentation also 
solves one of the major concerns of 
beginners. A special chapter explains 
how you can interface newly acquired 
software with your specific configura· 
ti on. 
PRS gives clear tutorial instructions on 
the whole matter of 110 patches. In ad
dition, you will always find a complete 
source listing of the J/0 section of our 
programs. PRS makes every effort to 
facilitate the implementation of its 
software within your particular system. 
Cassette $49.95 
Floppy Disk $64.95 

D DDS II: THE FAMOUS 
DYNAMIC DEBUGGING 
SYSTEM 

DDS II is incredibly powerful. Al 
though designed for microcomputers, 
it is even more sophisticated than the 
built-in debugging environments sup· 
ported by most large main frames. 
DDS II assembles and disassembles all 
8080 code. Performs "software open
heart surgery", artfully displaying on 
the screen all registers, program in
structions and memory. Simulates 
dual screen capability. You can switch 
on command from the DDS II display 
to the program output. It's like having 
two video monitors for the price of 
one. Updates the display while moni
toring the program. Includes a full ar
ray of monitoring tools. 
Cassette $49.95 
Floppy Disk $64.95 

D CORE: AN INDISPENSABLE 
"BRAIN-SURGEON .. 

This PRS program is the TRS-80 Co· 

System Monitor-an essential pro· 
gram for the TRS·80 level II. 
It permits the user to penetrate and 
manipulate the contents of the memo· 
ry . It can question the input and output 
ports. the CPU registers, control the 
mass storage drives and much more. 
Here's a partial list of commands: Ex
amine and modify memory. Display 
memory in Hex. ASCII , or CPU regis
ters. Enter ASCII in memory. Fill 
memory. Move block of memory. Veri · 
fy memory. Locate string. Branch to 
routine. Go to and execute (two break
points available). Hex arithmetic. 
Question input ports and command 
output ports. Tape Cue, on/off. Read 
file in memory (bias available). Write 
file from memory. Memory lest. 
Cassette $38.95 
Floppy Disk &64.95 

D A2FP: A PLOTTING 
PROGRAM FOR APPLE II 

This PRS program is a "modern age" 
tool for students, engineers and re
searchers. A2FP plots 2·dimensional 
functions in HIRES graphics. Uses the 
full screen (280 x 192 points.) Plots on 
Cartesian coordinates. Gives complete 
parameters of plotted curves. Super
imposes plots. Offers many plotting 
modes. 
Cassette $34.95 

D T/PM: A TRANSIENT 
PROGRAM MANAGER FOR 
THE TRS-80 

T/PM is a disk operating system simi· 
lar to those used by main frames. It is 
written to utilize the full power of the 
Z-80 instruction set. 
At last, software can now be transpor
table. All programs written for the 
C/PM system can now be re located 
just once to run on the TRS-80. If a 
program is written for Lhe TRS-80 us· 
ing T/PM or other CP/M • I ike DOS, 
you can now run that program simply. 
without patches. 
Floppy Disk S149.95 
•Trademark of Digital Research 
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PROGRAMS 
----- - --------;;;5=-=.iiiE°j;RC>ea-~A~-~;: --r;._E ____ __ _______ ! 

.MONTH CORPORATION 1 

257 Central Park West, New York, N.Y. 10024 

SOFTWARE PRICE QTY. 

1. MICROFILE: A new Data File 
Management System 

D Cassette $ 49.95 

D Floppy Disk $ 64.95 

D Documentation only $ 10.00 

2 . DDS II The Famous Dynamic 
Debugging System 

D Cassette $ 49.95 

D Floppy Disk $ 64.95 

D Documentation only $ 10.00 

3. CORE: The TRS-80 Co-Resident 
System Monitor 

D Cassette $ 38.95 

D Floppy Disk $ 64.95 

D Documentation only $ 10.00 

4 . A2FP The APPLE II Function 
Plotter 

D Cassette $ 34.95 

D Documentation only $ 10.00 

5. I /PM: The TRS-80 Transient 
Progam Manager 

D Floppy Disk $149.95 

D Documentation only $ 50.00 

r_: Send me list of dealers in my area Sub Total 
Check enclosed Less 5% 

I VISA l Master Charge L U.P.S. COD with order 

Account• Exp. Date N.V. State 
sales tax 

Bank• Total 

Signature ------------- --

My Computer configu ration (specifying disk system) 

TOTAL 

Corporation _ ___________ Telephone ________ _ 

Address (no P.O. Box) 

City ____________ State _____ Zip _____ : 
-0 
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Here It isl The most complete, totally Integrated, word processing system software you've ever 
seen on a microcomputer. WORD-START.M. really shines In ease of use, with its unique, 
dynamically activated menu scheme that allows typists to become word processing operators 
In minutes instead of weeks. For only $495, your 8080/8085/Z-80 with any CRT device becomes a 
word processing system with the features of a Lanier, Wang, Vydec, Xerox, etc, for far less cost. 

Features like ON-SCREEN VISUAL TEXT COMPOSITION, with word wrap, plus dynamic justifi· 
cation and remargination. Imagine being able to type without hitting RETURN, and as WORD· 
START.M.moves you to the next line, the preceding line is redisplayed, justified to your left and 
right margins! Center a line with a keystroke! Set BOLDFACE and/or underline even In mid 
paragraph! Rejustify text to new margins, on-screen, at will! 

DYNAMIC PAGINATION shows the printer page breaks during text entry, correction, or review. 
Dot commands control vertical page layout, CONDITIONAL PAGINATION, page HEADINGS, 
page NUMBERS, etc. The Integrated PRINT COMMAND can print selected pages only, pause 
between pages for letterhead loading, and drive any CP/M * list device. WORD-START.M.runs with 
the CP/M Interfaced printer and terminal of your choice. 

SPECIFICATIONS: status line showing page, line, column of cursor; verlable menu suppression for experienced operators; dynamic display 
of text during entry or on call permits CRT preview of printed copy; full disk buffering (document sizes up to diskette capacity); multlple 
fi le/disk edits In a session; CP/M file compatible - also useful for data entry, editing programs, etc. Commands Include: cursor 
up/down/left/right; scroll llne/screenful, up/~wn , once/variable rate; lnsert/overtype; delete character/wordlllne tefUrlghtlentlre; varlable 
margin eet/releBSe; 891/clear tab stops; Justify/ragged right; block move/copy/delete; search/replace once/n times/global/selective/whole 
words only; write to/read from additional Illes; set/go to any of 10 place markers. Additional support provided for CRT's with Inverse 
video/dual Intensity, llne Insert/delete, and erase to end of line. Dialog Interface for easy Installation. AND MORE! 

Registered WORD·MASTERT.M.users can get a $100 discount from us or your participating dealer 
when upgrading to WORD·STAR!·M· Offer good for a limited time only. 

WORD·START.M.operates with any CP/M * operating system, 32K, and either a memory mapped 
video board or any CRT TERMINAL with cursor control and clear screen (Hazeltine, Lear-Siegler, 
Soroc, Mlcroterm, Hewlett Packard, lnfoton, Beehive, Processor Tech VDM, IMSAI VIO, SD 
Systems, Altos, Dynabyte, GNAT, etc). We ship on 8" IBM, Micropolis II, or Northstar diskette. 

Other fine MicroPro Products include: 

Word-Star r .M. 

Word·Master T.M. 
Tex-Writ er r .M 

Sot tware/Manual 
$495/25 
$150/25 
$ 75/15 

Super-Sort r .M.I 
Super-Sortl M.11 
Super-Sort r .M.111 

MICROPRO INTERNATIONAL CORPORATION 
1299 4th Street, San Rafael, California 94901 

Software/Manual 
$250125 
$200125 
$150125 

Telephone (415) 457-8990 Telex 340388 Dealer/OEM inquiries invited 

"PROFESSIONAL QUALITY SOFTWARE YOU CAN COUNT ON, NOW" 
See Demonstrations at NCC. Personal Computing Booth 42 

' CPIM 1s ii lr a!.lemark o l Drgrt al Researcll Corµ. 
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The circuit described 
is intended only for ex
perimentation with a 
unique form of input. 
It should no~ in any 
way, be used for diag
nosis of bodily func
tions. 

Mind Over Matter 
Add Biofeedback Input to Your Computer 

I wouldn't want you to get the wrong 
idea from photo 1. I haven't given up com
puters and taken up tel ling fortunes. Just 
consider the photo as a slightly dramatized 
introduction to a topic we've all heard of, 
but know so li ttle about: biofeedback. In 
layman's terms, this simply means having 
the capabi lity to monitor (in this case 
electronica ll y) physiological processes. 

There are a variety of devices on the 
mar·ket referred to as brain wave monitors. 
Brain waves are but one of the many sources 
of energy categorized under biofeedback. 
Their common relationship is that they are 
all electrical pulses which run through the 
body as a result of brain or muscle activity. 
Nerves and muscles within the body generate 
electricity by electrochemical action similar 
to tha t in a battery. 

When we want to lift an arm , the brai n 
sends an electrical pulse to the muscles in 
the arm. Proper magnitude and duration of 
the signal resu lt in coordi nated activity. 
The actual energy that is transmitted from 
the brain is very smal l: on the order of a few 
hu ndred microvolts at the most. The most 
familiar of these signals is the voltage gen
erated by the pumping of the heart. A graph 
of this voltage versus time is called an electro
cardiogram (abbreviated EKG or ECG). An 
EKG looks like a spiked waveform, with 
periodic response equivalent to a heartbeat. 
Many individual muscle contractions con
tribute to a frequency spectrum of 0.1 to 
100 Hz, with an amplitude of about 5 mY. 

Another group of signals are the voltages 
generated using large skeletal muscles like 
biceps and tr iceps. A recording of these 
voltages is cal led an electromyograph or 
EMG. Occurring only when the muscles 

contract, not periodically like the heart, 
the freq uencies are very low, but the volt
age is higher: about 5 to 10 mV. Because 
of their magnitude, these signals are the 
easiest to monitor. 

The last important biomedical signal is 
composed of very low ampli tude voltages 
within the brain itse lf. These are recorded by 
the EEG (electroencephalograph). They ex
hibit both periodic and pulse mode. The 50 
µV signals occupy a band that is generally 
between 1 and 30 Hz. The signals are further 
subdivided into delta, theta, alpha, and beta 
waves. These classifications signify activity 
in defined freque ncy bands. Diffe rences in 
activity seem to reflect particular personality 
tendencies. 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

Photo 7: This photo simulates a crystal ball reflection to emphasize the con
trol capabilities associated with this article. 
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tion and assoc1at1on are the keys. EKG, 
EMG , and EEG readings must be carefully 
interpreted. 

Figure l: Differential input instrumentation amplifier configured from multi
ple, single-ended, operational, amplifier elements. 

All of the signals discussed thus far can 
be mon itored with surface electrodes. When 
the biceps is moved, a small voltage which 
can be measured wil l be produced across it 
(ie : referenced to some other point on the 
body) . Monitoring this voltage requires a 
special amplifier with extremely high input 
impedance and 60 Hz rejection. Care must be 
taken to use a device which wi ll not load 
the signal being sensed, nor have such a 
low signal to noise ratio that one cannot 
discern intelligible information. The unique 
device wh ich satisfies these requ irements is 
ca lled an instrumentation amplifier. Any 
product which is sold to monitor brain 
waves, EKGs, etc will contain an instrumen
tation amplifier. 

Instrumentat ion amplifiers are often called 
differentia l or data amplifiers. They are 
closed loop gain blocks with accurately 
predictable input to output response. They 
are especial ly configured to have extremely 
high input impedances and common mode 
rejection wh ich makes them ideal for ampli
fying low level signals in the presence of 
large common mode vo ltages. Figure 1 
shows the schematic of a typical instrumen
tation amplifier built from such standard 
operational amplifiers as LM 301 s or 741 s. 

Copyright© 1979 by Steven 
A Ciarcia. A ll rights reserved. 

Monitoring Internal Electrical Activity 

Consider the activity within the brain 
or the muscles. Each neuron is producing 
minute voltages. In combination with the 
voltages of billions of other cel ls involved 
in sim il ar activities, the resu lt is fairly 
significant. The situation can be compared 
to that of a footba ll stadium before, during, 
and after a game. A listener outside of the 
stadium would not hear the shouts of a 
few individuals, but 50,000 people shouting 
is quite another story. A further considera
tion is the progress of the game. Loud no ise 
coming from a particular section of the 
stadium during the game signifies app roval. 
This same ovation, at the conclusion, can 
imply the identity of the winner. Observa-

This common circuit consists of three 
op amps. ICa and ICb are inserted as high 
impedance input buffers which provide a 
differential gain of 1 + 2Rl /Rgain and unity 
common mode gain. ICc is a unity gain 
differential amplifier which combines the 
voltages from the other amps. The ratio 
of the differential voltage gain of an amp
lifier to its common mode gain is enhanced 

Table 7: Comparison chart of three different amplification elements. 

Symbol 

Feedback 
Configuration 

BHIC 
Appllcatlons 

1 . 

2. 

1 . 

2. 
3 . 
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Operational 
Amplifier 

!1>-
User defined feedback such 1 ' 
as voltage or current . 
Can be configured to 2. 
provide dV/dt, l Vdt, 
log V, etc . 

General purpose amplifi - 1 . 
cation element . 
Buffer. 
Analog computational 
element . 

Instrumentation Isolation 
Amplifier Amplifier 

:d>- ~~ 
Committed feedback . 1. Committed feedback . 

Gain adjustable 2. Gain adjustable 
within fixed limits . within fixed limits . 

High accuracy analog 1 . High accuracy analog 
sense amplifier. sense amplifier . 

2. Analog safety isolator. 
3. Prevents ground loops. 



by selecting low feedback resistors to reduce 
th e effects of input offsets. A problem arises 
wh en selecting matched components to 
build this otherwise cheap circuit. Slight 
variations in resistors and op amps can make 
the difference between a working or non
working circuit. (More on that subject will 
be discussed later.) 

EEG and EMG monitoring requires an 
instrumentation amplifer because of the 
low input levels; but, when used in a bio
medical application, a further modification 
to the ampl ifier's internal design is necessary. 
The special device is called an isolation 
ampl ifier . Transformers or optical couplers 
in side the amplifier block isolate the sense 
inputs of the amplifier from the output 
circuitry . This means that a 2 µV signal 
could be monitored on a 2000 V transmis
sion li ne and the output connected directly 
to an analog to digital converter input on 
your computer. The protection works both 
ways. This is why any connections to the 
body are done through isolation amplifiers. 

An isolation amplifier is to analog signals 
as an optoisolator is to digital signals. It 
prevents ground loops from the data analysis 
equipment (ie: your computer) through the 
subject. When the electrodes are attached, 
skin contact resistance is very low: only a 
few hundred ohms. A leakage current of 
just 100 µA can be fatal. Table 1 sum
mar izes the differences between the ampli
fier we 've discussed . 

Choosing an Isolation Amplifier 

There have been many articles on the 
subject of alpha brain wave and muscle 
monitors ; some even include circuit diagrams 
for construction of the interfaces. The 
major thing these articles lack is a caution 
about matching components, and the critical 
importance of proper layout. The circuit 
of figure 1, if breadboarded in the usual 
fashion, wouldn't have a chance of working 
on 50 µV levels. Even the testing of a hand
ful of components to obtain matched pairs 
would be useless without concise wiring 
and plenty of ground plane shielding to 
reduce 60 Hz interference. Personally, I 
don't like to present circuits with so many 
strings attached that it takes divine inter
vention to make them work. 

The final most important consideration 
in this undertaking is to not get electrocuted 
because of sloppy technique. At this point 
I'd like to draw the line between this article 
and other construction oriented articles. A 
cheap method of attaining minimal isolation 
is to use batteries to power an instrumenta
tion amplifier. This sounds fine in theory, 
but it is very risky in practice. Too often a 
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Photo 2: The Analog Devices 284/ isolation ampli fier used in this article. 

Photo 3: View of the prototype circuit described in figure 2. 

Photo 4: Prege!led American Optical electrodes of the type used in this 
article. They are available from medical supply outlets. 
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standard power supply i substituted fo r 
the batteries, or a loose ly wired component 
fa lls agai nst a l ive w ire on another c i1·cuit. 

Fortunately we can get bo th afe ty and 
perform ance i r we don't assume that every 
thing has to be const ructed from soa tch . 
I t is a much better idea to take advantage 
of com mercial ly ava ilable iso lation amp li
fiers. (You wouldn't build a 4 bit digital 
cou nter from transistors, wou ld you ?) A 
pe1·fcct choice for thi s app licat ion is th e 
Underwri ters Labora tory approved Ana log 
Dev ice 284 ) isolation amp Ii fier shown in 
photo 2. It provides plu or minu 2500 V 
isolation, ·1·10 dB common mode rejection, 
and a ga in of 10 V per vo l t. For the ex
peri menter this elimin ates building th e onl y 
tricky section of th e in terface. An added 
benefi L is that the isolat ion is now an in
terna l fu nction of the 284] and not a 
function of instal lation. Since the ul ti mate 
aim of th is anicle is Lo produce a b iofeed
back in terface fo r a compu ter, I don ' t 
wa nt anyone getti ng in jured in th e process. 

Biofeed back Computer Interface 

Figure 2 i the sc hemat ic of a circu i t 
which is capa ble of sensi ng th e m inute 
voltages we've been disc ussi ng, and signify 
ing to the computer when a present level has 
been attained. This is a bare bones, basic 
in ter face designed pecifica ll y for signal 
acquis ition . I t would seem to me that this 
is th e area which would give most peop le 
problems. The circuit consists of an iso la
tion amplifier modu le, two gai n stages, and 
a comparator to sense peak level. The com
pleted circui t is shown in photo 3. 

All conn ections to the body ai-c clone 
throu gh Ml . The high and low inpu t ter
mina ls are attached across th e area to be 
monitored. I f it is an EKG output , you 
should attach the terminal s as shown. For 
biceps input, these two probes would go 
on Lhe upper arm and th e guard con nected 
to the wr ist. A ll leads be tween the body 
and th e board must be hieldcd or 60 Hz 
wi ll be all tha t is seen on th e output. Gain 
on the 284 ] amplifier is set by onnec ting 
a resisto r b tween pins 1 and 2. Wh en th ey 
are shorted as shown, the result i · a gain 
of 10. 

ICs 1 and 2 arc confi gured as common 
invert ing amplifiers, each havi ng a gain of 
10. Since the signals we want to amplify 
are relatively low freq uency AC, a capacito1· 
is attached at the input of the first amplifier 
to filter out the DC component of Ml 's 
output. In mos t cases of muscle monitoring, 
th is to tal ga in of 1000 is suffic ient. Picking 
up bra in waves will require additional 
amp I ification. Changing the 100 kQ res istor 



+V 

-v 

RI 
OFFSET ADJUST 
50K 

Figure 2: Schematic diagram of biofeedback 
monitor. IC4 is a type 284/ isolation ampli
fier costing $59 plus shipping from Analog 
Devices, Rte 7 Industrial Par!?, POB 280, 
Norwood MA 02062. +Vis anywhere from 9 
to 75 V and-Vis from - 9 to - 75 V. A lf 
capacitors are l 00 V ceramic unless other
wise noted. Alf circuit1y should be mounted 
on a ground plane to reduce AC p ickup . 
Connecting wires should be as short as pos
sible. The electrode cable must be shielded 
to obtain proper operation. 

on IC2 to 1 MD wi ll increase it another 
order of magnitude to 10,000. Be aware 
that raisi ng the ampl ification also raises 
the noise on the output. Capacito rs in the 
feedback loops are used in an atte mpt to 
keep th is noise to a min im um. The amplified 
analog signal is ava il able at pin 6 of IC2. 
It can be attached to an osci lloscope if you 
care to watch yourself in actio n. 

IC3 and I C4 arc the interface to the com 
puter. IC3 is a comparator wi th norm al ly 
high outpu t. When the signal level from IC2 
exceeds the trigger vo ltage set on R2, IC3 
pin 6 goes low, fi ring the one shot IC4. This 
signal is in turn connected to a parallel 
in pu t bit of the computer. Offset potenti· 
omctcr R 1 is ad justed to give 0 V on I C2 
pin 6 when Ml is removed and Ml pin 10 
is grounded. 

Using the Muscle Monitor 

Monitoring muscl e vo ltages is much 
easier than monito ring brai n waves. To ade
quately accomplish the latter, sharp band
pass filters which can separate brai n wave 
from other signa l sou rces must be added to 
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IC1 LM301A 

IC2 LM301 A 
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+5V 

IOK 

+V -v 
7 4 

7 4 

- -
- -

Table 2: Power pin connections for f igure 2 schematic. 

figure I. As it stands, it cannot differentiate 
between alpha or theta waves and is opti
mi zed for muscle pickup. 

To sense the electrica l activity of a 
musc le such as the biceps, three electrodes 
arc necessary. It is not enough to merely 
wrap three wires around yo ur arm. Special 
electrodes such as the type shown in photo 4 
are necessa ry. These are referred to as pre
gcl led sil ver-silver chloride disposab le elec
trodes and th ey arc availab le through medica l 
suppl y ou tlets. The electrodes (shown 
in photo 5) have a spongy center section sat
urated with a gel to reduce ski n contact 
resistance. The best resu lts wil l be obtained 
by using these or simil ar attachments. 

In th e case of the fo rearm muscles, the 
Text continued on page 56 
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If you've written software 
in Altair Basic, you've written 

"spells" for the Exidy Sorcerer. 
Now, make it pay off I 

There's never enough software. 
Particularly good software. 

That's why Exidy is sponsor
ing a software contest where 
nobody loses. 
Altair programs run on Sorcerer. 
The Sorcerer computer's 
Standard Basic is compatible with 
Altair 4K and BK Basic. So our 
contest is open to programs 
-we like to think of them as 
"spells" or "Sorcery" -written 
in all three of those Basic versions. 

And maybe a free Exidy 
Sorcerer: Submit one of the four 
programs judged "best," and win 
a free Sorcerer computer. (Or 
choose Sorcerer accessories of 
equal value.) There'll be one 
winner in each of the following 
categories: Business, Education, 
Fun & Games, and Horne/ 
Personal management. 
Test-run your entry free. 
Take your program to any 
participating Sorcerer dealer 

Trade one of yours for one of 
ours. Just for entering a program 

WIN THIS EXIDY SORCERER. if you want to give it a test run . 
At the same time, maybe you'll 

in our contest, we'll send you a new, professionally 
written and documented program. Free. It's a 
classic game of concentration that's a fun mind
stretcher for both kids and adults. Plus you'll 

want to jazz up your program to take advantage of 
Sorcerer's state-of-the-art features. These include 
512 by 240 high-resolution graphics; user-defined 
characters; and dual cassette 1/0, among others. 

get our new 20" by 24" color poster. You can turn in your entry right at the dealer's. 
And maybe 99 more good programs. We' ll publish 
a bound book of the best programs entered - up 
to 100 of them, with full credit to each author. If 
you enter you can have a copy for just the printing 
and mailing cost. And if your program is included, 
you get the book free . 

And collect your poster and new program on 
the spot. 
Enter now. Send us your entry with the coupon. 
Or visit your dealer. But cast your best spell at 
Exidy now. And see if you can't make a free com
puter appear on your doorstep. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
RULES: 
I) Entries, incl uding documentation , must 
be prin ted by computer o r typed double 
spaced on 81h by 11 paper, with your name 
on every page. 
2) Enter as many times as you like . This cou
pon , or a copy of it, must be completed and 
attached to a ll entries. 
3) Enter at any participa ting Exidy Sorcerer 
dealer, or mai l entries postpaid to the ad
dress on this coupon . 
4) Entries must be received by midnight , 
Aug. 31 , 1979. Winners will be notified by 
Nov. 30, 1979. For a list of winners, send a 
self-ad dressed, stamped envelope marked 
"Winners List" to the coupon add ress. 
5) You warrant, by your signature on this 
coupon, that all program and documen
tation mate ria l included in your entry is 
enti rely your own o riginal creation , and that 
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no rights to it have been given or sold to any 
other party, and you agree to a llow Ex idy to 
use, publish . distribute, mod ify, and edi t it 
as it sees fit. 
6) All entries become the property of Exidy, 
Inc. No entries will be returned, nor any ques
tions answerl'<l regarding ind ividua l entries. 
No royalti es, payments or consideratio n 
beyond the items set forth in this advertise
ment will be given to any entrant. 
7) Judg ing will be by a panel of exper ts cho
sen by, and including representatives of, 
Exidy, Inc. Judges may assign programs to 
whichever entry category they conside r ap
propriate. Decision of the Judges is final. 
8) Employees of Exidy, Inc., its dealers, dis
tributors, advertising age ncies and media 
not eligible . Void where prohibited , taxed or 
restricted by Jaw. 

. 

EXIDY, INC. 
%9 W. Maude Ave. 
Sunnyvale, CA 94086 

G e ntlemen : 
Here's my "spell ." Send me my free program and 
poster. If I win, send my Exidy Sorcerer computer to: 

CITY __________ STATE _ ___ zrr. __ 

DAYTIME PHON~--------------

TITLE OF PROGRAM ___ _ ______ ___ _ 

CATEGORY D Busine·ss D Fun & Games 
0 Education 0 Home/PerSOnal Management 

SIGNATURE----------- DATE _ __ _ 
Copydgh1 1979. Exid y. Inc. 



Photo 5: The electrode has a saturated spongy center which serves to reduce 
skin contact resistance. It is necessary to use this type of connection to the 
body if satisfactory results are to be obtained. 

Text continued from page 53: 

hi gh electrode (shown in photo 6) is placed 
on the wrist, the low electrode on the upper 
arm, and the guard on my chest, close to 
the shoulder. When the muscles of that arm 
are flexed, a large pulse will appear at the 
analog output termi nal of the in terface. It 
is best seen with an osc il loscope. Every 
movement produces some noticeable devi
ation in the trace. If the trigger ad justment 
R2 is set above the ambient noise at the 
peak of th is large pulse, it will fire the one 
shot every time the muscle is flexed. Ac
tu all y, adjustment can be much fi ner. With 
the electrodes placed as in figure 1 (the 
guard is on my chest again ), they can pick 
up something as insignificant as moving 
your eyebrows or gritti ng your teeth . Th e 
se tting is made higher than the level produced 
when talking or breathing, so that it can 

Photo 6: To monitor the 
electrical activity of the 
muscles in the arm, elec
trodes should be placed 
as shown. 

be used as a sui tab le control input to the 
computer. 

Biofeedback Computer Control 

Control is the name of the game. Con
si der someone who is al most totally 
paralyzed. Th is system could be used (per
haps by sensing eyeb row movement) as an 
on/off switch to a more sop histicated con
troll er. I've seen one computer aid for the 
handicapped which consisted of an alp ha
numeric sequencing display. Letters could 
be individual ly chosen and eventu ally com· 
bined to produce whole written messages. 
A lot can be accomplished with a si ngle 
bit of input if the software is written with 
time as a pertinent consideration. A si ngle 
switch could signify a particul ar choice if 
each was presented in sequence with time 
al lotted to answer. That is the premise of 
the BASIC program in li sting 1. 

Th is is a simple program written in 
Micro Com 8 K Zapple BASIC. It presents 
the operator with a series of seven cho ices, 
and branches to special subrouti nes as a 
result of these choices. It presumes that the 
user can see and signify positive response 
by a high logic level on bit 0 of input port 3. 
Th is bit is tied to the output of our eye
brow twitch mon itor. Ou tp ut port 17 has 
seven I ights attached to bits 1 through 7 
(bit 0 not used) . Th e program li ghts the 
first I ight, an d the user decides whether or 
not the computer shou ld perform th e 
activity signified by bit 1. If so, the user 
merely furrows his or her brow and th e 
program ju mps to the designated activity. 
In th is simple il lus tration, I merely flash 
the light a few times to indicate which 
was chosen. Should the operator not care 
for the first choice, the program sequences 
to the next choice, and so on . Before hook-



One of 
three exciting 
new options 
from Ohio Scientific. 
Color .. With it there is a big 
difference. And now, Ohio Scientific 
offers a lustrous 16 color option on 
all its C2 Series Computer Systems, 
past and present. New orders for 
C2·4P and C2·8P's can now request 
the color option. Upgrade kits are 
avai lable for all existing C2's. When 
coupled with the C2's de monstrated 
high resolution graphics, the new 
color display is striking. 

The relatively easy add·on of color 
and other options di scussed here are 
interfaced through the new 540 B 
video board and are realized without 
extensive modification or excessive 
cost because the C2 family of com· 
puters feature exceptional "design 
for the future" modular construction 
that permits one sec tor of the 
computer to be modified 
affecting other sectors. 

Circle 290 on inquiry card. 

Th sound option 
further enhances enjoyment 
of the CZ' s while broadening their 
scope of applications. Games of logic 
and dexterity now seem to come 
alive when sound pops out from 
on•screen happenings. 

This new option is implemented 
through the new 542 Rev B keyboard 
available with new C2 orders or as 
part of an upgrade kit. In addition 
to a standard tone generator, this 
new board also contains a D/A (digital 
to ana log) converter that takes ad· 
vantage of the power and ultra high 
speed of the C2's 6502 micropro· 
cessor to e nable users to generate 
both limited band·width speech and 

complex musical 
chords. 

AC-12 Remote 
AC Control System. 
unique option enables a C2 

user to create a computerized wireless 
home control facility with simple 
effort and at heretofore unheard of 
low cost. The AC-12 provides a con
trol signal on the home's AC power 
line not unlike the manner in which 
wireless intercoms function. The 
AC· 12 will plug into any C2 computer 
that has the new 540 B video board. 

The basic system contains a com
mand console and four remote mod
ules. The remotes can be appliance 
modules that can switch up to 15 
amps, lamp modules that can provide 

on·off, dimming and brighten
ing, or wall switch modules. 

A•~!oo.. The AC-12 has a special 
Home Control OS-65D 

V 3.0 Mini-Floppy 
Disk Operating System 

that provides a wide 
range of capabili1ies 
not the least of which 
is "Foreground and 
Background" oper-
ation. This allows 
the computer to 
monitor time and 

inputs for the Home Control System, 
while running other BASIC 
programs! 

New options: 
Color and Sound Option on C2·4P and 

C2-8P .......... ... ... Add $200 

CA-11 B 540B color video board for 
system upgrades (does not include 542B 
sound keyboard) . . .. . ....... $225 

CA-1 lC 540B color video board and 
542B sound keyboard. (For upgrades) 
.. . . . ...... . .. .. ...... ' . . $299 

AC-12 Remote AC control system, in· 
eluding console, four remotes and 
software. For use on any system with a 
540B video board ............. $ l 7 5 

Color. Sound. AC Remote Control. 
Three more examples of Ohio Scientific 's 
continuing enhancement of its computer 
products and user benefits. 
Contacl your local Ohio Scientific deal er. 

1333 S. Chillicothe Road• Aurora, Ohio 44202 
(216) 562·3101 



100 REH 
110 REH 
l20 REH 
130 REH 
140 REH 

nns PT'0!1;ira111 demonst1·~tEJS how 'l.he ~OUIPl.lter Ca1"'1 be 
used to Provide conLol outPuL f ro111 an EHG di91tal input 
EHG inPuL is on Port • bit O. No sLi111ulus is lo9JC 0 
wJ ile 111uscle ac-tivit.hl is si~riifi~d btt lo~ic 1 . 
Test aPParatus uses 7 li9hts aLLached to bits 1 thru 7 of 

150 REH ouLPuL PorL 17 . The COffiPuter seouences thru the lishLs until the 
160 REH oPeraLor si9nifies a choice bw -- "THINKI NG" -- about it ! II 

Listing 7: BASIC program to sense input 
from the biofeedback monitor. This program 
scans the cursor through several choices and 
waits a short period of time. If the user 
squints or blinks within the allotted period, 
that choice is designated. If it is not designa
ted, it cycles to the next choice. This par
ticular program just blinks the chosen ob
jective to indicate that the interface is work
ing. The required body connections for pick
ing up eyebrow movement are shown in 
photo 7. 

J70 REH 
180 REH CoPwr19hL 1979 
190 REM 
200 REH 
2 10 FOR U=O TO 300 : NEXT D 
220 REM 

STEVE CJARCIA 

230 REM This routine seauential l ~ flashe~ bi~~ l th~ou~h 7 of Perl 17 
2 40 REM It onlw exits when an inPuL fla9 has been ~et bY the EMG 111onltor 
250 B"l 
260 X=2~B : OUT 17 , X 
270 GOSUB 440 
280 IF F= l THEN OUT 17•1 : GOTO 320 
290 B=B+l : IF B>7 THEN GOTO 210 
JOO GOTO 260 
310 REH 
320 IF 13=1 THEN 
330 IF B=2 THEN 
3 4 0 IF 11=3 THEN 
350 IF ll=4 THEN 
360 IF 11=5 THEN 
370 IF B=6 THEN 
380 IF B:o 7 THEN 
390 IF R>7 THEN 
400 REM 
410 R H 

GOSLJI< 
GOSUB 
GOSUB 
GOSUB 
GO SUB 
GO SUB 
GOSUB 
STOP 

670 
670 
670 
670 
670 
670 
67() 

! GOTO 
: GOTO 
: GOTO 
: GOTO 
: GOTO 
: GDTO 
: GOTO 

570 
seo 
590 
6()0 
610 
620 
630 

4 20 REM This rout11 ,e reads the ENG 11101u ·Lor on F·ort 3 bit O 
~JO REH If si9na l is Present 1t se t s fla9 F= l 
440 A• O : F=O 
45 0 I = INP<J>-254 
460 IF l >O THEN 490 
470 A• Atl : IF A> 200 THEN RETURN : REH give operator Li111e to respond 
480 GOTO 450 
490 F=l 
500 (l ~ !NP(3) 

510 IF 0 >254 THEN 500 
520 RETURN 
530 REM 
5 4 0 REM 
550 REH These 7 routines can be rePlaced with outputs to 
560 REM indi v idual c ont ro l Pro9rams. 
570 PRINT ' b•l' t GOTO 210 
580 PRIN ' b=2 ': GOTO 210 
590 PRI NT"b =3 ': GOT O 210 
600 PRINT ' b=4"! GOTO 210 
6 10 PRINT "b=5 ': GOTO 210 
620 PRINT"b•6 ":GOTO 210 
630 PRINT"b=7• : GOTO 210 
640 REM 
650 REM 
660 REH rhis routine ~lashes indi v idual light ta indicate select ion 
67 0 FOR T=O TO 10 
680 OUT 17 , X 
690 FOR Tl=O TO 50 !NEXT Tl 
700 OUT 17 • 0 
710 FOR Tl =O TO 50 ! NEXT Tl 
720 NEXT T 
7 30 RETURN 

PET PRINTER 
GET HARD COPY FROM YOUR 
COMMODORE PET USING A 
STANDARD RS·232 PRINTER 

58 Jurw Jl)7CJ IQ UYI [ Pubhc.i1111m J,,~ 

The CmC A DA 1200 drives an 
RS-232 printer from the PET 
IEEE-488 bus. Now, the PET 
owner can obtain hard copy 
listings and can type letters, 
manuscripts, mailing labels, 
tables of data , pictures, in
voices, graphs. checks, need le
point pattern s, etc., using a 
standard RS-232 printer or 
terminal. 

up, the program can 
the muscle monitor 
taching a normall y 
switch on port 3 bit 0. 

Conclusion 

be easi ly tested with 
by temporaril y at
close d, pushbutton 

All o f thi s effon for a si ngle bit of data 
acquisition may appear unju st ified, but it 
can prove to be exceedingly significant in 
situations whe1·e no other means of com
puter interaction is available. At the least, 
the interface shou ld provide a substanti al 
base for biofeedback experimen ts. With 
additional amp lification and filtering to 
mon itor brain waves, a wh ole series of 
challengi ng experiments come to mind . 
Personal computi ng need not be relegated 
to the level of canned am u emen ts and 
COllllllercia l presentations. A refinem nt or 
this in terface could be the one critical 
design featu re which would open the field 
of personal comp uti ng to ind ividuals who 
arc otherw ise physica lly unab le to take 
advantage of it. 

I f you have any questions on Lh is or 
any other " Cia1·cia's Circuit Cel lar" article, 
or just a good idea, please don't hesitate 
to wri te. Wh ile it may take some time, I 
do evemuall y answer all inquir ies. Please 
enclose a se lf-add rcsscd stamped envelope. 
Next month the "Circui t Ce ll ar" topic will 
be sou nd generator . • 

ADAPTER 
$98.50 ADA 12008 
Assembled and tested 

$169 .00 ADA 1200C 
Wi th case, power supply 
and RS-232 connector 

Order direct or contact your local computer store. 
Add $3.00 for postage and handling per order. 

CONNECTICUT mic roCOMPUTER 
150 POCONO RD, BROOKFIELD, CT 06804 
!203) 775-9659 TLX: 7104560052 

Circle 78 on inqu iry card. 



It's already a big success! 
The party's over for a 11 dumb ter

minals and a lot of smart ones 
too. But, at $798 (quantity 25), the 
party's just beginning for lntertec's 
lnterTube II. 

Standard features to celebrate in
clude a full 24 line by 80 character 
display, 128 upper and lower case 
ASCII characters, reverse video, 
complete cursor addressing and 
control, an 18 key numeric keypad, 
special function keys, blinking, pro
tected fields, character and line in
sert/delete, editing, eleven special 
graphics symbols, a 25th status line 
which displays the terminal operat
ing mode and an RS-232 printer port. 
* $995 Quantity One 

You'll discover even more reasons 
to celebrate when you sit down in 
front of an lnterTube II. Our wide 
bandwidth monitor produces crisp, 
sharp chararters everywhere on the 
screen. I nterTube's Z-80 processor 
enables a host of operator oriented 
features to boost the efficiency of 
both software and programmers. 
And, lnterTube's rugged modular 
design combined with its built-in 
self-test mode insures quick and 
reliable servicing. 

I nterTube's price/ performa nee ra
tio can satisfy your requirements 
whether they be a sophisticated 
data entry application or a simple 

Circle 182 on iriquiry ca rd . 

inquiry/response environment. So, 
there's really no reason to think 
"dumb" when you can afford to be 
so smart! 

Join the thousands of lnterTube 
celebrations going on around the 
country at this very moment. Call 
us at the number below and start 
your own celebration (BYOB- we'll 
bring the I nterTube). 

2300 Broad River Road, Columbia, S. C. 29210 
(803) 798-9100 TWX: 810-666-2115 

IW ll lum• 11J71J 59 



The sales literature for the Apple II lists 
the specifications for the high resolution 
color graphics mode this way: 

• 280 horizontal by 192 vertical reso
lution. 

• Four colors: black, white, vio let, and 
green. 

• Displays 8 K bytes. 

The specifications don't sound all that ex
citing. The resolution seems about right, 
but why are there so few colors? And why 
did they pick green and violet instead of, 
say, red and blue? Well , as it happens, the 
colors in the Apple 11 high resolution 
graph ics can be red and green, or blue and 
yell ow, or almost any two complementary 
colors you want. What's more, on many 
color television sets you can obtain as 
many as four colors along with black and 
white, as demonstrated by the accompany
ing photograph. 

More Colors 

for Your Apple 

Allen Watson Ill 
430 Lakeview Way 
Redwood City CA 94062 
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The classic approach to computer gen
erated color is to generate separate signals 
fo r the red, green, and blue inputs of a color 
monitor. However, color monitors are ex
pensive; it's more economical to use an ordi
nary color television set. Now instead of 
generating three simu ltaneous video signals, 
we have to generate a composite signal that 
resembles the standard broadcast signal the 
television set was designed to receive. 

It's not merely that the signal has to be 
put onto a regu lar television channel by 
means of a radio frequency modu lator ; al
though that's certainly necessary, there's a 
lot more to it. Since all the fascinating fea 
tures of the Apple 11 high resolution color 
graph ics are the results of the way the Apple 
11 designers solved this problem, let 's take a 
look at just what they did . 

The Color Signal 

The standards for broadcast color tele
vision signals were established by NTSC 
{National Television Systems Committee) 
and approved by the Federal Communica
tions Commission in 1953 . In order to re
tain the existing system of black and white 
television broadcasting, the committee sys-

tern adds color informatio n to a signal which 
is practically identical to the black and white 
standard. The resulting composite signal in
cludes a black and white component that 
amplitude modulates the television carrier 
frequency in the usual way, and a color 
component which rides on a 3.58 MHz 
subcarrier. 

This superposition of color and black and 
white information is necessary in order to 
crowd a full color video signal into a channel 
whose high frequency response is limited to 
just over 4 MHz . The fact that human vision 
does not reso lve image details in color allows 
us to limit the resolution of the color com
ponent of the signal to a maximum of 1 .5 
MHz . In fact, only part of the color signa l 
gets even this much; the rest is limited to 
0.5 MHz. 

This narrow band color signal modulates 
a 3.58 MHz subcarrier which is then added 
to the black and white picture information. 
The color subcarrier modu lation is a com
bination of amplitude and phase modula
tion: the amplitude of the subcarrier cor
responds to the amount of color at each 
point on the screen, while the choice of 
color is determined by the phase of the color 
freq uency relative to a 3.58 MHz reference 
signal. This reference signal is generated in 
the television set from a burst of 3.58 MHz 
transmitted in the interval between the 
lines of the picture. 

A high subcarrier frequency reduces in
terference between the color and black and 
white components because the black and 
white signal contains less energy at high 
freque ncies. Interference is further reduced 
by the fact that the subcarrier frequency is 
an odd multip le of half the picture scanning 
rates, both horizontal and vertica l. This 
makes any color signal that gets into the 
black and white video reverse polarity on 
successive lines; the interference makes little 
dots in the picture, but the dots on one line 
will have "undots" above and below. These 
will tend to average out when viewed from 
a reasonable distance. 

This is where the signal generated by the 
Apple 11 deviates radicall y from the standard 
signal. First of all, the Apple 11 signal omits a 
technique call ed interlacing, thus reducing 
the number of horizontal scanning lines by 
half and likewise the amount of informa
tion needed to fill the screen. Non interlacing 
is common among low cost computer video 
displays. The significant deviation from the 
standard, however, is a slight change in the 
horizontal and vertical scanning rates such 
that the interference between the color and 
the black and white components is maxi
mized, rather than minimized. This is not as 
strange as it sounds, because this is what en-



ables the Apple II to generate color graphics 
with a signal made up only of ones and 
zeroes. 

An Example 

To see what this does to our display, 
suppose we try to display two small white 
dots side by side. The smaller the dots and 
the closer they are to each other, the higher 
the highest frequency picture signal going 
into the television set. But everything the 
Apple 11 puts out at the high end of the 
frequency range gets decoded as color, so 
that, even before our dots are made too 
small and too close together for a black and 
white set to be able to distinguish, some
thing else has happened: they have merged 
into a single dot, and it isn't white, but 
color. 

In other words, the resolution we can get 
using this method is somewhat limited com
pared with the separate red, green, blue ap
proach, although it is produced with corre
spondingly less screen memory (ie : 8 K bytes 

compared with 24 K bytes). But even if the 
color interference were minimized, the tele
vision set's receiving circuits limit the hori
zontal resolution to about 300. Incidentally, 
this is why the Apple 11 displays only 40 
characters in each line of text; the more 
popular 64 or 80 characters cannot be re
solved by a standard color television . 

Bits and Resolution 

As we have seen, the Apple 11 produces 
color by simply putting its smallest dots at 
the right size and spacing: namely, the color 
subcarrier frequency. Each dot is really a 
half cycle, so the dot rate is twice the sub
carrier frequency, or something over 7 MHz. 
Let's see how many of these dots will fit on 
one horizon ta l line. There is one horizontal 
scan every 63 .5 µs, but part of this time is 
needed to get the electron beam into posi
tion to start the next I ine, and to keep the 
lines in synchronization. The picture signal 
is shut off, or blanked, during this time. 
That leaves about 45 µs , but just to play it 

Photo 7: Apple II display 
showing four colors in 
high resolution mode. 
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Figure 7: Colors produced 
by various bit patterns in 
relation to the color refer-
ence signal. 
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Display Byte Display Signal Color 

0 0 0 0 0 0 0 0 Black 

1 0 0 0 0 0 0 0 

0 

0 0 0 

1 0 1 0 

0 0 

1 0 0 ~ 

Shifted black 

White 

Shifted white 

Green 

Orange 

Violet 0 0 0 

0 0 

0 1 

0 
~ 
~ Blue 

(Note phase sh lfts indicated 
by arrows) 

safe and to make sure that none of our va l u
able data gets cut off by the television set 's 
normal overscan (the picture is set up to be 
bigger than the actual screen so there won't 
be any unsightly black borders)i Apple 11 
uses only about 40 µs of each lin e for data. 
This works out to 280 dots per line. In text 
mode, with 40 characters per line, this gives 
a character time of about 1 µs , which corre
sponds to the App le 11 's system clock. Each 
character takes seven dot times, Five for the 
character and two for spacing between 
characters. 

The question is, exact ly what does hori
zontal resolution of 280 refer to ? Well, we 
can pu t a single dot at any of 280 different 
posi tions across the screen, but our dot will 
be colored, since it is a half cycle at the 
color subcarrier freque ncy. And if we put 
two dots too close together, they merge. 
Obviously, if the two dots are actual ly 
touching, no set could reso lve them - th is 
is really a single spot which happens to be 
two dots wide. But even if we put a black 
dot in between, we'll see onl y one dot, in 
color, because the dot spacing matches the 
color subcarrier frequency. Only by pu tting 
two or more black dots between ou r whi te 
dots will we be ab le to see a clear separation. 

These re lationships are diagrarned in fig
ure 1. The color reference signal is shown at 
the top. Any signal component at this 
frequency, even a single dot, will be dis
played as colored . Theoretically , a double 
width dot contains no color freq uency com 
ponent, and hence will be displayed as 
white. 

Apple 11 High Resolution Colors 

Now we can see how the trade-off be
tween color and resolution affects the way 
our computer bits are displayed by the tele
vision set. But let's look on the bright side: 
with the right bit patterns, we can put colors 
on to the screen. Let's ignore the resolution 

problem for a whi le and investigate the 
colors. 

If we fi ll the screen memory with ones, 
the display will be all white; all zeroes 
paints it black. If we alternate ones and 
zeroes horizon tal ly, we have a signal which 
is right at the color frequency, so it is dis
played as a solid color. Now comes the in
teresting part - what color is it? As I men
tioned earlier, the color is determined by 
the phase of the picture signal 's color 
frequency component relative to the color 
reference signal, which is generated by the 
television set from the 3.58 MHz color burst 
which we transmit during the horizontal 
blank ing in terval. So our question becomes, 
" How can we contro l the rel ative phase of 
these two signals?" 

First of al l, our computer bits are output 
every half cycle of the color reference 
frequency . This means we can change the 
phase by 180 degrees by si mply inverting the 
bit pattern so that alternating ones and 
zeroes become alternating zeroes and ones. 
In terestingly enough, since the color spec
trum is allocated the 360 degrees of possible 
phase angles that we can have, complement
ing the bits also complements the color; that 
is, phase inversion amounts to 180 degrees 
of phase shift, and complementary colors are 
180 degrees apart. The relation of color to 
phase angle is shown in figure 2. If the alter
nating bits are in phase with the color refer
ence signal, the color will be yellow-green ; 
out of phase bits will give us blue-violet. Th is 
determines the two colors Apple 11 specifies 
in addi tion to black and white. But there is 
another way to change the relative phase of 
our computer bits. 

While we can't do this under computer 
control, we can manually adjust both the 
Apple 11 video circuit and the color tele· 
vis ion set so as to change the phase of the 
color reference signal itself. The Apple 11 
control is labeled color trim; the television 
set's control for this is usually called tint or 
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hue. The com bined range of adjustment of 
these two controls is usually enough to go at 
least halfway around the color circ le of fig
ure 2, putting one or the other of our com
pl ementary pairs of colors at any point on 
the circle. Thus we can ad just for any pair 
of complementary co lors we want : blue and 
yellow, green-blue and orange, cyan and red, 
green and magenta, or yel low-green and 
violet. So long as we don't require the ulti 
mate in horizontal resolu tion, we can have 
any two complementary co lors plus bl ack 
and white for our high resolution graphics 
using only ones and zeroes as data. If the 
colors listed above and in figure 2 don 't 
seem exactly complementary, it 's largely 
because of the broad range of hues to 

which we carelessly app ly the name blue. 
If we let the television picture-tube phos
phors define our red, green, and blue, then 
the complementary colors are those of 
figure 2. The television set is adjusted such 
that red + green + blue = whi te. Since com
plementary pairs also add together to give 
white, it fo llows that the sum of any two of 
the three prirn a ri~ s gives th e complement 
of the th ird: for example, Lhe complement 
of red is ac tually green + blue , or cyan . 

Extra Colors 

Studying the Apple II specifications in 
the li ght of the National Television Systems 

RED 900 BLU E
RE D 

ORANGE 

BLUE 
GREEN 270° CYAN 

GREE N
BL UE 

Figure 2: Arrangement of possible colors versus signal phase. The Apple II 
high resolution graphics outputs two complementary colors (colors that are 
separated by 7 80 degrees on the circle). 
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Committee color standards led me to expect 
it to work this way, but that isn't quite the 
end of the story . After I got my Apple 11, as 
I was casual ly watching the random sine 
wave program on the high resolution demon
stration tape, there in living color was a dis
play with four colors. After a bit of head 
scratching and experimenting with the ad
justments on my portable color set, I think 
I have the explanation. 

First of all , the single dot patterns give 
the two complementary colors, just like it 
says in the script. Alternating double dots, 
wh ich ought to be displayed as black and 
white, actually show up as a weaker version 
of the same pair of complementary colors if 
the television set is adjusted normal ly, th at 
is, with the fi ne tuning just backed off from 
the setting that first produces sound bars in 
the picture. But if I back the fine tuning 
farthe r away from this setting {any auto
matic fine tuning or tint controls shou ld be 
switched off). just before the color signal 
drops out, the weak colors on the do uble 
dot patterns bri ghten and shift to another 
pair of complementary colors. The exact 
colors depend upon the setting of the tint 
control, but they are more than 30 degrees 
from the firs t pair, so if the single dot pat
te rns give red and green, for example, the 
doub le dot patterns appear as orange and 
blue. 

It's hard to figure out how the double 
dot patterns get di splayed in color since 
they are square waves at half the color 
frequency and ought to contain a zero com
ponent at 3.58 MHz. Apparently the video 
detector circuit in the set produces enough 
second harmonic distortion to activate the 
color circuits. Mistuning puts this signal near 
the cutoff of the color bandpass filter where 
there is maximu m phase distortion. I tried 
this out on the more expensive television set 
at the store where I bought my Apple 11 , and 
al though it's more difficul t to get the adjust
ments just right, the extra colors are there. 
Ironical ly enough, thi s trick seems to work 
better on cheap sets. 

So there you have it. Whether you prefer 
colors or resolu tion, the Ap ple 11 high reso
lu tion graphics will put out al l you can get 
through the antenna terminals of a color 
te levision set with just different patterns of 
ones and zeroes. To fi nd out what your set 
wil l do , you need to disp lay vertica l lines 
with the single dot and double dot patterns . 
An easy way to do this is to load the Apple 
11 high resolution demonstration tape and 
select the program that sums two sine waves. 
When the program asks for two frequencies, 
enter 63 and 64 to get the pattern shown in 
photo 1. Other numbers you may want to 
try are combinations of 31, 32, 33, 63, 64 , 
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APPLE OWllEIS: 

You chose the best. 
Now, make it better! 

With our exclusive Superchip (ROM 
firmware) your APPLE can deliver the best 
of both-graphics andtext-processing. 

• Full ASCII character set 
(lowercase) 

• 31 other, useful non-ASCII 
characters 

• User-defined characters 
with our Character Edit 
Cassette 

• Enhanced editing capabili
ties for program and data 
modification 

And , it works with your 
existing APPLE pro
grams- Integer BASIC 
and Applesoft ROM . 

• The Character Edit 
program defines each 
new character in a 
magnified format with 
a few easy key strokes. 

• Since you can now 
build characters, you 
can also create new 
character sets-
foreign alphabets, 
music, games, whatever. 

NOW YOU CAN ALSO GET 
•Disk Interface Program-Superchip 

now runs with Disk II 
•Word Processor I-a disk-based 

mini-word processing system. 
(Requires Disk Interface Prog ram.above.) 

The Superchip plugs into your APPLE with 
no modification. -----------------ORDER 

NOW 
SUPERCHIP 
Character Edit cassette 
Disk Interface Program cassette 
Word Processor I cassette 
Shipping Charge (each) 

$99.95 
$19.95 
$19.95 
$19.95 
$ .75 

I attach check or money order for$ --------
0 r, charge my: D VISA D Master Charge 

Bank Card No.---------------
Expiration Date ---------------
Name _____ _____________ ~ 

Address _________________ _ 

City --------State _____ Zip __ 
Signature ________________ _ 

Telephone orders accepted with charge card: 
214-358-1307 
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65, and 95. Apparently there is a lot of 
sampling error when the frequencies you 
select don't fit the table the program uses to 
generate the sine waves. If you experiment 
until you find the limits of your particular 
television set, you'll know how to make high 
resolution pictures on your Apple 11 in just 
about any colors you want. 
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Addendum 

The fol/owing comments were received 
from Steve Wozniak of Apple Computers: 

Thank you for passing along Allen Wat
son's article on the Apple II high resolution 
colors. 

As Allen discussed, Apple II high resolu
tion colors are the result of alternating 
zeroes and ones on the screen. The exact 
colors generated depend on the phase (or 
timing) relationship between the display 
signal and the color reference phase. By ad
justing the television controls, any desired 
color pair may be displayed. 

Oddly enough, only the seven least sig
nificant bits of the Apple II high resolution 
refresh memory bytes are used (examples are 
shown in figure 7 ). A simple modification 
allows the high order bit of each to specify 
one of two color sets by generating a 90 
degree phase shift of displayed information. 
(Yet more colors may now be obtained by 
applying the technique suggested by Allen.) 

Adding the High Order Bit Modification to the Apple II 

1. Remove the Apple 11 printed circuit board from 
its enclosure. 

(a) Remove the ten screws securing the plastic 
top piece to the meta l bottom plate. Six 
of these are flat head screws around the 
perimeter of the bottom plate and four 
are round head screws located at the front 
lip of the computer. Al l are removed with 
a Phillips head screwdriver. Do not remove 
the screws securing the power supply or 
nylon insulating standoffs . 

(b) Lift the plast ic top piece from the bot· 
tom plate while taking care not to damage 
the ribbon cable connecting the keyboard 
to the printed circuit board. This cable 
will have to be disconnected from one or 
the other. 
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There are 240,000 offices nationwide serving the ever-growing Real Estate market. Not surprising when you 
consider that 60% of the United States' assets are represen ted in Real Estate properties. 

Until now, there has been virtually no interfacing of data 
processing with this powerful, potent market. Until 
REALTY SOFTWARE CO., that is. We've combined the best of 
both worlds and spared no expense in producing Software that 
is sophisticated enough for the largest Realtor .. . yet extremely 
easy to use. 

In fact, our instruction manual offers Screen-by-screen 
displays enabl ing a novice to breeze through the entire 
program! 

We 've already sold complete systems to Realtors for 
$19,990! You can get in on the action for less than 3% of that 
amount! 

Our floppy disk PROPERTY MANAGEMENT program runs 
on DEC station 78 & 88 series and type 8080 or type Z-80 with 
48K of memory, single density dual disks operating under 
CP/M® , a 132 character printer and a CRT terminal. 

MAIL COUPON OR CALL ... 

TOLL-FREE 

(800) 648-5311 

ATTENTION 
DEALERS: Realty Software Co.'s Software systems for 

the Real Estate market can be profitable for you. Inqu ire 
today for full details on programs including Portfolio 
Analysis, Tax Deferred Exchanges, Income Tax Analysis, 
Cash Flow Analysis, Amortization & Depreciation and much , 
much more. RSVP by phone or mail. 
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PROPERTY MANAGEMENT SOFTWARE 
Comes Complete With a 200 Page Instruction 
Manual... With 80 Screen-by-Screen Displays 
for Easy Reference! 

Program includes: 

* Operating Statement Report 
* Balance Sheet Report 
* Rent Book Report 
* Management Fees Report 
* Vacancy Report 
* Late Rent Report 
* Check Writing I Check Register 
* Deposit Register 

& much more ... 

Mail to: REALTY SOFTWARE CO. 
2126 Lombard St./ San Francisco, CA 94123 

I'll cash In on the multi-billion dollar Real Estate Market ! 
Send me your PROPERTY MANAGEMENT software 
complete with 200 pg . manual for $595.00 (sh ipping & In· 
surance included I CA residents add sales tax). 

D Check enclosed Bill my D Master Charge D VISA 
Acct. # ____ _ 

Exp. date _ ____ Signature _ ____ _ 

Name _ _____________ ~ 

Address. ______ ________ _ 

City ______ State ____ Zip __ _ 

Telephone (include area code) 

DEALERS! .. Check here D and attach business card to 
coupon for complete details on all REAL TY SOFTWARE 
CO. Software and merchand ising support !! 
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Figure 3: Circuit which must be added to the Apple II to add more colors to 
the high resolution display. {Caution : Adding this circuit voids the warranty.) 
A starred assignment (*) indicates that the connection is made to a pin which 
Is out of its normal socket. Besides the connections which are shown, also 
connect pin (88-74) to (A8-6) which is out of its socl?et, and (88-7) to 
( A8-7 3) which has also been removed from its socket. The power connections 
to the 74LS02 are + 5 V to pin 7 4 and ground connected to pin 7. 

(c) Disconnect the powe r supply from the 
printed circuit board . 

(d) Remove the #8 nut and lockwasher secur· 
ing t he center of the p r inted circu i t board. 
These will not be found on the earl ier 
Apple II computers. 

(e) Carefully disengage each of six ny lon in· 
sulating standoffs f rom the printed circuit 
board {seven on earlier versions). 

(f) Lift the printed circui t board from the 
bottom plate . 

2. Above the board wiring method. 

(a) Lift the following IC {integrated circuit) 
pins from their sockets. 

Pin 
IC Number 

AB 1 
AB 6 
AB 13 
A9 1 
A9 2 
A9 9 

(b) Mount a 74LS74 (dual C·D f lip-flop) and 
a 74LS02 (quad NOR gate) in the Apple 
11 breadboard area (A 11 to A 14 region). 

(c) Wire the circuit in figu re 3. 

3. Below the board wiring method. 

(a) Desolder all pins of socket AB . Lift th e 
socket and i ts 74LS257 integrated circuit 
off the printed circu it board taking care 
not to destroy it . Cut the trace between 
pins 6 and 13 of AB on the top side of th e 
board . Also cut the trace between pins 13 
and 15 on the top. Reinsert socket AB and 
the 74 LS257. Be carefu l . 

(b) Cut traces going to the following pins on 
the bottom of the Apple 11 board . Each 

pin should have a single trace golng to it. 
Be careful . 

IC 

AB 
AB 
AB 

Pin 
Number 

1 
6 

13 

IC 

A9 
A9 
A9 

Pin 
Number 

2 
9 

(c) Connect pin 15 of ICA8 to ground (pin 8 
of ICA 7 on the keyboard socket is a 
nearby ground). 

(d ) Mount the 74LS74 and 74LS02 as per 
step (b) of the above the board wiring 
method. 

(el Wire the circuit of the above the board 
wiring method, step (c). All wires are on 
the bottom of t he Apple 11 board and no 
pins need be removed from their sockets 
or soldered to . 

4 . Reassemble the Apple II and make sure it is 
operational. If not, ch11.ck all wir ing very carefully . 
Make sure that all integrated circuits are in their 
sockets and properly oriented . 

5 . The following color values are now applicable 
to the high resolution subroutines: 

BLACK2 
ORANGE 
BLUE 
WHITE2 

128 
170 
213 
255 

For example, the program below draws an 
orange li ne f rom location (10, 20) to (200, 140). 
It is assumed that the high resolution routines are 
already in memory locations hexadecimal BOO 
thru BFF . 

0 XO = YO = COLR 
5 !NIT = 2048 : PLOT = 2830 : LINE = 2836 
7 ORANGE = 170 : CALL IN IT 

1 0 XO = 1 0 : YO = 20 : CO LR = ORANGE : 
CALL PLOT 

20 XO = 200 : YO = 140 : CALL LINE 
30 END • 



Look how soft you can have 
it with a Comp color II® 
personal 
computer. 

SAMPLER ('SA) 
B1nrhvdum. C.mccn1m11on, 
Onc·Anncd Sim.Ju, J moti:. 

PERSONAL DAU\ BASE 
(PO) l'rnonal Data llo>c. 
File and Jat.i mart.'11J:t'ffit'MI 

~~·stem . $19. 9'5 

OTHELLO ('OT) 
Othd lu ~. ~1:.1th Dice. l 
mr~r<.· . ··ochdl{J" 1s 1hc rcg1 s.· 
tcu~J u.1JC"muk of CBS Inc. 
fur m Stratei::y disc: name 

fOR!l-1ATrED SOF.DISK 
(' FD) 
l·r;lck Sof· Di~b fot }our 
own 13.·\SICprogrnms. 

il:Xi 13Xi'Olt 

TEXT EDITOR (TE) 
Text EJ1 1t)r. F-.:u:1l11:1tC5 rm· 
~r.im wrumg :md c:onc:t.;tlnJ,!. 

Si14 .9S 

When you have a Compucolor II - the exciring color per onal 
compurer with a built-in mini-disk drive -you really have ir 
soft. $19.95 is all you pay for most Compucolor Sof-DiskTM al
bums.* They're formatted ro run only on rhe Compucolor II , 
and each conrains at least three programs. Thar's far berrer 
value and variety than you get with programmed casserre rapes. 
And the Sof-Disks you see here are just a sampling. New in
troductions are added each month. 

To starr your collection of mind-blowing games and other use
fu l programs, visit your nearest computer store. Or, if there's no 
dealer in your area, cl ip the coupon and mail your order today. 

First things first! If you'd like m: 
more information , imply check 
the coupon for a free brochure Compucolor 
about the Compucolor II. Corporation 
Circ le 51 on inqu iry card. 

CUBIC TIC-TAC-TOE( "CU) 
Cuh11.. Tic-T.1c-'fi1e, Sw~m1~. l 
nLmL· [0" rru~r.Jll\S 

CH ESS("CH ) 
Ows~. Ace~·· Ot:u<:q. Linc 
Fl\'l' , Biorh\•!hm~ . 

BLACKJACK ("BL) 
Black1:.ck, Roulen.:-, Slut 
Ma lune, 2 mo re . 

. -----A, $ ~----------------• *" "h To order you r Sof-Disk a lbums. si mply 
I ~ en ter the album(s) of your choice, by let· 
I CJ..., rer(s), in the spaces provided . If you wanr 
: ~ ~ to order more than one copy, please enter rhe 
I ~~- number of copies desired beside the le tter . .:..,0 Add $. 50 for each album ordered to cover 
J costs of mai ling and shipping. Georgia residents add 

sa les rn x. Mail with check or money order w address 
below. 

*See ad for varying prices on Assembler, Text Ediror, and 
Personal Darn Base Sof-Disks. 

Name------------ -----------

Sneer-----------------------
City ___________ State _ _ ___ Zip _ __ _ 

0 Scn.d me the name of my nearest Compucolor Dea ler. 
0 Pica e cell me more about the Compucolor II ! 
0 l'J like additiona l software information ! 
Mail co: Compucolor orporation 

Depr. B 
P.O. Box 569 

orcross. Georgia 30071 
Allow 3 weeks 

for de Ii very. 
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Photo 7: The author's homemade computer system 
cabinet with top removed. 

Photo 2: The system as it appears when con-
11erted into a des!?. Note that the floor of the 
cabinet becomes a desk top displaying the en
tire system ready to plug in and run. 

A Home for Your Computer 
Joseph Dawes 
2510 Broadway 
Big Spring TX 79720 
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If you're good at woodworking, here's 
a project that will save you a lo t of time and 
trouble : build a cabinel for your computer! 
A carefu lly planned cabinet, as any ham or 
hi fi buff knows, serves to increase the uti
lity and enjoyability of th e equipment inside 
it. 

I star ted planning my computer system 
cabinet as soon as I scatlered my compo
nents around the cabinet I had made for my 
amateur radio gear. First of all , the cassetle 
unit had to be fastened down: I quick ly 
tired of holdi ng it in place with one hand 
whi le unplugging something or changing 
a cassette. The power supply was constantly 
running warm and I knew it shou ld be on 
stilts to increase heat loss. My separate video 
mon itor cou ld have ended up either beside 
the processor-keyboard cabinet or on top 
of it, but I quickly decided to reserve the 
top of the processor cabinet for a desk. 
The monitor would be beside the processor 
but angled toward the operating position 
for improved visibility . The keyboard had 
to be at a comfortable typing height, some
where from 28 to 30 inches from the floor. 

With these parameters in mind, I had to 
decide on cabinet style. The styles that first 
came to mind were the living room furniture 
piece with finely grained wood and the 
hobby room piece with modest wood grain 
or painted wood. However, circumstances 
led me to develop a somewhat different 

cabinet sty le. I hope my final design will 
prompt readers to forge ahead wilh their 
own cabinet ideas. 

The need to transport the system out
side my home, combined with my dislike 
for connecting and disconnecting wires, 
dictated the cabinet design shown in fig ure 
1 and photos 1 through 3. If I wanted to 
demonstrate it at the school where I teach 
or elsewhere, it would have to be operable 
as soon as it was opened and plugged in. 
Nothi ng kills interest more than 30 minutes 
of wire fidd ling. 

The cabinet shown is sturdy enough to 
take some licks in a truck or car. While it 
is closed and bolted, a bicycle chain can 
be run through the two U-bolts and around 
the nearest oak tree, making it very incon
venient to move or to open without some 
commotion. When the lid is taken off the 
equipment base, it can be turned up on one 
side to become a pedestal upon which the 
eq uipment base can be set. The whole affair 
is quite stable when set upon a reasonab ly 
leve l surface, and the lid interior provides 
knee room and space for keeping notebooks 
and demo lished programs. When closed 
it can be sat upon, and, although there's 
absolutely no way to lug it around in a 
VW beetle, it will fit in the back {not the 
trunk) of my 2 door Falcon with a litt le 
imaginative stevedoring. In short it does 
what I require very nicel y, and if I had to 
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Figure 7: Plans for building the author's 
computer system cabinet. The unit is built 
from 5/8 inch plywood and features two 
U-bolts for adding an antitheft chain. All 
components are mounted on the floor of 
the cabinet. See accompanying photos. 
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CABINET SIDE 

bui ld it over again I can think of very 
little I would change. After I painted the 
inside of the lid, it looked fine in a corner 
of the livi ng room. What more could one 
ask? 

Some comments on construction detai ls 
might be helpful. The size of the equ ipment 
base is dictated strictly by the dimensions 
of the equipment to be placed on it. The 
width of the base, however, should not be 
much wider than 25 inches or the work 
surface will be too high for operating com
fort when the cabinet is open (unless you 
like to stand while you work). Note that al l 
equipment must fit within the dotted line 
perimeter shown in the equipment base 
drawing. Otherwise, equipment may get 
damaged by the bolt rails! I cut the plywood 
pieces for the lid with a smooth cutt ing 
plywood blade in my table saw and took 
great care to make cuts exactly to dimen
sion, because the whole lid was assembled 
by gluing the side pieces to the top. The 
small gluing blocks are tack-nailed in 
place while the glue dries. These blocks 
are for structural reinforcement and do 
not hold the I id together while the glue 
sets. Bar or pipe clamps must be used to 
provide the necessary pressure. A cabinet-

16 I N 

CABINET END 

making friend or a school shop might be 
a good source fo r these if you have none. 
The only permanent metal faste ners used 
are the two screws through the base into 
each runner, and they serve primari ly as 
gl uing clamps as we ll. 

The bolt rail s are glued arou nd the inside 
edge of the lid (Be certai n to recess them a 

Photo 3: The cabinet locked up and ready for transport. 

........__1 1/2 I N. 
RADIUS 
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ANNOUNCING 
New 

from DEC 

LA34 DECwriter IV 

s1, 199.00 

• 110 or 300 baud, RS 232C serial • Upper/ lower case, g x 7 dol malrix 
ASCII • 10, 12, 13.2, 165 characters / inch 

• Friclion feed, paper widlh 10 15" • 2, 3. 4, 6. 8, or 12 lines/inch 
• 22"W x 7"H x 15 Vz" D, 25 lbs. 

New 
from DIABLO 

DIABLO 1640 $ 2,690. 00 
Receive-only $ 2, 331. 00 
High-quali ty daisywheel printing al 
45 cps. 

OIABLO 1650 S 2.779.00 
Receive-only S 2, 419. 00 
Metal daisywheel printing al 40 cps. 

SOROC IQ 120 S 795. 00 
• RS 232C, upper/lower case full 

ASCII 
• Numeric keypad, protected fields 
• Cursor keys plus addressable 

cursor 
• Auxil iary extension porl 

Teletype 43 S 999.00 
• RS 232C, 110 or 300 baud 
• Upper/lower case lull ASCII 
• Pin feed , 12" x 8 \12" paper 

T.I. 810 printer S 1,695.00 
• 150 characters per second 
• RS 232C seria l interlace 
• Adjustable forms 1rac1or 
• Upper/lower case oplion $90.00 

SOROC IQ 140 S 1,250.00 
• RS 232C and 20mA cu rrenl loop 
• Exlensive edi ling features 
• 251h line lerminal status display 
• t6 function keys (32 with shift) 

To Order: Send certified check (personal or company checks require 
two weeks to clear) including handling· and 6% sales tax if delivered 
within California. 
"Handling: Less than $2,000, add 2%; over $2,000, add t%. Everything 
shipped freight col lect in factory cartons with manufacturer 's warranty. 
Visit MICROMAIL al lhe Nalional Computer Conference - Personal Com
puting Feslival , New York Cily, June 5-7, Booth 128. 

MICROMAI L • BOX 3297 • SANT A ANA. CA 92703 
(714) 731-4338 
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dista nce equal to the thickness of the 
eq ui pment base as the drawing shows!). 
Holes are drilled through these rails to 
take carriage bolts. Be sure to use carriage 
bolts because they have a square section 
beneath the rou nd head which will set in.to 
the wood when pu ll ed up tight and will not 
req uire further fasten ing to the bolt rai ls_ 

Trim the equipment base so it fits easi ly 
inside the lid, and drill the holes through 
which the carriage bolts wi ll pass 1 /16 or 
1/8 inch larger in diameter than the bolts 
to save trouble when you first try to set the 
lid down over the base. Cut out the slot 
through which the U-bolts will pass with a 
jigsaw or coping saw, and prov ide a little 
extra play here too. The position of the 
runners should not vary much from that 
shown, but before you decide exactly where 
they will be, set your components on the 
equipment base and note where ho les will 
be drilled to faste n the compo nents to the 
base. Wou ldn't it be a shame for one of the 
equipment mounting screws to have to come 
up from the unders ide right where a run ner 
was located? I was lucky! I didn't even 
think about this hazard until it was too late 
to do anything about it, but luckily every
th ing cleared. 

You wi ll note that edges of plywood tend 
to have unsightly gaps, and the surface will 
have dents and dings. Before sanding th e 
wood preparatory to painting, take a putty 
knife and some patching paste and fill these 
defects thoroughly. It 's easy to do and 
makes all the difference in the finished !ob. 
When you sand, these fillings w.ill level off, 
corners and edges will get smoothed and 
slightly rou nded, and you'll get a smoothly 
painted surface. I avo id pa inti ng whenever I 
can, but when painting raw plywood I have 
to admit that the final resul ts are well worth 
the trouble of first putting on a primer coat 
and then a finis h coat with a light sanding 
between coats. The only thing worse than 
painting once is pain ting twice, but when it's 
all over you have a surface you don't mind 
showing off. 

As a fi ni shing touch, some acorn nuts 
look good on the ends of the carriage bolts 
since they protrude toward the operator 
when the cabinet is set up. 

For ici ng on the cake how would you like 
to hear that this whole project can be cut 
out of one sheet of plywood? Tough luck! 
Unless someone out there pu ll s a topological 
trick or is th e owner of a more compact 
system than mine, you' ll need a who le 
sheet and a scrap from the lumber com
pany's cutoff pile for one of the ends. Sorry 
about that, but everyth ing doesn't always 
work out for the best. 

Happy woodwork ing! • 
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Tinker, Tailor, Soldier, Sailor ... 
Doctor, Lawyer ... the Chieftain's here. 

No matter whether you're a serious 
l;10bbyist or a serious businessman, the 
Chieftain 6800 microcomputer with ca

abilities that surpass the Z-80 is made 
for you. 

Smoke Signal's quality-packed 
Chieftain I features two 5.25-inch mm1-
floppy drives and Chieftain II fea-
tm:es two 8-inch floppy drives. 

Both microcomputers 
provjde 32K static memory, 
two serial I/ 0 ports, a 2 
MHz.pr.ocessor board, a2K 
RAM monitor, a nine-slot 
motherboard with built
i n baud rate generator 
and gold connectors for 
high reliability. The 
Chieftain's stylish leath
er-grained cabinet houses 
the above with its own 
cooling fan and regulated 
power supply. 
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' 
Every Chieftain is complete with 

system oftware and is totally burned-in 
as well as tested to further insure high 
re1iability. 

And it's expandable to 64K memory 
with up to 2 megabytes floppy disk 
storage. 

So see your nearest Smoke Signal 
dealer, he'll be glad to show you how to 

get your wampum's worth. Systems 
start at $2,595. 

0 Send information on your Ch iefta in 
microcomputer 

0 Send name of nearest dealer 

Name. ________ _ 

Address _ ______ _ 

Company ______ _ 

City ________ _ 

State/ Zip _ _____ _ 

IA SIDll SIBNIL 
~ 11\DIDcamml 

31336 V ia Coli nas. Westlake Village. 
nlifornia 91361. (213) 889-9340 

Dealer inquiries invited . 

Hail to the Chieftain 
Smoke Si~nal Broadcasting, 31336 Via Colinas, Westlake Village, CA 91361, (213) 889-9340 
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James A Gupton Jr 
7416-G Pebblestone Dr 
Charlotte NC 28212 

ABO UT THE 
AUT HOR : 

Mr James Gupton Jr 
has a most unusual 
background including 
photography, electro
optics research and de
velopment (which re
sulted in five patents on 
computer video display 
tubes and phosphor 
screens), along with 
teaching electronics. 
The Union County Ca
reer Center is the only 
high school in North 
Carolina to provide an 
electronics program 
which covers subjects 
from direct current to 
microprocessors. This 
program is under the 
guidance of Mr Gupton. 
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Talk to a Turtle 
Build a Computer Controlled Robot 

What do personal computer experiment
ers do with the ir microcomputers when 
computer games lose their appeal and they 
tire of programming things li ke, "140 FO R 
X = 1 to 500 : PRI NT X: NEXT X " ? The 
exciti ng idea of adding a computer con
tro ll ed robot suggests build ing you r- own R2-
D2 robot from Star Wars. It rn igh t not be 
wise to start with a project as sophisticated 
as duplicating R2-D2, but there is a way 

you can begin a robot project on a smaller 
scale. It works, too! 

The Terrapin Turtle is a fascinating robot 
project that most experimen ters can fully 
assemble in four hours. It ru ns forward, 
backward, turns left or right, bli nks light 
emitting diode eyes, and can ta lk in a two 
tone beep. Its shell is mounted on a spindle 
that engages one of four rnicroswitches. 
These relay a signal back to the computer 

Photo 7: Jeffrey Dunn (foreground} and Richard Voss check off the Turtle components against 
the parts list. 



over its 10 foot umbilical cord, indicating 
when the Turtle has run into something 
from eith er front, right, left, or rear side. If 
you direct the Turtle on an exploratory trip 
around the room, its journey can be recorded 
by your microcomputer. On completing its 
journey, the Tu rtle can actually draw a map 
of its path using an internal ball point pen . 

The Terrapin Turt le il lu strated in this 
artic le was a semb led by high school stu
dents at the Union Cou nty Career Cente1· in 
North Cai-ol ina. The total assembly time was 
fo LH hou rs from start to initial test. This 
art icle is not intended for use as a con
struction project, but rathe r to introduce 
you to computer controll ed robots . 

Assembling the Terrapin Turtle 

The card inal ru le for assembl in g any 
elec tro nic kit is to begin by check ing off 
eac h compon ent on the parts list. Ph oto 1 
shows Jeffrey Du nn and Richard Voss 
checki ng the componen ts of the Turtle kit 

510 ohm V.. W: R9, R10 
100 ohm Y. W: R21. R30 

Resistors 

15 Kohm Y. W: R5 , R6, R7 , RS , R29, R22 
50 Kohm Y. W: R19 , R20 
1 Kohm potent iometers : P1, P2. P3. P4 
1 Kohm Y. W: R1, R2 , R3, R4. R11, R12, R13, R14, R15, R16, R17, R18 , R23 , 

R24, R25.R26,R27, R28 

Cl 
C2 ,C3 

Capacitors 

0.1mF35V 
500 mF 35 V 

Diodes 

1N4000 01,02,03, 04,05,06. 07,08,09 
3 .9 V zener 010 

Transistors 

2N2222 01 , 02,03, 04 , 05,06,07 
GE-040C4 08. 09, 010, 011, 012. 013 , 014, 015 , 0 19 

Table 7: The Turtle component part list. The complete Turtle /?it, including 
all hardware, printed circuits, electronic components is available from Terra
pin Inc for $300. 

Photo 2: The foil side of the Turtle's printed circuit board. Photo 3: The component side of the circuit board. 
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Figure 7: Supplemental diagram showing component identification numbers 
which relate to schematic locations. 

agai nst the parts li st. Once assured that 
everything was included in the kit, the 
printed circu it board was examined for 
possible scratches. Photo 2 shows the etch 
side of the 5 inch diameter printed circuit 
board . Ph oto 3 shows the component side. It 
was quickly noted that not al l resistor values 
were printed on the component side, and 
that there was no identifying resistor num
ber to relate any resistor to the schematic. 
The instruction booklet stated that eighteen 
1000 ohm resistors should be placed where 
the resistor symbols did not have a value in
dicated. Fi gure 1 is a supplemental instruc
tion that identifies each com ponent cor
respondi ng to the schematic diagram . 

Richard Voss was in charge of assembli ng 
the printed circuit board for the Uni on 
County Career Center 's Turtle. Photo 4 
shows the sol dering of the Darlington tran
sis tors that control both of the Turtle's drive 
motors. Notice the micro-tip, low wattage 
soldering iron and 0.020 inch (0.05 cm) 
diameter solder bei ng used. All too fre
quently electron ic kits are dam aged during 
assembly by the use of hi gh wattage solder
ing tools wh ich damage the heat sensitive 
fo il and apply too much solder. An excess of 
solder can short out both the closely spaced 
component pads and the circuit paths with 
so lder bridges. Once the solderi ng has been 

Photo 4: Soldering the installed components. Photo 5: Inspecting the assembled components. 
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finished, it is wise to recheck the placement 
of the components, just to be doubly sure. 

Care must be exerc ised to keep the tabs 
on the Darlin gton transi stors from touching 
one another. A small piece of plastic tape on 
each tab will save the transistor should the 
tabs acc identa ll y be brought together while 
under power. Ph oto 5 shows the fina l in
spect ion of the assembly of comp onents 
onto the printed circuit board. Photo 6 
shows the completed circuit board. 

Figure 2 provides the circ ui t schematic 
for the control of the Tur-tie's left and right 
motors and the internal ball point pen. The 
pen is lowered by a ·12 V solenoid upon 
command from the computer. Figure 3 

shows the schem atic for shel I touch sensor·s, 
lights, and sou nd contro l. Th e figure also 
shows the power attachment points for the 
operation of th e Turtle's electronics and 
motors. A 12 V, 3 A power source is re
quired for the best performance. The Turtl e 
can operate, however, with a power sou r·ce 
of 1 A capacity if the 3 A source is not 
avai lab le. The Tur tle illustrated in th is 
artic le was powered by a 4 A regu lated 
power supply. 

Photo 7 shows the final asscm bly of the 
pr·inted circuit board onto the motor hous
ing. The most diff icu lt part of the entire 
assembly was forcing the rubber ti r·es onto 
the wheels. It is almost impossible to do this 

Photo 6: The completed board, showing the uncluttered layout. 



'\(, 
, ! 
I , 

Photo 7: The prin ted circuit board, shown at
tached to the Turtle's motor drive housing. 

by yourself - a second set of hands will be 
needed to mount the rub ber tire onto th e 
wheel. Ph oto 8 shows the assemb led Turtle 
minus its sensor shell and the two power 
supplies used for testing without the use of a 
microcomputer. The Turtle is controlled 
with a TTL (transistor-transistor logic) volt
age of 0 V and +2 V. This may cause some 
probl ems for parallel interfaces that function 
between 0 V and +5 V. Th e higher vo ltages 
can damage the 2N2222 Darlington tran-

Tex t continued on page 84 

Photo 8: The completed Turtle, connected to a power supply for testing. 
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Figure 2: Schematic of the Turtle 's motor control and pen control circuitry . 

80 June 1979 © BYTE Publica tions Inc 





SHELL TOUCH CONTROL 
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Figure 3: Schematic of the Turtle's touch sensor, lights, and horn control 
circuitry. 
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Anadex Domestic Representatives: 
Barnhill Two, Inc. 
Richardson, Texas 
(214)231-2573 

Houston. Texas 
(713) 688·9971 

Aust in. Texas 
(5t2)45t-0217 

Barnhill Three, Inc. 
Denver . Colorado 
(303) 750· t 222 

Scollsdale, Arizona 
(602)947-784t 

Albuquerque, New Mexico 
(505)299-7658 

Salt Lake City, Utah 
(801) 484-4496 

Basic Systems, Inc. 
Inglewood. Calilornia 
(2 t 3) 673-4300 

San Diego . Calltornia 
(714) 279·964 t 

Carter, Mccormic & Perice, Inc. 
Farmington. Michigan 
(313)477-7700 

Dayton, Ohio 
(513) 222·7700 

Cleveland. Ohio 
(2t6) 779.5100 

Monroeville, Pennsylvania 
(4t2)372-44t5 

Currie, Peak & Frazier, Inc. 
Orlando. Florida 
(305) 855-0843 

Huntsville. Alabama 
(205) 536·5650 

Greensboro, Norlh Carolina 
(9t9)273-3040 

Rush S. Drake Associates, Inc. 
Seante . Washing1on 
(206) 763-2755 

Portland . Oregon 
(503) 224-3 t 45 

Electronic Marketing Associates 
Rockville , Ma<yland 
(301)881 -5300 

King of Prussia , Pennsylvania 
(2t 5) 265- t 600 

Pat Jenks Associates 
Hamden. Conneclicul 
(203)28t -08t0 

Wakelleld, Massachusetls 
(6t7)246-1590 

Ossman Instruments, Inc. 
East Syrncuse , New York 
(3t5)437·6666 

Rochester . New York 
(7 t 6) 4 73.5720 

Veslal, New York 
(607) 785·9947 

Pivan Engineering Company 
Ch icago, Ill inois 
( 3 t 2) 539-4 838 

Saint Louis . Missou1i 
(314) 567·3636 

Shawnee Mission . Kansas 
(913)722·t030 

Indianapolis. Indiana 
(3t 7)253·t681 

Minneapolis. Minnesota 
(612)835·3060 

Brooklleld. Wisconsin 
(414)786· t 940 

Cedar Rapids. Iowa 
(319) 377.9434 

Jay Stone & Associates 
Los Altos . California 
(4 15)948·4563 

Technical Marketing Assoc iates 
Fort Lee . New Jersey 
(201) 224-<i9t t 
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The Anadex 80 Column Printer. 

First check 
the specs. 
Then check 
the price. 
Our new 80-column dot 

matrix line printer - the 
DP-8000 - combines high 
performance and operating 
convenience with a low price 
that's worth checking into. 

D Check Performance 
The DP-8000 features a 

precision engineered, heavy 
duty printing mechanism that 
can print the complete 
96 ASCII character set , bi
directionally , at 84 LPM. 

0 Check the Interface 
Included at no extra cost , 

are two input connectors (see 
photo) that provide three basic 

serial character synchronous 
Centronics compatible 
inte rface . 

The DP-8000 includes 12 
lines of internal FIFO buffer 
storage and can accept data 
continuously or in bursts . 
Optionally , increased buffer 
storage of 2048 characters 
can be supplied for CRT dump 
and similar applications . 

D Check Printer Quality 
A 9 x 7 cha r-acter font 

provides virtually 
half-dot resolution 
for clean crisp print 
quality on the 
original plus 

ASCII com
patible inter
faces: EIA 
Std . RS232C I 
for inter
facing at up 
to 96000 
Baud with 
most mini-

.. .. three copies . 

' ......... 
I '-- Precise paper 

positioning is 
ensured by a computers 

and modems ; the 20 I 60 ma 
current drive mode required 
by Teletype® ASR33-35 
printers ; and the parallel-bit, 

---~ 
sprocket-feed paper advance , 
user-programmable Top of 
Form control , and up to 8 
vertical tab positions . 

D Check Convenience 
For operating ease, the 

DP-8000 accepts paper 
through the rear or bottom of 
the unit, provides pro
grammable Skip Over Perfo
ration control, and Out of 
Paper indication and logic 
signal. 

D Check the low Price 
The best news is the price . 

A complete DP-8000 is unit
priced at under $1000, with 
substantial discounts in larger 
quantities . 

Once you 've checked out 
the performance and price, 
we think you ' ll agree that the 
DP-8000 is definitely worth 
checking into. 

ANADEX, INC.• 9825 DeSoto Avenue • Chatsworth. CA 91311. U.S.A. • Tel: 213/998-8010 •TWX 910-494-2761 
ANADEX, LTD. • Dorne House. Guild ford Rood • West End. Woking. Surrey GU24 9PW. England • Tel: Chobhom (09905) 6333 • Telex: 858762 ANADEX G 
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Photo 9: The Turtle with shell attached as a final assembly step. 

Tex t con tinued from page 79: 

sistor driver. Ph oto 9 shows the attachment 
of the plastic Turtle she ll. 

Does the Turtle work? Yes il does, even 
with a makeshift computer keyboard tempo
rarily substituting for Lhe paral lel interface 
of our computer. The students stud ied the 
keyboard's ASC II code and developed a list 
of keys necessary to command lhe Turtle's 
movements, li ghts, and horn. The Turtle 
wi ll go under fu ll computer con trol as 
soon as an expansion interface can be 
acquired for our TRS-80 microcompu ter. 

Those wishing to investigate the Turtle 
kit, its capabilities, and its cost may obta in 

ful l detai ls by writing to: 

TerTapin Inc 
33 Ed inborough St Sixth Floor 
Boston MA 02111 
Attention : Dav id L McClees, Pr·esident 

In addition, the following address is fur
nished for those wishing additional informa
tion on the appl ication of robots: 

United States Robotics Soc iety 
Box 26484 
Albuquerque NM 87125 
At tention: Gle nn R Norris, President• 



Color. VP-590 add-on Color Board allows program 
control of 8brill lantcolorsforgraphics. color games. 
Plus 4 selectable background colors. Includes 
sockets for 2 auxiliary keypads (VP-580) . $69.' 

Sound. VP-595 Simple Sound Board provides 256 
tone frequencies. Great for supplementing graphics 
with sound effects or music. Set tone and duration 
with easy instructions. $24.' 

Music. VP-550 Super Sound Board turns your VIP into a music 
synthesizer. 2 sound channels. Program control of frequency. 
time and amplitude envelope (voice) independently in each 
channe l. Program directly from sheet music! Sync provision 
for controlling multiple VIPs, multitrack recording or other 
synthesizers. $49.' 

Memory. VP-570 RAM Expans ion Board adds 4K 
bytes of memory. Jumper locates RAM in any 4K 
block of up to 32K of memory. On-board memory 
protect switch . $95." 

EPROM Programmer. VP-565 EPROM Programmer Board 
comes complete with software to program, copy and 
verily 5-volt 2716 EPROMs-comparable to units 
costing much more than the VP-565 and VIP put 
together! Programming voltages generated on 
board . ZIF PROM socket included. $99.' 

EPROM Interface. VP-560 EPROM Interface 
Board locates two 5-volt 2716 EPROMs (4K 
bytes total) anywhere in 32K of memory. 
VIP RAM can be re-allocated . $34." 

ASCII Keyboard~· Fully encoded , 128-character ASC 11 
encoded alpha-numeric keyboard . 58 light touch keys 
including 2 user defined keys! Selectable upper and lower 
case. Handsomely styled . Under $50.' 

Tiny BASIC~· VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on your VIP. BASIC stored ~ 
in 4K of ROM. Ready for Im- -
mediate use-no loading · 
necessary. This expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 additional-including 
color and sound control ! 
Requires external ASCII 
encoded alpha-numeric 
keyboard . $39.' 

Auxiliary Keypads. Program 
your VIP for 2-player inter
action games! 16-key keypad 
VP-580 with cable ($15°) 
connects to sockets pro
vided on VP-590 Color Board 
or VP 585 Keyboard Interface 
Card ($10") . 

COSMAC VIP lets you add 
computer power a board at a time. 

With these new easy-to
buy options, the versatile 
RCA COSMAC VIP 
(CDP18S711) means even 
more excitement. More 
challenges in graphics, 
games and control func
tions. For everyone, from 
youngster to serious hobby
ist. And the basic VIP com
puter system starts at just $249* assembled 
and ready to operate. 

Simple but powerful-not just a toy. 
Built around an RCA COSMAC micro

processor, the VIP includes 2K of RAM. ROM 
monitor. Audio tone with a built-in speaker. 
Plus 8-bit input and 8-bit output port to inter
face relays, sensors or other peripherals. It's 
Circle 322 on inquiry card . 

easy to program and operate. 
Powerful CHIP-8 interpre
tive language gets you into 
programming the first 
evening. Complete docu
mentation provided. 

Take the first step now. 
Check your local com

puter store or electronics 
parts house. Or contact 

RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
·sugges1ed retail price. CDP18S71 1 does nol incl ude video monitor or cassette recorder. 
" Available 1<1 Quarler. 1979 

See the RCA VIP at the 3rd Annual National Small Computer Show 
at the New York Coliseum, August 23-26, booth 4211. 

The fun way 
into computers. RCll 
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David E Stanfield 
3408 Catalina Dr 

Atlanta GA 30341 
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Few people have ever had the experience 
of attempting to trace their way th rough 
a real maze, so I'm going to ask you to 
settle back and al low your imagination 
plenty of freedom. 

The absolute darkness surrounding you 
is barely broken by the candle you carry 
in your hand. You see enough to know 
that you are in a featureless corridor, but 
how far it extends, you can only guess. 
Somewhere within this maze is a massive 
gold plate. If you can find this plate, it 
will become yours and you will be removed 
to safety. 

You are allowed to leave any kind of 
signs you wish to mark your trail. You 
know that any corridor you are in wil I 
eventually come to a dead end, but it 
may have any number of similar corridors 
branching off it. The overal l dimensions 
of the maze are such that the average per
son could explore it in its entirety before 
becoming exhausted, if he or she didn't 
waste a lot of time and energy going in 
circles. 

The Beginning 

Years ago I read a brief article about 
a mechanical mouse that could find its 
way through simple mazes. Embedded 
within the walls of the mazes were a number 
of switches which served as sensors for 
the brain. The brain was a collection of 
relays whose points and coi ls functioned 
as a large switching network. By trial and 
error, this mass of hardware could direct 
the mouse through the maze until it reached 
the exit. 

Over the years, I kept this idea in the 
back of my mind. I was interested in build
ing such a maze, but the cost and comp lex
ity of the projec t were grea ter than the 
potential satisfaction. After I purchased 
my personal computer, these obstacles 
disappeared. If I was wil ling to accept a 
computer simulation of this project, I 
could fulfill my dream at no extra expense. 

I would need to write a program, of 
course, but I fe lt that this would be an 
easier task than designing and bui lding 

My Compu ~~·-

What follows is the story of how I created 
a program that would allow my computer 
to run through mazes similar to the one 
I've just described. I've included a ge neral 
description of how the program operates, 
instructions for using it, and a complete 
listing of the program. 

I regret that I am unable to give you a 
motion picture of this program in opera
tion. The best I can do is to exp lain that 
I first create a maze as simple or comp lex 
as I wish on the screen of my vid eo display. 
I have the cursor operating in its optional 
nonblinking mode and it therefore appears 
to be a solid rectangle. As soon as I turn 
control over to the program, it begins 
to maneuver the cursor in and out of the 
various pathways of the maze. The cu1·sor 
will dodge up and down, back and fo rth 
until it eventually finds its goal. The sight 
of this mad little cursor zooming around 
the walls of the maze is absolute ly fasci nat
ing. 

Even if you don't intend to get this 
program up and running, I invite you to 
come along and explore some areas I fo und 
to be quite interesting. 

a complete hardware project. As I began 
to consider what features to include in 
my program, I came to realize that in 
several respects, the computer sim ul ation 
would be superior to the rea l thing. One 
importan t difference was that I could 
have a maze of greater complexity than 
would have been feasible with a mechan
ical version. 

Another advantage was the ease with 
which new mazes could be prepared. 
Watching repeated ru ns through the same 
maze would eventually get monotonous. 
Th e choice between shifting and aligning 
plywood panels or pushing a few keys 
was no contest. Finally, my entire com
puter system fits neatly on a small desk . 
The maze I had visual ized making was 
about the size of my living room. 

For several weeks I spent much of my 
spare time considering various ideas for 
the program. This all owed me the oppor
tunity to exp lore a wide range of possible 
features without having to do any actual 
program ming. Gradually, I evol ved a stra igh t
forward set of goals that I felt would pro
vide an interesting simulatio n, but would 



not be beyond my capabi lity as a program
mer. 

With these basic goals in mind, I sat 
down and drew up the simple flo wchart 
you see in figure 1. In graphic form, it 
indicates that the first function of the 
program is to assist the user in creating 
the maze. Once the maze has been pre
pared, the computer will run the maze 
until it reaches its goa l. At this point, 
the user can run the same maze again or 
prepare a new one. 

A tremendous number of details had yet 
to be worked out, but this diagram gave me 
a secure starting point. Before I could pro
ceed any further I had to make a major de
cision . From a practical standpoint, designing 
the program to print out successive sets of 
coord inates for its moves seemed to be fa irly 
simple. Th is wou ld mean, however, that the 
user would have to manually move a marker 
around on a diagram of the maze. My deci
sion to display the maze on the video dis
play and let the computer move the cursor 
through the maze increased my work, but 
made the program far more interesting. 

Figure l: Flowchart of 
three phases of the maze 
running program. 

START 

SET UP 

COMPUTER 
AND USE R 
SE T UP 
MAZE 

COMPUTER 
RUNS THE 
MAZE 

Runs Mazes 

Program 

If you will take a few moments to study 
figure 2, you will discover that it is really 
an expanded version of the first block in 
figure 1. The series of tasks outlined in 
figure 2 must be performed by the comp uter 
and the user in order to set up the maze. 

The program begins by having the com
puter print out a complete li st of the com
mands the user will use to create the maze. 
After the use r indicates his understanding 
of these commands, the computer issues 
signals to the display to erase the screen 
complete ly. The computer then clears a 
section of memory that it wi ll later use 
to remember the maze and the moves 
through it. 

On ce the screen and block of memory 
are cleared, the program prints out a maze 
and stores a map of it in its special memory. 
At this point the program all ows the user 
to use a few one letter commands (such as 
U for up and L for left) to modi fy the 
maze. As each command is issued, the 

program coord inates the making of changes 
on the screen and the storing of these 
changes in its block of memory. Once 
satisfied with the maze modifications, 
the user issues a final command to signal 
this fact to the computer. The program 
will respo nd by beginning to run the maze . 

Maze Creation 

The fol lowing additiona l information 
should help to clarify the above remarks. 
Once I decided to have the maze displayed 
on the screen, I needed to select a method 
of gelling the maze onto the screen. One 
method would have been to allow the user 
to draw the maze on a blank screen. By 
proper! y positioning the cursor, the user 
cou ld have printed a series of Xs anywhere 
that a wall was desired. I felt that this 
approach would work, but due to the 
heavy burden it would place upon the 
user, I selec ted another method. 

Figure 2: Flowchart ex
pansion of setup block 
from figure l. 

SETUP 

PRINT LIST 
OF COMMANDS 

HOME UP ANO 
ERASE TO 
ENO OF FRAME 

CLEAR BLOCK 
OF MEMORY 
USED TO 
STORE MAZE 

PRINT RAW 
MAZE ANO 
STORE IN 
MEMORY 

ALLOW USER 
TO MODI FY 
THE MAZE 

RETURN 
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Figure 3: Horizontal paths of maze. 
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Figure 4: Vertical paths of 
maze. 
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Figure 3 shows a box with alternating 
rows of Xs and spaces. These represent 
the horizontal paths and wa lls of the raw 
maze. Note that there is no way to get 
from one hori zontal path to another. To 
create such a pathway. the user would 
simply erase any X on the line of Xs sepa
rating them. 

Figure 4 represents the vertical paths 
and wal ls of the maze. Again, the paths are 
totally separate, but the user cou ld easily 
make an opening between the adjacent 
paths by erasing one X. 

Figure 5 is the result of combining 
figure 3 with figure 4. What you see in 
figure 5 is the initi al maze that I've been 
referring to. Another way of looking at 
it is to think of it as an aer ial view of a 
grid of streets running north-south and 
east-west. Imagine that roadb locks have 
been es tab lished at every intersection . 
To get from point A to point B, it is nec
essary on ly to remove the speci fie road· 
blocks blocking your route. For the pur· 
poses of this program, the user performs 
a similar operation by removing those 
Xs which block the paths he desires through 
his maze. 

This concept is illustrated in fig ure 6. 
By erasing the blocking Xs along the de· 
sired horizontal and vertical pathways, we 
are able to create a functional maze. We 
must remain on those pathways and can 
erase an X only if it is blocking us unduly. 
In practice, we can only erase an X if there 
is a space either above and be low it, or to 
the right and left of it. 

The above can be a litt le confusing, even 
after you are used to it. Because of th is, I 
built a routine into the program which 
automatica lly checks every X you try to 
erase and determines whe ther or not th at 
particular X may be erased. If a given X 
may not be erased, your command will 
be ignored. As a result, you need not worry 
about making an error, but remember when 
you try to erase an X and nothing happe ns, 
that the program is designed to do this. 

Among the Xs which cannot be erased 
are those wh ich form the borders of the 
initia l maze, meaning that there is no escape 
from this maze. It doesn't real ly matter. 
Un like other mazes {in which the idea is to 
escape), the goal of the computer in this 
program is. to find "food", indicated by 
the letter F. 

Command Details 

While the program does pr int out a list 
of all the va lid user commands, I feel it is 
worthwhi le to elaborate. One of the basic 
princip les involved in setting up the maze 
is the fact that the cursor is not al lowed 
to pass beyond any boundary of the maze. 
This means that when the cursor reaches 
the right side of the maze, it wil l not be 
able to "wrap-around" and reappear on 
the left side of the screen. It doesn't matter 
in which direction you are moving: when 
you reach a bounda ry line, you will be 
stopped from going any further. Should 
you try to go further, the command will 
be ignored. 

I chose th is approach to facilitate coor· 
dination of the on-screen maze and its 
counterpart stored in memory. Coordina
tion of the cursor on the screen and th e 
block or reserved memory is critica l to the 
successful operation of this program. It 
is important that I included a routine 
designed to abort the program if cenain 
commands are detected. 

Because it is so much easier to remember 
th e letter R for right rather than Control-I 
for right, I decided to allow the user to use 
U, D, L and R to cause the cursor to move 
up, down, left and right. In operation , the 
program recognizes these easy to remember 
commands and substitutes the specific 
control character used by the terminal 





Figure 5: Complete maze grid, containing al/ horizontal and vertical com
ponents. 
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Figure 6: Functional maze 
produced by removing Xs 
from the grid of figure 
5. 
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device for the intended cursor movement. 
I fo ll owed this approach because it was 
relatively easy to program and made things 
eas ier for the user. However, should the 
user input one of the actua l contro l char
acters recognized by the termina l system, 
synchronization between the on-screen maze 
and the special block of memory would 
probab ly be lost. Rath er than permit this 
to happen, I chose the simple alterna tive 
of having the program check each command 
input by the user . If it detects any control 
character, it will immedia te ly erase every
thing on the screen and return to Mll<BUG 
control. Th e program itself wil l not be 
affected, but you wil l need to reenter the 
program at its stal'ling address and begin 
again. 

Other Commands 

The remaining valid commands are C, 
H, F, E, and S. These stand for carriage
return, home-up, food, erase and start. 
Carriage-return moves the cursor to the 
left of the current line, while the home-up 
command is used to move the cursor· to 
the upper lefthand corner of the maze. 

When you have the cursor positioned di
rectly over an X you wish to remove, use 
the erase command. Use the food command 
to replace any X in the raw maze with an F. 
You may set up several target Fs around the 
maze, but the program wi ll stop its search 
as soon as it finds the first one. When you 
are ready to al low the computer to run the 
maze you have prepared, issue a start com
mand . 

Issuing the start command removes 
control of events from the user and turns 
everything over to the computer. As soon 
as it takes contro l, the computer checks to 
see whether the cursor is positioned over 
an X or a space. At this point, if the cursor 
is over a space, the computer will begin 
its search. If, however, the cursor is over 
an X, the computer wi ll move it to the 
space in the upper lefthand corner. Either 
procedure gives the computer a va lid point 
from which to start, and as soon as one has 
been taken, the computer prepares to mak e 
its first move. 

Strategy 

I now need to discuss, in general terms, 
the strategy used by the program to move 
arou nd the maze in search of food. A good 
place to begin is with figure 7. This type of 
diagram is referred to as a tree. Such a 
diagram by itself does nothing. When used 
as an aid in so lving certain types of problems, 
such trees can make it much easier to 
visualize rel ationships of various elements 
of a problem. 

If we assume that each circle represents 
a combination of factors which could be 
the desired answer, our task is to devise a 
scheme of searching through the tree until 
we find the solution. A number of methods 
for doing this are available. While the one 
that I selected is not the best, it is reasonably 
efficient, provides an interesting simulation, 
and is so simple to understand that I had no 
reservations about using it as the basis for 
the most important part of the program. 

The strategy I selected for my program 
is embodied in the following set of simple 
rules. The first rule is that once a passage
way is entered for the first time, it is ex
plored until a dead end is reached. During 
this initial search, any corridors branching 
off the passage being explored are ignored. 
The second rul e is that after a dead end is 
reached, specia l signals are stored in the 
reserved block of memory until the com
puter must either change directi on or reach 
a new corridor. These signals mean that 
it is not necessary to exp lore that particular 
corridor, as it is already known that the goa l 
is elsewhere. In effect, the program wi ll later 
react to these signs in the same way that 



"The data from this ~riment 
could affect national defense. That's wbv 
we use Scotcli Brand Disk Carttidges." 
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Ken Bish, Engineer, 
Systems Research Laboratories, 
Inc., Dayton, Ohio 

Every Scotch Disk Cartridge is 
tested and certified error-free before 
it leaves the factory. Because, for 
the defense of your data, nothing 
less than perfection is acceptable. 

The disks in Scotch Disk 
Cartridges are defended by 3M's 
exclusive CRASHGUARD® 
protective disk coating. It greatly 
minimizes the possibility of a head 
crash, and minimizes the damage, 
should one occur. 

Scotch front-loading Disk 
Cartridges also feature our exclusive 
Living Hinge air door, which 
reduces the possibility of damage to 
the disk from contact with the air 
door stop during shipping and 
handling. 

You can get Scotch Disk Cartridges 
in front or top-loading models. 
To find out where you can find Scotch 
Disk Cartridges or virtually any 
other data recording medium, call 
toll-free: 800-328-1300. (ln Minne
sota, call collect: 612-736-9625.) 
Ask for the Data Recording 
Products Division . 

If it's worth remembering, 
it's worth Scotch 
Data Recording Products. 
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Figure 7: Search tree used 
by program to find its 
goal. 

-
I 

A 

-
3 

' 

4 
'-" 

2) 
-

- GOAL 
5 6 7 

Figure 8: Typical search undertaken by computer. Starting at poin t 7, the 
cursor moves righ t to the dead end at point 2. Mm-J?ing this position with o 
special code in m emo1y, the cursor moves left, finding the unexplored cor
ridor at poin t 3. The cursor changes direction to explore this, un til stopped at 
point 4 . Leaving a dead end code, the cursor again reverses, and discovers the 
new passage at point 5. Changing direction and mo11ing towards poin t 7, the 
cursor reaches the "food" at point 6 and stops th e search. 
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it would react to a wall. A third ru le is 
that when the program is retracing pre
vious steps, it will begin ex plo ring new 
territor·y as soon as possib le. 

Search Deta ils 

To make these ru les clearer, refer to 

fi gure 8. Assume that th e computer begins 
its run at posi tion 1. It wi ll move to th e 
ri ght until it reaches the dead end at positio n 
2. Leaving spec ial signals beh ind itse lf in 
memory, the compu ter will move back to 
the left un til it encounters the new corr id or 
a L posit io n 3. As th is is an unexplored passage, 
it will stop re tracing its steps toward posi
t ion 1 and change di rec tion toward posit ion 
4. On ce it ai-rives at pos ition 4, it reverses 
itself and, again leaving the spec ial dead 
end signs in memory , backs up until it 
reaches position 5. Herc, the computer 
decides th at it has foun d ano th er unex
plored avenue and begi ns moving toward 
posi tion 7. Halfway clown this co rTidor 
it finds the food at posi tio n 6 and, hav ing 
achieved its goa l, stops th e sea rch. 

In ad di,tio n to the dead end signs, the 
computer also marks each pa th it ex plo res 
with another· signal to in dicate that it has 
been the re. Both of these signals are stored 
in the rcsc r·ve cl bloc k of memory to se rve 
as guides in choosi ng th e next move. They 
do not appear on th e video disp lay screen 
(whcr·e they would only cause cl ut ter). 

If you refe r back to figure 7, you wi ll 
now be ab le to unders tand the stra tegy that 
I have emp loyed in this program. The pro
cedure is to start at the top and, after 
Mbitraril y choosing one of the branches, 
descend along it as far· as possible . In th is 
instance , we go fro m A to D. Un ab le to 
co nti nu e at D, we bac k up the minimu m 
possible di stance Lo C, where we encounte r· 
three unex plored branches. One at a time, 
we desce nd fro m C to E, F, and G. When 
explora tion of these three branches is 
complete, we have elimi na ted ever·y thing 
desce nding fr om C. Again, we back up 
the least possible dis tance. In this case, 
we move fro m C back to B. At B we wi ll 
descend to ex plo re the pa ths lead ing to 
1-1, I, and J. Once th is sequence has been 
comp leted, we back up to A. We have, 
a t this po int, thoro ughl y exami ned one 
li mb of the tree, and use of th e same rules 
over and ove r· wi ll eventual ly lead us to 
the goal. 

One las t point concerni ng strategy must 
be covered. Figure 9 illustrates a normal 
tree with some abnormal additions: closed 
circular path s, or loops. These may actuall y 
be a trn c rep r·ese ntation o f a particu lar 
pro blem. Th ey are no t, however, used in 



classic tree diagrams. Experts in the field of 
artificia l intel ligence tend to disapprove of 
such loops for they can raise havoc with 
simple search strategies like the one I've been 
exp laining. It is entire ly poss ible to enter 
one of these loops and, fo llowing the rules 
exactly, remain in the loop indefinitely. 
This can all be summed up in the following 
rule: do nol create loops in the mazes you 
set up for this program to run through. 

Final ly, on the matter of loops, figures 
10 and 11 are examples of var ious mazes. 
Those shown in figure 10 arc incorrect 
because of loops. Those shown in figure 11 
a.re correct. 

Run Comp letion 

Now I am goi ng to briefly describe what 
happens once the computer comp letes its 
rnn. If it was unable to find the goal (because 
you forgot to includ e it or placed it ou t of 
reach), the program wi ll tell you that it has 
no valid moves and wi ll ask if you wish to 
rerun the same maze. 

If you indicate that you would like to 
r·erun the same maze, the computer wi ll 
clean out all the signs it placed in its spe_cial 
block of memory and jump back to that part 
of the program which all ows the user to 
modify the maze . It will print out a new 
maze or change the one on the screen. If 
you des ire to start the next run from a new 
location or further modify the maze, use the 
same commands you origina ll y used in set
ting up the maze. When you are ready to 
begin the new run, input a start command. 

When the program actually finds the goal, 
it goes through the same general routine as 
when it has no more moves, with one major 
difference: instead of reporting that it has 
no more moves, it states that it has found 
the goal. Beyond this, everything is the same. 

If, in either of the above cases, you indi
cate to the computer that you do not desire 
to rerun the same maze, the program will 
erase everything on the screen, complete ly 
clear out the special block of memory, and 
then print out a new initial maze. 

Minor Points 

A few minor details remain of which you 
should be aware. Foremost among these is 
the curso r. 1 decided to use the cursor to 
explore the maze because it was the eas iest 
way to do the job. The sim ulation is very 
effective when the cursor is operated in the 
so lid mode (as opposed to the normal bli nk
ing mode). The program will fu nction per
fectly with a blinking cursor, but the visual 
effect is not as pleasing. 

Text continued on page 96 

Figure 9: Search tree containing loop paths, which can cause problems. 

Figure 7 0: Mazes containing loops. Creation of such mazes is to be avoided. 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x x 
xxx x xxxxxxxxx xxx xxx xxxxxxx x 
x x x x x x x x x l x x x x x x 
xxxx x xxxxxxxx xxx xxx xxxxxxx x 
x x x x x x x x x x x x x x x x 
xxxxxxxxxxxxx xxx xxx xxxxxxx x 
x x x x l x 
xxxxxxxxxxxxx xxx xxx xxxxxxxxx 
X X X X X X X X X X X X X I X X 
xxxxxxxxxxxxx xxx xxx xxxxxxxxx 
X XX I XX XXXX 
XXXXXXXXXXXXX XXX XXX PXXXXXXXX 
x x x x x x x x x x x x x x x x 
XXXXXXXXXXXXIXXXXXXXlXXXXXXXXXI 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x x x x x x x x x x x x x x x x 
xxxxxxxxxxxxxxx xxx xxxxxxx xxx 
x xx xx xx xx 
xxxxxxxxxxxxxxx xxx xxxxxxx xxx 
x x x x x x x x x x x x x x x x 
xxxxxxxxxxxxxxx xxx xxxxxxx xxx 
x x 
xxxxxxxxx xxxxx xxxxxxxxxxxxxxx 
x x x x x x l l x x x x x x x x 
xxxxxxxxx xxxxx xxxxxxxxxxxxxxx 
x x 
XXXXXXXXXXXXXXX XXXXXXXXXXPXXXX 
X X X X X X X X X I X X X X X X 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Figure 17: Properly constructed mazes containing no loops. 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x 
X XXXXXXXXXXXXX XXXXXFXXX XXXXX 
X X X X X X X X X X .X X X X X X 
X XXXXXXXXXXXXX XXXXXXXlX XlXXX 
x x x 
x xxxxxxxxxxxxx xxxxx xxx xxxxx 
x x x x x x x x x x x x x x x x 
x xxxxx xxxxxxx xxxxx xxx xxxxx 
x x x x x x x x x x x x x x 
x xxxxx xxxxxxx xxxxx xxxxxxxxx 
x xx xx x xxx 
xxxxxxx xxxxxxxxxxxxx xxxxxxxxx 
x x x x x x x x x x x x 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x x x x x 
xxxxxxxxxxxxx xxxxxxxxx xxxxx x 
x x x x x x x x x x x x x x x x 
XXXXXXXXXXXXX XXXXX IXX XXXXX X 
x x x x x x x x x x x x 
XXXXX XXXXXXX XXXXX XXX XXXX1 X 
x x x x x x x x x x x x x x x x 
xxxxx xxxxxxx xxxxx xxx xxxxx x 
x x x x x x x x x x x x x 
xxxxx xxxxxxx xxxxx xxx xxxxx x 
x x x x x x x x x x x x x 
XXXXX XXXXXXX lXXXX XXX XXXXX X 
x x x x x x x x x x x x x x x x 
lXXXXPXXXXXXXXXXXXXXXXXXXXXXXXX 

Photo l: Time lapse exposure of a complete search or the maze. The camera 
shutter was left open during the entire time the cursor was traversing the 
maze. When the cursor retraced its steps, it increased the exposure at that 
point. Thus, the various shadings indicate in a relative fashion the number of 
times that the cursor passed a given point. The whitest location is the home 
position at the upper left corner. 
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See Sol® 
at all these 
fine 
computer 
centers 
AL: Birmingham: Computer Center. Inc., 
(205) 942-8567. CA: Costa Mesa: Orange County 
Computer Center. (714) 646-0221 . Los Angeles: 
Computers Are Fun. (213) 4 75-0566. Modeslo: 
Computer Magic, (209) 527-5156. Mountain View: 
Digital Deli , (415) 961-2670. Walnut Creek: 
MicroSun Computer Center. (415) 933-6252. 
CO: Boulder: Byte Shop, (303) 444-6550. CT: 
Bethel: Technology Syslems, (203) 748-6856. 
FL: Ft. Lauderdale: Byte Shop of Ft. Lauderdale. 
(305) 561-2983. Miami: Byte Shop of Miami. 
(305) 264-2983. Tampa: Microcomputer Systems 
Inc .. (813) 879-4301. IL: Lombard: Midwest 
Microcomputer. (312) 495-9889. ID: Boise: Byte 
Shop Computer Store. (208) 345- 3811 . IA: 
Davenport : Memory Bank. (3191386-3330. KY: 
Lou isvi lle : Mart ronix Associates. (502) 459-0500. 
MD: Silver Springs: Computers Etc .. 
(301) 588- 3748. Towson: Computers Etc .. 
(301) 296-0520. MA: Wal lham: Compuler Power. 
Inc .. (617) 890-4440. MO: Florissant : 
Computer Country, (314) 921-4434. NJ: Cherry 
Hi ll : Computer Emporium. (609) 667- 7555. 
lselin: Computer Mart ol New Jersey, (201) 
283-0600. NY: Endwell : The Computer Tree. 
(607) 748-1223. New York: Computer Mart 
of New York. (212) 686-7923. White Plains: The 
Computer Corner. (914) 949-3282. NC: Raleigh: 
Bennett-Stiles Computer. (919) 781-0003. 
OH: Akron: The Basic Computer Shop, (2161 
867-0808. OR: Beaverton: Byte Shop Computer 
Store. (503) 644-2686. Portland: Byte Shop 
Computer Slore. (503) 223-3496. PA: King of 
Prussia: Computer Mart of Pennsylvania. (215) 
265-2580. RI: Warwick: Computer Power. Inc .. 
(401 J738-4477. TN: Kingsport : Microproducts 
& Systems. (615) 245-8081 . TX: Arlinglon: 
Compul er Port, (817) 469-1502. Houston: 
Interactive Computers. (713) 772-5257. Houston: 
Interactive Computers. (713) 486-0291 . 
Lubbock: Neig hborhood Computer Store, (806) 
797-1478. Richardson : Micro Store. (214) 
231-1096. UT: Salt Lake City: Home Computer 
Store. (801) 484-6502 . VA: Mclean: 
Computer Systems Store. (703) 821-8333. WA: 
Bellevue: Byte Shop Computer Store. (206) 
7 46-0651 . Lynnwood: Byte Shop Computer Store. 
(206) 775-7436. Seallle: Byte Shop of Seattle. 
(206) 622-7196. WI: Mad ison: The Madison 
Computer Store. (608) 255-5552. Milwaukee: The 
Milwaukee Computer Store. ( 414) 445-4280. 
DC: Washington: Georgetown Computer 
Emporium. (202) 337-6545. CANADA: London, 
O ntario: Computer Circuit Ltd .. (519) 
672-9370. Toronto. Ontario: Compurer Mart Ltd .. 
(416) 484-9708. Vancouver. B.C.: Basic 
Computer Group Ltd .. (604) 736-7474. 
ARGENTINA: Buenos Aires: Basis Sistemas 
Digitales. 393-5299. AUSTRALIA: Prospect: 
A.J .F. Systems & Components. Pty. Ltd .. 
269 1244. Sydney: Automation Statham Pty. ltd .. 
(02) 709.4144. BELGIUM: Brusse ls: 
Computerland. 02/ 511-34-45. COLOMBIA: 
Bogota: Video National . 326650. DENMARK: 
Copenhagen: Peter W. Holm Trad ing Aps. 
01-54366. PHILIPPINES: San Juan: Integrated 
Computer Systems. Inc .. 78-40-71 . SPAIN: 
Barcelona: Interface S.A.. (93) 301 7851. 
UNITED KINGDOM: Essex: The Byte Shop Ltd .. 
01 554 2177. Huntington: Comart, Ltd .. 
(0480) 74356. VENEZUELA: Los Ruices. 
Caracas: Componentes Y Circuitos Electronicos 
TTLCA, 355591 . 
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Sol:The small computer that won't 
fence you in. 

A lot of semantic nonsense is 
be ing tossed around by some of the 
makers of so-called "pe rsonal" 
computers. To hear them tell it, an 
investment of a few hundred 
dol lars will give you a computer 
to run your small business , do 
financ ial planning, analyze data in 
the engineering or scientific 
lab - and when day is done play 
games by the hour. 

Well , the game part is true. 
T he rest of the cla ims should be 
ta ken wi th a grain of salt. Only 
a few persona l computers have the 
capacity to grow and handle 
meaningful work in a very rea l 
sense. And they don't come 
for peanuts . 

Remember, there's no 
free lunch. 

So before you buy any personal 
computer, consider Sol~ It 
costs more at the start but less in 
the end. It can grow wi th your 
abili ty to use it. Sol is not cheap. 
But it's not a delusion either. 

Sol small computers are at the 
very top of the microcomputer 

spectrum. T hey stand up to the 
capabili ties of mini systems 
costing four t imes as much. 

No wonder we call it the 
serious solution to the small 
computer question. 

Sol is the small computer 
system to do the general ledger and 
the payroll. Solve engineering 
and sc ientific problems. Use it for 
word processing. Program it 
for compu ter aided instruc tion. 
Use it anywhere you want 
versatile computer power! 

Build computer power 
with our software. 

At Processor Technology we've 
tailored a group of high-level 
languages, an assemble r and other 
packages to sui t the wide 
capabili ties of our hardware. 

Our exclusive Extended BAS IC 

is a fine example. This BAS IC 
feat ures complete matrix fun ctions. 
It comes on cas ette or in a 
disk version which has rando m as 
well as sequential fil es . 

Proce sorTechnology FORT RAN 
is similar to FORTRAN IV and 

has a full set of extensions designed 
for the "stand alone" computer 
environment. 

Our PI LOT is an excellent text 
oriented language fo r teachers. 

Sold and serviced only by the 
best dealers. 

Sol Systems are sold and serviced 
by an outstanding group of 
conveniently located computer 
stores throughout the U.S. 
and Canada. 

For more information contact 
your nearest dealer in the 
adjacent list. Or wri te Department 
B, Processor Technology, 
7100 Johnson Industrial Drive, 
Pleasanton, CA 94566. Phone 
(415) 829-2600. 

In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 

Circle 300 on inquiry card . 



Author's No1': 

The progrom shown In //sting 1 uses several routines from the MIK· 
BUG monitor. Other monitors (SWTBUG, Smartbug) designed to be 
compdtib/e with MIKBUG should work with the program. However, 
the program will not work with other types of monitor systems. 

Be careful not to type an actual control character while setting up 
the maze. If you do, you must restart the program at hexadecimal 
location 0030. 

Tobie l : Control codes used with the Southwest Technical Products Corpora
tion CT-64 video terminal system. 

Cont rol Charac ter Hexadeci mal Code Function 

H 08 Back Space 

09 Forward Space 

J OA Line Feed 

K OB Move Up 
p 10 Home Up 

u 15 Erase End of Line 

v 16 Erase End of Frame 

M OD Carriage Re turn 

Listing l : Since the original Maze program was hand assembled over several 
hand written pages, the machine generated object code shown here in Ml KBUG 
format is the only verifiable representation. Spaces on each line make reading 
easier, but do not enter the spaces into the computer. The last pair of digits 
on each line is a checksum. The starting address is hexadecimal 003D. 

Slll 0000 6580 6904 6420 2420 A525 6501 4000 9580 40 
Sl13 0010 2126 6131 63A4 69AC 2D24 2734 EF94 2D2C 5F 
5113 0020 FFCA 27FP 92DP 93PF D9FF 9A5F DAP6 DAPF 60 
Slll 0030 975E 5211 99DP DAEB D2EB 5ADB DABD 0100 Bl 
Slll 0040 8002 OOBD 020A BD02 l8BD 022C 8003 DCBD 09 
Slll 0050 0213 8002 8CBD 0480 8004 9ABD 0500 7!00 90 
Sl13 0060 58BD BlDI 09CO 8A5F 92PF 9ACF 9DEA 15D2 CO 
5113 0070 9ACA CADB lAC3 D9D7 12CF 9AFA 9AIB 9157 34 
Sl l3 0080 7386 64CO 4635 65A3 6CA5 6724 6537 4401 4F 
Slll 0090 6131 6127 6720 2C2F 6086 6785 2520 27A5 33 
5113 OOAO 9F5B 8248 SADA 9203 C85A BAE8 OODB D8DE 37 
Slll 0080 88P'9 9858 90EA !OEA OO!E 984.A 1818 C057 9A 
Slll OOCO 5136 4085 61F5. 653P 6DA.4 2537 652C 7EAC BE 
Slll 0000 8585 7523 6737 6525 9D25 7588 2F35 2519 Bl 
Sll3 0010 8708 D2D2 1Fr4 AB59 905D 80Dl l9C9 800A 18 
Sll3 OOPO 82CA 8A4P 9808 1859 82CO 1A46 82BD 0200 13 
Sll3 0100 CIOl OABD 1071 BDll AC39 1016 434P 4D4D 22 
Sll3 0110 4141 4453 OAOA OD52 2D4D 4F56 4520 S249 23 
Sll3 0120 4748 540A OD4C 2D4D 4F56 4520 4C45 4654 D6 

Listing 7 con tinued on page 98 
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Text continued from page 93: 

While I was devel oping the program, I 
found it desirable to include a delay routine 
to slow the speed at which the cursor runs 
through the maze. Th is delay is used when
ever the program is exploring new territory. 
It greatly increases the impression that the 
computer is carefully considering each move. 
The amount of delay can be varied by chang
ing the contents of one location in memory . 
The specific address is hexadecimal 06BE. 
You may use any value between 01 and FF. 
The maximum amount of delay is about one 
second, which occurs when location 06BE is 
set to FF. As the value stored in 06BE is 
decreased, the amount of delay is reduced 
until, with a value of 01, it is almost un
noticeable. 

Hardw(!re Dependence 

One fi nal important topic is the confi g
uration of my system . This program is 
designed around that configuration, and 
any other could cause problems. Most 6800 
system owners should not have any diffi
culty but, to be on the safe side, I'll go 
over the details quickly . 

First, my terminal system is set up to 
print 32 characters on each line and 16 
lines on each page. When I run this program 
I operate my terminal in the page mode . 
Table 1 describes all the control characters 
used by my system to move the cursor 
around and to erase the screen . The ter
minal is set to upper case operations. 

Loading the Program 

The program (listing 1 is in the MI KBUG 
tape format) is ready for hand entry. To begin 
entry, assuming that you are under MIKBUG 
control, type an L (load) and enter each line 
exactly as it appears. If you make a mistake, 
the checksum error detection feature of 
MI KBUG will catch it and cause the terminal 
to pr int a question mark. In order to pro
ceed, again enter an L command and retype 
the line in question. 



PROGRAM DESCRIPTION TRS-80 PET 

GALACTIC BLOCKADE RUNNER •AN EXCITING SPACE WAR GAM E WITH GRAPHICS • • S 9 95 (JlJ 
SCI-Fl GAME SAMPLER • 3 GAMES-LUNAR LANDER-STAR MONSTER- SPACE BATTLE • • S 1:95 
R/ T LUNAR LANDER • A REAL TIME LUNAR LANDER WITH GRAPHICS • S 7.95 
MICRO-TEXT EDITOR •FORMAT TEXT-SAVE & LOAD TO TAPE-OUTPUT TO PRINTER • S 9.95 
OTHELLO Ill •A STRATEGY BOARD GAME-PLAY AGAINST COMPUTER OR OTHERS e • e S 7 95EJ 
AIR RAID • A REAL TIME, ARCADE TYPE SHOOTING GAME IN MACH. LANG. e S 14:95 
MICRO-CHESS • PLAY CHESS WITH YOUR COMPUTER-VARIOUS LEVELS OF DIFF. • • • S 19.95 • 
BRIDGE CHALLENGER •DON' T WAIT FOR OTHERS TO PLAY-YOUR COMPUTER'S READY e • • S 14.95 
APPLE 21 • BLACKJACK WITH HIRES GRAPHICS • S 9.95 
STAR WARS/ SPACE MAZE •SCI-Fl GAMES FOR THE APPLE • S 12.95 
RENUMBER • RENUMBER YOUR BASIC PROGRAMS-RENUMBERS EVERYTHING • • S 14.95 
DISK RENUMBER •SAME AS ABOVE, BUT ON DISK • S 19.95 
PILOT 2.0 •THE EDUCATIONAL LANGUAGE. IN MACH . LANG.-INC. EDITOR e S 14.95 
PILOT 3.0 • THE DISK VERSION OF THE ABOVE • $ 24 95 G) 
APPLE TALKER •YOUR APPLE SPEAKS! NO NEW HARDWARE REQUIRED • S 15:95 
APPLE LIS'NER •SPEECH RECOGNITION THE EASY WAY-GREAT WITH THE TALKER • S 19.95 
TIC-TAC-TALKER •TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION • S 19.95 
FORTRAN • FOR THE TRS-80-SEE MICROSOFT'S ADS • $325 00 
SYSCOP • MAKE BACKUP TRS-80 SYSTEM TAPES THE EASY WAY • s 9.95 G 
ANDROID NlM-2 •GAME OF NIM WITH ANIMATEIJ ROBOTS AND SOUND • S 14:95 • 
SNAKE EGG •A BETTING GAME WITH ANIMATED SNAKES AND SOUND • S 14.95 
LIFE 2 • JOO GEN. PER MIN . LIFE & BATTLE OF LIFE W I ANIMATION & SOUND • S 14.95 
DCV-1 •PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS • S 9.95 
MUSIC MASTER • ENTER SHEET MUSIC-THE TRS-80 THEN COMPILES & PLAYS IT • S 14.95 ~ 
DISK MUSIC MASTER •SAME AS ABOVE BUT ON DISK W/ MANY SELECTIONS • S 24.95 
TRS-80 CP/M •OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80 • $150.00 
PET ASTROLOGY •DOES ALL THE COMPUTATIONS FOR YOU • S 14.95 
PERSONAL FINANCE PKG . • KEEPS TRACK OF CHECKS. BUDGET. COMPUTES INTEREST • • • S 9 95 <J 
TRS-80 DISK LIB. "A" • 9 PROGRAMS ON DISK- INC. BLOC. RON, OTHELLO ETC. • S 39:95 
BUSINESS AND APPLICATION SOFTWARE- CALL OR WRITE FOR DETAILS 
16K MEMORY UPGRADE FOR TRS-80, APPLE & SORCERER COMPUTERS S 94.95 
C-ID HlGH QUALITY DATA CASSETTES W/ SCREW HOUSINGS 10/ S 10.00 
VERBATUM 5-112 INCH BLANK DISKETTES 10/ S 34.95 B 

100/o OFF IF YOU ORDER 3 SOflWARE PACKAGES OR MORE SEND FOR FREE CATALOG-GIVE TYPE OF COMPUTER 

AVAILABLE FROM THESE FINE MICRO COMPUTER DEALERS 
JAJ ELECTRONICS LTD 
2J COLUNOTON A VE. 
BEXHILL-ON.SEA, E. SUSSE!JC, ENO, 

COMPUTER YILLAOE 
911 SW ITTH AVE.. 
MIA.Ml f'L U114 

L. C. SAL.f.S 
100 HINCHEY AVE. l'10i 
OTI'AWA. ONT .. CAN. KIY4l9 

HOfSIY WO.LO ELECTaON'ICS 
19JU llUSJNESS Cf.N'TEI De. . N 
NOlntllDOE CA 91J2A 

AUGUST Al!TOMATION 
UMIU ST. 
WfSTBOIO MA Ols.11 

THECPV SHOP 
l9 PLEASANT ST. 
CH.Akl£ST0WN MA O'Jll'9 

CAPITOL COMPUTEk SYSTEMS COMPUTER CABLEVISION. ll"ilC. 
JJ96 EL CAMINO A VE. 2611 <UNO ST. NW I .I 
SAC'RAMEP«O CA tslll WASHINGTON DC llD11 

TIS-a) SOf'TWAl.E EXC1tAMCIE 
11 llllAICLIFF 01. 
MILFOl.O NH QJOj! 

OP AMP TEOt lllOCNCS 
IOU N SYCAMO..E AVE. 
LO$ AJ<,f<JLES C.A 90)J.I 

ICENl'iEDY SYSTEMS 
14 810,,_D ST, 
LYNDONVILLE VT Q!ljl 

ADVANCED COMPUTE.I PROOOCTS 
lllOB E EDlNGEI 
SANTA ANA CA 9l'1m 

TO ORDER BY PHONE OR FOR DEALER INFO-CALL- (617) 682-8131 
ADD 75c SHIPPING & HANDLING• MASS. RESIDENTS ADD 50'/o SALES TAX 
MAD HATTER SOFTWARE• 900b SALEM RD• DRACUT, MA 01826 

Circle 202 on inquiry card . 
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listing 1 continued from page 96: 

5113 0130 OAOD 5520 4041 5645 2055 500A OD44 204D 51 
Sll3 0140 4F56 4520 444P 574! OAOA 0045 2D45 5241 PE 
Slll 0150 5345 2041 4!20 ~OD 0A43 2043 4152 5249 !4 
Sll3 0160 4147 4520 5245 5455 524£ OAOD 482D 484F 98 
Sll3 0170 4045 2055 5000 OA46 2052 4550 4C4l 4345 91 
SllJ 0180 2041 4!20 5820 5749 5448 2041 4!20 4600 C6 
Slll 0190 0A53 2053 5441 5254 ODOA 0A55 5345 2041 04 
Sll3 OlAO 424F 5645 2043 4P4D 4041 4£44 5320 5441 EA 
SllJ 0180 2050 5245 5041 5245 ODOA 4041 5A45 2041 67 
Sl13 OlCO 4!44 2053 5441 5254 2052 554! 2£20 5748 !9 
Slll 0100 454£ 2052 4541 4459 ODOA 544P 2050 524P 28 
Sll3 OlEO 4345 4544 2C20 5459 5045 2041 4E59 204C PS 
Slll OlFO 4554 5445 522! 2004 0000 0000 0000 0000 25 
Sll3 0200 CE02 0680 !07! 3910 1604 CE08 008C OAOO 2A 
Sll3 0210 2705 6FOO 0820 P639 CE02 2880 E07E CE08 PP 
Sll3 0220 2086 0887 0227 3900 1016 0A04 8002 467A 50 
5113 0230 0227 7002 2727 0580 0268 20FO CE02 4380 85 
Sll3 0240 £07! 3910 0A04 861£ 8702 6A86 58A7 OOBD EC 
Slll 0250 ElDl 7002 6A27 0608 7A02 6A20 E!08 0886 40 
5113 0260 OABD ElDl 8600 80!1 0139 0086 1087 026A lD 
Sll3 0270 8658 A700 BDEl 0108 8620 A700 8DE1 Dl08 BA 
Sll3 0280 7A02 6A70 026A 2702 20E6 0139 8002 E781 OB 
Sll3 0290 5527 2581 4427 2481 4C27 2381 5227 2281 F5 
Sll3 02AO 4827 2181 4327 2081 4527 1F81 4627 1!81 16 
Sll3 0280 5327 lOBD 0203 2004 7£03 8P7E 035C 7E03 AF 
Sll3 02CO 257£ 0308 7!02 FC7E 0342 7E04 087! 03C2 70 
Sll3 0200 7£02 F886 08BD ElDl A600 BDEl 0186 0880 45 
Sll3 02EO ElDl 39CE 0820 3980 ElAC 85EO 2701 3980 23 
Sll3 02FO 0200 8002 0A7E EOE3 8002 0339 8002 0380 D4 
Sll3 0300 023C 8002 E37E 028C 8002 D3FF 0323 7C03 C7 
Sll3 0310 2486 0324 841P 881P 2706 8609 BDEl 0108 58 
Sll3 0320 7E02 8C00 OOBD 0203 FF03 407A 0341 8603 72 
Sll3 0330 4184 lF88 1F27 0686 0880 ElDl 097E 028C !F 
Sll3 0340 0000 8002 03PF 035A 8603 5885 1F27 0309 DO 
Sl13 0350 20F3 860D 8DE1 017! 028C 0000 8002 03PP E7 
S113 0360 038C 8603 8C81 0927 1886 2087 038E 7003 7E 
Sll3 0370 8£27 0608 7A03 8£20 P586 OABD ElOl 7!02 17 
Sll3 0380 8CB6 0380 84£0 88EO 27F4 2000 0000 OOBD F6 
5113 0390 0203 FF03 BF86 038P 8108 2718 8620 8703 23 
Sll3 03AO C17D 03Cl 2706 097A 03Cl 20F5 8608 80£1 SF 
Sll3 03BO 017£ 02BC 8603 C084 !088 2027 F420 0000 BF 
5113 03CO 0000 8002 03A6 0081 5827 037£ 028C 8646 16 
Sll3 0300 A700 BDEl Dl86 0880 ElDl 20!F B6Pl" 8708 83 
Sll3 03EO 7P87 088F 8708 FPB7 093F 8709 7P87 098F 91 
SllJ 03FO 8611 8708 5P87 089P 8708 OPB7 091F 8709 A9 
Sl13 0400 5FB7 099F 8709 DF39 8002 D3A6 0081 5827 lA 
Sll3 0410 037£ 028C PF04 347C 0435 8604 3584 1F88 CJ 
5113 0420 1F27 !EPP' 0434 7A04 3586 0435 841F 881P 71 
Sll3 0430 27DP 2002 0000 FF04 3486 0434 8108 2708 BO 
Sll3 0440 8604 3584 £088 £027 C820 0986 0435 84£0 82 
5113 0450 8820 27BD FF04 34A6 0081 1127 0781 FP27 ca 
Sll3 0460 1308 20F3 PE04 3486 20A7 0080 ElOl 8002 A9 
Sll3 0470 D37E 028C P!04 3486 0435 8401 27F3 20E7 CE 
Sll3 0480 A600 8120 270C 0101 OlCE 0495 BOEO 7ECE 98 
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I've never seen documentation cover-i ng 
the ty pes of errors the MI KB UG error
detecti on feat ure wil l catch, so I pu r·posely 
made a num ber of differe nt errors and can 
report that al l were detected . I entered 
iricorr-ect digits, tr ied nonhexadec imal char
acters, rearranged the p lacement of correct 
digits and entered the ad dr·ess in correc tl y. 
Whil e I can't gua rantee abso lute rel iab il ity 
in error detection, I can say that I've en ter-e el 
many prngr·a ms by hand using th is method, 
and to the best of my know ledge every 
entry error that I made was caught. 

As yo u successfully enter· each lin e, il 
is stored in memory. Should yo u be unab le 
to complete the loading of th e ent ire pro
gram in one sitting you may use the tape 
dump feature of MIKBUG to sto r·e wha t 
you have ente red on casse tte or paper 
tape. At the beginni ng of your· nex t sess ion, 
load the tape back in to memory and begin 
hand load in g at the po int you left off 
prev iously. 

Eventually yo u wi ll have the en ti re pro
gram in rnernmy . Before you do anything 
else, I suggest that you generate a tape of the 
program. Once that is done, prepare you r· 
tenn in al sys tem to use the prngram. Se t it 
in the page mode, fo r upper· case operation, 
with the cu rso r· in a no nbl in ki ng mode. The 
hexadeci mal stani ng address is 0030. Once 
you have th is loaded in to addresses A048 
and A049, you will be r·eady to issue th e go 
comm and . 

Because I have entered thi s entire pro
gram by hand on three separate occas ions, I 
can appreciate the feel ings of those who 
th ink that it 's just too big a job. To assis t 
those who are lack ing the tim e or in cl ina
tion to han d load this prngram, I will be 
happy to suppl y a Kansas City standard 
cassette tape of th e program for a $5 fee . 

Conclusion 

This progr·am is se rious fun. A wr itten, it 
provide quite a bit of exc itement but , 
hL1m an natur·e being what it is , th e urge lo 
improve things may strike one or more of 
you. Ideas for improvement could incl ude 
ad ding land mines, a limited range req ui ring 
stops fo r fue l, magic spots that transport to 
another location , and even Ii ttle Klingons. If 
these or other ideas exc ite yo u, I hope yo u'll 
ge l busy and wr ite the progr·am to contain 
th em. I'd like to l"Lln it. • 



Listing 7 continued: 

5113 0490 0841 3900 0010 OAOA 0904 A620 8120 2735 !2 
5113 04.AO A60l 8120 2735 8004 EAFE 04!7 8120 272F 19 
Sll3 0480 09A6 0008 8120 2728 017! 0678 BDEO 7E7E P5 
5113 04CO 077l 1015 4E4F 2040 4P56 455l 2!04 0000 10 
Sll3 0400 0000 0000 4086 4487 0404 3986 5220 P886 DO 
5113 04EO 5520 F486 4C20 FOOO 0000 PF04 !786 2087 76 
Sll3 04FO 04£9 7004 E927 0609 7A04 E920 P5A6 0039 10 
Sll3 0500 8006 CE86 5281 0404 2715 864C 8104 0427 37 
SllJ 0510 2786 5581 0404 2756 8644 8104 0427 3486 98 
5113 0520 0980 ElOl 8006 8086 01A7 0008 8006 CEA6 62 
5113 05l0 0181 2027 l!'.A.7E 0597 8608 80El Dl8D 0680 60 
S113 0540 8601 A700 0980 06CE 09A6 0008 8120 27E8 78 
Sll3 0550 7E05 9786 0A8D ElOl 8006 8086 01A7 OOBD ll 
SllJ 0560 058D B006 C!:A.6 2081 2027 E87E 0597 8608 43 
S\13 0570 80El OlBD 06BD 8601 A700 8004 EABI> 06CE lE 
S113 0580 8004 EAPE 04!7 8120 27E4 7E05 9786 2040 lA 
SllJ 0590 2704 084.A 20F9 3939 8652 8104 0427 1886 26 
Sll3 05AO 4C8l 0404 2747 8655 8104 0427 6986 4481 95 
Sl\3 0580 0404 275P CE04 C27E 04BC 8006 6527 1180 EA 
Sll3 05CO 0660 2713 8006 S427 15BD 0659 2717 20E4 06 
SllJ 0500 8004 DPBD 0697 3980 0405 8006 AA39 8004 E7 
Sll3 05EO OBBD 0681 3986 04A7 OOBD 0690 39BD 0665 CA 
5113 05FO 27DE BD06 6027 EOBD 0659 2708 8006 5427 JP 
Sll3 0600 0A7! 05CE 8004 £380 068C 3986 04A7 OOBO 71 
SllJ 0610 0685 397E 0635 8006 5427 C3BD 0659 27!4 31 
5113 0620 8006 6527 ABBD 0660 2703 7E05 CE86 04A7 FD 
Sll3 0630 OOBD 06.AE 3980 06S4 27A4 8006 5927 C5BD 65 
SllJ 0640 0660 2793 BD06 6527 037E 05CE 8604 A700 82 
SllJ 0650 8006 9839 A60l 8101 3909 A600 0881 01l9 28 
Sill 0660 A620 8101 39FP 0679 8620 4027 0409 4A20 F6 
S\13 0670 F9A6 OOPE 0679 8101 3900 OOBD 0598 7E04 Cl 
Sll3 0680 9A86 01A7 0086 0980 ElOl 08l9 8601 A700 31 
Sll3 0690 8608 80El 0109 3986 01A7 0086 OBBD ElOl E9 
Slll 06AO 8620 4027 0409 4A20 F939 8601 A700 860A C5 
Sll3 0680 BDEl 0186 2040 2704 084.A 20P9 39C6 1086 A9 
Sl13 06CO FF40 2703 4A20 FA5A 5027 0220 P239 FF07 18 
Sill 0600 0086 2140 2704 094.A 20P9 8646 AlOO 2722 05 
S113 06EO AlOl 271£ Al02 271.A Al20 2716 Al22 2712 41 
Sl13 06FO Al40 270! A141 270A A142 2706 PE07 0039 7F 
S113 0700 0000 CE07 08BD E07E 7E07 2Cl0 1546 4F55 2A 
S113 0710 4£44 2049 542! 2052 4552 554E 2053 4140 AB 
5113 0720 4520 4041 5A45 3F20 592F 4E04 8DEl AC8l 2P 
Sl\3 0730 5927 1381 4£27 OC86 0880 £1Dl 8615 80£1 EA 
Sl13 0740 D120 E97E 077P CE08 20A6 0081 0127 OC81 P5 
S113 0750 0427 088C 09PF 2709 0820 EE86 20A7 0020 18 
Sll3 0760 F286 OOBD ElDl 8615 BDEl Dl86 OABD ElDl 88 
Sll3 0770 7E07 79C! 0716 7E07 058E A042 7£00 4P8E 37 
Sll3 0780 A042 7£00 4043 8P58 97A9 AE19 PP6C 8P51 19 
Sll3 0790 DP55 BP30 9739 A44B AP39 9A79 8AlB A76C 83 
S113 07AO 2092 4806 4887 5802 4106 40A2 40C2 4086 28 
Sll3 0780 5897 50C5 60!7 6808 6100 5086 5C86 68A2 87 
S113 07CO PE3P 9F79 APBD BPl'C PP50 DP75 FP7D OE3D 62 
Sll3 0700 FP59 9P59 9P7P 8F7F BF6D 8731 A671 A77B 4C 
S113 07EO 0184 1C82 5082 40C7 1086 4147 50AB 6806 52 
Sll3 07FO 5086 2041 6182 1882 4186 7003 7003 0083 11 

Circle 152 on inqui ry card. 
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·~~~more--<) memo ',,2:to~ ' . 
di~ Clf'!':Les, an~ a i irTe prJ,0tEfr.; 
Tt:ieY.:op~rat~ with. ttte. QP/.M28'. ' 
disk bpe(ating system and ·· 
CBASIC-i · ,r '. , ·:' . 

, ·.Each. package lncl\,lde.s 5oµr~~·, 
code on disk anq·hardcopy . · 
sour,ce listinf1S In the ·· • 
cdrriprehens1ve .use'r1s manual. 

Use yourTRS-.80 system t.ci I.ts 
fullest wl.th tliese . 
sophisticated Ptograms: · · 
• Inventory Package ~ Ca!l .~e 

connected with cash register for 
point of sale. inventory control. 
Number of on-line items limited 
'only by disk space available. 

•Cash Register Package -
Creates daily sales reports 
containing information on gift 
certificates, paidouts, overrings, 
refunds, and how much In each 
category a salesperson sold. 

• Payroll Package - Handles 100% 
of all necessary payroll functions 
' including state income tax tables 
for your state. Ideally suited tor 
both large and small companies. 

• Apartment Package - Said one 
user, "Obviously, th is was 
developed by apartment owners." 
The package tills virtually all the 
needs of apartment owners and 
managers. Ideal for projects with 
75 units or more. 

$695.00 for any package listed 
·above. Any single package order 
inc;ludes free CBASIC-2. 
CEiASIC-2 sold separately - $89.95. 
CP/M Disk Operating System -$150.00. 

Send for detailed packet of 
information explaining capabilities of 
each program and sample runs. Or, 
phone our software technicians. 
Attractive dealerships available. 
Graham- Dorian Soltware Systems programs are 
copyrighted and require licensing agreemenl. 

G~ 
DE ~~t:"£harge accepted. 
Graham-Dorian Software Systems 
A Division of Graham-Dorian Enterprises 
211 N. Broadway / Wichita. KS 67202 
(316) 265-8633 
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Computer Generated Maps, 
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Part 2 

William D Johnston 
1808 Pomona Dr 

Las Cruces NM 88001 

In part 1 (May 1979 BYT E, page 10) we 
discussed the fundame ntal techniques in
volved in the prod uction of com puter gener
ated maps and how to app ly those tech
niques to some common map projections. 
We also presented several simple programs in 
BASIC which could be easi ly implemented 
in your own system to create maps fo r a 
varie ty of purposes. Nevertheless, these 
simple programs do have their lim itations . In 
this installment we wi ll develop a map pro
jection program which is only sligh tl y more 
complex, but far more versa tile in what it 
can accompl ish. 

One of the most inte resting projec tions 
mentioned in part 1 was the perspective pro
jection, whe reb y the Earth is shown exact ly 
as it appears to an o bserve r at some specified 
height above the surface. Several perspective 
projections were il lustrated, but all of these 
were simplified exam ples where the observer 
(or point of projection) was at infin ity. It 
would be much more usefu l to have a pro
gram which would genera te maps of the 
Earth as it appears fro m any chosen alt illlde 
and over any desired loca ti on. Such a pro
gram would give enorm ous flexib ility to dis
plays for· space war games and other such 
pract ical appl icat ions as creating map over
lays for weather satellite photographs. 

Although detai ls of a program to produce 
this type of projection were not discussed, 
the reader was encouraged to invest igate the 
sub ject of perspective {or project ive) ge
ometry to see how the task could be accom
plish ed. By th is time many of you have, no 
doubt, learned that the solution is real ly 
quite simple. 

Development of Perspective Projection 

The key elemen t of th e sol ut ion ca n be 
exp lained in the followi ng manner·: if a line 
is ex tended from the ce nte r of the Earth to 
an observe r in space, the point on the sur
face of the Ea rth th at the line passes through 
is ca lled the observer 's subpoint. In other 
words , the observer is directly over this 
poin t with respect to the ce nter of the Ea r·th. 
Now, extend a sight lin e from the observer 
to any visible poi nt on the surface of the 
Earth. You will find that the azimuth angle 
of the sight line {as measured clockwise from 
true north) is the same as the great circ le 
bearing from the observer's subpoint to th e 
distant surface poinl. 

Knowing this, you should have been stru ck 
by the realization that you migh t be ab le to 
use the same program that was used to gen
erate az imuthal equidi stant maps in part 1, 
to also ge nerate pers pect ive maps. Can it 
be used? Al most. 

The por tion of the program which com
putes the angu lar component of the po lar 
form of the map coord in ates is indeed the 
same, and the com putatio n of that angle 
constitutes the major part of the program. 
As its name implies, however, the azimuthal 
equidistant projection port rays radial dis
tances uniformly . In a perspec tive view, dis
ta nces are not un iform, but become increas
ingly compr·essed toward th e Earth's limb 
{ie: edge of visible disk) . All we have to do is 
rep lace a single statemenL in the progr am to 
correct ly comp ute the radial dis tance. We 
wil l then have the means to produce a per
spective projection of the Ea nh as viewed 
from any desired al ti tu de over any desired 
po in t. By using a simple logic flag, we can 
choose between either of the two projec
tions and use the sam e program to generate 
both types of maps. 

You wil I also recall from part I th at po lar 
equid istant maps are simply special cases of 
the azim uthal equidistant map, wh il e the 
orthographic equatorial and orthograph ic 
polar maps are no thing more than special 
cases of the perspective project ion . We can 



Wondering which memory 
is best for you? 

ba1e 2• offers the following products 
to the S-100 market at the industry's 
lowest prices: 

16K Static Memory Board 

BK Static Memory Board 
This SK board is available in two versions. The SKS-B operates at 450ns for use with 
SOSO and SOSOA microprocessor systems and Z-SO systems operating at 2MHz. The 
SKS-Z operates at 250ns and is suitable for use with Z-SO systems ope rating at 4MHz. 
Both kits feature factory fresh 2102's (low power on SKS-8) and includes sockets for 
all I C's. Support logic is low power Schottky to minimize power consumption. Address 
and data lines are fully buffered and 4K bank addressing is DIP switch selectable. 
Memory ProtecVUnprotect. selectable wait states and battery backup are also 
designed into the board. Circuit boards are solder masked and silk-screened for ease 
of construction. These kits are the best memory value on the market! Available from 
stock . . . 8KS·B $125 (assembled and tested add $25.00) 

8KS-Z $145 (assembled and tested add $25.00) 

Base 2 can now offer the same price/pertormance in a 1 6K static RAM as in its popular 
SK RAM. This kit includes SK bank addressing with 4K boundary address setting on 
DIP switches. This low power unit provides on-board bank selection for unlimited 
expansion ... No MUX board required. Using highest quality boards and components 
we expect this kit to be one of the most popular units on the market. Available in two 
speed ranges. the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns. 

16KS·B $275.00 (assembled and tested) 
16KS·Z $300.00 (assembled and tested) 

S-100 for Digital Group Systems 

Z-80 CPU Board 
Our Z-SO card is also offered in two speed ranges . The CPZ-1 operates at 2MHz and 
the CPZ-2 operates at 4MHz. These cards offer the maximum in versatility at 
unbelievably low cost. A socket is included on the board for a 270S EPROM which is 
addressable to any 4K boundary above 32K. The power-on jump feature can be 
selected to address any 4K boundary above 32K or the on-board 270S. An On-board 
run-stop flip-flop and optional generation of Memory Write al lows the board to run with 
or without a front panel. The board can be selected to run in either the BOSO mode, to 
take advantage of existing software, or in the Z-SO mode for maximum efficiency. For 
use in existing systems. a wait state may be added to the M1 cycle, Memory request 
cycle, on-board ROM cycle, input cycle and output cycle . OMA grant tri-states all 
signals from the processor board. All this and more on too quality PC boards, fully 
socketed with fresh IC's. CPZ-1 $110 CPZ-2 $125 

This kit offers, at long last, the ability to take advantage of S-100 products within your 
existing Digital Group mainframe. Once installed , up to four S-100 boards can be used 
in addition to the existing boards in the D.G. system. The system includes an 
"intelligent" mother board. ribbon cables to link existing D.G. CPU to the DGS-100 
board and a power wiring harness. The DGS-100 is designed to fit in the 5-3/4" x 12" 
empty area in the standard D.G. cabinet. It may seem expensive but there's a lot here! 
End your frustration ! DGS·100 $250.00 

Circle 22 on inquiry card . 

Send for more detai ls on these products. Gel on our mailing lisl for 
information on more soon to be announced pro ducts at factory-direct 
prices from BASE 2. Why pay more when you can get the best at 
these prices??? 

P.O. Box 3548 • Fullerton, Calif. 92634 
(714) 992-4344 
CA residents add 6% tax 
MC/BAC accepted • FOB - U.SJdestination 
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Listing 7: BASIC subroutine for generating general purpose, perspective 
projection maps. 

1000 
1005 
1010 
1015 
1020 
1025 
1030 
1035 
i040 
1045 
1050 
1055 
1060 
10(>5 
1070 
1075 
1080 
1085 
1090 
1095 
1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
11~5 
1150 
1155 
1160 
1165 
1170 
ll 75 
1180 
1185 
1190 
1195 
1200 
1205 
1210 
1215 
1220 
1225 
1230 
1235 
1240 
124 5 
1250 
1255 
1260 
1265 
1270 
1275 
1280 
1285 
1290 
1295 
1300 
1305 
1310 
1315 
1320 
1325 
1330 
1335 
1340 
1345 
1350 
1355 
1360 
1365 

REM 
kEM 
REM 
REtv1 
RE~I 
REM 
REM 
REM 
REM 
REM 
RE M 
REM 
RE M 
RC:M 
REM 
REM 
REM 
REM 
RE (ll1 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
kEM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
kEM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
kEM 
kEM 
REM 
REM 
REM 
REM 
RE1>1 
REM 
REM 
REM 
REM 
REM 
Rt::M 
REM 
REM 
REM 
RE1>1 
REM 
kEt-< 
REM 
REM 
REM 
kEM 
REM 

SUBROUTINE TO COMPUTE MAP COORDINAT~S 
FOR PERSPECTIVE• MODIFIED PERSPECTIVE• 
A~D AZIMUTHAL EQUIDlSTAN T PROJECTIONS. 

THE FOLLOWING FUNCTION MUST BE DEFINED 
sEFuRE THIS SUdROUTINE IS CALLED: 

FNC ( l COMPUTES THE ARC COSINE OF THE 
ARGUMENT. THE FUNCTION MUST BE 
NON-AMBIGUOUS• THAT IS• IT MUST 
ATTACH THE CORREC T ALGEBRAIC 
SIGN TO THE RE.SUL T, A GOSUtl TO 
AN ARC COS I NE SUBROUTINE MAY BE 
SUBSTITUTED IF DESIRED . 

THE FOLLOWING CONSTANTS MUST BE DEFINED 
BEFORE THIS SU9ROUTiNE IS CALLED THE 
FIRST TIME• AND ARE NEVER CHANGED: 

E = 6378·0• THE MEAN RADIUS OF THE 
EARTH • IN t\M , 

Kl = l·O 

t\2 = 1·5707963• THE VALUE OF PI/2 . 

K3 = 3·1415927• THE VALUE OF Pl, 

K6 = 6·2831853• THE VALUE OF 2*PI. 

T = o.oOOl5• USED AS A TEST VALUE· 

z ;; 0 . 0 

THE FOLLOWING VARIAeLES MUST BE DEFINED 
BEFORE THIS SUBROUTINE IS CALLED THE 
FIR~T TIME FOR ANY GIVEN MAP . EACH 
T1ME A NEW MAP IS TO BE STARTED• THESE 
VAR~ABLES MUST BE REDEFINED BEFORE 
CAL~ING THE SUBROUTlNE THE FIRST TIME 
FOR THAT MAP• AND ARE NO T CHANGED UNTIL 
THE MAP IS FINISHED: 

A lS THE GEOGRAPHIC LATITUDE OF THE 
LOCATION ON WHICH THE MAP IS 
CENTERED · 

Al lS EQUAL TO SIN(Al. 

A2 IS EQUAL TO COS<Al. 

F IS THE MAP SC ALE FACTOR TO CONVERT 
TRUE PROJECTt::D RADIAL DISTANCE TO 
TH~ MAP RADIAL DISTANCE· 
F = R/(E•SIN<MJ >• WHERE R IS THE 
kADIUS OF THE FINISHED MAP• IN CM OR 
INCHES• E IS AS uEFINED ABOVE.I M IS 
AS DEFINED BELOW. 
F IS USED ONLY FOR PERSPECTIVE AND 
~ODIFIED PERSPECTIVE PROJECTIONS· 

Fl lS THE MAP SCALE FACTOR TO CvNVERT 
TRUE ARC DISTANCE TO THE MAP RADIAL 
UISTANCE· Fl IS USED FOR AZIMUTHAL 
~QUIDISTANT PROJECTIONS ONLY, 
Fl = RIM • WHERE R IS THE RADIUS OF 
THE FI NISHED MAP • IN CM OR INCHES; 
~NO M IS AS DEF I NED BELOW, 

G lS A PRECOMPUTED FACTOR USED IN THE 
LOMPUTATION OF ThE RADIAL COMPONENT 

Lis ting I co111 inued on page I 04 
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see that by th is very simple modification of 
the azimuthal equidistant map program, we 
can use a single subroutine to generate any 
desired perspective map, as well as all of th e 
orthograph ic, polar equ idistant, and azi
muth al equidistant maps illustrated in th e 
earli er article! We wi ll add a few fri ll s that 
wi ll make the program still more versatile. 

Modified Perspective Projection 

The azimuthal equid istant map portrays 
radial distances in a linear fash ion. On the 
other hand, radial dis tances in a perspective 
map are computed from an involved trigono
metric formula in order to show th em as 
they actually appear when viewed from 
some point in space. Each of these maps has 
its own special applications, but also has (as 
do all maps) certain distortions. 

A proj ection which is a compromise be
twee n the kinds of distortions inherent in 
the azimuthal equidistan t and the pure per·
spective maps can be easi ly developed. This 
is done by using the same angular compo
nent, but presenting the rad ial distance in 
direct proportion to the sine of the arc dis
tance. For the sake of simplicity, I will call 
this a modified perspective projection. It has 
been included as an op tio n in the accom
panying program . This projection is quite 
usefu l, especially when used in conjunct ion 
with the pure perspect ive projection, as we 
wi ll see in some later examples . As an added 
bonus, the sine of the arc distance has to be 
computed anyway to come up with the 
angular component of the map coordinates, 
so we don't have to do any extra work to 
include this projection in the program. 

General Purpose Perspective Projection 
Program 

The program in li sting 1 is in the form 
of a subrout ine, and is to be used in the 
same manner as the subroutines pr·esented 
in part 1. The subroutine is fully docu
mented by the rem arks con tained within it, 
so there is little need to elaborate . In fact, 
of the 300 lines in the li sting, fewer th an 
60 are executab le statements; the other 240 
or so are all remarks concerning the use 
and operation of the program. 

As in the case of the earl ier programs, 
certain parameters are initialized, then the 
subroutine is called once for each pair of 
coord in ates to be corwerled. A geograph ic 
latitude and longitude from the data base 
(sec part 1 for a descrip tion of the data base) 
are supp li ed to the subrouti ne each time it 

Text continued on page 708 



Waiting for the right 16 bit computer? 

• II you've been waiting for the right small computer, your wait 
is over. 

• The Marinchip Systems M9900 System-1 co mbines a 16 bi t 
processor, powerful system software and the most wanted 
applica tions into a ready-to-use desktop computing system-a 
system that delivers the flexi bi li ty, performance and conven ience 
made poss ible only by the combination of a thi rd generation 
16 bit processor and the industry compatible S-100 bus. 

• If you've been wa iting for a 16 bit computer, wa it no more. 
The M9900 gives you the Tl 9900- not an expanded micro
processor, but a mini-computer on a ch ip, comp lete with 
ha rdware multiply and divide and multi ple register se ts. And 
un like other 16 bit microprocessors, the 9900 is a member of a 
complete, compatible, m inicompute r family, so if you outgrow 
the M9900, you don't have to start al l over. 

• If you've been wa iting for a more powerful operating system, 
your wait is over. The M9900's Network Operating System is a 
system wi thout limits-designed to grow as compu ter hardware 
evo lves, wi thout forcing you to change programs every time 
you change the hardware. The system provides byte addressab le 
files up to four billion bytes in length, complete dynamic 
allocation and release, random/sequential access and linked 
directories for complex fi le structures. The system automat ica lly 
pages f ile data to memory to optimize performance. All 1/0 
dev ices are treated as fi les, eliminating device-dependent code 
in applications. 

• If you've been waiting for a better BASIC, the M9900's 
Ext ended Commercia l Basic gives you 16 d igit accuracy, PRINT 
USING, random and sequential fi les, CHA IN with common 
v.iriables and a choice of interp retive execution fo r debugging 

Complete system $7500 

Ma1~inchip Systems 
Ci rc le 206 on in quiry ca rd . 

YOUR WAIT IS OVER! 
Marinchip~ystems M9900 System - 1 

•HARDWARE •SOFTWARE 
16 bit CPU 

S-100 bus (11 slots) 
60K RAM 

Dual 8" diskettes 
24 x 80 display 

Network operating system 
Extended Commercia l BASIC 

PASCAL 
Word Processor 

• APPLICATIONS 
Payroll 

Accounts 
Payable/Receivable 

General Ledger 

or compila tion for production. If you already have applications 
in BASIC, you'l l be glad to know that the M9900's BASIC is 
similar enough to the most popu lar 8 bit BASIC that conversion 
won't be a chore. 

• If you've been wait ing for appl ications you can really use, 
you'll find ou r Word Processor, Payroll, Accounts Payable and 
Receivable and Genera l Ledger to be f lex ible, easi ly ma intained 
and ready to use w hen you plug the system in. 

• If you 've been wait ing for a computer you can expand when 
you need to, the M9900's optional 165 CPS line pr inter ($2500) 
and 40 Megabyte removable cartridge disc system ($14,000) 
wi ll make you happy. And since the M9900 uses the S-100 
bus, you can choose accessory boards from the thousands 
ava ilable for S-100 systems - we don't t ie you to our products. 

• Final ly, the M9900 gives you one advantage no other computer 
can-it's made by Marinch ip Systems. We're a com puter 
company, not just a hardware company, software company or 
applications house. We designed the M9900 from the ch ips to the 
applicat ions to bring you a product that advances thP. state 
of the art in small computers. O ur products are mature, tested 
items, not dreams, and they' re backed up by complete 
documentation that's been called the best in the industry. 

• Since we're responsible for all the M9900, we're responsive 
to you. When you have a question, we can give you an answer, not 
another phone number. If you wa nt to go your own way w ith 
the system, we also sell boards and kits that you can pu t into your 
own package. 

• The wait fo r the thi rd generati on is over, so don't wait any 
longer. Ca ll or write today for more deta il ed information, or order 
our complete set of manuals. 

Manuals only $40 

16 St. Jude Road 
Mill Valley, CA 94941 • (415) 383-1545 
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Listing 7 continued from page 702: 

1370 
1375 
1380 
1385 
1390 
1395 
1400 
1405 
1410 
1415 
1420 
1425 
1430 
1435 
1440 
1445 
1450 
1455 
1460 
1465 
1470 
1475 
1480 
1485 
1490 
1495 
1500 
1505 
1510 
1515 
1520 
1525 
1530 
1535 
1540 
1545 
1550 
1555 
1560 
1565 
1570 
1575 
1576 
1577 
1578 
1580 
1585 
1590 
1595 
1600 
1605 
1610 
1615 
1620 
1625 
1630 
1635 
1640 
1645 

REM 
RE1"1 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
RE M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
KEM 
REM 
REM 
HEM 
REi"1 
REM 

JF THE POLAR FORM OF THE MAP 
COORDINATES FOR PERSPECTIVE 
PROJECTIONS ONLY, 
~ = E * (H2 - E*COS(M))r WHERE E IS 
AS DEFINED A~OVE ; H2 AND M ARE AS 
uEFINED BELOW, 

H2 lS THE SUM OF THE EARTH'S RADIUS AND 
THE HEIGHT OF THl OBSERVER• AND IS 
USED ONLY FOR PERSPECTIVE AN D 
MODIFIED PERSPECTIVE PROJECTIONS. 
H2 = E + Hr WHER E E IS AS DEFI NED 
ABOVE• AND H rs THE HEIGHT OF THE 
OBSERVER <POINT OF PROJECTION> ABOVE 
THE SURFACE OF THE EARTH• IN KM· 

lS THE AZIMUTH THAT THE OBSERVER IS 
FACING• FROM 0 TO 2*PI RADIANS• 
CLOCKWISE FROM TRUE NORTH• AND IS 
USED ONLY FOR PEKSPECTIVE AND 
MODIFIED PERSPECTIVE PROJE CTIONS. 

J lS A FLAG WHICH INDICATES THE TYPE 
OF PROJECTION TO BE DONE: 
J=O• PERSPECTIVE PROJECTION. 
J=l• MODIFIED PERSPECTIVE PROJECTI ON, 
J=2• AZIMUTHAL E~UIDISTANT PROJECTION. 

LO lS THE GEOGRAPHI C LONGITUDE OF THE 
~OCATION ON WHICH THE MAP IS 
CENTERED· 

M lS THE MAXIMUM POSSIBLE ANGULAR 
DISTANCE• IN RADIANS• THAT THE 
uBSERVER CAN SEE FROM THE POINT OVER 
wHICH HE IS LOCATED• TO THE LIMB 
!VISIBLE EDGE! OF THE EARTH• FOR A 
PERSPECTIVE OR A MODIFIED PERSPECTIVE 
PROJECTION. THI~ BECOMES THE 
ANGULAR DISTANCEr IN RADIANS, FROM 
THE MAP CENTER TO THE EDGE OF THE 
MAP. M = FNC(E/H2)• WHERE E AND H2 
ARE AS DESCRIBED ABOVE• AND FNC IS 
THE ARC COSINE FUNCTION• AS 
DESCRIBED ABOVE. 
FOR AN AZIMUTHAL EQUIDISTANT 
PROJECTION• M IS NORMALLY SET EQUAL 
TO PI (WHICH WILL PRODUCE A MAP OF 
THE ENTIRE EARTH>• BUT THE USER MAY 
ALSO SET IT EQUAL TO ANY VALUE LESS 
THAN PI IF lT IS DESIRED TO MAP A 
SMALLER PORTION OF THE EARTH, 

THE FOLLOWING VARIAdLES MUST BE DEFINED 
PRIOR TO EACH CALL OF THIS SUBR OUTINE: 

P IS THE GEOGRAPHIC LATITUDE <FROM THE 
UATA BASE> OF TH~ POINT BEING 

1650 
1655 
1660 
1665 
1670 
1675 
1680 
1685 
1690 
1695 
17DO 
1705 
1710 
1715 
1720 
1725 
1730 
1735 
1740 
1745 
1750 
1755 
1760 
1765 
1770 
1775 
1780 
1785 
1790 
1795 
1800 
1805 
1810 
1815 
1820 
1825 
1830 
1835 
1840 
1845 
1850 
1855 
1860 
1865 
1870 
1875 
1880 
1865 
1890 
1895 
1900 
1905 
1910 
1915 
1920 
1925 
2000 LET S 
2100 
2200 

rt EM 
REM 
HE M 
REM 
RE M 
REM 
REM 
REM 
REl"1 
REM 
REr-'1 
REM 
RE1•1 
REM 
RE,..,1 
REM 
REM 
RE M 
REl"1 
REM 
REM 
REM 
R E ~I 
REM 
RE M 
RE,..,1 
RE M 
RE M 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REi"1 
REM 
REi"1 
REM 
KE i'1 
REM 
REM 
REM 
REi"1 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 

= z 
REM 
REM 

PROCESSED· 

L 15 THE GEOGRAPHI C LONGITUDE (FROM 
lHE DATA BASE) OF THE POINT BEING 
PRO CESSED· 

THE FOLLO WING VARIAdLES ARE COMPUTED BY 
TH I S SUBROUTINE: 

Bl lS THE ABSOLUTE VALUE OF Ll !SEE 
dELOW>• 

C lS THE NORMALIZE u ANGULAR CO MPONENT 
OF THE POLAR FORM OF THE MAP 
COORDINATES. 

Cl IS THE COSINE OF THE VALUE OF C 
ciEFORE C IS NOR MALIZED· 

D lS THE ANGULAR DISTANCE CTHE ARC 
DISTA NCE>• IN RADIANS• BETWEEN THE 
LOCATION ON WHIC H THE MAP IS 
CENTE RED AND THE POI NT BEING 
PROCESSED· 

Dl IS TEMPORA RY ST OR AGE FOR THE SINE 
OF D. 

D2 l S TEMPORA RY STORAGE FOR THE COSINE 
OF D. 

Ll IS THE DIFFERENCE BETWEEN THE 
LONGITUDE OF THE POINT BEING 
PROCESSED• AND THE LONGITUDE OF THE 
LOCATI ON ON wHI CH THE MAP IS 
CENTERED• 

Pl lS TEMPORARY STORAGE FOR THE SINE OF 
THE LATITUDE OF THE POINT BEING 
PROCESSED· 

Rl IS THE RADIAL DI~TANCE COMPONENT OF 
THE POLAR FORM OF THE MAP 
COORDINATES· 

s IS THE OFF-SCALE FLAG· s=o MEANS 
ON-SCALE. S=l MEANS OFF-SCALE· 

X IS THE MAP X-COORDINATE• IN CM OR 
INCHES• 

Y IS THE MAP Y-COORDINATE• IN CM OR 
INCHES 

COMPUTE THE DIFFERENCE BETWEEN THE 
LONGITUDE OF THE POINT BEING PROCESSED 

Listing 7 continued on page 706 



Of course 
ourfloppys 

aren't cheap. 
Quality never is. 

It's no use trying to hide the fact : Maxell Floppy Disks 
give you the finest quality you can buy no matter how much 
you spend . And more and more of you are agreeing that 
your data is worth our perfection . 

Our floppys work better with your drive. 

Naturally, our floppys conform to ISO and IBM 
specifications. More important , they have also been approved 
by major OEMs. the people who recommend only those 
few floppys they are certain wi ll work best with !heir 
hardware. So although we obviously don't know which 
drive system you are using, it makes no ditference. Maxell 
Floppy Disks are so good they actually work better with 
any drive. 

What it all means for you. 

Yes, you can pay less for some other floppys. But lost 
data is a terrible price to pay when quality is what you want . 
And Maxell Floppy Disks help you profit in the very 
parameters you use this medium for: storing more data with 
virtually no down-time. 

The level of modulation uniformity in every Maxell 
floppy is vital to double density recording and readout. It 

Circle 207 on Inquiry ca rd. 

means no peak shift. complete freedom from dropouts. total 
absence of partic le orientation . Plus longer life. greater 
overall durability, and significant ly less oxide build-up and 
head abrasion . 

So when you have to depend on full data retrieval. a 
few cents can make a big ditference. Depend on Maxell 
Floppy Disks . They can really save you. 

Maxell otters the fu ll range of Floppy Disks from 
standard 8-inch to 511.1-inch plus Data Cassettes. 
Dealer inquiries invited 

--maxsll® 
DATA PRODUCTS 
The Quali ty Alternative 

Maxell Corporation of America. Data Products Group 
60 Oxford Drive. Moonachie NJ 07074 Tel (201 ] 440-8020 
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Listing I con tinued from page 704 : 

2300 
2400 
2500 
2550 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3250 
3300 
3350 
3400 
3450 
3500 
3550 
3600 
3650 
4000 
4002 
4004 
4005 
4010 
4015 
4020 
4025 
4030 
4035 
4040 
4045 
4047 
4048 
4050 
4060 
4070 
4080 
4090 
4100 
4150 
4200 
4205 
4210 
4215 
4220 
4225 
4230 
4235 
4250 
4255 
4260 
4265 
4270 
4275 
4280 
4285 
4290 

REM 
REM 
REM 
HEM 

LET Ll = L - LO 

AND THE LONGITUDE OF THE LOCATION ON 
~rlI~H THE MAP IS CE NTERED• THEN 
NORMALIZE THAT VALUE BETWEEN -PI AND 
+PI, 

IF Ll >= -K3 THEN 3000 
LET Ll = Ll + K6 
GO TO 5400 
IF Ll ~= K3 THE N 4000 
LET Ll = Ll - K6 

REM IF THE LONGITUOINAL DIFFERENCE CTHE 
REM VALlJE OF LU IS WITHIN 0.00015 RADIAN 
HEM OF 0 COR PI)• THEN THE DIFFERENCE IS 
REM CONSIDERED TO BE EXACTLY O COR Pil• IN 
REM SUCH CASES• THE GREAT CIRCLE BEARING, Cr 
REM CAN HAVE A VALUE OF ONLY 0 OR PI CNOT 
REM NEC~SSISARILY RESPECTIVELY), AND THE 
REM STATEMENTS FROM HER~ THROUGH STATEMENT 
REM CLINE) NUMBER 4215 PROCESS THE DATA FOR 
R E ~ THESE CONDITIONS. 

LET Bl = ABsCLl) 
REM IF THE LONGITUDINAL DIFFERENCE IS NOT 
HEM WITHIN o.0001 5 RADIAN OF O• GO TO 4050· 

IF Bl > T THEN 4050 
LET D = ABSCA - Pl 
IF D > M THEN 4300 
LET Dl = Sii~CDl 
LET 02 = COSCO) 
LET C = Z 
IF P >= A THEN 5000 
LET C : K3 
GO TO 5000 

REM IF lHE LONGITUDI NA L DIFFERENCE IS NO T 
REM WITHIN Q.00015 HAD IA N OF PI• GO TO 4250. 

IF ABSCK3 - Bl) > T THE N 42 50 
LET D : K3 - A - P 
IF D > K3 THEN 4100 
LET C : Z 
GO TO 4200 
LET D : K6 - D 
Lt:.T C : K3 
IF u > M THEN 4300 
LET Dl = sINCDl 
LET D~ = C05(D) 
GO TO 5000 

HEM 
REM 
REM 
HEM 

LET Pl = SINCPl 

COMPUTE THE ARC DISTANCE• Dr AND THE 
GREAT CIRCLE BEARIN~• Cr BETWEEN THE 
LOCATION ON WHICH THE MAP IS CENTERED 
AND THE POINT BEING PROCESSED· 

LET D2 = Al * Pl + A2 * COSCPJ * lOS(Ll) 
LET D = FNC !02 l 

REM 
REM 
REM 
REM 
REM 
REM 

IF THE COMPUTED ARC DISTANCE IS GREATER 
THAN THE MAXIMUM POSSIBLE ARC DISTANCE 
FOR THIS MAP• THEN THE POINT IS 
OFF-SCALE• AND CONTROL RETURNS TO THE 
CAL~ING POINT AFTER SETTING THE 
OFF•SCALE FLAG. 

4295 
4300 
4400 
4500 
4520 
4540 
4560 
4580 
4600 
4620 
4640 
4660 
4680 
4700 
4720 
4740 
4760 
4780 
4800 
4900 
5000 
5050 
5100 
5150 
5200 
5250 
5300 
5350 
5400 
5450 
5500 
5600 
5700 
5800 
5900 
6000 
6050 
6100 
6150 
6200 
6250 
6300 
6400 
6500 
6520 
6540 
6560 
6580 
6600 
6620 
6640 
6660 
6700 
6800 
6900 
7000 
7010 
7020 
7030 

IF D <= M 
LET S : Kl 
RETURN 

THEN 4500 

LET Dl = SIN<Dl 
LET Cl = <Pl - Al * D2) I (A2 * Dll 
IF Cl < -Kl THEN 4300 
IF Cl > Kl THEN 4300 
LET C : FNClCl) 

REM 
REM 
REM 
REM 

NORMALIZE THE VALUE OF Cr DEPENDING 
UPON THE RELATIVE LuNGITUDES OF THE 
LOCATION ON WHICH ThE MAP IS CENTERED 
AND THE POINT BEING PROCESSED. 

IF 
LET 

Ll >= z 
C : K6 -

REM 
REM 
REM 
REM 
REM 

THEN 5000 
c 

REM 
I : Z THEN 
C : C - I 

AT THIS POINT C IS !N THE RANGE FROM 
0 TQ 2*PI• MEASURED CLOCKWISE FRO M TRUE 
NORTH. 

IF THE VALUE OF I IS NOT O• ROTATE THE 
C00HOINATES BY THE AMOUNT OF I. 
5500 IF 

LET 
IF 
LET 

C >: Z THEN 55oO 
C = K6 + C 

REM 
REM 
REM 
REM 
REM 
REM 

= K2 - C 

RE VlRSE THE DIRECTION OF MEASUREMENT OF 
C AND ROTATE IT BY PI/2, THEN 
NORMALIZE THE RESULT BETWEEN -PI AND 
+PI, C THEN REPRESENTS THE NORMALIZED 
FOR~ OF THE ANGULAR COMPONENT OF THE 
POLAR FORM OF THE MAP COORDINATES. 

LET C 
IF C 
LET C 

>= -K3 THEN 6000 
: C + K6 

REM IF A TRUE PERSPECTIVE PROJECTION rs NOT 
REM TO BE USED• GO TO 6500· 

IF J <> Z THEN 6500 
REM COMPUTE THE RADIAL COMPONENT• Rl• OF 
REM THE POLAR FORM OF THE MAP COORDINATES 
REM FOR A TRUE PERSPECTIVE PROJECTION. 

LET Rl : F * CG * Dll I lH2 - E * 02l 
GO TO 7000 

REM 
REM 

IF J <> Kl 
REM 
REM 
REM 

LET Rl = F * 
GO TO 7000 

REM 
REM 
REM 

IF A MODIFIED PERSPECTIVE PROJECTION IS 
NUT TO BE USED• GO TO 6700· 

THEN 6700 
COMPUTE THE RADIAL COMPONENT• Rlr OF 
THE POLAR FORM OF THE MAP COORDINATES 
FOR A MODIFIED PERSPECTIVE PROJECTION. 

E * 01 

COMPUTE THE RADIAL COMPONENT• Rlr OF 
THE POLAR FORM OF THE MAP COORDINATES 
FOR AN AZIMUTHAL EQUIDISTANT PROJECTION. 

LE.T Rl = Fl * D 

LET X : 
LET Y : 
RETURN 
END 

REM CONVERT THE 
REM R~CTANGULAR 

Rl * COS(Cl 
Rl * SINlCl 

POLAR MAP COORDINATES TO 
MAP COOKDINATES. 



THE SEARCH FOR A 
SMALL COMPUTER SYSTEM 

STARTS HERE 

It's the Jrd Annual 
Notional Small Computer Show, 
presenting the stare-of-the-art showcase for micro
and mini-systems technology and software. Here 
you can survey virtually all mal~es and models of 
small computers, whether your interest runs to a 
no-nonsense micro priced in the hundreds of 
dollars or a powerful mini costing $20,000 or more. 
They' re al I here. 
The world of small computers is quite large, ex
tending to business and professional offices, 
scientific research, medicine and bionics, educa
tion, the home and hobbyist, therapeutic applica
tions for the handicapped, design and engineering. 

A full selection of lectures is presented to provide a 
grasp of small systems technology, so that you 
l~now what to consider when buying a computer or 
word processor. It's the first step in discovering what 
a system can really do for you! 

NSCS lectures include sessions on system selection, 
computer languages, word processing functions, 
artificial intelligence, software applications, and a 
dozen more topics for people of all interests. 

Pion now to attend. There will be about .JO.ODO 
square feet ·of exhibits, and more than 40 hours of 
lectures from which to choose. Registration fee is 
only $5.00 per day, including lectures. 

Write for our informational brochure from Notional Small Computer Show, 
110 Charlotte Place. Englewood Cliffs, NJ. 07602. 

~ THIRD ANNUAL NATIONAL SMALL COMPUTER SHOW. 
New York Coliseum, August 2~-26, 1979. 

I 
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VIEWED FROM INFINIT Y. OVER 32:185 105:56E. FACING 0 DEG AZIMU TH 
P[R6nC TI¥[ PROJ ECTION PUPAREO SY WILLIA" O. J OHN&ION 

Figure 7: A view of the Earth as seen from a point over the southeastern 
Indian Ocean. 

Text continued from page 102: 

is call ed. It ret urns the rectangular (X,Y} 
map coordi nates (i n inches or centimeters) 
corresponding to that point for the selected 
projection. The un its (inches or centimeters} 
in which the computerist initially specifies 
the radius of the finished map automatically 
determine the units of the map coordinates. 
All constants, such as 1T and 0, have been 
given variab le names because most BASIC 
interpreters can operate faster on variables 
than on numeric constants. 

Remember th at al l angu lar parameters 
are in radians. The program uses spherical 
trigonometry to arrive at the so lu tion, 
and some tests have been included to pre
vent the trigonometric functions from 
"blowing up" when the map center and 
the distant point both lie on the same 
meridian. 

The trigonometric functions can also 
blow up if you attempt to generate an 
azimutha l equidistant map centered on 
either of the two poles (ie : a polar equi
distant map). Th is can be avoided by simply 
specifying the latitude of the map center 
as slightly less than 90° (pe rhaps 89.99'}. 

The exact maximum value that can be 
used will depend upon the precision of 
your trigonometric routines, but, in any case, 
you won't be ab le to see the differe nce on 
the finis hed maps. Incidenta lly, the longi
tude that you specify for this kind of map 
wi ll determ ine its orie ntation . This capa
bil ity was not available with the simplified 
polar equidistant map program presented 
in part 1. 

For all other types of maps, an option 
(I) has been included in the program to 
permit the user to specify the azimuth 
that the observer in space is facing (ic: 
to specify the orientation of the map). Wh ile 
th is option has little va lue for a printed 
map (which the user can turn in any direc
tion}, it comes in handy on a video display 
wh ich is simu lating the view from a window 
of a maneuvering spacecraft. 

Within the limits of resolution of any 
map that you produce, you can assume, 
for perspective projections, that if the 
observer is beyond 10,000,000 km above 
the Earth, the distance is infinite . If you 
wish to generate an orthographic map, 
simp ly assume a height of 10,000,000 km 
for the observer, and there wil I be no detect
able difference between the resu lting map 
and a tru ly orthographic map. 

Grid lines general ly enhance the appear
ance of perspective maps. These can be 
included by generating the geographic coor
dinates with in loops in your main (driver) 
program, then cal ling the subroutine to 
obtain the map coordinates. Keep the 
number of generated points down to the 
mi nimum required to obtain the des i1·ed 
resolution, as it is not difficult to expend 
more processor time creating the grid 
th an creating the map . 

Having covered the major operational 
features of the program (additional details 
are contained in the remarks within the 
listing}, let us now look at some specific 
examples. All of the maps ill ustrated here 
were generated using the subroutine given 
in listing 1. Each map was created for a 
specific purpose and should give you some 
ideas as to the app lications of th is prog1·am 
to your own system. 

Perspective Maps 

Figure 1 provides a good example of 
what th is program can do. Here, the point 
of projection has been placed at infinity, over 
a point in the southeastern Indian Ocean. 
This gives us an excellent view of AL1st ral
asia, as well as Antarctica. You can create 
a simi lar view of any part of the Earth by 
simply providi ng the coordinates of the 
central point. Orthographic perspective 
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* Our Prices are too low to advertise . Please call or write. 
We now carry a full line of 

Alpha - Micro Products 

Here are nine packages that 
enable you to make full use of 

the potential in your small 
computer system: 

ACCOUNTS RECEIVABLE 
INVENTORY 

ORDER ENTRY 
WORD PROCESSING 

PAYROLL 
REAL ESTATE MGT. 
MEDICAL-DENTAL 

MAILING PROGRAM 
SHIPPING & RECEIVING 

and MORE! 
Microsoft Basic, Fortran, Cobol 

avallable 

CALL* tor prices 

Decwriter II . . .. . . . $1595.00 
Oume Sprint 5/ 45 

RO ....... .. ... 2795.00 
Persci 277 Obie 

Density .... . .... 1395.00 
lmsai PCS 80/15 ... . . 599.00 
Anadex DP·8000 

Printer .......... 995.00 

44 Column Printer ... . $295.00 
Livermore Accoustic 

Coupler . . . . . . . . . . 249.00 
Javelin 9" Monitor . .. . 159.95 
Cent ronics 

Micro P· 1 Printer . . . 495.DD 

We have a full staff of Programmers and Computer 
Consultants to design, configure and deliver a Turnkey 
Computer System to meet your specific requirements. 

~ §YNCHRO-SOUND ENTERPRISES, INC. 

~g:~o~~~~:ap:~:~~e, Jamaica, New 'rork 11423 

ours 9-4 Daily 
and Saturday 

Visit our new showroom 
Working units on display 

212/468-7067 TWX 710·582·5886 BankAmericard Master Charge 
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Figure 2: The Earth as seen by a geosyn
chronous weather satellite. Figure 2a is a 
view from GOES-2 and figure 2b is from 
GOES-3. Compare these maps to the 
weather photographs shown on evening tele
vision newscasts. 

projections, such as thi s one, find widespread 
use in scient ific appl ications and are also 
qui te attractive when used in games. 

Anyone who watches televis ion weather 
reports regularly should recogn ize the maps 
in figures 2a and 2b. These are the views 
seen by the two primary United States 
geosynchronous weather satellites, GOES -2 
and GOES-3. (Note that these are not 
orthograph ic project ions; the field of view 
extends only about 80° from the centra l 
point) . Sequences of pictures from these 
satellites are freque ntly made in to fil m 
loops and shown as a sort of jerky motion 
picture. Although the photographs you 
see on television usually have outline maps 
drawn on them, the original pictures trans
mitted by the satellites do no t. 

A number of enterpr ising amateur radio 
operators and exper imenters arnund the 
wodd have buil t equ ipment to receive the 
signals directly from the sate llites and 
print out up-to-the-minute weather pictures 
in th eir own homes. Through the use of 
the perspective projection program, one can 
ge nerate map overlays in the same scale as 
the received pictures. This is particularly 
easy if the weather pictures are being d is
played on a video screen where th e map 
can be over laid electronica ll y. 

The same principle is applicable to 
pictures 1·ece ived from some of the lower 
altitude polar orb it ing weather satel li tes. 
Many of the ear ly US APT (automatic 
picture transmission) satellites, such as 
those in the ESSA series, used a "snapshot" 
technique to record the images. The satel· 
lite would snap a photograph and transmit 
it in its entirety before snapp ing another 
one. By enteri ng in to the computer the 
altitude of the sate lli te and the coordinates 
of its subpoint, one could generate a rnap 
overlay to fit the photograph snapped 
by the satel I ite at that particular point. 

When the next picture was snapped a 
few minutes later, the satellite would have 
traveled several hundr·ed miles, but by 
enter in g the new coot"d in ates a correct 
map overlay wou ld be created for each 
picture. In actual practice, a tracking sub
routi ne is usually incorpo1·atcd to compute 
the coordi nates of the satellite subpoi nt. 
(As exot ic as this sounds, it r·equires onl y 
a few simp le calculations .) 



32K Board P1clured AbOl•e 

New RAM Prices. 
From The Dynamic Memory Company. 

16K-$249 
48K-$500 

32K-$375 
64K-$625 

Ever since we started making 
these memory boards over a year 
ago we have continued to lower 
our prices to stay competitive. 
Due to your confidence in us, we 
are again able to lower our 
prices! Our reliabil ity has been 
proven by months of superior 
performance in thousands of 
installations. Our low-power boards 
are being used by quality-minded 
systems manufacturers across the 
country and overseas. 

4MHz boards now available. 
After receiving hundreds of 

requests, our engineering staff has 
come up with a new version of our 
board which runs on 4MHz Z-80 
systems. It wasn't easy to come 
up with a high speed board which 
would operate as reliably as our 
450ns version, but after months of 
careful design and testing , we did 
ii. The price of the 250ns board is 
$10 per 1 6K additional. 

Circle 45 on inquiry card. 

All of our features remain. 
Our boards didn't become great 

sellers only because of the price. 
We still offer you our deselect 
feature which allows our RAM to 
overlap with any fixed memory 
areas in your system. Also, the 
RAM area of our board is fully 
socketed so that you can expand 
the board yourself . 

Other standard features include: 
plug selectable addressing on 16K 
boundaries (shorting plugs are 
placed over wire-wrap pins to 
address the board - located on 
the top of the board for easy 
changes} , S-100 and Z-80 
compatability and totally invisible 
refresh - no wail states. 

Fully assembled, tested, and 
guaranteed. 

All of our boards go through a 
rigorous testing procedure. They 
are then placed on burn-in running 
a series of memory tests to detect 
any other possible faults. After you 
receive the board , you are backed 
by us with a one year warrantee . 

Low power consumption keeps 
your computer from "losing its 
cool." 

The total power consumption of 
our 16K board is typically less 
than 4 watts (+8V@ 300ma, 
+16V@ 150ma and -16V@ 
20ma) . Boards with additional 
memory typically increase power 
consumption only 1 watt per 16K' 

Standard S-100 Interface. 
Our board is designed to 

interface with any standard S-1 00 
CPU. All of the timing of the board 
is independent of the processor 
chip , and the board is set up for 
different processors by changing 
two plugs on the board. 

Contact your local dealer. 
To find out more about our RAM 

boards, contact your local dealer. 
If he is unable to help you , call or 
write us for a fast response . 
Central Data Corporation , 1 2 0 7 
North Hagan Street , Champaign , IL 
61820. (217) 359-8010 

Central Data 
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Figure 3: Here the Earth is shown exactly as 
it appears to the Oscar 7 amateur radio com
munications satellite as it passes over Atlanta 
GA. Compare this map to that in figure 4. 

The newer US polar orbiting weather 
satel lites, such as TIROS-N, use a slightly 
different transmission system which greatly 
improves the picture quali ty, the ease of 
reception, and the amoun t of data received . 
It makes the generation of map overlays 
more diffi cult, however, and the program 
presented here cannot be used . (Once you 
are fami liar with the transmission system, it 
is not difficu lt to develop a program to do 
the job.) There are a few satellites, including 
some of the Soviet Meteor series spacecraft, 
that still use the older system, but their 
picture quality is relatively poor and hardly 
wor-th the effort to obtain them. 

Figure 3 represents the scene below the 
Oscar 7 amateur rad io communications 
re lay satellite as it passes over Atlanta GA. 
Anyone engaged in sate llite communications 
wou ld do well to have available the capa· 
bility for such a display. Updated in real 
time, it provides a continuous panorama of 
the area visible from the satel lite and, hence, 
the area with which communications 
through the satellite are possible at any 
par·ticular time. Any two or more stations 
can ta lk to one ano ther as lon g as they are 
located with in the mapped area. As the 
satellite moves in its orbit, the mapped area 
changes, but as long as your own location is 
with in the map you can ta lk to all other 
poi1:its on the map. 

Modified Perspective Maps 

We have also come upon the ideal occa
sion to make use of the modified perspec
tive projection. Figure 4 illustrates the 
same area as that of figure 3, but the modi
fied projection has been used to reduce some 
of the distortion inh erent in the pure per
spective version . Note the differences 
between the figures, especial ly in the west 
coast areas of the US, the north ern coast 
of South America, and th e upper reaches 

Figure 4: This is the same view as that in 
figure 3, but here we have used the modified 
perspective projection to reduce some of 
the distortion . Compare the west coast of 
the United States, the northern coast of 
South America, and the upper reaches of 
Hudson Bay. Remember that both maps 
cover the same area. 



A DEVELOPMENT TOOL FOR 
INTERACTIVE SOFTWARE 

CIS COBOL is more t ha n an efficient COBOL Com p i le r. i t i s a complete 
software d evelopment tool for business and office automat ion system s. 
II enab les lhe programmer to write applica tions in a powerlul subset ol 
ANSI 74 standard COBOL and to take advan tage ol CIS COBOL language 
extensions such as interactive screen ha ndli ng which are designed to lully 
exp loit the specia l fea tu res of the microcomputer environment. Version 3 of 
CIS COBO L lias many lang uage addi tions bu t the compiler sti ll requ ires only 
20K bytes of memory an d run s on 8080 and Z80 based microcompu ters 
wi th 32K to 64K under l he popula r CP/ M" ope ra ting system. 

Ci rc le 221 o n inq u i ry ca rd . 

CIS COBOL Is designed to support in te ractive appl icati ons . Areas oi 
a CRT screen are mapped on to record descriptions in your CIS COBOL 
program and dala is translerred using lhe ACCEPT and DISPLAY verbs 
provid ing fu ll cursor manipula l ion and data entry faci lities to the CRT 
operator. CIS COBO L language ex tensions enab le l he screen posit ion 
al wh ich lhe l ransfer is lo start to be spec if ied, protected fie lds lo be 
de fined and l he CURSOR posi tion to be de tected and set by l he program. 

C IS COBOL is able to explolt features of the m icrocomputer. Language 
extensions in CIS CO BOL enable programs to deline lile names al run l ime, 
to read and w rile tex l fi les ol va riable record leng lh and to access free 
memory in varying machine configuralions. CIS COBOL supports run tim e 
subroutines writt en in assembler and accessed from COBOL by means ol 
the CALL USING verb. Bu ilt in subrou tines implement lacili ties to CHAIN 
programs loge ther. PEEK and POKE memory loca tions ou lside your COBO L 
program and GET and PUT dal a to special peripheral devices via your 
microcomputer's 1/0 ports. 

CIS COBOL is orientated toward rapid program deve lopment. The 
compiler accepts input of your source program direc t from keyboard as 
well as from source and library file s on disk and generates an object file 
which the CIS COBO L run l ime syslem immedia tely loads and executes or 
opt ionally links and saves as a self loading program. The run lime system 
has bui l t-in indexed and re lal ive 1/ 0 packages and contains an interactive 
debug package to help find errors q uickly by stepping tt1rough the execution 
of your CIS COBOL program. 

CIS COBOL is suppo rted by intell igent uti l ity prog ram s. When you take 
delivery o f CIS COBOL Version 3 on 8 inch or 5 inch diske11e you will 
receive in addition lo the com piler and run l ime system the CON FIG 
program w hich enables you to configure CIS COBOL run lime systems to 
drive many different types of "dumb" CRT terminal such as Lear Siegler 
ADM3A and Hazeltine 1500, plus the time savi g FO RMS prog ram which 
allows you to create and edit sc reen images of business forms and then 
aulomalically ge nerate the correspondi ng COBOL record descriptions to 
CO PY into your CIS COBO L program . 

m MIC:RO FOC:US 
M ICRO FOCUS LTD . 58 Acacia Rd, St. Johns Wood. London N W8 6AG 
Telephone: O 1- 722 8843 Telex : 28536 M ICAOF G 
"CP/ M is a t rademark o l Digital Research 
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Figure 5: This is a sequence of views of the 
Earth as one would see it out the window 
of a spacecraft taking off from Peterborough 
NH. The final two views are orthographic, 
with the last of these illustrating the view 
after the spacecraft has made a 45 · turn to 
the right. (Figures Sc, Sd, Se and Sf are 
shown on pages 7 7 8 and 119.) 

of Hudson Bay. While figure 3 reproduces 
the scene as it appears visually, figure 4 
shows more clearly all of the areas with 
which communications can be established 
when the satellite is at the given point. 

Incidental ly, all of the Oscar satellites 
are at alt itudes comparable to those of the 
various polar orbiting weather satellites. 
Indeed, they are launched on the same 
rockets. The Oscars take the place of other
wise useless ballast and are ejected a few 
minutes before or after the weather birds. 
Consequently, the pictures transmitted from 
this type of weather satel lite, especially 
the earlier versions, are views similar to 
that shown in figure 3. 

Maps for Space Games 

Let us now take a look at some maps 
that will be of special interest to space 
game fans. Figures Sa through Sf comprise 
a sequence of views of the Earth as seen 
from the window of a spacecraft taking 
off from Peterborough NH (where BYTE 
Publications is located). The particular 
altitudes used in generating these figures 
were chosen arbitrarily, but they could just 
as well be input from the game program itself. 
A fairly large altitude change is required 
to get a significant change of scenery (assum
ing no lateral movement) . Therefore, it is 
not necessary to update the display very 
often if the spacecraft is ascending or 
descending vertically. Whenever the craft 
is moving laterally, however, you will want 
to change the display more often. 

The final two views in the sequence of 
figure 5 are orthographic; that is, the point of 
projection is at infinity. Although this is 
not truly realistic in terms of what space 
travelers see as they recede from the Earth, 
it is typical of the display that the ship's 
navigator might have on his video console, 
regardless of altitude. (Of course, the navi
gator would want to have a map display of 
an area considerably larger than what could 
be seen out the window.) 

The last view of the sequence shows the 
orientation after the spacecraft has made a 
45° turn to the right (assuming the observer 

Text continued on page 122 



comPUTE 
For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 
We have been In business for over nine years building a reputa
tion for providing a qualtty product al nominal prices - NOT 
what the traffic will bear. Our sonware 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 FFrs. 
Inverse-transforms, Windowing, Sliding Windows, simulta
neous FFrs variable data sizes. etc. and as a last word our 
sonwore Is: 

• Readable - as all of our programs ore reproduced lull size 
for ease In reading. 

• Vlrtually Machine Independent - these programs are writ
ten In a subset of Dartmouth Basic but ore 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 Vol
ume V which gives conversion algortthms for 19 different 
Basie's; thars right, Just look It up and make the substiMlon for 
your particular version. If you would like to convert your 
favorite program Into 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 85% of our programs In the first five volumes will execute In 
most 8K 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 through V would be useable, how
ever they should execute In only SK of user RAM. 
For those that have specific needs, we con tailor any of our 
programs for you or we can write one to nt your specific needs. 

Vol.I Vol.II Vol.Ill Vol.IV Vol.V Vol.VI 
8U$1ness a Gomes&: Binomial Beam Biiiing Bingo Andy Cop Ledger Maintains Company accounts and g-rotes 
PMonol Plci\Jres Chi-Sq. Con~ Inventory Bonds Bose boll nnonclal reports. Includes routines for. Pyrt. In~ 
Bookkeeping 

Animals foUI 
Coeft Fitter Payroll Bull Com~re Dep1 A/ R, A/ P. 

Programs 
Astronaut 

Conndence1 Ftt Risk Enlelpltse Con d10 Vol. VII Conndence2 Integration 1 Schedule 2 Football Descrtp Bond Bagel Cooelatlons Integration 2 ~~fl1ng Funds1 Olflef Chess Designed 10 challenge the average f."~e~ Building Bio Cycle Curve Intensity Foods 2 Engine falrty comprellenslve. Greo1 flJn lor al . rs a 

~~ Comans Dlfterences Lola Swttch Go-Moku Fourter unique oppor1untly for beginners In need of on 
Checkers Dual Plot Macro Jack HO!SO opponent. 

Declslont Craps Exp-Olslr1 Mox. Min. Life Integers Decision 2 ~ght Least Squares Novold Loons Logic Medbll For DoctOJS ond Dentists ollke. o complete 
Depreciation Po Ired Op!1col Mozes PloybOy patient billing system which olso permlls the 
Elllclenl Judy Plot Plona! Poker Pr1mes maintaining of a patient history record. 
Flow line Up Plolpts PSO Popul Probol Wordprocesslng fOr lawyers, publishers. wrtters. Installment Pony Polynomial Ftt Randt Proftts Quadroc 

Wdproc 
etc. Wrtte, store, ond change from rough draft Interest Roulette R~resslon Rand 2 Qublc Red Boron Investments Sky Diver St 1 Solve Rotes Regression 2 
to nnol copy In a vartety of formats, 

Mortgage Tonk Stat 2 ~Ttton Reflre Rood Rumer Utlltty Dl.-k ultltly program with memory testing. 
Optimize Teach Me l-Olslrtt>Uton ais SoVlngs Roulette Order 

Plci\Jres Unpaired Track SBA Sonia Vol.VIII Pert Tree 
A Newmon \/ortance1 Trlo~e Tic-Toc-Toe Stot10 Rote \/ortonce 2 \/orta le Stott1 1040.Tox Toxpoyeis return, Itemized deducttons or 

Retumt J.F.K. stondord 
Linus XY \lec1or Steel 11etum2 
Ms. Sonia Top Bo lance Reconciles bank statements Schedule I APl'ENDtX A 
Nixon \/Qry 

Checkbook Balances your checkbook 
NOel NOel Xmas 
Nude APl'ENDIX B 

lnst1o78 Computes real cost on bank nnonced Items; 
Peace cors. boots. etc. 
Pollcemon Deprec2 Computes depreciation. 4 melhods. any "me Sonia's Sleigh period Snoopy 
Virgin APPENDIX C - FAVORITE PROGRAM CONVERSIONS 

\.l:ll.1-$24.95 \.l:ll. II - $24.95 \.l:ll.111- $39.95 \.l:ll. IV-$9.95 \.\:ii. V - $9.95 \.l:ll. V1 - $49.95 \obi. VII - $39.95 \.l:ll. VIII - $19.95 Advanced Business Bookkeeping ~c'.:1 e7~=no Blll~ory 
General Purpose Experlmenler's Program Mini-I.edger Professional Homeowner·s 

Gomes Bosl~otement Def. Inv Programs Programs 
Plci\Jres Payroll 

AVAILABLE AT MOST COMPUTER STORES 
Master Charge and Bank Amertcord accepred. 
Our Software Is copyrighted and may not be reproduced or sold. 

Add $t50 per volume nondllng. oil domesllc shipments senr UPS. e•cep< APO 
ond P.O. 8o• which go parcel post, Forolgn ord<m odd $8.00tvOlume lo• 011 
shipment ond mo~e poyoble In u.s dollars only 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B 

Phone orders coll 800-327-6543 
Key Biscayne, FL 33149 

Information - (305) 361-fl53 
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For your SWTP 6800 Computer . .. 

PERCOM's™ 
FLOPPY DISK SYSTEM 

Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
"booting" with PerCom MINIDOS-PLUSXT"', the 
remarkable disk operating system on EPROM. 
Expandable to either two or three drives. 
Outstanding operating, utility and application 
programs. 
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fully assembled and tested 
shipping paid 

To order 
or request 
literature 

( '1E~llCJM r 
PERCOM DATA COMPANY, INC. 

Dept. B 211 N. Kirby Garland, TX 75042 
(214) 272-3421 

116 ll \' 11 hon .. l 'J 7~ 

For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus contro ller/interface card, and MINIDOS-PLUSX'", 
you also receive: 
• an attractive metal enclosure • a fully assembled and tested inter
connecting cable • a 70-page instruction manual that includes operat
ing instruct ions, schematics, service procedures and a complete list
ing of MINIDOS'M •technical memo updates - helpful hints which 
supplement the manual instructions • a 90-day limited warranty. 

SOFTWARE FOR THE LFD-400 SYSTEM 
Disk operating and file management systems 

INDEX'" The most advanced disk 0perating and file management 
system available for the 6SOO. INterrupt Driven EXecutive operating 
system features file -and-device-independent, queue-buffered 
character stream 1/0. Linked-fi le disk architecture, with automatic fi le 
creation and allocation for ASCII and binary fi les, supports sequential 
and semi-random access disk files. Multi-level file name directory 
includes name, extension, version, protection and date. Requires SK 
RAM at $AOOO. Diskette includes numerous utilities .. ... . .. $99.95 
MINIDOS-PLUSX'"An easy-to-use DOS for the small computing sys
tem. Supports up to 31 named files. Available on ROM or diskette 
complete with source listing . .... .. .. . .. . . .. . . . . . . . . .... . $39.95 

BASIC Interpreters and Compilers 
SUPER BASIC A 10K extended disk BASIC interpreter for the 6SOO. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below ............. . $49.95 
BASIC BANDAID'" Turn SWTP SK BASIC into a random access data 
file disk BASIC. Includes many speed improvements, and program 
disk CHAINing ........ . ...... .. .. . .. ... . ... . .... .... . . $17.95 
STRUBAL +'" A STRUctured BAsic Language compiler for the pro
fessional programmer. 14-digit floating point, strings, scientific func
tions. 2-dimensional arrays. Requires 20K RAM and Linkage Editor 
(see below) . Use of the fol lowing texl editors to prepare programs. 
Complete with RUN-TIME and FLOATING POINT packages $249.95 

Text Editors and Processors 
EDIT68 Hemenway Associates ' powerful disk-based text editor. May 
be used to create programs and data files. Supports MACROS which 
perform complex, repetitive editing functions. Permits text flies larger 
than available RAM to be created and edited ..... . . . . .. . . . $39.95 

TOUCHUP'" Modifies TSC's Text Editor and Text Processor for Per
Com disk operation. ROLL function permits text files larger than 
available RAM to be created and edited. Supplied on diskette com· 
plete with source listing . . . ............... . . . ........... $17 .95 

Assemblers 
PerCom 6800 SYMBOLIC ASSEMBLER Specify assembly options 
at lime of assembly with this symbolic assembler. Source listing on 
diskette ... .. .. .. .. . . ........ . ... .. ........... . . .... .. $29.95 
MACRO-RELOCATING ASSEMBLER Hemenway Associates ' 
assembler for the programming professional. Generates relocatable 
linking object code. Supports MACROS. Permits conditional 
assembly ......... .. ... .. .... . . . ..... _ ........ _ .. _ ... . $79.95 
LINKAGE EDITOR- for STRUBAL+ '"and the MACRO-Relocating 
assembler ... ................ . . . .. ... ...... ..... ...... $49.95 
CROSS REFERENCE Utility program that produces a cross-
reference listing of an input source listing Ille , . .. , . ... ... $29.95 

Business Applications 
GENERAL LEDGER SYSTEM Accommodates up to 250 accounts. 
Financial information immediately available - no sorting required. 
Audit tra il information permits tracking from GL record data back to 
source document. User defines account numbers .. . ... . . $199.95 
FU LL FUNCTION MAILING LIST 700 addresses per diskette . Power-
fu l search, sort, create and update capabil ity _ ............. $99.95 
PERCOM FINDER'" General purpose information retrieval system 
and data base manager .. . . ..... . .... . ...... ...... ... .. $99.95 
"' 1radema•k ol PERCOM O~ t il Company, Inc. 

Ordering information 
To order, call tol l free 1-800-527-1592. MC and VISA welcome. COD 
orders require 30% deposit plus 5% handling charge. Allow three 
weeks for delivery. Allow three extra weeks if payment is by personal 
check. Texas residents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 

Ci rcle 301 on inquiry card. 
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FP()m '1EfH1ClM 
One-Drive Systom 

S399. (40·1rack) & S875. (77-track) 
Two-Drive System 

$795, (40-lrack dnves) & $1350. 177-track dnvos) 
Three-Drive System 

$1195. (4D·track dnves) & S2D25 (77-track drives) 
Requires Expansion lntorface Level II BASIC & 16K RAM 

Low Cost Add-On Storage for Your TRS-80*. 
In the Size You Want. 

When you're ready for add-on disk storage, we're ready for you. 
Ready with six mini-disk storage systems - 102K bytes to 591 K bytes of 

additional on-line storage for your TRS-80*. 
• Choose either 40-track TFD-100™ ririvei; 

or 77-track TFD-200™ drives. 

• One- , two- and three-drive systems im
mediately available. 

• Systems include Percom PATCH PAK 
# 1 ™, on disk, at no extra charge . PATCH 
PAK # 1•w de -g litches and upgrades 
TRSDOS* for 40· and 77-track operation. 

" TFD-100™ drives accommodate "!lippy 
disks." Store 205K bytes per mini-disk. 

• Low prices. A single-drive TFD· 1DOTM 
costs just S399. Price includes PATCH 
PAK # 1™ disk. 

• Enclosures are finished in system
compatible " Tandy-silver" enamel. 

Whether you need a single, 40-
track TFD-1 oon" add-on or a three-drive 
add-on with 77-track TFD-200™s. you 
get more data storage for less money 
from Percom. 

Our TFD-10Q 1
M drive, for example, 

lets you store 102.4K bytes of data on 
one side of a disk - compared to 80K 
bytes on a TRS-so• mini-disk drive -
and 1 02.4K bytes on the other side, too. 
Something you can 't do with a TRS-80* 
drive. That's almost 205K bytes per 
mini-disk. 

And the TFD-200™ drives provide 
197K bytes of on-line storage per drive 

- 197K, 394K and 591 K bytes for one-, 
two and three-drive systems. 

PATCH PAK #1 ™. our upgrade 
program for your TRSDOS *. not only 
extends TRSDOS • to accommodate 40-
and 77-t rack drives , it enhances 
TRSDOS• in other ways as well. PATCH 
PAK # 1 ™ is supplied with each drive 
system at no additional charge. 

The reason you get more for less 
from Percom is simple. Peripherals are 
not a sideline at Percom. Selling disk 
systems and other peripherals is our 
main business - the reason you get 
more engineering, more reliability and 
more back up support for less money. 

In the Product Development Queue . . . a printer interface for using your TRS-80' with any 
serial printer. and ... lheE/ectric Crayon"' lo map your computer memory onto your color TV 
screen - for games, animated shows, business displays, graphs, etc. Coming POOi 

•w TF0· 100, TF0-200 PATCH PAK and Electuc Cr.1yon arc lradomarks ol PERCOM DATA COMPANY 
·ms-BO and lRSOOS are 1 radema1 ~.s ol Tand; Car110ra11on ano Ra<llO Shoe> wl1ich have no rolat1onsh1p 10 l'ERCOM DATA COMPANY 

( ~E~(]CJM) 
~ -~ 

PEACOM DATA COMPANY. INC 
DEPT. B • 211 N KIRBY • GARLAND, TX 75042 

Circle 301 on inquiry card . 

---
To order add-on mini-disk storage for your TRS·&O• , 

or request addlllonal literature, call Percom's toll-free 
number: 1·800-527-1592. f or detalled Technical Infor
mation call (214) 272-3421 . 

Orders may be paid by check or money order, or 
charged to Visa or Master Charge credit accounts Texas 
residents must add 5% sales tax. 

Percom 'peripherals for personal computing' 



Circle 83 on inq ui ry card. 

.!IBY .£ fil!Q.!!111 " TH Of" PAY D 

1 A 3,33 CASH PENNZOIL 

2 z 35.98 "CHG CRITTERS 

3 c 288.11 B Of" A WOOL SUIT 

4 z 1.29 CASH TOOTHBRUSH 

5 E 9.95 CHKU01 BOOK 

6 F 68.47 CASH 2 WEEK'S f"OOD 

7 G 13.4~ HCHG Glf"T f"OR WIFE 

a B 316 CHKN101 "ORT GAGE 

9 2.75 CASH PAY f"OR 1 HOUR 

10 z 5.81 CASH SU IT CLEANED 

To 110 on~ Press anw kew 

Hous e hold Finance Part 1 

l'o~ spent the fol lowing &mounts in each 
~~~egor11 for the months of ' JANUARY f"EBRU 

CATE GOR ~ ft!12llli! £lliQQRY fil12l!!i.! 

~~rnE 3~3:~~ rnmE ~· 15 

f~~~1~JN 4~U§ 7~~o~AL m. SS 

~og~ m:~~ GmNGS 3t23 
G?rrs 13.44 VACATION 1823.41 

~~~i~ •••••• iii •••••• ;~ii •••••••• ~~-~i ••• 
Tota I amount spent was 4350.99 

Total Income was 2.75 

~~,.'i~~?°f~"~r·N~pending profile for this 

Hous e hold Finance Part 2 

Part 1 inputs, lists, adds, 
updates, changes, 
and deletes items. 
Writes data to a 
cassette tape. 

Part 2 reads data tape; 
gives single item, 
single month and 
year-to - date sums. 

Both parts . . . . . . .. $15.00 

»Also Available« 

SPACE "WAR .. 510 .00 

Household Utility 1 
C3 Programs) ... $12.oo 

Dual Joystick 
Interface .... $45.00 

SEA"WOLF . .. $10.oo 

BREAKOUT. . 510.00 

LIFE ............ . 520.00 

ORDERS : Se nd ch eck, money order, 

or VISA /Masterc harge (i nc lu de ex pi · 

ration date) and add $ 1.50 shipp ing. 

Ca lif . residents add 6% sales tax. 

IN FORMATION : Mo re informa tion 

on these and m an y other curren tly 

avai lable programs is available o n a 

fr ee flyer. Write di rec tly to Crea tiv e 

Software. 

Crealiue Soflware 
P.O. BOX 4030, MOUNT AIN VIEW, CA 94040 

118 lune 1979 ;,s; BYTE Publicatoons Inc 

VIEWED FROH 1000 KH OVER 42153N 71157M, fRCING 0 DEG RZIHUTH 
'U5,fCllY£ ,.OJECllON ,.£,A•ED I• MILLIA" Q , JOH~SION 

VIEWED fROH 5000 KH OVER 42:53N 71 : 57M, FACING 0 DEG RZIHUTH 
P£ASPECI IVE PROJECT JON PREPARED er WILL IA" D. JOHNSTON 



VIEMEO FROM INFINITY. OVER 42•53N 71 •57M, FACING 0 DEG AZIMUTH 
PEUPECIJYE P•OJECllON PREPAREO BT MILLIAft o. JO•NSTON 

VIEMEO FROM INFINITY. OVER 42•53N 71 :57M. FACING 45 DEG AZIMUTH 
PUSPfCTIVf PROJECTION PRVA•EO IY MILLIAft o. JOHN&TON 

- : . . ... 
MORE 
BANG 
PER 

BUCK 
The PERKIN-ELMER BANTAM 

$799.00 
All the Features of the 

Hazeltine 1400 & LSI ADM-3A 
Plus 

Upper/ Lower Case 
7 x 10 Char. Matrix 
Wh ite or Black Char. 
Transparen1 Mode 

$41.61 per month 

TELETYPE 
MODEL43 

KSR 

Tab Function 
Backspace Key 
Shift lock Key 
Print Key 
Integ rated Numeric 

Pad 

w ith RS232 
10 or 30 CHAR/SEC 

132 COLUMNS 
UPPER/LOWER CASE 

• 

USR-310 
Originate 
Acoustic 

$149.00 Coupler 
0-300 Baud Stand Alone 
Crystal Controlled RS232 

USR-330 
Originate 
Auto-Answer 

$ 324.00 Modem 
FCC Certified for Direct Connecti on 

to Phone Lines 
USR-320 Auto-Answer 
Only Modem $299.00 

All Un its include a 120 day warranty . 
Optional Main1enance package available. 

Any Product may be returned 
within 1 O days for a full refund. 

U.S. t(Ut:IU I I L.1::1, I NC. 
1035 W. LAKE ST. 

CHICAGO, ILL . 60607 

Sales 
General Offices 
Service 

(312) 733-0497 
(31 2) 733-0498 
(31 2) 733-0499 
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DIGITAL RESEARCH 0 Ma~~~~ ~1~~~01 

D CP/M• FOOS - Diskette Operating System complete with 
Text Editor . Assembler, Debugger, File Manager and system 

I 
utililies. Available for wide variety of disk systems including 
North Star. Helios II , Micropolis, iCOM (all systems/ and Altair. 
Supports computers such as Sorcerer. Horizon, So System Ill , 
Versatile. Altair 8800, COMPAL-80. DYNABYTE DB8/2, and 
iCOM Attache. Specify desired configuration .... . $145/$25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

D SID - 8080 symbolic debugger. Full trace, pass count and 
break-point program testing system with back-trace and histo
gram utililies. When used with MAC, provides full symbolic 
display of memory labels and equated values . ... . . $85/$15 

D TEX - Text formatter to create paginated, page-numbered 
and justified copy from source text files . directable to disk or 
printer . . . . . . . . . . . . . . . . . . . . . . . . . .. ... $85/$15 

D DESPOOL - Program to permit simultaneous printing of 
data from disk while user executes another program from the 
console . . . . ........... $50/$1 

MICROSOFT 

D Disk Extended BASIC - New version, ANSI compatible 
with long variable names, WHILE/WEND, chaining, variable 
length file records . .. ........ .. ................ $300/$25 

0 FORTRAN-BO - ANSI '66 (except for COMPLEX) plus 
many extensions. Includes relocatable object complier, linking 

~:i~~)· l'. b'.~ry. ~it~ _ m,a~~~~'. '. ~I~~- '.~~ lud_e_s. M~-~~s°4~ii~i~ 
D COBOL-BO - ANSI '74 Pseudo-compiler with relocatable 

object runtime package. Format same as FORTRAN-80 and 
MACR0-80 modules. Complete ISAM, interactive ACCEPT/ 
DISPLAY, COPY, EXTEND .. .. ... ... . ..... .. .. $625/$25 

D MACRO.BO - 8080/280 Macro Assembler. Intel and Zilog 
mnemonics supported. Relocatable linkable output. Loader, 
Library Manager and Cross Reference List utilities included 

.... . .. ... $149/$15 

D MACRO-BO plus FORTRAN subroutine library available . Li· 
brary includes ABS, SIGN, EXP, DLOG, SQRT, DSQRT, 
ATAN, DATAN etc. etc. . . .. .. .... . . . ..... $219/$15 

D EDIT-BO - Very fast random access text editor for text with or 
without line numbers. Global and intra-line commands sup-
ported. File compare utility included .. .. ..... . ... . $89/$15 

XITAN (software requires Z-BO CPU) 

D Disk BASIC - Fast powerful interactive interpreter. PRI· 
VACY password security. Can dynamically open a large 
number of files simultaneously for random or sequenl ial 1/0 

. . . . . . . . . . . . ... ..... ... ..... . $159/$20 

D Z-TEL - Text editing language. Expression evaluation itera
tion and conditional branching ability. Registers available for 
text and commands. Macro command strings can be saved on 
disk for re-use ..... ... ....... .. ... . . ...... ..... $69/$20 

D ASM Macro Assembler - Mnemonics per Intel with Z-80 ex
tensions. Macro capabilities with absolute Intel hex or relocat-
able linkable output modules .. . . .. . . .. . . .. . ...... $69/$20 

D LINKER - Link-edits and loads ASM modules ... $691$20 

D Z-BUG debugger - Trace, break-point tester. Supports dec
imal. octal and hex modes. Oissassembler to ASM mnemonic 
set. Emulation technique permits full tracing and break-point 
support through ROM .. .. ... ...... .............. $89/$20 

' CP ·M Is a Jrade name ol Digi1a1 Research 

SoHware / 
with Manual 

Manunl Alone 

D TOP Text Outpul Processor - Creates page-numbered. jus-
tified documents from source text Jiles ... . .. . ..... $691$20 

D Super BASIC - Sub-set of Xitan Disk BASIC with extensive 
arithmetic and string features but without random access data 
file support. Available optionally with features to support VDB 
Xitan video output board .... .. . . . . . . ... ..... .... $99/$20 

0 A3 package includes Z-TEL. TOP, ASM and Super BASIC 
. . .. .. .. . .... .. . .... . . . ... . . . . ..... $249/$40 

D A3+ package includes Disk BASIC, Z·TEL, TOP, ASM, 
Z-BUG and Llf\JKER .... . . . . .. . . ...... .. . ...... $409/$40 

MICRO PRO 

D Super Sort I - Sort, merge . extract utility as absolu te 
executable program or linkable module in Microsoft format . 
Sorts fixed or variable records with data in binary, BCD. 
Packed Decimal, EBCDIC, ASCII, floating , fixed point, expo
nential, fie ld justified , etc. etc. Even variable number of fields 
per recordl . . . . . . . . . . . . . . . . . . ... $250/$25 

D Super Sort II - Above available as absolute program only 
.. ........ . ' .......... .. . ... . .......... $200/$25 

0 Super Sort Ill - As II withoul SELECT/EXCLUDE 
.. . . .. .. . . . . . ...... .. .......... . $150/$25 

D Word Master Text Editor - In one mode has super-set of 
CP/M's ED commands including global searching and replac
ing, forward and backwards in file. In video mode, provides ful l 
screen editor lor users with serial addressable-cursor terminal 

.. .... ...... . ....... . . . .. .. .... $150/$25 

D Corresponder - Mail list system. supporting 1orm letter 
generalion with personalized greetings. Reference fields per
mit sorting and extraction by name, address lields or reference 
data using Super Sort . Requires CBASIC .. . . ... $95/$25 

SOFTWARE SYSTEMS 

D CBASIC-2 Disk Extended BASIC - Non-inleractive BASIC 
with pseudo-code compiler and runtime interpreter. Supports 
full file control. chaining, integer and extended precision var
iables etc. Version 1 users can rece ive Version 2 and new 
manual for $45 with return of original diskette. Standard CP/M 
and TRS-80 CP/M versions available .. ... . $90/$1 5 

STRUCTURED SYSTEMS GROUP 

D General Ledger - Interactive and fl exible system providing 
proof and report outputs. Customization of COA created inter
act ively. Multiple branch accounting centers. Extensive check
ing performed at data entry for proof . COA correctness etc. 
Journal entries may be batched prior to posting . Closing pro
cedure au tomatically backs up input files. All reports can be 
tailored as necessary. Requires CBASIC .. ...... . $899/$20 

Accounts Receivable - Open item system with output for 
internal aged reports and customer-oriented statement and bill· 
ing purposes. On-Line Enquiry permits information for Cus-
tomer Serv ice and Credit departments. Interface to General 
Ledger provided if both systems used. Requires CBASIC 

. . . . .... .. . .......... . ... $699/$20 

D Accounts Payable - Provides aged statements of ac
counts by vendor with check writing for selected invoices. Can 
be used alone or with General Ledger and/or with NAO. Re-
quires CBASIC . .... . ... ............ . . ....... .. $699/$20 

D NAO Name and Address selection system - interactive mail 
list creation and maintenance program with output as full re
ports with reference data or restricted information for mail 
labels. Transfer system for extraction and transfer of selected 
records to create new tiles. Requires CBASIC ... . . $79/$20 

D QSOAT - Fast sort/merge program tor files with fixed record 
length, variable field length information. Up to live ascending or 
descending keys. Full back-up of input files created. Parameter 
fil e created, optionally with interactive program which requires 
CBASIC. Parameter file may be generated with CP/M assem
bler uti li ty . . . . . . . . . . . . . . . . . . . . . . .$951$20 

E 



Software for most popular 8080/Z80 computer disk systems, including 
NORTH STAR, MICROPOL/S, iCOM, SD SYSTEMS, DYNABYTE DBB/2, 
HELIOS, ALTAIR, TRS-80, 8" IBM and OHIO SCIENTIFIC fo rmats . 

Sohwnrn/ 
with Manual 

Manual Alone 

GRAHAM·DORIAN SOFTWARE SYSTEMS 

Software/ 
wllh Ma nual 

Manual Alone 

0 WHATSIT? - Interactive data-base system using associa
tive tags to retrieve information by subject. Hashing and ran· 
dom access used for fast response. Requires CBASIC 

, 
0 PAYROLL SYSTEM - Maintains employee master file. 

Computes payroll wi thholding for FICA. Federal and State 
taxes. Prints payroll register. checks. quarterly reports and W-2 
forms. Can generate ad hoc reports and employee form letters 
with mall labels. Requires CBASIC. Supplied in source code. 

. . .......... . . ... .. ....... . ... . .. . ........... $6051$35 

0 APARTMENT MANAGEMENT SYSTEM - Financial 
management system for receipts. disbursements and security 
deposits of apartment projects. Captures data on vacancies. 
revenues. etc. for annual trend analysis. Daily report shows 
late rents , vacancy notices, vacancies, income losl through 
vacancies. etc. Requ ires CBASIC. Supplied in source code. 

.. . ... . .. . .. . . . ........... . . $605/$35 

0 INVENTORY SYSTEM - Captures stock levels. costs. 
sources. sales, ages . turnover, markup. etc. Transaction in
formation may be entered for reporting by salesman. type of 
sale. date ol sale. etc. Reports available both for accounting 
and decision making. Requires CBASIC. Supplied in source 
code. . .. . . . ... . ....... $605/$35 

OTHER 

0 ZBO Development Package - Consists of : (11 disk fi le 
line editor. with global inter and intra-line facilities: (2) Z80 
relocating assembler, Z1log/Mostek mnemonics, cond11ional 
assembly and cross reference table capabilities ; (3) linking 
loader producing absolute Intel hex disk file for CP/M LOAD. 
DDT or SID faci lities. Standard CP/M and TRS-80 CP/M var· 
sions available . . . . . . . . . . . . . . . . . . . . . .. . $ 9 5 /$15 

0 TEXTWRITER II - Text formatter to justify and paginate 
letters and other documents. Special features include insertion 
of text during execution from other disk fi les or console, permit· 
ting recipe documents lo be created from linked fragments on 
olher files . Ideal for contracts. manuals. etc. . .... . ... $751$5 

0 DISINTEL - Disk based disassembler to Intel 8080 or TDU 
Xi lan Z80 source code, fi sting and cross reference hies. Intel or 
TDUXitan pseudo ops optional. Runs on 8080. Standard CP/M 
and TRS-80 CP/M versions available .. ........... $65/S 1 o 

0 DISZILOG - As DISINTEL to Zilog/Mostek mnemonic files. 
Runs on Z80 only. Standard CP/M and TRS-80 CP/M versions 
available .......... . ... .. ........ . . . ...... . .... $65/$10 

.. . . . . . . . . . . . .. .. ... .... $ 125/$25 

0 XYBASIC Interactive Process Control BASIC - Full disk 
BASIC features plus unique commands to handle bytes, rotate 
and shift, and to test and set bits. Available in Integer, Ex
tended and ROMable versions. 
Integer Disk or Integer ROMable .. . .. .. . ..... . . . $ 295/$25 
Extended Disk or Extended ROMable . . . ...... . . $ 395/$ 25 

0 SMAUBO Structured Macro Assembled Language - Pack
age of powertul general purpose text macro p rocessor and 
SMAL structured language compiler. SMAL is an assembler 
language with IF-THEN-ELSE, LOOP-REPEAT-WHILE , DO-
END. BEGIN-END constructs . . . . .... . ...... . ... . $75/$15 

0 Selector II - Data Base Processor to create and maintain 
single Key data bases. Prints formatted , sorted reports with 
numerical summaries. Available for Microsoh and CBASIC 
(state whicl1) . Supplied in source code . . ...... $ 195/$ 20 

0 Selector Ill - Multi (i.e. , up to 24) Key version ol Selector II. 
Comes with applications programs including Sales Activity. In
ventory, Payables, Receivables, Check Register. Expenses, 
Appointments, and ClienVPatient. Requires CBASIC Supplied 
in source code . . .. . ... . ... . .. . . . .. . . . .... .. .. . $ 295/$20 
Enhanced version for CBASIC-2 .... . ... . $345/$20 

0 CPM/374X Utility Package - has full range of funclions 
to create or re-name an IBM 3741 volume. display directory 
information and edit the data set contents. Provides full file 
transfer faci lities between 374 1 volume data sets and CP/M 
tiles .... .. . .. ..... . ....... . . . .............. . . $ 195/$ 10 

0 Flippy Disk Kit - Template and instructions to modify sin· 
gle sided 5 'I• " diskettes for use of second side in singled sided 
drives . . . . . . . . . . . . . . . . . . . . . . . . ............ $9.75 

0 BASIC Comparison - A comprehensive leatures and per· 
lormance ana1ysis of five 8080 disk BASIC languages -
CBASIC , BAS IC-E , XYBAS IC, Microsof t Disk Extended 
BASIC, and Xitan's Disk BASIC. Itemizes results ol 21 diflerent 
benchmark tests for speed and accuracy and lists instructions 
and features ol each BASIC . . . .. . (send 20¢ S.A.S.E.) FREE 

0 TAS·BO FORTRAN PACKAGE - Prolessional disk
based language and utility package written by Microsoft , 
creators of Level II BASIC, the package runs on a TRS-80 
system with 32K RAM, one or more drives and TRSDOS. The 
software is supplied on diskettes and consists of a relocatable 
machine code FORTRAN Compiler. Macro Assembler. a Link· 
ing Loader. Subroutine Library, Text Editor .. . . .. . $ 325 
Macro assembler. loader and editor alone . . ....... . . . $165 

I 
I 
I 
I 
I 

Lifeboat Associates, 2248 Broadway, New York. N.Y. 10024 {212) 580·0082 

I 
I 
I 
I 
I 
I 
I 

Soltware Price 

D manual alone 

D manual alooe 

0Check O u .P.S. COD D Visa D Master Charge Sh1pp111g 

Account# E.xp. Date SI .00 for C.O.D 

Signature To1al 

My computer configuration (specifying disk system): 

Name 

Address (No P.O. Box) 

City State 

EFFECTIVE APRIL 15, 1979 1M The Software Supermarket is a tiademarH oJ Lileboa t Associates 

Disk systems and for 
m ts: North Star smgfe or 
double de nsi ty . IBM 
smgle or 20 1256, Altair . 
Helios II. M1cropol1s Mod 
I or 11 . 5 1/.1" sot1 sec1or 
(Micro rCOMISD Sales 
Oynabyte). e1c 

Add St .item sh1pprng ($2 
mm ). Add $1 add111onal 
for UPS C.0.0. 

Manua l cos/ app lrcable 
agamst p nce of subse· 
quent softwa re p ur 
chase. 

The sale o l eac/1 p ro 
p rretary sof1ware pack
age conveys a license 
for use on one system 
only. 

Lifeboat Associates 

soJi\bE 
-

)<,,._ -~ci 
B\ 11 1t11w l1 t71t 121 
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Azimuthal Equidistant Maps 

Figure 6 illustrates a map that is very 
similar to the azimuthal equidistant (great 
circle) maps shown in part 1. The primary 
difference is th at we have added a grid of 
meridians and paralle ls to figure 6 to give 
more meaning to geographic distribution. 
This map projection is extremely useful 
when app lied to such fields as navigation 
and radio commun ication, but you must 
not forge t the inherent distortions. The 
grid system on th is map helps dramatize 
where these distortions I ie . 

All•UIHAL EOUIOISTANT PROJ£Cll0N PUPAREO Bl WILLIA• O. J0HN610N 

Another azirnu thal equidistant projec
tion is presented in figure 7, but the cover
age is limited to 90° of arc (half that of the 
map in figure 6). This not only expands 
the scale of the map, but it eliminates the 
por tion with the greatest distortion. The 
examp le is of an Oscar satellite communica
tions coverage map centered on a location 
near Geneva, Switzerland. By taking ad
va ntage of the fact that radial distances 
(and, hence, arc distances) from the center 
are linear in this type of projection, it is a 
simple matter to draw a circle that will 
indicate the maximum possible communi
cation range through a given satellite. 
The ce ntral location (Geneva, in this case) 
can then communicate to any lo cation 
within the circle, at some time or another, 
depending upon the satellite's position. 

Figure 6: This azimuthal 
equidistant map is basi
cally the same as those 
illustrated in part 7. We 
have added a grid of me
ridians and parallels to 
emphasize geographic dis
tribu lion. 

Tex t co111i11ved from page 71 4: 

was faci ng north to begin wi th) . Th e pro
gram permits the view to be rotated by any 
amount and for any map, regardl ess of 
altitude. As mentioned earli er, thi s feature 
is particularly useful when the map is 
being generated on a video term inal. 

The map, in th is example, has been over
laid with three different circles to show 
the maximum range for al l of the currently 
operational satellites (Oscar 7, Oscar 8, and 
RS:l - 2, starting with the inner circle 
and moving outward). Note the difference 

<q]ODY PERIPHERALS 
Silk Screen Printed Sepia on Quality White Cotton/ Poly T-Shirts 

TO O HD ER: PfllNT Your Name . Address, Zip. Slyll!s and Sizes Desired 
(S.M,L.Xl) on o Sheei of Paper. Include $6.95 p.,, Shi ri . 
(Three fur $18.00) Ou1 of U.S.A. Send $8.00 US Curroncy 
lnr c:rnational Money Order for Ea ch Shirt. 

Our Shirts are Made in America and Do Not Shrink! 
C u s 1om Designs Available for Your Club - Dea le r ln~uiries Welcomed. 

BODY PERIPHERALS P. 0 . Box 945 Chanute. Kansa 66720 

Circle 33 on Inquiry card . 



between th is map and those in figures 3 
and 4. T he map in figure 7 shows a// loca
tions with which communication is possible, 
irrespective of sate llite posi tion, whereas 
the maps of figu res 3 and 4 show where 
commun ication is possible at some part icu
lar moment in time when th e sate lli te is 
over a given poin t. 

Summary 

In part 1 we discussed the fundamental 
methods and resources requ ired to produce 
any kind of map on a computer. We also 
presenLed several simple programs in BASI C, 
ea ch contai ning only about a dozen execut
ab le statements, bu t which are capable of 
producing a number of attractive and useful 
map projections. 

In this conc lusion to "Computer Gener
ated Maps", we have shown both the need 
and the means to develop a single, general 
purpose, map projection program with the 
flexibility Lo produce a variety of perspec
tive and azimuthal equidistant maps. The 
subrouLine given in l isting 1 is an efficient, 
functional program wh ich does just th at, 
yet it only contains about 60 execu table 
statements . All of the maps illu strated 
in this artic le were produced by that pro
gram, and they are only a sampling of its 
Local capabil ity. Whether you plan to gen
erate maps for use with com munications 
satell ites, maps fo r the capta in's console 
of a spacecraft, or maps fo r the sake of 
having maps, the program presented here 
can enh ance your system 's capability enor
mously and give you many hours of enjoy
ment.• 

46•12N 6109E 
~ll•UTH~L FQUIDISIANI P•OJHTION ,.!P~RED 8T Nll LIA• Q, JOH"STO" 

Figure 7: Anolher azimuthal equidistant projection i~ presented here, but we 
have limited the coverage to 90° of arc. This expands the scale of the map. 
The three concentric circles that have been superimposed on this map show 
the maximum possible communications range from the central location, 
through all of the currently operational amateur radio communications satel
lites (Oscar 7, Oscar 8, and RS: 7-2). 

TELETYPES® 
MODEL40 300 LPM PRINTERS MODEL 43 TERMINALS 
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• Mechanism or complete assembly 
• 80-column friction feed 
• 80-column tractor feed 
• 132-column tractor feed 

FEDE RALCommun!cations 
Corporation 

INTERFACES 
• EIA-RS232 
• Simplified EIA-like interface 
·Standard serial interface 
• Parallel device interface 

11 126 Shady Trail , Dallas, Texas 75229, (214) 620-0644 , 
TELEX 732211 TWX 910-860-5529 

Circle 134 on inquiry card. 

"1 'I I 

',, 

• 4310 RO (Receive Only) 
• 4320 KSR (Keyboard Send-Receive) 
• 4340 BSA (Buffered Send-Receive) 

INTERFACES 
• TIL Serial 
• EIA RS232 or DC20 to 60ma 
• 103-type built-in modem 
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Write faster in BASIC, 
FORTRAN, or COBOL 
Document & modify more easily, too 

Human·engineered to do the ·\ob better. Yes. you rea lly can get flawless cod e 
fasle1. using lhe Sli rling/Bekdor TM sys tem of software development too ls w1lh 
structured programming concepts. The 78F2, 78P4, and 78Cl arc hurn an·eng1neered 
lo reduce milial errors. improve de-buggmg speed. and aid concept communica l1on 

First. use the 78F2 Flowchartm™to lay ou t your 011g111al conce1>t blocks. Tli en 
use 11 to write a linely detailed llowchart. 

54% more logic cells than other llowchart form s, pul far more of your program 
on each page. Each Flowchart11x has a full 77 logic cells, not 1usl 50 This saves 
pape1. and makes your finished flowcharts eas1e1 to und ers tand. By seeing up to 
27 extra steps ol a program on each page. you compr ehend program llow more 
clearly. You save money and storage spac e, loo. 

Every matrix cell in the 7 x 11 matrix has a specific label to help you track 
branch points. When you write program documentat ion. havmg a separate reference 
poi nt lor each cell makes your program much eas ier to describe clearly. 

With Flowchartrix. you don' t need a shape template to draw remarkably r~ular 
logic symbols. Guides fo1 the mosl·used logic symbols are 11ght in each matr ix 
cell. lo help you draw most st an da rd flowchar t symbols entnely l ree·hand 

78P4 Print·Out Designers are next When you lin1sh llow ch ar tmg. lay oul the 
p11n ted reports your program will generate. Then wh en you wr ite code you blaze 
thr ough th e report generalion segments 11ght along w1 lh the rest of your program. 

Unique 70 x 160 matrix accommodates ev en proportionol·spacmg word proce.ssor 
formats. The 160-column wid th can handl e prac tically any p11n l er fo rmat. The 
78P4 rs big, 141/1 x 22 111chcs. because we've scaled lh e cell siz e lo human vmling 
comfo rt. no t machine p11nt. giving nearly twice lhe charac ter ·wri t111 g area of oth er 
pr in tou t design sheets. 

Special 5·column area records lhe program line number of th code 'llhich 
creates each pr inted line. II shows. al a glance, exactly wh ich line of code crea tes 
each lme of your repo1t. saving hou rs ol needless search t1111e when you musl 
change th e 1 eport forma t (and don' t you always have to, soone1 or later1 : 

Every sheet ol 78Cl gives you 2 form uses for \he price of one. Use 78Cl's 
full 28 line x 80 column grrd area lo code regula1 program steps. fhen 101 inter· 
active 01 1nst1ucl1onal sections. simply keep your charac ters w1 th111 th e appro p11ale 
CRT indica tor lines. and ynu·11 autornal1ca\ly kn ow whe1e eve1y characte1 wi ll show 
on youi CRT screen 

28 line x 80 column coding capaci ty saves you 14 sheets oul of every 100, 
compar ed to 24-lin c fo1 ms. 86 sheets hold more program steps than I 00 sheets 
of any 24-hne form. yel we off er full ·SIZe 6mm x 3mm grid blocks lo give you 
comfortabl e w11tmg room and visual space between lines. 

Works with your CRT display, no matter what brand you own. Equipped lor 
both 16 line x 64 column and 24 lme x 80 column display lormals. 

Available 1n thr ee ve1s1ons (one for BASIC languages. one 101 FORTRAN, another 
101 CO BO Ll. \he 78Cl 1s so powerlul we include a ?·page instruction manual wit h 
every orde1 . 

Every tool in the Stirling/Bel<dorf system is surface-engineered to take both 
pen & pencil without blotching. Our tough, exlra-heavy. 22: paper 1s pure enough 
lo use ·1ifh crit ical magnel1c 1nh charac ter readers. and gives you crisp. sharp char 
ar \ers with pencil 01 plastic-lip pen. 

Every part of our system uses ey e-comfortable soft blue g11ds. All g11 d rul ings. 
lints. and 1l1'11S1011 rules ar e rep roduced 111 a special shade of blue. easy on your 
ey es even alt er hou1 , ol con tmuous programming. II you' re a professional p10· 
grammer, you 'll particularly apprecia te our improvement over the g1een Imes you've 
been writing on. 

A J.ring binder is one more of our secrets for your success. 1111 yo lll no tes. 
logii. concepts. l lowcharls. cod e. CRT layou ts, prin t-out designs, and docurn en tation 
can be kepi togelhe1 . in 01de1 . 111 one place. When everyt111ng you crea te slays 
together. debugging and modi fication is mu ch simpler. 

Order your supply of the world's most advanced software denlopment tools, 
r·ghl now. before you hatch even one more bug. 1 

1ar2 rlowd'lai11m 
".J lpa1aolSO Si90· U 3Sci•n1 t. shpt 
O lO ti.a.ii\ ol SO ... SJ; J) • S6 .:s v~ n1 A 11\tii 

1!P'4 P11nl·Ot1 I On11n S:htt:h 
D l 1uo ci l~O S I "- ~· Hl 'i p• 111: t. \ltPK 
o i:i 1ud1 01 ~o - S3? 10 • \& l'J o~ n~ & ~"' 

l holr punchtd wsnrlpodrh 101 18,_ Dt u1n Sh t el1 
0 W of~ lor S?6S • SI 3S p~n( & SllPl 
Cl H'(O t lllor ssoo. \ l $S plr11: & ShPi! 

0 Samplr ol one Sh"el ul e,1ch 101 111 • 
r!SSOC1J tf'd f,1belS & l1 t~1a tu 1 $2 )0 

Enclosed •S my ch et tor ~---

IBCl Comb1n"t11)11 Cod1111ICJI T l q ouh I 
1~:~,~~ ::: ':~A~ 111

1c, tlul JJINU' ch"[ ~ i11 111rr. llf'IRU'it I 
o ro1 Bl\sic a t1)1 fOR IRM• o 104 c:oeot ,

1 
a } uui l) t ~ Sb l~ u ,,, 11 ~" ' & ' '1 t1i 
o 10 p,111, ot >o inio S:l • u ll ll ~ fl r. A \h ti~ 

~~1\tt11:~;1~::u~:,~:: ~~~: 1~1:•;~: .~:::~11:• ~:;~~u•~ I 
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I 
Charge lo r' .lam r Ch"P.' [1 Visa eip dale_ I 
Caod : __________ _ 

Srgnalu oe _ _________ _ 
Name ______________________ _ 

Addoess ------------ Phon e _______ _ 
c,1

1 
_________ s1 a1e ____ lop ____ _ 

Stirling/Bekdod 
4407 Porkwood D Son Antonio, TX 78218 o (512) 824-5643 

~! ____________ .:.::!:':i::: ::.:.::.i:.:::..: __________________ _. 
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Text continued from page 6 : 

wil l be a more elaborate set of read only 
memory code which interacts with the music 
keyboard and a special function keyboard to 
be defi ned. Lim ited ti mbre setups of th e 
synthesizer can then be made when it is 
played and isolated from the data base faci l i
ti es of the Pascal machine. 

As fo r main software, capacity wi ll be 
needed to execute some for m of inter
pretive real time control software, possi bl y 
through the use of a threaded in terpretive 
language somewhat like Forth . Impl emen
tations of this sort of language abound : 
Forth, Urth, IPS, and nu merous unnamed 
homebrew versions. Such interpre te rs, which 
arc fair ly simple to code in machi ne language 
without an assembl er, provide an excellent 
path to more significant software in a 
homebrew situation with a new processor. 
Everyone I know who uses them becom es a 
fanatic, so th ere are obviously some strong 
emotional argu ments fo r flexi bil ity and 
power that get people addicted. Wh y not 
try one? 

Hardware refl ecting this requ irement will 
perhaps be 4 K by tes of read onl y memory 
for the kernel of the interprete r design. 
Software des ign and development will , of 
course, be done in machine language using 
th e Pascal mach ine as a filing and program 
developmen t tool. 

In addi tion to the 6809 processor, th e 
hardware of th e new mach ine wil l probably 
inc lu de 32 K bytes of programmabl e mem
ory in the low end of address space, 16 K 
bytes of 2708 read only memory sockets 
fo r the va rious segments of the detail low 
level software, a serial port for the com
munications interface, a paralle l por t for the 
syn thesizer interface, a parallel porl for th e 
music keyboard and miscell aneous key
swi tch inputs, several uncommitted parall el 
ports, and a parall el port for th e Sykes flop
py, borrowed from the older system to be 
used as a mass storage subsys tem. 

Th is new processor wi ll reflect a number 
of the improvements th at have been made in 
the ex perimenter's computer system art 
over the past few years. It will have a much 
small er parts count due to the 16 K dynamic 
memory parts 1 intend to use and I will pay 
attention to pac kaging, as I want to be able 
to carry the results around . It wi ll be en
tirely fa bricated with conven ient Vecto r 
Sli t- N-Wrap interconnec tion, al though I now 
use th e motorized tool to minimize the 
chance of open connections which occur red 
when I used that method by hand . And, of 
course, there is the thrill of ex perim entin g 
with a new processor , th e 6809 design de
scribed by Terry Ritter and Joel Boney in 
recent issues of BYTE.• 



'"BOOKS OF INTEREST TO COMPUTER PEOPLE .. 

More BYTE BOOKS 
in your future ... 
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THE BYTE BOOK OF COMPUTER MUSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material- all written 
for the computer experimenter interested in this 
fascinating field. 
You will enjoy Hal Chamberlin's "A Sampling of 
Techniques for Computer Performance of Music", 
which shows how you can create four-part melodies 
on your computer.For the budget minded, "A $19 Music 
Interface" contains practical tutorial information- and 
organ fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis". 
New material includes "Polyphony Made Easy" and 
"A Terrain Reader". The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
"Terrain Reader" is a remarkable program that creates 
random music based on land terrain maps. 
Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans
form programs written in BASIC and 6800 machine 
language, multi-computer music systems, Walsh 
Functions, and much more. 
For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 

-

ISBN 0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: $10.00 

SUPERWUMPUS is an excit
ing computer game incorpo
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People's Computer Com
pany. Programmed in both 
6800 assembly language and 
BASIC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS forms a dodecahedron). This is a 
PAPERBYTE™ book 

ISBN 0-931718-03-1 
Author: Jack Emmerichs 
Pages: 56 
Price: $ 6.00 

TINY ASSEMBLER 6800, 
Version 3.1 is an enhancement 
of Jack Emmerichs' success
ful Tiny Assembler. The origi
nal version (3.0) was described 
first in the April and May1977 
issues of BYTE magazine, 
and later in the PAPERBYTE™ 
book TINY ASSEMBLER 
6800 Version 3.0. 
In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler". This pro
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 
All the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

ISBN 0-93171 8-08-2 
Author: Jack Emmerichs 
Pages: BO 
Price: $9.00 

A walk through this book brings you into Ciarcia's 
Circuit Cellar for a detailed look at the marvelous 
projects which let you do useful things with your micro
computer. A collection of more than a year's worth of 
the popular series in BYTE magazine, Ciarcia's Circuit 
Cellar includes the six winners of BYTE's On-going 
Monitor Box (BOMB) award, voted by the readers 
themselves as the best articles of the month: Control 
the World (September 1977), Memory Mapped 10 
(November1977),Program YourNextEROM in BASIC 
(March 1978), Tune In and Turn On (April 1978), Talk 
To Me (June 1978), and Let Your Fingers Do the Talking 
(August 1978). 

Each article is a complete tutorial giving all the details 
needed to construct each project. Using amusing 
anecdotes to introduce the articles and an easy-going 
style, Steve presents each project so that even a 
neophyte need not be afraid to try it 

. ·-

-

ISBN 0-931718-074 
Author: Steve Cia rcia 
Pages: approx. 128 
Price: $8.00 
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BAS EX, a new compact, compiled language for micro
computers, has many of the best features of BASIC 
and the 8080 assembly language-and it can be run 
on any of the 8080 style microprocessors: 8080, Z-80, 
or 8085. This is a PAPERBYTE™ book. 

Subroutines in the BASEX operating system typically 
execute programs up to five times faster than equiva
lent programs in a BASIC interpreter- while requiring 
about half the memory space. In addition, BASEX has 
most of the powerful features of good BASIC inter
preters including array variables. text strings, arithme
tic operations on signed 16 bit integers, and versatile 
10 communication functions. And since the two lan
guages, BASEX and BASIC, are so similar, it is possible 
to easily translate programs using integer arithmetic 
data from BASIC into BASEX. 
The author, Paul Warme, has also included a BASEX 
Loader program which is capable of relocating pro
grams anywhere in memory. 

-

ISBN 0-93171 8-05-8 
Author: Paul Warme 
Pages: 88 
Price: $8.00 

PROGRAMMING TECH
NIQUES is a series of BYTE 
BOOKS concerned with the 
art and science of computer 
programming. It is a collection 
of the best articles from BYTE 
magazine and new material 
collected just for this series. 
Each volume of the series 
provides the personal com
puter user with background 
information to write and main-
tain programs effectively. 
The first volume in the Programming Techniques 
series is entitled PROGRAM DESIGN. It discusses 
in detail the theory of program design. The purpose 
of the book is to provide the personal computer user 
with the techniques needed to design efficient, effec
tive, maintainable programs. Included is information 
concerning structured program design, modular pro
gramming techniques, program logic design, and 
examples of some of the more common traps the 
casual as well as the experienced programmer may 
fall into. In addition, details on various aspects of the 
actual program functions, such as hashed tables and 
binary tree processing, are included. 

ISBN 0-931718-12-0 
Editor: Blaise W. Liffick 
Pages: 96 
Price: S6.00 

SIMULATION is the second volume in the Program
ming Techniques series. The chapters deal with 
various aspects of specific types of simulation. Both 
theoretical and practical applications are included. 
Particularly stressed is simulation of motion, including 
wave motion and flying objects. The realm of artificial 
intelligence is explored, along with simulating robot 
motion with the microcomputer. Finally, tips on how 
to simulate electronic circuits on the computer are 
detailed. 

ISBN 0-931 718-13-9 
Editor: Blaise W. Li ffick 
Pages: approx. 80 
Price: $6.00 
Publication: Winter 1979 

RA6800ML: AN M6800 RELOCATABLE MACRO 
ASSEMBLER is a two pass assembler for the Motorola 
6800 microprocessor. It is designed to run on a mini
mum system of 16 K bytes of memory, a system 
console (such as a Teletype terminal), a system monitor 
(such as Motorola MIKBUG read only memory pro
gram or the !COM Floppy Disk Operating System), 
and some form of mass file storage (dual cassette 
recorders or a floppy disk). 
The Assembler can produce a program listing, a sorted 
Symbol Table listing and relocatable object code. The 
object code is loaded and linked with other assembled 
modules using the Linking Loader LINK68. (Ref er to 
PAPERBYTE™ publication LINK68: AN M6800 
LINKING LOADER for details.) 
There is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 
In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYTE™ bar code representation 
of the Assembler's relocatable object file are all included. 
This book provides the necessary background for 
coding programs in the 6800 assembly language, and 
for understanding the innermost operations of the 
Assembler. 

ISBN 0-931718-10-4 
Author: Jack E. Hemenway 
Pages: 184 
Price: S25.00 

to order books see next page ..... 



LINK68: AN M6800 LINKING LOADER is a one 
pass linking loader which allows separately translated 
relocatable object modules to be loaded and linked 
together to form a single executable load module, and 
to relocate modules in memory. It produces a load map 
and a load module in Motorola MlKBUG loader format 
The Linking Loader requires 2 K bytes of memory, a 
system console (such as a Teletype terminal), a sys
tem monitor (for instance, Motorola MIKBUG read 
only memory program or the !COM Floppy Disk 
Operating System), and some form of mass file stor
age (dual cassette recorders or a floppy disk). 
It was the express purpose of the authors of this 
book to provide everything necessary for the user 
to easily learn about the system. In addition to the 
source code and PAPERBYTE™ bar code listings, 
there is a detailed description of the major routines of 
the Linking Loader, including flow charts. While imple
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well 
as simply acquiring a useful software tool. 

ISBN 0-931718-09·0 
Authors: Robe1t D. Grappe! 

f, Jack E. Hemenway 
Pages:72 
Price: $8.00 
Winter 1979 

TRACER: A 6800 DEBUGGING PROGRAM is for 
the programmer looking for good debugging software. 
TRACER features single step execution using dynamic 
break points, register examination and modification, 
and memory examination and modification. This book 
includes a reprint of "Jack and the Machine Debug" 
(from the December 1977 issue of BYTE magazine), 
TRACER program notes, complete assembly and 
source listing in 6800 assembly language, object 
program listing, and machine readable PAPERBYTE™ 
bar codes of the object code. 

ISBN 0-931718-02-3 
Authors: Robert D. Grappe! 

f, Jack E. Hemenway 
Pages:24 
Price: $6.00 

MONDEB: AN ADVANCED M6800 MONITOR
DEBUGGER has all the general features of Motorola's 
MIKBUG monitor as well as numerous other capabili
ties. Ease of use was a prime design consideration. 
The other goal was to achieve minimum memory 
requirements while retaining maximum versatility. 
The result is an extremely versatile program. The size 
of the entire MON DEB is less than 3 K. 
Some of the command capabilities of MONDEB in
clude displaying and setting the contents of registers, 
setting interrupts for debugging, testing a program
mable memory range for bad memory locations, 
changing the display and input base of numbers, 
displaying the contents of memory, searching for a 
specified string, copying a range of bytes from one 
location in memory to another, and defining the loca
tion to which control will transfer upon receipt of an 
interrupt This is a PAPERBYTE™ book. 

ISBN 0-931718-06-6 
Author: Don Peters 
Pages: 88 
Price: $5.00 

BAR CODE LOADER. The purpose of this pamphlet 
is to present the decoding algorithm which was de
signed by Ken Budnick of Micro-Scan Associates at 
the request of BYTE Publications, Inc., forthe PAPER
BYTE™ bar code representation of executable code. 
The text of this pamphlet was written by Ken, and 
contains the general algorithm description in flow 
chart form plus detailed assemblies of program code 
for 6800, 6502 and 8080 processors. Individuals with 
computers based on these processors can use the 
software directly. Individuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 

ISBN 0-931718-01-5 
Author: Ken Budnick 
Pages: 32 
Price: $2.00 
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NCC/NYC TO BE THE BIGGEST COMPUTER SHOW EVER. The National Computer Conference (NCC) will 
happen again June 6 thru 9. Last year 57, 224 attendees turned out for the show, held in Anaheim CA. This 
year the NCC will be held in the New York City Coliseum. AFIPS, the sponsoring organization, expects attendance 
to top that of last year. Approximately 400 companies have reserved l, 700 booth spaces on four floors of the 
Coliseum, with overflow at the New York Hilton and Americana hotels. Last year 396 companies occupied 1,400 
booths. 

NCC will have a personal computing adjunct at the Americana Hotel, a few blocks away. It will probably be 
played down, as it was last year. By way of example, the personal computing exhibitors and speakers were not 
listed in the regular show program book handed out to each attendee; hence, many attendees last year were unaware 
of the personal computing part of the show. 

S-100 BUS STANDARD TO BE ADOPTED SOON. An IEEE committee has been working on a standard for the 
S-100 bus for over a year, and adoption is expected very soon. Much of the credit for this standard goes to George 
Morrow of Thinker Toys. 

This standard will do two things. One, it will resolve the conflicts between the use of many bus pins by different 
manufacturers and eliminate the lack of compatibility between many "S-100 compatible" plug-in boards. Two, 
and possibly more important, it provides use of the S-100 bus for 16 bit processors for extended addressing of up 
to 8 M bytes of memory and for master-slave multiprocessor systems. This will make the S-100 bus the most power
ful bus around and will, no doubt, continue and increase its popularity . 

TI AND HP PC SYSTEMS RUMORS. Texas Instruments and Hewlett-Packard continue to maintain tight lips on 
their rumored personal computer systems. As Tl has said, "Tl will not discuss products that have not yet been 
announced." However, information has leaked out on these units which are expected to have a tremendous impact 
on the personal computing market. Several rumors have been reported in previous BYTE NEWS columns. The 
latest is that TI will introduce their entry at either the NCC show in June or the Consumer Electronics Show 
in July. In either event, it is expected to be ready for the 1979 Christmas market. 

The HP computer is also expected to be ready by Christmas, and is anticipated to be a stripped down version of 
their current table-top system. This means that it will use BASIC and be expandable. 

Both HP and Tl are expected to have $500 list prices for the basic unit. Key retailers have already been ap
proached by both TI and HP to set up a selective distribution. It is rumored that they will favor selected personal 
computing stores that can do justice to software requirements. 

INTEL TO PRODUCE ANALOG MICROPROCESSOR AND SUPER 8 BIT MICROPROCESSORS. Real time 
processing of analog signals by microprocessors has been severely limited by the slow speed of most microprocessors. 
For example, an 8080 clocked at 2 MHz can, at best, synthesize clean sine waves at about 1 to 2 kHz, which is 
the low end of the audio spectrum. This fall, Intel will introduce an integrated circuit which combines an analog
to-digital converter, a digital-to-analog converter, microprocessor and read only memory on a single device. It will 
be capable of processing analog signals up to 13 k Hz. Called the 2920, the integrated circuit will have a 9 bit 
conversion register. It could be used in conjunction with an 8080 processor, where the 2920 does the signal pro
cessing while the 8080 does the data processing. 

Intel has done another clever thing. They have taken an 8086 and limited its data 1/0 (input/output) to 8 bits 
and memory addressing to 16 bits. It is called the 8088 and will deliver five times the performance of the 8080 
(2 MHz). Actually, the 8088 is an 8086 split into two 8 bit microprocessors on one integrated circuit, one handling 
1/0 and the other data processing. It offers most of the features of the 8086 (eg: hardware multiply/divide). 

NATIONAL SEMICONDUCTOR TO INTRODUCE NEW MICROS. It is nearly three years s.ince National intro
duced their last microprocessor. (Actually, we must give National credit for pioneering the 16 bit microprocessor 
with the PACE and IMP-16 microprocessors introduced in 1975.) Now National is bringing out a new CMOS 8 bit 
microprocessor that will be software compatible with the 8080, have added features and consume less power. 
Further, they will introduce a 16 bit microprocessor that is a "cut above" the Z-8000 and 68000. Production is 
expected by the end of the year. 

MICROPROCESSORS FOR $1 APIECE? Maybe not thi::i year . .. but it is approaching fast. Synertek recently 
reduced the 100 lot price for the 6502 (used in the PET, Apple, OSI, etc ) from $10 to $7. In high volume they 
have reduced the price from $4 to $2.50. I can still remember paying $350 for an 8080, just four years ago! 
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DOUBLE SIDED DISK DRIVES STILL IN LIMITED PRODUCTION. Despite advertising and promotion for 
double sided disk drives, most makers are still having trouble gearing up from prototype runs to full production. 
Shugart Associates, for example, does not expect to be in normal production until the end of the year. 

COLOR VIDEO TERMINALS COMING ON STRONG. The prices of color video terminals, which until now have 
been very expensive as compared to black and white video terminals, are expected to decrease substantially within 
the coming year. Further, they will have more features . The reasons for the price decrease are cost reduction in 
electronics and increased production, as demand increases. More businesses are finding that the difference in price 
for color is worth it in many applications, an example being Management Information Systems. We can expect 
low cost color video terminals on the market for under $1,000. 

At the same time, manufacturers are developing driver software for video terminals which exploit the color 
capability , in particular, combining graphics and alphanumerics. One example would be bit map routines allowing 
the creation of multiple graphics regions on the video terminal while having alphanumeric regions. 

PASCAL NOW AVAILABLE FOR 6800. All 6800 owners who have been envious of the Pascal that is available 
to other processor users can now have their own Pascal. Control Systems Inc, Kansas City KS, has just introduced 
a 6800 version of the UCSD Pascal, Version II. 

HOW ABOUT A COMPUTER VACATION? Want to combine vacation and hobby? A group of 20 to 50 personal 
computerists are doing just that during Christmas week. They have organized a weeklong workshop to be held at 
a Caribbean resort. Families are welcome. If you are interested in participating, write either Dr Andy Bender, 
400 Old Hook Rd, Westwood NJ 07675, or Dr Jeff Brownstein, 2 Tor Rd, Wappinger Falls NY 12590. 

QUIP VERSUS THE DIP. The new 16 bit microprocessors and the 32 bit microprocessors on the drawing boards 
have created packaging problems for integrated circuit makers. How are they going to get all addressing, data, 
I/0 (input/output) lines on an integrated circuit package? Anyone who handles 40 pin dual-in-line packages knows 
the handling problem. Well, Intel and 3M have jointly developed a new 64 pin integrated circuit header called QUIP 
(quad-in-line package). It will have two rows of 16 pins along both edges of the package and will shrink the package 
from 3 1/8 inches, for a 64 pin dual-in-line package (DIP) to 1 5/8 inches for a QUIP. Further, internal lead paths will 
decrease, reducing capacitance, resistance and inductance, and allowing higher operating speeds. Pins will still be on 
0.1 inch centers and the QUIP will cost 15 percent less than the DIP. 

4 K BYTE PROGRAMMABLE MEMORY INTRODUCED. As the size of memory circuits increases, integrated 
circuit makers are going the byte-size memory route to afford easier interfacing to microprocessor buses. Zilog is 
the first to introduce an 8 bit byte programmable memory. Called the 26132, it is a 32 K bit memory organized 
as 4 K words by 8 bits. It uses a one transistor memory cell and includes on-chip refresh control circuitry. 
Pinout permits easy use in 16 bit systems. Hardware keeps getting easier! 

DOD LOVES ADA. After years of trying to standardize a high level computer language, the United States Depart
ment of Defense (DOD) has created a special group for this purpose. The final approved language will be called 
ADA, after Ada Augusta, Countess of Lovelace, who is credited with being the very first programmer. 

The DOD have narrowed their choice to two different Pascal-like designs. The preliminary design is due for 
delivery in May of this year, with final approval expected at the end of the year. 

LIQUID CRYSTAL DISPLAYS IMPROVING. The graphics terminal marketplace is going to see some radical 
changes within the next few years as new technologies develop to compete with the age old video type graphics 
terminal technology. Plasma panel and liquid crystal display elements (LCDE) are examples of a new graphics 
technology. The plasma panels offer higher brightness, no flicker, and touch sensing ability. The LCDE are created 
by a scanning laser beam. The LCDE have their own memory, and do not have to be refreshed. Further, they offer 
very high resolution, color and projection capabilities. Both Western Electric and IBM are doing developmental 
work in this area. 

DEC OPENS SECOND RETAIL STORE. Digital Equipment Corp recently opened its second store in Boston. 
Their first store was opened in New Hampshire in July of last year. More stores are planned for "off the shelf" 
purchases. Further, the stores will offer services such as mail list generation and word processing. 

COMPUTER STORES' FUTURE APPEARS EXCELLENT. According to a recently completed study by marketing 
research firm Frost and Sullivan, the main distribution channel for microcomputer systems will continue to be the 
dedicated computer store, for many years. The hobby business will continue to increase, but at a lower rate. The 
larger increase will come from small business purchases. 
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A scientific revolution is just around the 
corner, and anyone with a personal compu
ter can participate in it. The last time this 
happened, 250 years ago, the equipment 
was the homebrew telescope and the subject 
was astronomy. Now, astronomy belongs 
just as much to amateurs as to professionals. 
This time the particular subject matter is 
human nature and in a broader scope, 
the nature of all living systems. Some 
ancient and thoroughly accepted principles 
are going to be overturned, and the whole 
direction of scientific investigation of 
life processes wi ll change . 

The key concept behind this revolution 
is control theory. Control theory has been 
developing for almost 40 years, and has al
ready been proposed (by Norbert Wiener) 
as a revo lu tionary concept. It has no t been 
easy, however, to see just how control 
theory can be made part of ex is ting scien
tific approaches although many peo ple have 
tried . Most of these attempts have tried to 
wedge control th eory in to ex is ti ng patterns 
of thought. To apply any new idea in such 
a way, while ignoring the new conceptual 
scheme made possible, is to deny the fu II 
potential of the new idea. 

Many life scient ists who have tried to use 
control theory have tried to imitate the 
engineering apprnach , deali ng with human 
beings as part of a man-mach ine system 
instead of complete control systems in their 
own right. Other have used control th eory 
directly to make model s of human and 
animal behavior, but have concentrated 
on minor subsystems, fai ling to see that the 
organism as a whole can be dea lt with in 
terms of the same principles. The result has 
often been a strange mixture of concepts -
a patchwork in tead of a sys tern. 

Strangely enough, many engi~eers who 
do und erstand contro l theory haven't done 
much better. Here the prob lem is that th ese 

h er 

engineers tend to accept the basic concepts 
developed by biologists and psychologists , 
and to use control theory to explain cause
effect relationships they are to ld exist - but 
which in fact do not ex ist. We will start this 
development by looki ng at something called 
behavior, which bio logists and psychologists 
have assured engineers is very important, 
thereby leading the engineers astray . 

Wh at is all this supposed to mean? A lot 
is meant, though in different ways. Robotic
ists, for example, are trying to deve lop 
machines which wil l imitate human organ
ization, and so are the artificial intel ligence 
experimenters. But from whence came the 
description of the system they are trying 
to model? Basically, it came from the life 
sciences. If the life sciences are using the 
wrong model, it would be essential to 
know that before much more labor is 
invested in imitating an imaginary creature. 

Perhaps the most general reason control 
theory is interesting is that it concerns 
people. There aren't many sciences left 
in which important discoveries can be made 
by amateurs work ing at their own tab les. 
Control theo ry opens up an entirely new 
field of experimentation, a kind that has 
never been done before in psychology or any 
other life science. 

Al l that is needed by amateurs who want 
to participate in these developments is a 
basic grasp of control theory, an understand
ing of the procedures that go with it, some 
basic equ ipment, and cu riosity about human 
nature. I shall now provide the first two 
items on that list. The rest is up to you. 

The Problem With Behavior 

The word behavior is used frequently -
we hea r about behavioral science, behavior 
modification, behavior therapy. For example, 
Science News now has a " Behavior Column"; 



A Negative Sine 

The arcsin e and arccosine routines 
discussed In " Inverse Tri g Functions" by 
Alan Miller (March 1979 BYTE, page 
92) wi ll not work for negative values of 
X. For arcsine, l recommend (in Mr 
Miller's notation) : 

DE F FNSN(X) = ATN(X/SQR(1 - x *x)) 

and for cosine: 

DEF FNCS(X) = 
1.570796327-ATN (X/SQR (l - X* X)). 

The consta nt 1 .5 70796327 is, of 
course, rr/2 . These routines give the cor
rect principal value for any value o f X 
with an absolute value of less than 1. 
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Robot Information 

James A Gupton Jr , author of "T alk 
to a Turtle" which · appears in this issue 
of BYTE, has offered the fo ll owing add i
tional sources for robot information : 

International Insti tute for Robotics 
POB 615 
Pe lahatchie Ml 39145 
Atte ntion: Dale Cowsert, Director 

O ffe rs a compl ete robot correspo nd
ence cou rse includi ng a microcom 
puter and a 2).S foot working robot. 
Costs range from Mentor II at $890 
toOmnidex I at $3 100. 

Gal lahe r Research Inc 
POB l 076 7 Salem Station 
Winston-Salem NC 27108 

Offe rs catalog on robot components 
to bui ld any size robo t from one to 
ten feet tall . Catalog cost is $1 O.• 

Get a 

Not just a tnachine 
that e11Ullates one. 
This powerful computer runs the full 
UCSD Pascal Operating System and 
includes all of the following items: 

• Pascal microengine ™ 

• 64K bytes (32K words) of RAM ex 
expandable to 128K bytes. (64K words) 

e Floppy disc CONTROLLER with direct 
memory access (OMA) is switch 
selectable for: 
-single, or double density 
-8" floppy or mini floppy 
-1 to 4 drives (same type) 

•Complete UCSD Pascal Operating System 
-PASCAL compiler 
-BASIC compi ler 
-GRAPHIC package 

-File Manager 
-Screen oriented editor 
-Debugger 

•Two RS-232 asynchronous ports 
(110-19,200 baud) 

•Two 8-bit parallel ports 

•Auto test microdiagnostics 

•Documentation 

$2 600 Complete with stylized low profile housing 
' and power supply 

Prices subject to change without notice . 

~CUTTING EDGE OF 
~ TECHNOL<JGl;lnc. 

19th floor, 61 Broadway, New York, N.Y. 10006 
212-480-0480 
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it was formerly the publication's "Psychol
ogy Column". An innocer:it bystander 
might conclude that any word this import
ant must have a universally accepted defini
tion, but that is not true. Behavior is a 
slippery concept. 

Here is an example of a person behaving_ 
Chip Chad is seated in front of a teletype
writer pounding keys. What is he doing? 

Is he alternate ly tensing and relaxing 
muscles in his arms? Yes. Is he mov ing his 
fi ngers up and down? Yes. Is he typing 
strings of symbo ls? Yes. Is he adding a 
return instruction that he forgot at the 
end of a subroutine? Yes. Is he writing a 
program for plotting stock market prices? 
Yes. Is he making a little extra money for 
a vacation? Yes . Is he justifying his hobby 
to his family? Yes. 

Clearly, each descr ip tion of what Chip is 
doing is, in fact, an accurate descr iption of 
the very same col lection of actions. Which 
one, then, is Chip's behavior? Obv ious! y, 
they all arc expressions of behavior. 

Suppose Chip decides that he real ly 
doesn't need a subrouti ne, and substitute 
a jump instruction for the re tu rn. Now, he 
is writing the program - obvio usly the same 
program - by using a different behavior. Or 
suppose he buys an input device, and con
tinues working on the subroutine by speak
ing letters into a microphone. Now he is 
using different muscles and movements, but 
he is still doing the same behaviors farther 
down the list. How cou ld he be doing the 
same th ing by means of doing something 
different? 

Or consider Chip driving a car along a 
straight road. He is consciously steeri ng. 
Th is happens to be a gusty March day, and 
every five minutes th e wind changes speed 
and direction. Chip is an exper ienced driver·, 
and continues to steer the car down the 
road in a straight line. If we look at what his 
arms are doing, however, we find th at they 
are moving the steering wheel in an appar
ently random pattern, now centered, now 
far to the right, now far to the left. Some
how he is managing to produce a constant 
steer ing-the-car behavior by means of a be
havior th at is widely varying. The path of 
the car doesn't correlate with the position 
of the steering wheel at al l. 

Scientists have always thought of be
havior as the final product of act iv ity inside 
the organism. The brain sends commands to 
the muscles, wh ich create for·ces, which 
produce movements, which generate the 
stable and repeatable patterns we recognize 
as behavior. There is, in principle, a chain 
of cause and effect, with the events at the 
end of the chain being caused by the events 
at the beginning. Such sc ientists would say 

th at in the examp le with Chip at the compu
ter keyboard , we were simply attending to 
various stages in that cha in . 

How does that picture fi t in with Chip 's 
driving the car in a straight line? The direc
tion in which the car is going is affected by 
his movements of the steer ing wheel, and is 
far ther out along the chain of causes and 
effects. But the wind adds its effects on the 
direction of the car after Chip's effects in 
the chain. Somehow he is varying his actions 
so that when their effects are added to the 
effects of the randomly varied wind, the 
result is something constant. If we had been 
thinking of driv ing the car in a straight line 
as Chip's behavior, we have to revise that 
idea: the direc tion of the car depends just 
as much on the wind as on Chip. 

It ma y seem that we have simply moved 
our definition of beh av ior closer to Chip. 
But co nsider how he moves the steering 
wh ee l. The whee l moves when the forces re
flected from the front wheels do not exactly 
ba lance the forces created by his musc les. As 
the car goes along, the roadbed tilts and 
various bumps and dips cause changes in the 
refl ected forces. The wheel may be turned 
far to the right , into the crosswind, on the 
average, but mai ntain ing the wheel in that 
posi tion requ ires th at his muscles be con
sta ntly changi ng tension, as the reflected 
steering wheel forces fluctuate. We have 
the same problem as before : Chip produces 
a varying outp ut thar affects the steering 
wheel, but the steering wheel is also being 
affected by forces that are independent of 
what Chip is doing with his musc les . Yet 
th e sum of the muscle forces and those 
cxtraneou forces is zero, except when the 
steer ing wh eel is changing position. 

Even if we back up another step and ca ll 
Ch ip's muscle tens ions h is behavior, we have 
trouble. Muscles are made to contract by 
signals from the nervous system, but muscles 
don't respond the same amount to a given 
signal every time they are used. They fatigue; 
other muscles interfe re with them ; jo in t 
angles change so th at a given muscle tension 
can produ ce diffe rent amounts and d irec
tions of force. The on ly behavior that 
Chip produces which can be attributed 
enti r·ely to Chip and not in part to his en
vironment consis ts of the nerve signals that 
leave his nervous sys tem and enter his 
mu sc les. 

If we want to be comp letely acc urate 
about Chip's behavior, we should consider 
the output signals from his nervous system, 
and leave everything else in his environment. 
That is what we will do, but by doing that 
we create the biggest prob lem of all. 

A scientist studying a behavior hopes to 
learn enough about its rul es to predict when 



The TARBELL Connection 
In an effort to offer products that meet the continually changing demands of the microcomputer 

industry, TARBELL ELECTRONICS is pleased to offer immediate delivery of these quality components 
and operating software. All TARBELL products are available from computer store dealers everywhere. 

Tarbell Floppy Disk Interface 

• Plugs direcdy into 
your IMSAI or 
ALTAIR and handles~~~~~~~ 
up to 4 standard sin
gle drives in daisy 
chain. 

• Operates ar standard 
250K per second 
on normal disk for
mat capacity of 256K 
bytes. 

• Works with modified 
CP/M Operating Sys
tem and BASJC-E 
Compiler. 

Tarbell Disk BASIC 
• Runs on 8080, 8085 or Z80 
• Searches a file quickly for a sering. 
• Up to 64 files open at once. 
• Random Access. 
• Assignment of 1/0. 
• Alphanumeric line labels allowed. 
• Read and Write sering or numeric 

data. 
• Unlimited length of variable names 

and strings. 
• Procedures with independent varia
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• Number system 10 digits BCD inte

ger or floating point. 
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• Cause programs to be appended on
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mands. 
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board crystal clock. Uses WD 1771 
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•Full 6-monch warranty and extensive 
documentation. 

•Kie $190 .... .. . Assembled $265. 

Specify drive for assembled units. 
Complete disk subsystems with opera
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Tarbell Cassette Interface 

• Plugs directly into your IMSAI or ALT AIR. 
• Fastest transfer rate: 187 (standard) to 540 bytes/second . 
• Extremely reliable- Phase encoded (self-clocking). 
• 4 extra status lines , and 4 extra control lines . 
• 37-page manual included. 
• Device code selectable by DIP-switch. 
• Capable of generating Kansas City tapes. 

manuals . . . . . . . . . . . . $100. 

Tarbell Cassette BASIC 
Incl udes most features of ALTAIR Extended BASIC, plus 
these added features: 
• Assignment of 1/0. 
• Alph anumeric line labels. 
• Unlimited length of variable names and strings. 
• Number system 10 digits BCD integer or floating point. 
• Procedures with independent variables. 
• Read and Write sering data. 
• Multi-file capability . 
Full price with complete documentation .. . ......... $48 . 

Prepaid, COD, or cash only. California residents please add 
6% sales tax. 
AL TA f R is a trademarkJtradename of Pertee Compmer Corporatio11 
CP/M is a rrademarkltrade11ame of Digital Research 

• No modification required on audio cassette recorder. 
• Complete kit $120 .......... .. . . .. Assembled $175. 
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•Full 6-month warranty on kit and assembled units . (213)538-4251. (213) 538-2254 
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CHIP'S 
NERVOUS 
SYSTEM 

it will occur. Und er the old approach, this 
means varying factors in the environment 
and looking for behaviors that correlate 
with those variations. But if we try to 
describe behavior in terms of the output 
signals from the nervous system, all correla
tions disappear. Oh, maybe we have a knee 
jerk or a sneeze left over, but we have lost 
all the regularities that give us some reason 
to talk about behavior in the first place . 
We would never guess, from looking at 
Chip's neural signal outputs, that the result 
of them would be a straight path of a car 
that is being forced one way and another 
by a variable crosswind. 

NEURAL SIGNALS 

When you pause and reflect upon what 
has been covered so far, you will realize 
that we are already deep into control theory, 
even though we haven't discussed it by name 
yet. We have dealt with the subject as 
such because the discussion concerns a 
fundamental difficulty with the very con
cept of behavior, especially the concept 
that behavior is the final product of an 
organism's inner act ivi ties. As we see how 
this difficulty gets reso lved, we will be 
forced into control theory no matter how 
we approach the solution. One reason biolo
gists or psychologists have not developed 
control theory is that they have clung stub
bornly to the idea that behavior is part of 
a causal chain that starts in the nervous 
system (or in stimuli that cause activity in 
the nervous system) and propagates outward 
from there according to phys ical laws of 
cause and effect. That is why people design 
robots in the same way, and why those 
robots have yet to beh ave in a way that is 
convincingly alive. In order to solve this 

CONTROL FORCES 
MUSCLE WHEEL 

FAT IGUE BUMPS, DIPS 
ENERGY SUPPLY 
JOINT ANGLE 
OTHER MUSCLES 

WHEEL FRICT ION 
TIRE PRESSURE 
(REFLECTED FORCES) 

problem instead of just brushing it aside, 
we have to admit that the causal chain in 
which people have believed for so long 
simply does not exist, and never has existed. 

Figure 1 sums up the problem we are 
dealing with. At every stage of events follow
ing the outputs from Ch ip's nervous system 
disturbances come into play, adding to the 
effects that can be traced to the neural sig
nals. As we go farther to the right of the 
figure, we might expect that any regularities 
in Chip's output signals would be lost (ie: 
th at each successive variable would show 
more and more random variations) . 

Exactly the opposite is true. The farther 
to the right we go in figure 1, the less ran
dom variation occurs. The variable farthest 
to the right, the relationsh ip of the car to 
its lane, can remain constant with in a few 
inches for hour after hour. We find that this 
is the most stable variable in the chain, 
and that as we go backward up the chain 
toward Chip's nervous system, the random
looking variations get larger and larger. At 
the beginning of the chain the variations 
become totally unpredictable. 

Consider figure 2; we added the effects of 
external events on a nervous system. Accord
ing to the old picture still fundamenta l to 
most life sciences, external events act on the 
physical structure of the nervous system 
(a long with internal events such as changes 
in body chemistry), and cause outputs to 
occur. Those outputs have consequences 
which show up at the end of the chain as be
havioral patterns. To study the organization 
of behavior, you manipulate the external 
events, and look for regular behaviors that 
result (of course, you find them). 

LATERAL FORCES 
CAR 

WINO 
ROAD TILT 

CAR'S 
POSITION 
IN LANE 

Figure 7: The cause and effect chain leading to behavior. The behavior called ''driving in a straight line" is anything but simple. 
Some psychologists speak of behavior as simply being emitted by an organism, but this is clearly an inadequate concept. Be
tween the nervous system and the stable pattern it appears to produce, disturbances come into play, having just as much effect 
on lhe final outcome as the nervous system has. Nevertheless, the most regularity appears at the end of this chain, and the least 
at the beginning. 
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The fastest floating point BASIC for any micro. 

TSC BASIC for the 6800 is 
the fastest floating point 
BASIC for ANY 8 bit micro
processor. No longer will 
the 6800 take a back seat to 
the 6502, 8080, or Z80! And 
with the TSC name, you 
know it's top quality. 

TSC BASIC is not only fast , 
but complete with over 50 
commands and functions . 
Features include six digit 
floating point math , full 
transcendental functions, 
unlimited string length , if/ 
then/else construct, logical 
operators, and two-dimen-
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sional arrays including 
string arrays. The disk 
versions for FLEX™ 1.0 and 
2.0 support random access 
data files (the mini FLEX™ 
version does not) . 

A cassette version requires 
1 OK while the disk versions 
require at least 12K. No 
source listings included . 
With KCS cassette - $39.95; 
mini FLEX"' - $49.95; FLEXT" 
2.0 - $54.95; and FLEXT" 1.0 -
$59.95. Soon to come are a 
business BASIC and 6809 
BASIC. 

Technical Systems 
Consultants, Inc. 
All orders should include 3% 
for postage and handling 
'(8% on foreign orders) . 
Send 25¢ for a complete 
software catalog . 

Box 2574 
W. Lafayette, IN 47906 
(317) 463-2502 
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EXTERNAL 
EVENTS 
(ST IMUL I ) 

CHIP'S 
NERVOUS 
SYSTEM 

NEURAL SIGNALS INTERMEDIATE 1---- ----- PROCESSE S 

DISTUR BA NCE S 

FINAL 
BEH AVIOR 
PATTE RN 

Figure 2: The old model of behavior. In this old model of behavior, environ
mental "forces" act on the nervous system to make it produce behavior. The 
logic of this straight-through, cause and effect chain is spoiled by the presence 
of disturbances which act after the last physical output of the nervous system 
(ie: neural signals that activate muscles). This cannot be the correct model 
for stable behavior. 

But in figure 2 we also see those random 
disturbances. The on ly way to get away 
from them is to make sure thal the environ
ment remai ns abso lutely stab le (ie: that 
nothing hap pens which can interfere with 
behavior) . The standar·d ap proac h requires 
eliminating those disturbances, for the 
simple reason th at if they arc not eliminated, 
the experimental results disappear into the 
background noise. Thus by eliminating dis
turbances as completely as possible, under 
the guise of establishing standard (ie: control) 
ex perimental condit ions, some scientists 
have swept this basic problem under the 
rug. They have also done away with the 
princ ipal too l we have for understanding 
how these systems rea ll y work. If there are 
no dis turbances , then the idea of a cause
effect chain runn ing from ex tern al even ts 
through the organism to behavior seems to 
hold up , more or less. As soo n as nat ural 
distu rbances are allowed to occur, we find 
that the overall con nection from externa l 
event to final behavior remains as clear as 
ever; but, the model of what happens in 
between falls to pieces with a loud crash . 

Closing the Loop 

There seems to be nothing wrong with 
figure 2; nothing, that is, excep t that it 
cannot acco unt fo r the regularities of 
behavio r. There is something wrong; some
thing has been left out. Let's focus on the 
fi nal variab le in the chain, che position of 
the car rel at ive to th e lane. What variable 
that could affect Chip's senses, do you 
suppose, would have the mos t to do with 
his man ipu lations of the steering wheel? 
The position of the car re lat ive to th e 
lane. Th is variab le is both the consequence 

of Chip's actions, and the ma in source of 
sensory information that could cause him 
to act (see figure 3). 

Psychologists have gone th is way before. 
They have tried to make sense of this si tua
tion by supposing that the behaviora I vari
able is somehow d iffere nt from the stimulus 
variable . If the position of the car relative 
to its lane is the behav iora l variable, then per
haps the onset of a change in the visual 
image of the road is the stimulus variable. 
Th at leads to the idea of a chain of stimuli 
and responses. The car drifts in its lane; 
that stimulates Chip's nervous system to 
make a response, which affects the physical 
position of the car in its lane, which causes 
a new change in the stimulus, and so on 
around and around. 

There are severa l severe difficulti es with 
this explanation . In the first place, there is 
no way to separate the visual image from the 
position of the car; these are just two ways 
of talking about one whole physical situa
tion in which a certain collection of inter
dependent variab les changes simultaneously. 
The al tern a ti on between stimulus and re
sponse is completely imaginary, as anyone 
who drives knows. If causes and effects 
rea lly were sequential, and chased them
selves around and arou nd the loop, it is 
un likely that Chip would keep the car on 
the road for more than ten seconds. In part 
2 we' ll do a proper simulation in BAS IC, 
and you will see that when the system is 
des igned to behave sequentially, the result 
is most likely to be vio lent oscillations. 

There is no reaso n at all to make an 
artificial distinction between the position 
of the car on the road as a behavioral re
sponse and as the stimu lus wh ich causes 
the response. Only one physical situation 
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POSITION 
OF CAR IN 
ITS LANE 

CHIP'S 
NERVOUS 
SYSTEM 

NEURAL SIGNALS INTERMEOIATE POSITION 
OF CAR IN 
ITS LANE PROCESSES 

DISTURBANCES 

Figure 3: A slightly different view of the old model of behavior. The principle 
stimulus involved in driving a car in a straight line is the position of the car in 
its lane. This is the same variable that is the measure of behavior. The variable 
that is the final outcome of Chip's actions is the same variable that provides 
inputs to the nervous system that is acting. The variable at the causal end of 
the chain is the same variable found at the effective end of the chain. 

INPUT QUANTITY 
(POSITION OF 
CAR IN LANE) 

exists, and there is no need to present it 
in two disguises. The posit ion of the car on 
the road is both an effect of Chip's act ions 
and the sensory situation which leads (with 
a little help from Chip) to those actions. 
There is a closed loop of cause and effect, 
and the position of the car is just one part of 
that loop. 

Now we begin to draw a diagram of a 
proper contro l system. In figure 4, three 
physical quantities are shown, an output 
quantity, an input quantity, ancJ a dis
turbing quantity. 

The output quantity corresponds to an 

CHIP'S 
NERVOUS 
SYSTEM 

FEEDBACK FUNCTION 

DISTURBANCE FUNCTION 

OUTPUT QUANTITY 
(ANGLE OF 
STEERING WHEEL) 

DISTURBING QUANTITY 
(WIND VELOCITY) 

Figure 4: Closing the loop. By rearranging the relationships shown in figure 3 
and eliminating the redundant appearance of the car position, we create a 
closed loop diagram. This is the general form of a control system diagram that 
will be used in this series from now on. The controlled variable is always the 
input quantity; the output quantity is the means of control. The single distur
bance shown represents the net effective disturbance if more than one is 
acting at the same time. The disturbing function is chosen to provide the 
proper net contribution to the input quantity. The feedback function repre
sents links external to the behaving nervous system through which outputs 
are transformed into contributions to the state of the input quantity. 
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output of Chip's that is entirely due to 
himself (ie : perhaps due to the neural signals 
reaching his muscles or to some variable 
farther down the chain of figure 2, revealed 
when disturbances are known or can be 
legitimately eliminated). 

The input quantity is the variab le that is 
stabilized by the variations in Chip's output. 
Thus we call the input quantity , here, the 
position of the car relative to its lane. Of 
course, by that we mean whatever it is 
about that position that can be a sensory 
input to Chip (ie: probably a visual image 
of the hood of the car and the road beyond, 
framed in the windshield) . 

Between the output quantity and the in
put quantity is placed a feedback function . 
Th is function expresses the physical links 
that exist between Chip's output quantity 
and the input quantity. In the case of a 
moving car, if the output quantity were 
the angle of the steering wheel, which it 
might be if the angle is also a control led 
qu antity, then the effect of the wheel angle 
would be a continual change of car pos i
tion, and the feedback function would have 
to include at least one time integration. 
The feedback function is simply a descrip
tion of the physical processes which give 
each magn itude and direction of the output 
quantity a contribution to the state of the 
input quantity. 

In figure 4 we also include disturbances as 
an integral part of the diagram of the system. 
The disturbing quantity in this case would 
be wind velocity and direction, and the 
disturbance function connecting it to the 
input quantity would express the way in 
which aerodynamic laws convert wind 
velocity into effects on the car's position 
in its lane. 



The state of the input quantity, there
fore, can be expressed in terms of al I 
effects which contr ibu te to it. We have 
shown onl y the output quantity and the 
disturbance due to wind . Many other dis
turbances - low tires, or tight wheel bear
ings, or gradation in the road - could 
also contribute to the state of the input 
quantity at the same time. All d isturbances, 
however, can be reduced to a single one, 
since no matter what the cause of the dis
turbance, the only effect that matters is 
the effect on lateral position of the car. 

Ch ip him se lf can be represented by a 
funct ion, a function that converts the sensed 
position of the car into a steering wheel 
angle. This system function (system, being 
short for behavi ng system) will surely con
tain delays, nonlinearities, and even varia
tions of its parameters. At first glance it may 
seem a terrible oversimplification to reduce 
a whole human being to a simple input/ 
output box, but the situation isn't that 
bad . We are centering this diagram around 
th·e input quantity , not around Chip as 
a whole; therefore the "Chip box" does 
not wholly rep resen t him, but only that 
part which reacts to changes in the input 
quantity by altering the output quantity . 
Furthermore, the Chip box (ie : the system 
function) is not qu ite as simple as it seems 
even after being si mplified a great deal. 

The functi ons connecting the variables in 
th is closed loop can be extremely complex, 
and even to approach this system analyti 
cally will obviously require some approx 
imations. This is not the place to justify 
every simplification; sometimes complex 
mathematics are required to reach a simpl e 
conclusion. I 'II drop some hints along the 
way about how the simplified mode\ is gen
erated and why it works, but if you really 
want to get into th is, study a text on servo
mechanism design. 

Simulating Chip 

Let us conclude by building a working 
simu lator of Chip driving the car. This is 
just a hi nt of what this 4 part series of articles 
will develop. Bu il ding the simulator requires 
build ing some special numbers into the pro
gram without any exp lanation at present. 
The point is to enjoy the simulation, and get 
used to the idea that everything in a control 
loop happens at the same time. 

We will assume that the steering wheel 
angle to left or right of center is Chip's out
put quantity, and that there are no distur
bances that can interfere at this point. This 
output quan tity will be called A. 

Under the influence of A alone, the car 

would drift sideways at a rate proportional 
to A, for small deviations from the center 
of the lane. Designating the crossw ind veloc
ity as W, if W were the on ly in flue nce acting, 
the car would dr ift sideways at a rate pro
portional to W (in th is somewhat over
simpli fied universe) . In the BASIC program 
we will assum e that each iteration corres
ponds to a fixed amount of elapsed time, so 
the distance D that the car will drift during 
any one iteration is simply the sum of the 
two influences acting on it (line numbers 
corre late with listing 1 ): 

7 D = K1 * W + K2 * A 

The position, I , of the car relative to its 
lane will change by an amount D on each 
iteration: 

8 I = I + D 

Now I must introduce a detail : if we just 
had Ch ip respond proportionall y to the de
viat ion of car pos ition, we would have to 
make his musc les so flabby that hardly any 
response would occur, unless we wanted to 
demonstrate self-immo lating oscillations. We 
have to take care of two destabili zing factors. 
First, the feedback function is essentially 

YourTRS • 80 Apple 11 Micropolis Vector MZ 
Exidy Sorcerer Cromemco CBasic-CP/ M Mi crosoft Computer 

WI LL SAVE YOU 
~THOUSANDS! fl 

\? Q 0 s . -~ ~ i)JJ 

WITH OUR 
BUSINE SS 
SOFTWA RE 

A FLEXIBLE 
STARTER 
SYSTEM 

USE 
GENERAL LEDGER • • ACCTS. RECEIVABLE 

ACCTS. PAYABLE • INVENTORY • PAYROLL 

Buy simple, effect ive programs designed specifically for your 
machine. Call us once for same week delivery on a product you 
can use the day you receive it, and two years from now when 
your company is twice as big. And ask about MICROMAX - our 
computer output videotape system. 

TRS•80: $100/each . CBASIC-CP/M: $200/each. Apple II, Mi
cropolis, Vector, Exidy, Cromemco, and Microsoft: $140/each. 

Order today by U.P.S. COD, or with ~ ~ 
Visa, Mastercharge, or your personal MPU 
check-we'll pay postage and handling . 

SOCIA TES. INC. 
[415) 321-2881 505 Hamilton Ave . Palo Aho, CA 94301 ---------

Circle 53 on inquiry card. June 1979 © 6YH Pub li calions Inc 141 



PET I TRS-80 I APPLE: Personal Software brings you the finest! 

MICRO 
CHESS 

The Industry's First 
Gold Cassette 

Over 50,000 Sold 
MICROCHESS is the industry's be.st selling computer game. And 
no wonder- because MICROCHESS gives you more than just a 
chessplaying program : A convenient, foolproof set of commands 
and error checks ... complete instructions in a S'h'' by B'h'' book let ... 
a cassette that's guaranteed to load, with disk versions coming 
soon ... and several levels of difficulty to challenge you not just 
once, but time after time. It 's available through well over three 
hundred computer stores and many mail order sources ... always 

originating from Personal Software. What's more, every Personal 
Software product is selected to give you these same benefits of 
easy availability, reliable cassettes, readab le documentation . a 
carefully thought out user interlace ... and most important, 
continuing challenge and enjoyment, not just once but time alter 
time. II you haven't already, order your own gold cassette: 
MICROCHESS, by Peter Jennings. for BK PETs, 16K APPLES, and 
4K Level I and II TRS· 80s ... . .. ..... .. . .. . ... .. . . . . . . . . $1 9.95 

TIME 
TREK 

A Tour De Force 
In Real Time Action 

Strategy Games 
TIME TREK by Brad Templeton for BK PETs and Joshua Lavlnsky 
tor 4K Level I and II TRS-80s adds a dramatic new dimension to the 
classic Star Trek type strategy game: REAL T IME ACT ION! You'll 
need last reflexes as well as sharp wits to wi n in this constantly 
changing game. Be prepared - the Kli ngons will fire at you as you 
move, and will move themselves at the same time, even from 
quadrant to quadrant-but with practice you can change course 
and speed. aim and fire in one smooth motion, as fast as you can 
press the keys. Steer under power around obstacles-evade enemy 

shots as they come towards you - lower your shields just long 
enough to lire your phasers. betting that you can get them back up 
in time! With nine levels of difficulty, this chal lenging game is easy 
to learn, yet takes most users months of play to master. ADD 
SOUND EFFECTS with a simple two-wire hookup to any audio 
amplifier; the TRS-BO also produces sound effects directly through 
the keyboard case, to accompany spectacular graphics 
explosions! You won't want to miss this memorable version of a 
favorite computer game .... . .......... ... .. . ........ .. . $14.95 

BLOCKADE by Ken Anderson for 4K 
Level I and 11 TRS-80s is a real ti me 
action game for two players , with high 
speed graphics in machine language. 
Each player uses tour keys to control 
the direction of a moving wall. Try to 
force your opponent into a collision 
without running into a wal l yoursel f ! A 
strategy game at lower speeds. 
BLOCKADE turns into a tense game of 
ref lexes and coordination at faster 
rates. Play on a fla t or spherical course 
at any of ten different speeds. You can 
hear SOUND EFFECTS through a 
nearby AM radio-expect some 
razzing ii you lose! .... . ... . . . .. 14.95 

GRAPHICS PACKAGE by Dan Fylstra 
for BK PETs includes programs for the 
most common 'practical' graphics 
applications: PLOTTER graphs both 
functions and data to a resolution of BO 
by 50 points, with automatic scaling 
and labeling of the axes: BARPLOT 
produces horizontal and vertical , 
segmented and labeled bar graphs; 
LETTER displays messages in large 
block letters, using any alphanumeric 
or special character on the PET 
keyboard ; and DOODLER can be used 
to create arbitrary screen patterns and 
save them on cassette or in a BASIC 
program ... . ....... . ..... .. . . $14.95 

ELECTRIC PAINTBRUSH by Ken 
Anderson for 4K Level I and 11 TRS-80s: 
Create dazzling real time graphics 
displays at speeds far beyond BASIC , 
by writing 'programs' consisting of 
simple graph ics commands for a 
machine language interpreter . 
Commands let you draw lines. turn 
corners. change white to black . repeat 
previous steps, or call other programs. 
The ELECTRIC PAINTBRUSH manual 
shows you how to create a variety of 
fascinating artistic patterns including 
the one pictured. Show your friends 
some special effects they 've never 
seen on a TV screen ! . . . • . ..... $14.95 

WHERE TO GET IT: Look for the Personal Software'" display rack at your local computer store. If you can 't find the product you want. you 
can order direct with your VISA /Master Charge card by dialing 1-800-325-6400 toll free (24 hours. 7 days ; in Missouri. dial 1·800-3426600). 
If you have questions, please call 617- 783-0694. Or you can mail your order to one of the addresses below. as of the dates shown. 

Until July 1: P.O. Box 136 
Cambridge, Mass. 02138 

142 BYTE lune 1 ')79 

Personal 
Software TM 

After July 1: 592 Weddell Dr. 
Sunnyvale, Calif. 94086 

Ci rcle 302 on inquiry card. 



Look for Personal Software TM products at the dealer nearest you! 
ALABAMA SMALL SYSTEM SOFTWARE ILLINI MIC ROCOMPUTERS COMPUIER MART OF NJ AB COMPUIERS THE COMPUTER SHOP 
BYT E SHOP Tllousand Oaks. CA 91 36() Napervil le, ll 60540 lselon, NJ 08830 Cal1ar1. Al berta T2T 4T9 
HunlSvolle, Al 35805 COMPUTER COMPONENTS COMPUIERLAND Of NILES MSM ELECTRONICS PeokaS1e, PA 18944 ORIHON COMPUIERS 
COMPUIERLAND Van Nuys, CA 914 11 Niles. IL 60648 Medlord. NJ 08055 MICROIRONIX Edmonlon. Alberia !SN 3Nl 
Hunlsy,lle. Al 3S805 COMPUIERLA ND COMPUIERLAND COMPUlERlANO Philadelphoa, PA l9I06 I JB MICROSYSTEMS 
CPU. INC W•lnul Creek. CA 94S98 Oal Lawn. ll 60453 Mo1oilown. NJ 07960 SOUTH CAROLINA Edmonton, Alberta ISM OH9 
Mont1omery, Al 36104 BllE SHOP COMPUIE RLAtlD OF P(QRIA COMPUIERLAND DATA MARI CONTI nEClRONICS 
IHI LOGIC SIOR( Weslm1nsleo. CA 92683 Peona. IL 616 14 Pmmu<. NJ 07652 G"en.olle. SC 29607 Vancou"'. B.C V5W 7Z4 
01><l1ka. AL 36801 COMPUTER COMPONENTS Of WALLACE ELEC TRONICS COMPUTER NOOK TENNESSEE COMPUTER CITY 
ALASKA ORANGE COUNTY P<0r10. ll 61614 Pine Boool. NJ 07058 MICROCOMPU IER STORE Winnepeg. Manoloba RlP OHi 
ALPHA EL ECTRONICS WESlminsleo. CA 92683 OAfA DOMAIN COMPUTER CO RNER Knoxvtlle. IN 37919 COMPUTERLAND 
Anchm1e. AK 995()3 COLORADO Schaumbuii. IL 60195 Pompton l •les. NJ 07442 COMPUTER LABS OF MEMPHIS Winne'°", M•ni loba R3G OM8 
ARIZONA BYTE SHOP INOIANA CO MPUTER ENCOU NT ER Memph;s, IN 3811 7 INTERACTIVE COMPUTER SYSTEMS 
MI LLET'S IV & RADIO Bouldeo, CO 80301 DATA OOMAIN OF FOR! WAYNE P"ncelon. NJ 08540 DOC'S COMPUTER SHOP fredenc klon. New 01Unsw>eh , 
Mm. AZ 85204 COMPUIERLA NO For1 W•yne IN 46805 IYPIRONIC COMPUTER STORE N" lwille. IN 37211 MINICOMP SYSTE MS 
PERSONAL COMPUIER PLACE Colol3do Sp11ngs. CO 809 17 HOME COM.PUIER CENTER Romsev. NJ 07446 ~~~~~TERLAND OF AUSTIN H•l1I,. , No" Scoho 83K 2G I 
Mm. AZ 85202 AWP!EC fnd•anaPolos IN 46210 NEW YORK KOBET EK SYSTEMS 
COMPUTERLAND OF PHOENIX Dwer. CO 80216 PUBLIC COMPUTING , COMPUTE RLANO Austin, TX 78757 WollY1lle, Nova Scol" BOP !XO 
Phoenox. AZ 85016 COMPUIERLAND Lat.yette, IN 47904 Bult.lo, NY 14 15-0 COMPUTERS 'N THINGS COMPUIERLANO 
COMPUTER SHOWROOM Denver, CO 80222 IOWA COMPUl[RLANO Auslm. I X 7873 1 Butlmgton, Onuno 
Tucson. AZ 85710 BYTE SHOP SYNCHRONllEO SYSTEMS Car le Pl.ce. NY 11514 MICRO COMPUTER SHOPPE LYN IRONICS 
ARKANSAS En1lewood, CO 80 110 Des Moines IA 503 10 COMPUT ER SHOP OF SYRACUSE Corpus Choislo. I X 78411 Oownsview. On1ano M2J 2W6 
COM PUIERLANO MICRO WORLD ELECTRONIX IHE COMPUTER CENIER Oe Wilt , NY 132 14 COMPUSHOP COMPUIER CIRCUllS 
Loll~ Roel . AR 722 17 La kewood. CO 80226 W• lerloo IA 50701 !HE CO MPUTER TREE Dallas. IX )5243 London. Ontano N6A 3H2 
OAIACOPE CONNECTICUT KANSA,S Endwell. NY 13760 COMPUI ERLANO COMPUMARl 
Lollie Rock. AR 72204 COMPUIERLAND Of fAIRFIHO THE COMPUTER ROOM LONG ISLANO COMPUTER ~:ll;~ ·Eg:tJi1~ SALES Oltaw•. On1a110 K2A IJ2 
CALIFORNIA farrheld. Cl 064 30 Oveo l•nd p.,1 KS 66211 G[NE RM STOR E COMPU TER INNOVATIONS 
IAYKERN ELECTRONICS JRY COMPUTER STORE PERSONAL COMPUTER CE NT ER Lynbrook. NY 11563 Dallas, I X JS

147 
Ollawa. Onla110 KIB 4A8 

Balml1eld, CA 9330S Hamden, Cl 06518 Oveoland Par\ KS 66206 COMPUT ER MICROSYSIE MS COMPUTER TERMINM RICHVALl l ELECOMM UNICAllONS 
BYTE SHOP THE COMPU TER STORE COMPUTE R siSI EMS OES IGH M'"hmel. NY 11010 ~~~~jC~07~~~iEMS R>ehmond Hdl, Onlano 
Buibank. CA 91506 Hartlord. Cl 06103 W"hila KS 67214 COMPUTER SHOPPE !HE COMPUT ER CENIRE 
BYlE SHOP OF SACRAMENTO TH[ COMPUTER STORE LOUIS.IANA Middle lsl•nd. NY 11953 Fool WMh. IX 76116 S.rn1a, Onlauo Nl T IB4 
Cil" s He1ghls. CA 95610 Windsor lock>. Cl 06096 COMPUTE R SHOPP[ lHE COMPU IER FACTORY f,~~:r~~.[rg%~3 COMPUTER MAR I 
COAST COMPUTER CENTER WASHINGTON O.C. Mel'"' LA 70002 New York. HY 100 17 COMPUlERlAND Of HOUSTON BAY lo,.nto. On"1oo M4G JBS 
COS1i Mesa. CA 92627 COMPU TER CABLEVISION MARYLAND COMPUTER MART or NEW YORK Houston. TX 77058 IHE COMPUTER PLACE 
CAPITOL COMPUTER SYSTEMS Wnhinglon, 0.C 20007 COMPUl ER LANO New York. NY 10016 NEIGHBORHOOO COMPUTER loronlo, Onr.uo MSV IZI 
Oms. CA 95616 FLORIDA RoclYtlle MO 2()855 OATH SYSTEMS l ubbocl. TX 79401 COMPUTER SPECIALIST 
COMPUTERLAND SAN DIEGO EAST COMPUIERLANO COMPUIER WORKSHOP N<w York. NY 10036 COMPUTER PATCH OF SANTA FE ToronlO. Onr.110 MJK \El 
El C.ion. CA 92020 0-0ca R•lon, Fl 33432 Rocholle MO 20852 AU!OMWC SYSTEMS Odessa. IX 79762 HOME COMPU[ER CEN TRE 
COMPUTER~NO Of EL CE RRITO !HE COMPUTER STORE COMPUTERS ETC Poughle< ps1e. NY 12603 COMPUSHOP l oronlo, Onla110 M2M 3W2 
El Cmrto. CA 94530 Boadenlon, f l 33505 lowson MO 21204 COMPUTER HOUSE Rich.,dson. IX 75080 HOUSE Of COMPUTERS 
BUSINESS ENHANCEMENT 1Hl COMPUTER STORE COMPU.IERS UNllMl! EO Rochesteo. NY 14609 THE COMPUTER SHOP Toronto. Onl•uo 
COMPUSERVICE Cleuwaleo, fl 33516 lowson MD 2 1 20~ TH E COMPU TER STORE San Antonio. TX 7821 6 MARKEIRON 
Escondodo. CA 91027 UCATAN MASSACHUSETTS Oochesl". NY 14618 COMPUTER SOLU TIONS Toronlo. Onla110 
CHANNEL OAIA SYST EMS Oestm. f l 12541 IHE COMPUTER STORE HOME COMPUTER CEN TER San Antonio, I X 78229 MICRO.\'IARC 
Golel>. CA 93017 BYI E SHOP 8u1lmgton MA 01803 Rochesler, NY 14607 WICHI TA COMPUTER SYSTEMS l oronlO. Onr.110 M4 [ 2L7 
RAINBOW COMPUTING forl Lauderdale. Fl 33334 IHE COMPU TER STO RE IHE COMPUIER CORNER WocMa f•lls. IX 76301 COMPUCENI RE 
Gtanada H 1I~ CA 91344 COMPUI ERLAND C b<od e MA 02139 Whole Plams. NY 10601 UT Montreal. Quebec HIJ 114 

~~~~h~:~~~c;o~~~OUC TS ~~~~~~~~:~~·R'~o3J308 ~~~r l~~~:·n MA 02129 ~;:,~~~~. 1f,o~~u\1g2f10RE AOPAS~S T E MS ~~~~~.r~~'""" H30 3C9 
em SHOP Of HAYWARD fort Lauderdale. fl 333 12 MAO HAllER SOl !\'IARE NORTH CAROLINA ~d'~;u~~R8~~~~EPIS GROUP CUSIOM COMPU TING SERVICES 
Hayward. CA 94541 DATA MOVERS Or"ul. MA 01826 BY![ SHOP Saskatoon. Saskatchewan S7K 185 
COMPUIERLANO Of HAYWARO Fon Meyers. f l 13901 NEW ENGLAND ElECIRONICS Ch.,lolle. NC 28212 Sall Lale C~y . UT 

84109 
DIGITAL SE RVI CE 

Hayw>rd. CA 94541 FOCUS SCIENllFIC ENT ERPRISES Need ham MA 02 194 COMPUIE RLANO ~~I~ r:;~I g~o~ T 84 II 7 Saskaloon. S'5kalchewan S7J l A9 
COMPU!ERLA ND Of WE S! LA Miami. fl 33132 NEW ENGLAND EIECIRONICS Ch arlolte, NC 18205 VERMONT PUERTO RICO 
lngl,..ood, CA 90302 GR ICE ELECTRONICS Spnniloeld MA O i 103 fUTUREWORlD COMPUT ERMARI MICROCOMPUTER STORE 
COMPU TER COMPONENTS Pensacola, Fl 32589 . Oou ham, NC 27707 Em• Junclton, VI OS4S2 Roo Piedras. PR 00911 
Of SOUTH BAV COM PUT ER AG[ MICHIGAN BYTE SHOP ENGLAND 
law•d•le, CA 9026() Pompano Buch, fl 33062 NEWMAN COMPUTER EXCHANGf. Greensboro, HC 17401 VIRGINIA BY! [ SHOP 
COMPUI ERLANO Of SOUTH BAY PAPERBACK BOOKSMll H An n Ar boi. Ml 48104 MICROCO MPUT ER SERVICES COMPUT ER HAROWARE STORE lllood, Essex 
Lawndale, CA 9026() S.rmla. fl 33581 NEW DIMENSIONS IN COMPU TI NG Hockor v. NC 28601 Aleundna. VA 223 14 INFOGUIDE 
A·VIOD ELECTRONICS AM[ ELECTRONICS East Lan>i n1. Ml 48823 BYlE SHOP OF RALEIGH COMPUTERS Pl US London 
Loni. Beach. CA 90815 Tampa, fl 33612 COMPUTER HOUSE OIV Roletih. NC 27605 Aleundna. VA 22304 CYTEK 
COMPUTERLAND MICRO COMPUTER SYSTEMS Joc>son. Ml 49207 OHIO COW. INC MancheSler M4 3E4 
l os Allos. CA 94022 Ja,.pa, FL 33609 COMPU!ERLANO Of BASIC COMPUTER SHOP Blacksbuog, VA 24060 PE!SOfl 
BYlE SHOP COMPUTER CEN TER OF GRANO RAPIDS Alt0n OH 443 14 HOME COMPUTER CENTER Newbuiy, Beohlwe RG1 l IP1l 
Mounla;n Vlfw. CA 94040 PALM BEACHES Kenlwood. Ml 49508 CINCINNA l l COMPUTER STORE NewPQol News, VA 23606 KEE N COMPUTERS 
HOBBY WORLD ELECTRONICS We~ Palm Beach, FL 33409 COMPUIRONIX Cmc1nnah OH 45746 COMPUTER TECHN IQUES No1tm1h•m NG) lfN 
Norl!oodge. CA 91324 GEORGIA Mtdland. Ml 48&40 21Sl CEN,! URY SHOP Richmond. VA 23235 I & V JOHNSON 
COMPUIERS·MADE-EASY ADVANCE COMPUTER l ECHNOLOG IES COMPU TER MARI OF ROYAi. OAK CinC1nnah OH 45202 IHE COMPUTER PLACE MICROCOMPUIERS 
Palmdale, CA 93550 Allanta . GA 30328 Roya l Oak. Ml 48073 DI GIT AL o'ESIGN Roanoke. VA 24015 C.mb<'rly. Su1rev 
BYTE SHOP Of rt.ACENllA COMPUSHOP TRI CITY CO MPUT ER MA RI Cincinn.io, OH 45202 CdMPUlER WORKSHOP P[!AlECT 
Plm nl,., CA 92670 Allanla. GA 30342 S•g1naw, Ml 48603 CIBER SHOP Sp,,n1held, VA 22151 Wokm1. Su rrey 
COMPUJER CENTER OAIAMARl COMPUTERLAND Columbus. OH 43227 COMPUTE RLANO J&l ELECTRONICS 
R1,.,51 de, CA 92503 Allonla. GA 10305 S.ul h l iel ~ . Ml 40o34 MICRO MINI COMPUTER WORLD Voenna, VA 22180 B"holl·on·Sea. East Sum > 
CAPllOl COMPUTER SYSTEMS THE LOGIC STORE LEVEL FOUR PROOUC l lONS Columbus. OU 43213 HOME COMPUTER CENTER OPTRONICS 
Sam menlo, CA 95821 Columbus. GA 31906 W" ll• nd. Ml 48185 COMPUT ER SOLUTIONS Vugima Beach. VA 23452 lwtekenham IWI 4RV 
COMPU!ERLAND COMPUTERLAND or AllANIA MINNESOTA Oavlon, OH 45409 WASHINGTON DENMARK 
S.n 8ernad1no, CA 92404 Sm1ma. GA 30080 COMPUl ER lANO OAYlON COMPUIER MARI OMEGA NORIHWESI MICRO SYS 
COMPUIERLAND OF SAN OIEGO HAWAII Bloomin1lon. MN 5543! D"lon, Ofl 45409 Bellevue. WA 98004 Copenh•gen V!BYJ 
San 01fi O. CA 921 11 COMPUTERLAND MINN MICRO SYS TEM S ASIRO VIDEO ELEC TRONI CS COMPUIERLANO Of SOUTH FRANCE 
COMPUTER MERCHANT Honolulu. HI 968 13 Minneapol,,, MN 55454 Lanm1er. OH 43130 KING COUNTY SVEA 
San Diego. CA 92115 MICROCOMPUTER SYSTEMS MISSISSIPPI COMPUIERl.ANO OF CLEVELAND ~~dg~~t~bM~~Ti~O~~OPPE Paus 75008 
COMPUIERLAND OF Hooolulu. HI 9681 3 OXFORD SOFTWARE CO. Mayl1elcl HeoghlS. OH 441 21 Richland. WA 99352 GERMANY 
SAN FRANCISCO RAOIO SHACK )Oealer l Oilord, MS 18655 RADIO SHACK [Oealeol BECK COMPUIE RS 
San Franc~co. CA 941 05 L1hue. HI 96766 MISSOURI SI Cl.,m1ll•. OH 43950 lHE COMPUTER SHOPPE 8 Munchen 70 
VIDEO GAMES & COMPUTERS IOAHO fORSYIHE COMPUTERS OKLAHOMA Seallle, WA 98 ! !5 ING W HOfACKER 
S.n Francr<eo, CA 94 118 NOR1 HWES1 COMPUTER CENTER Claylon. MO 63105 HIGH TEWNOLOGY EMPIRE ELEC TRONICS 8 Munchen 75 
COMPUIERLAND OF SAN JOS[ Boost, 10 83704 COMPUTER COUNTRY Oklahom• Coty, OK 73106 ~~~N:t g~~~llE R S HOLLAND 
S.n Jose. CA 95129 ILLINOIS flonssanl. MO 6303! MIC RDll lHICS COMPUIRON 
COMPUIERLAND [Central) COMPUTERLANO Of GR EATEST GRAPHICS Oklahoma Coly, OK 73 127 SPokane. WA 99202 Oen H"g 2502 ER 
S. n Leandro, CA 94577 ARLINGTON HEIGHTS Spnnglield, MO 6580~ HIGH ![CHNOLOGY COMPUIERLANO ITALY 
BYTE SHOP Arlrnglon H01ghls IL 03904 NEBRASKA Tulsa. OK 741 29 Tacoma. WA 98499 HOMIC MICROCOMPUIERS SRI 
San louos Oliospo, CA 93401 FARNSWORTH COMPUTER CENTER OMAHA COMPUT ER SIORE OREGON WISCONSIN 20123 Molano 
MARIN COMPUTER CENTER Aurooa, IL 60505 Omaha. NE 68127 IHE COMPUTER STORE BY IE SHOP Of MILWAUKEE SCOTLAND 
S>n ~.1 .. 1. CA 94903 llAPPEL 'S COMPUTER SIORE NEVADA Co rvallis OR 97330 Goeenlield. WI 53227 MICRO CENTRE 
AOVA CED COMPUTER PROOUCIS Bel~vo ll e, IL 62220 HOM[ COMPUTERS CAMERA. ANO COMPUTER COMPU TERLANO Edinbu11h EH3 SAA 
San1a Ana. CA 92705 OOW·COM las Vego~ NV 89 109 EMPORIUM Madoson. WI 5371 1 SINGAPORE 
BYJE SHOP C"bond•le. IL 62901 NEW HAMPSHIRE Por tland. OR 97205 MAOISON COMPUTER STORE !HE COMPUTER CE NTRE PIE I TD 
S.n1• Cl"" CA 95051 BYIE SHOP IRS.SO SOFTWARE EXCHANGE COM PUIER LAND Of PORTLAND Madoson. WI 53711 S1ng•Porn 7 
COMPUTER FORUM Champargn. ll 61 820 Mollord. NH 03055 !ig"I. OR 97223 COMPUIERLA ND SWEDEN 
Sanl• Fe Springs. CA 90670 THE HEKIRIK KEYBOA RD COMPUI ERLA ND OF NAS HUA PENNSYLVANIA Milwaukee. WI 53222 MICROFUIURE 
lHE COMPUl!R STORE Chicago. IL 60614 Noshua. NH 03060 BYlE SHOP FOX VALLEY Slockholm 10322 
S•nla Momca, CA 904 01 EMMANUEL B GARCIA JR. BITS. INC. Bryn Ma•·r PA 19010 COMPUIER STORE SEMIDAKO 
SANTA ROSA COMPUTER CENIER ANO ASSOCIATES Pelerborough, NH 03458 PERSONAL °COMPUTER CENlER Neonha. WI 54 956 Uppsala 75353 
S.nl• Ro,., CA 95404 Chicago, ll 60613 NEW JERSEY F""'· PA 19355 WYOMING SWITZERLAND 
BYlE SHOP PERSONAL COMPUTER COMPUTER LAB OF NJ COMPUIER AID COMPUTER CONCEPTS INTERF ACE lECHNIC 
Suosun, CA 94 585 Ch1cago, ll 61820 Budd l ake, NJ 07828 Lalrobe, PA 1~50 Cheyenne. WY 8200I Basel 
COMPUTERS PLUS CO~PU!ERLANO CO MPUTER EMPORIU M lliE COMPUTE R WORKSHOP AUSTRALIA INGENIEU BUREAU 
Sunnyvo le, CA 9408 7 Oowner< Grove, l l 60515 Cheny Holl, NJ 08002 Muu ysvr lle. PA 15668 ~~~~~~r~~~NCEPIS PIY. LID Basel 1 

BYlE SHOP Of I ARlANA CO~PUTER SIAllON p S VIS/CAL C H did Sydnev. N.S.W OIAl OG COMPUTER 
~~·p·~,~~:~~sgF g~;~1f1C~l~s:~:i~!:'ACHINES • .: - ow you CANADA Lucerne 
THOUSAND OAKS la S..lle, ll 61 301 ever do without It? COMPUSHOP ~-~~;;:n 
lhoosand Oa ks. CA 91360 C• IRari. Alber la 12N 2A4 

Circle 302 on inqui ry card. OY 11 lunt• J'l7'.i 143 



1 INPUT "WIND, MPH : ",W 
2 PRINT "WH EEL ANGLE, DEGRE ES", 
3 PRINT TAB(25) ,"CAR DEVIATION, FEET" 
4 FOR J=1 TO 10 
5 PRINT %7F1," ",A•10, 
6 PRINT %7F1,TAB(25),I 
7 D=.05*W+A 
8 l=l+D 
9 Al =- 2*(1+.8 • D) 

10 A =A+.200• (A1 - A) 
11 NEXT 
12 GOTO 1 
13 END 

RUN 
WIND, MPH : 20 
WHEEL ANGLE. DEGREES 

.0 
- 7.2 

- 11.8 
- 13.3 
- 12 .7 
- 11.3 
- 10 .1 

- 9 .5 
- 9 .4 
- 9.6 

WIND , MPH : -30 
WHEE L ANGLE, DEGREES 

- 9.8 
8.0 

19.3 
23.1 
21.6 
18.3 
15.4 
13.8 
13.6 
14.0 

WIND. MPH : 40 
WHEEL ANGLE, DEGREES 

14 .6 
- 10.1 
- 26 .0 
- 31.2 
- 29.2 
- 24.6 
--20.5 
- 18.4 
- 18.0 
- 18.6 

WIND, MPH : - 50 
WHEEL ANGLE, DEGREES 

- 19.5 
12.3 
32 .6 
39 .3 
36.8 
30.9 
25.7 
22.9 
22.4 
23 .2 

CAR DEVIATION, FEET 
.0 

1.0 
1.3 
1.1 

.8 

.5 

.4 

.4 

.4 

.5 

CAR DEVIATION, FEET 
.5 

- 2.0 
-2.7 
-2.2 
-1.4 
-.8 
- .4 
- .4 
-.5 
- .7 

CAR DEVIATION, FEET 
- .8 
2.7 
3.7 
3.1 
2.0 
1.0 
.6 
.5 
.7 
.9 

CAR DEVIATION, FEET 
1.0 

- 3.4 
- 4 .7 
- 3.9 
-2.5 
-1.3 

- .7 
-.6 
- .9 

- 1 .1 

Listing 7: A rough simulation of Chip driving the car in a straight line. Each 
iteration is assumed to correspond to a fixed time interval. Therefore, the 
distance the car drifts away from straight line travel is the sum of the wind 
and steering wheel angle. The simulation shows Chip trying to arrive at the 
wheel a11gle which will counteract the force of the blowing wind. If you 
repetitively use the same wind 11a/ue, you will see that a steady wheel angle 
is arrived ot. f I found it interesting that this simulation seems to settle down 
within 60 time units to a consistent value. Even changing wind values from 
+7000 to - 7000 units was compensated for within 60 time units .... RGAC/ 
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an integrator, and so puts a lag into the con
tro l process. Th is alone would not cause a 
problem, but Chip also contains a transport 
lag; he cannot actual ly produce an output 
at' the same instant that th e input occurs, 
nor can our program since it is evaluating 
equations one at a time. The integration lag 
we take care of by add ing to the position I 
(wh ich Chip senses) th e variab le D, which is 
approximately the first der ivative of the in
pu t quantity . He senses the inpu t quantity 
with some emphasi s on its rate of change, 
which is actuall y a realistic model of human 
perception. This part o f the stabil izing of 
the contro l action is done in step 9: 

9 Al=K3*(1+0.8*D) 

We have computed a variable A 1, the 
angle wh ich the wh eel would assume if Chip 
reac ted instantly . Bu t to handl e the trans
port lag, we must slow his reponse, letting 
only a fraction K5 (between 0 and 1) of it 
occu r during any one iteration. Tha t is what 
step 1 0 does: 

10 A= A+ KS * (A 1 - A) 

Th is slowing technique will be used in 
the larger simulator next time. To see how it 
works, set A 1 to 10.00, KS to 0.25, and A 
to 0, and then simply keep do ing step 10 
with penci l and paper . A wil l gradually 
approach th e val ue of A 1 from any starting 
point. 

The program in listing 1 asks for a wind 
velocity , and then proceeds to do ten itera
tions of the contro l loop, prin ting wheel 
angle A and car position deviation I each 
time. A positive number means the wind 
is bl owi ng, the wheel is cocked, or the car 
has moved to the right. If you want to fol
low the program for more than ten itera
tions, gi ve it the same wind again. It always 
starts where it left off. 

In part 2 , we will begin exploring a model 
of the kind described in figure 4 and start 
the somewhat mind boggling task of retrain
ing the intuition to think in closed loop 
terms instead of straight through cause and 
effect. There is a big difference. We'l I see 
that, in general, control systems control 
what they sense, not what they do. We'll 
d iscover someth ing called a reference signal, 
which fu nc tions in a control system exactly 
the way an inner purpose has al ways been 
su pposed to function . In part 2, we '1 1 see 
how perception figu res into control. And 
we' ll start worki ng with a more ex tended 
BASIC si mulator than the tiny one in listing 
1. Parts of this simulator will be suitable for 
building into the computer part of a robot, 
shou ld anyone want to ca rry matters tha t 
far.• 
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The 1802 Op Codes 
The RCA/Hughes 1802 is an 8 bi t mi cro

processor with a small bu t growing fo llowing. 
Its case of interface and low CMOS power 
requ irements make it attracti ve fo r many 
small application s. The accompanying chart 
of op codes for the 1802 illu strates al l 
of the 255 vari at ions. I have used th e 
RCA mn emoni cs. 

Th e 1802 is organ ized aro und six teen 
16 bit registers. Th ese can be used as pro -

gram co unters, index 1-cgiste rs, subroutin e 
po in te rs, and ge ner-al data storage regi sters . 
The interrupt and direc t memory access 
fea tu res of the 1802 also make use of 
specifi c registe rs for th eir oper-at ion. There 
is an 8 bi t accumul ator (D) , and three 
1 bit fl ags : DF for the carry flag , IE for the 
interrup t enab le fl ag, and Q for th e di rect 
output fl ag. There are also four 4 bit regis
ters: two to ho ld the curr·ent op code, one 

D - Branch and sk ip D a,1 
Input /au tpu t operati ons 

Im m ediate ope rand instructions 

l ow N vbbl• 

A c D 

0 ID L LON 1 LON 2 LO N J LON 4 LON 5 LON 6 LON 1 LON B LON 9 LON A LON 8 LDNC LON D LONE LON F 

I I I 1 1 1 1 I 1 1 1 1 I 1 I I 

INC O INC 1 IN C 1 INC J IN C 4 INC 5 INC6 INC 7 INC 8 INC 9 INC A INC B INCC INC 0 4NC E INC F 

I 1 1 1 I I 1 1 1 1 1 I 1 1 I 1 

DECO DEC 1 D EC 2 DEC J DEC 4 D EC 5 DEC 6 DEC 7 DEC B DEC 9 oEc A DEC B DEC C DEC 0 DEC E oEc F 

1 1 1 1 I I I I I I 1 1 1 1 I 1 

BR BO BZ BOF,BPZ Bl 8 2 BJ 84 NBR.SKP BN O BNZ BN F.BM BN I BN2 BNJ BN4 
BFE BL 

2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 

LOA 0 LOA 1 L OA 1 LOA J LOA 4 LOA5 LOA6 LOA 7 LDA8 LOA 9 LOA A LOA 8 LOA C LOAD LOA E LOAF 

1 I I I 1 I I I I 1 I 1 1 1 1 1 

STR O STA I STA 2 STA J ST A 4 ST A 5 STA 6 STA 7 ST A B S TR 9 STA A STAB STA C STR 0 STR E STA F 

1 1 1 1 1 1 1 1 1 1 I 1 1 I I 1 

IR X lOU'I' t ouu ou:n ,Ou:t4 .(llh' 15, OVT& OUT1 IN I nu \t"3 IN~ INS l~B ii! 1 

1 ;~~· .~ ;:,c,i\~· ,.,· ,1 " 1 l 1 1 1 , I 1 I 1 I 
,.,,,,, 

I 7 RET DIS LX OA ST XO AOC SOB SHRC SMB S AV MARK REO SEO ~oC~~ 
~~ 

~~~~!~~ SH LC SMBI ~ 

N 
v 
b 
b 
I 
• 9 

A 

B 

c 

0 

1 

G LOO 

1 

GH I 0 

1 

PLOO 

' 
PHI 0 

1 

LBR 

J 

SEP 0 

1 

sex o 

I 

LOX 

1 

1 

GLD 1 

1 

GH I 1 

1 

PLO 1 

1 

PHI 1 

I 

LOO 

3 

SEP I 

1 

sex 1 

1 

OR 

I 

I I 

G L02 GLOJ 

1 I 

G Hl 2 G HI 3 

1 1 

P LO 2 PLO J 

' 1 

PHI 2 PHI J 

I 1 

LBZ LBOF 

3 3 

SEP 2 S EP J 

1 I 

S EX 2 SEX 3 

' I 

AN O XO R 

' 1 

RSHC 
1 1 I 1 I 

GLD • GLD 5 G L06 G LD 1 GLD B 

I I I 1 1 

G H I 4 G H I 5 GH I 6 GHI 7 GHIB 

I 1 I I 1 

PLO 4 P LO 5 PL06 P LO 7 P LO 8 

1 I 1 I 1 

PHI 4 PH I 5 PHI 6 PH I 7 PHI 8 

I 1 I I I 

NOP LSNO LSN Z LSNF NLBA 
LSKP 

I 1 I I 1 

S EP 4 SEP S S EP 6 SEP 7 SEP 8 

I I I I I 

SE X 4 SE X 5 SEX 6 SE X 7 SEX B 

1 I 1 I I 

ADO SD SHA SM ~~~~~ 

a~ 1 1 1 I 

B RSH L 

~ I I I w,~ I 

GL O 9 GLO A GLD B GLOC G LO 0 G LD E GL D F 

I I 1 1 I 1 I 

G HI 9 GHIA GHIB CH I C GHI D GHIE GH I F 

1 I I 1 I 1 1 

PLO 9 PLO A PLO B PLOC PL O D PL O E PLO F 

1 1 1 I 1 1 1 

PHI 9 PH I A PH I S PHI C PHIO PH I E PHI F 

I 1 1 1 I 1 I 

LBNO LBNZ LBNF LSIE LSO LSZ LSOF 

3 J l I 1 I I 

S EP 9 SEP A SEP B SEP C SEP D S EP E SEP F 

1 1 I I I I 1 

SEX 9 sex A SEX B SE X C SEX D SE X E SEX F 

I I I I I 1 ' 
~>,;';:~ :,.'-'~~ ' ~RI"~ A'o~~ "s~~ SHL S~f~~ 

~~ ~t~ 
', '~ d ~~ ~~ ~ ?-~ ';s: t~ 1 

~' ' ~ ~ . ~:::s.., 

Table 7: RCA/Hughes 7 802 instruction set. The op codes and the number of by tes used by each are shown. 
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to designate which of the R registers is the 
program counter, and one to designate 
which of the R registers is th e index pointer . 
Lastly, there are four EF external pins that 
are sensed as conditional branch flags . 

11 commands make up the bulk of the 
1802 op codes. Each is 1 byte in length , 
with the first nybb le design ating the opera
tion, and the last nybble ac ting as a 4 bi t 
immedi ate operand. They account for 175 
of the op codes (L DN does not operate on 
register O) and allow data transfer to and 
from th e R indexed memory, incrementi ng 
and decrementing the R registers, and 
setting the P and X registers. There are 
four major ope rations (hexadeci mal 80 
through BF) that move bytes of data between 
the accumul ator and the two halves of th e 
16 bit registers. 

Th e arithmet ic and logical operations 
use the accumulator with either the immedi
ate data or the indexed memory contents 
as the other operand. 

There are three types of branches_ The 
short branch uses the immediately fol lowing 
byte as the next address in the local 256 
block of memory space . This is not a relat ive 
jump; the immediate data just replaces the 
low byte of th e program counter. Th e long 
branch uses the two fo llowing bytes, high 
byte first, to construct the branching address . 
The sk ip instructions skip over fol lowing 
instrn ctions if th e tested condition is true. 
Th e short skip ski ps only one byte, but all 
th e others skip over two bytes of code. 
Notice that the short branch instructions 
inc lude the external flags as possible testable 
conditions, allowing qu ick d irect ser ial in pu t. 

Ther·e is also a set of 1/0 (i npu t/output) 
instructions to transfer a byte to or from 
one of seven possible 1/0 ports. The exte rn al 
Q pin can be set or reset to give quick direct 
serial output. 

The SAV, MARK, RET, and DI S instruc
tio ns ca n be used to impl ement recove rable 
interrup t and nested subroutines by using 
a stack in memory . 

The last instructions are NOP and ID L. 
The IDL instruction places the machine on 
hold until an interru pt or direct memory 
access request occurs. 

The 1802 is a we ll-designed computer 
package, and CMOS is the technique in 
batte ry powered app lications .• 

ILY OF DISK 
FOR THE TR 

SINGLE HEAD DRIVES 
TF-1 X Choose Pertee FD-200 or MPI 
TF-3 Shugart SA 400 

DUAL HEAD DRIVE 

$379 
$389 

TDH-2 Dual Headed mini floppy, includes cable $699 
CABLES 

TFC-2 two drive cable $25, TFC-4 four drive cable $35 

TRS·BO PERIPHERALS & SUPPLIES 

PRINTERS 
LP779TR Centronics Model 779 with tractors 
LP1 Centronics Model P1 
Integral Data w / tract. 
Cables (Centronics) 

$1179 
$399 
$949 

$39 
MEMORY 

1 6KM 16K RAM Kit 
NEW PRODUCTS 

AC-1 A.C. Line Interference Eliminator 
NKP Numeric 16-Key Pad Kit 

$74 

$18.95 

TRS-80 Disk 
Small system RS232 

DISKETTES 
VERBATIM 5" Soft sector 

$68 
$169 

$49 

$3.59 

TRS·80 SOFTWARE 

BRAND NEW DOS+ 
With utilities 

Accounts Receivable 
Inventory Control 
Job Entry/ Status 

Spec.ial $ 95 Intro Price 
$39 
$39 
$75 

SEND FOR FREE PRODUCT CATALOG 

BUY IT ALL. .. HARDWARE/SOFTWARE ... FROM 
ONE SOURCE · TWO LOCATIONS TO SERVE YOU 

APPARAT, INC. 
6000 E Evan·. Av, ld<J 2 
Denver . CO. 80222 

303·758·7275 

MICROCOMPUTER 
TECHNOLOGY INC. 
2080 S. Grand Ave. 
Sa n1a Ana. CA 9270 5 

714·979·9923 
ORDERING INFORMATION: Cash, chec~ Mor~v Or<l!'r ot Crechl Ca<liMC o< VISA! Coa·s 
requu~ 2CPo depo541. Orders wdl be pioces.sed .ind shipped w11hm 3 lo 1 0 days ol rececpC ~ orde1 CuS.lcmetS 
W1 11 be no11ticd ot oov <Jel,1y OVCf 30 t.lavs 
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The History of ComQuting 
The IBM 7070- ---

An IBM 7070 operator's conso le. 

llll ' 

-
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A typical IBM 7070 

DEPARTMENT 
18A 

. ,......,. 

I 
I 

/' 
IBM 7070s undergoing 

final checkout before hipment. 

configu ration. The engineering console 
(for repair diagnostic information) is in the table in the foreground. 



The second computer generation is 
sa id to have begun with the advent of 
th transistor . An equally important ad 
vance was the rea lization that most pro
grammers would soon be programming 
not in symbolic machine language but in 
machine independent high level lan
guages. This led hardware designers to 
bui ld instruct ions tha t simp lified com
pi l ing of p rograms, such as editing, tab le 
lookup and string scann ing instructions . 
Some of these instructions are found in 
the IBM 7070, announced in 1959. 

The 7070, like the 650, was built 
around a 10 digit signed decimal word. 
Signs and digits were stored in a two-out
of-five code; five bits were used to repre
sen t a digit, of which exac tly two were 
" on". The five bits were ass igned values 
of 0,1,2,3 and 6, so a little fudging had to 
be followed in order to represent 0. 
Since 3 can be represented two ways, 0-3 
or 1-2, the fo rmer was used as the va lue 
for 3 and the latter for 0. Alphabetic 
characte rs were represented by digit 
pairs; hence. only five letters could be 
stored in a word . To distinguish between 
alphabetic and numeric represent a ti on. 
three signs were allowed : +, - , and@, 
represented by the codes for 9, 6, and 3, 
respective ly. 

Two memory sizes, 5,000 and 9,990 
words, were avai lable. The larger size 
could have been 10,000 words, but ad
d r s es 9991-9999 referred to addres
sab le reg iste rs . including th ree ac
cumu lators . The small memory size was 
seen as a drawback. but a remarkably 
powerful instruction set tended to offset 
this problem . The 7070 might have been 
the start of a new decimal based family 
of computers if I BM had added a 
memory paging featu re to a llow for ex
pansion . 

The inst ru ction fo rmat used the sign 
and first two digits as an operation code. 
two digits for an indexing addr ss, two 
digits for field definition or instruction 
augmentation, and four digits for an acl
dr ss . Hence. 200 different instruction 
types and 99 index words were possible. 
In fa ct, 190 instructions were imple
mented, and memory locations 0001 
through 0099 could be used as index 
" reg isters ." Field definition all owed 
arithmetic to be performed on parts of 
words. If field definition 58 was speci
fied in an ADD instruction, the contents 
of digit positions 5 thru 8 of the address
ed value would be added to the speci
fied accumulator . 

1/0 (input/output) units did not look 
much different from first generation 
equipment, but in fact embodied seve ral 

significant improvements . Magnetic Keith s Reid-Green 

tape units could read and write in low Member of Technical Staff 
(200 bits per inch) or high density (556 RCA. David Sarnoff Research Center 
bits per inch). Data channels allowed Princeton NJ 08540 

overlap of data transfer and processing, 
and a priority 1/0 scheme allowed for 
simultaneous peripheral operation on 
line-spool ing, as it is sti ll called . The 
idea behind spoo l ing is that punched 
cards may be read and lines printed dur-
ing times when the machine is simul-
taneously doing something else. The 
main program gets and puts records on a 
faster medium, such as a disk, and is 
therefore not forced to wait for the 
relatively slow card reader or printer. 

File handling capability on the 7070 
was very sophisticated due to a feature 
ca ll ed block transmission. A record 
could be read into several noncon
tiguous blocks of memory under control 
of RDWs (record definition words) . The 
programmer specif ied in a tape read in
struction the unit number of the tape to 
be read and the address of the first of a 
sequence of one or more record defini
tion words . Each definition contained 
the starting and ending address of a 
block (set of consecutive words) into 
which data was to be read . Each record 
definition word in the seq uence had a 
positive sign except the last one, which 
was negative. I f the physical record end
ed before all definitions were exhausted, 
the remaining were ignored. If the last 
record def inition word was exhausted 
before the end of the record was reach
ed, the remaining data were not transfer
red in to memory. When a record was 
written, record definition words were 
simi larly used to gather data from 
various parts of memory without actual 
ly transferring them into one contiguous 
memory block . 

Variable length records could also be 
handled easily through use of a tape 
read per record mark control instruction. 
A record mark was a special character 
having the keypunch code 0-2-8, which 
was written as a not equa l sign ( * ). 
When the tape was read under record 
mark cont rol , the normal sequence of 
data tra nsmission to sto rage via record 
definition words was followed until a 
record mark was read . This caused the 
7070 to cease transmission of data to the 
block specified by the current definition 
and to move on to the next. 

For example, suppose a tape record 
conta ined : 

ABCDEFCHI * JKLM* NOPQR 

and a tape read per record mark control 

June 1979 © BYTE Publications Inc 149 



Up Your 
Output. 

MULTI-TASKING! 
T he TEMPOS Operating System is quickly becoming the standard in M ulf i
User, Mult i-T asking operating sys tems for 8080 and 280 microcomputers. 
Mul ti-Tasking means that, even with only one user at one terminal, more 
than one job can be running on !he sys I em simullaneously! If you have ever 
had 10 go gel a cup of coffee while you wai t for >'Our computer 10 pr int lisl · 
ings, you know the advantages of a system that wi ll handle one job while 
you are working on another. TEMPOS is a true time sharing sys tem, and 
the max imum number of jobs is limited only by your memor y. 

MULTI-USER! 
W ant to share your computer with another user? W ith TEMPOS all it tal(eS 
is another terminal . _ . up to seven interact ive terminals are allowed! And 
with Re-Entrant programs, each user does nol need a complete copy in 
memory. We include three Re-Entrant programs ( the OPUS/ THREE High· 
Level L anguage, the T EXTED T ex t Editor, and FILES. a disc file 
direc tory/ manipulator) or write your own! In addition, we include an 
assembler, a linking loader, over a half -dozen other u tilit y programs and 
over 60 system subrou tines, ca llable by the programmer1 

PROVEN! 
W ith TEMPO S, you get a package that has been tested in our facilities for 
over two years, and in the field al over 50 different ins tall i:l tions. We have 
used th is system ourselves for every thing from wri ting high-level languages 
10 developing appl ications to tex1 edi1ing to games. TEM POS is undoubted
ly the mosl flexib le soft ware tool on the market . . . and you can have it for 
much less than you think' 

COMPATIBLE! 
TEMPOS is available for many di fferen1 systems: pre·wnlten drivers may 
include yours. Or, using our inleractive System Generation Rollline, you 
can add your own. Call or wrile now for our free ca talog and the name of a 
dealer near you. The TEMPOS Operating System is available for $787.00, 
1he manual se t (price may be credited toward the pu rchase of the TEMPOS 
package) for $21.50 (prices include shipping within 1he U.S.). 

ADMINISTRA.TIVE 
DD SYSTEMS 

DDDINC. 
DD 

1642 S. Parker Road , Suite 300, Denver, Colo rado 80231 
(303) 755-9694 
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instru ction referred to the record defini
t ion wo rd s: 

+ 0010001005 
- 001 4601 480 
- 0019!J'J2999 

words 1000 thru 1005 
words 1460 th rtJ 1480 
words 1999 thru 2999. 

ABCDE wou ld be read into location 
1000, FGHI into 1001 , JKLM into 1460 
and NOPQR in to 1999. 

A major probl em arose because of the 
special nature of alphabetic data . In 
f irst generation compute rs. conventions 
had been es tabli shed rega rd ing coding 
of alphabetic characters on tap e, and 
the e conventions we re car ried on into 
the 7070. Some means of differentiating 
between alphabet ic and numeri c data 
had to be estab li hed. however, sin ce 
th e o ld -fash io ned " ove rpunch ecl " 
numeri c sign used in unit-record equip
ment and ear ly computers could not 
always be distinguished from alphabetic 
characters. This problem was resolved 
on the 7070 by assuming th at a tape was 
alphabeti c until a delta cha racter was 
read , w hereupon the delta was not 
transf erred into memory, but se rved in
stead to cha nge the mode of data 
transfer to numeric. The next delta 
flipped the mode back to alphabeti c, 
and so on. A de lta on the seve n tra ck 
BCD (b inary cod ed decima l) tape (in 
whi ch the tracks we re labeled CBA8421) 
con sisted o f the CB8421 bits. Thus the 
three wo rd s: 

+ 01 23443210 
- 5678998765 
@7461796368 

wou Id be wr itten o n tape as 01234-
43 210567899876S6 MARCH . When re
read in to a 7070, a perfect translation 
took place back into the three words 
shown above. However, when read in to 
any other computer, the delta char
acters tra nsferred in to memory, giving 
I !3M 1401 programmers considerable an
noyance. Nevert heless, it is safe to say 
that the 7070 represented a very large 
step between f irst gene ration and 
modern com puters. Most apparent 
among the second generation refi ne
ments was the recog nition that com
puters did not have to be c lassi fi ed as 
commerc ial o r sc ientific machines but 
in fact cou ld be used to solve problems 
in both of the discip li nes. On the one 
hand, the record definition wo rd con
cept made sorting ex tremely fa st. whi le 
hardware imp lemented f loati ng poi nt in
stru ction s were avail ab le for calcula
tio n. • 



llllFI !Ill 1111 l llTE•I: 
A LOT LESS THAN YOU EXPECT. 

Less Cost Less Hassle 
The DISCOMEM Controller board costs us less to 
manufacture. So your complete INFO 2000 Disk 
System costs you less - at least $400 less than com
perable disk systems. 

Less Hardware 
Only three S-100 boards are needed to create a com
plete, high-performance disk-based microcomputer 
system - the DISCOMEM Controller Board, a 32K 
memory board, and any 8080, 8085 or Z80 CPU 
board. You don 't need extra interface or EPROM 
boards since DISCOMEM contains 2 serial ports, 3 
parallel ports and provision for 7K of EPROM and lK 

The INFO 2000 Disk System eliminates the "I/0 configura
tion blues" by incorporating all necessary interface ports. A 
CP/M Loader and all I/0 drivers are contained in EPROM so 
there is no need for special software customization. Just 
plug the system into your S-100 microcomputer and begin 
immediate operation using the CP/M disk operating system. 
The INFO 2000 Disk System is supported by the most exten
sive libra ry of software available, including 3 different BAS!Cs, 
2 ANSI FORTRAN IVs, several assemblers, text editors, de
bugging tools, utilities and numerous applications packages. 

of RAM. 

Less lime 
The INFO 2000 Disk Sys
tem is incredibly fast! Using 
the PerSci Drives with voice 
coil positioning, disk seek 
times are up to 8 times fast
er than with other drives. 
A full disk-to-disk copy and 
verification takes well under 
a minute. Formatting and 
verifying a new diskette 
takes less than half a min
ute . Reloading CP/MI from 
diskette takes a fraction of a 
second. 

The system is remarkably ~--= ... 
compact, requiring only ~;:;· ~...- ~ 
1/2 to 1/3 the space taken l -
by other 2-drive disk sys- - §I 

terns. --=mml'iffiffniT1frrn · rtmrmrrtriilmfml'f:;,::; ; iiiiiii'milll 

It all adds up to more capability for 
your money. 
The complete INFO 2000 Disk System comes completely assembled and tested. It includes dual 
diskette drives, the DISCOMEM Controller, power supply, cabinet, cables and the CP/M disk 
operating system--everything you need for immediate plug-in-and-go operation with your 
microcomputer. This means less time , hassle , hardware, space, errors and less money than for 
comparable equipment. Now , isn't that a lot less than you'd expected in a dual disk system1 

INFO 2000 Disk Systems are also available fo r Digital Group and Heath H8 microcomputers. 
Dealer inquiries welcomed. 

t CP/M is a registered trademark of Digital Research . ~ Ex l1'~1 cost opt1011 . 
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Lass 
Errors 
This disk system uses full 
size 8" diskettes and stan
dard IBM 3740 recording 
format. So you're assured 
superior protection against 
errors, and full inter
changeability with other 
CP/M-based systems. 

INFD!aaa 
CORPORATION 

20620Sourn Leopwood Avenue 
C mso n. C a11rorn10 Q0746 

(213) 532-170 2 
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and Entropy 

Although this article is written with a 
sense of science fiction creat1v1ty and 
specu lation, the concepts involved are based 
on sound ideas that recently won for ll ya 
Prigogine the 1977 Nobel prize (see refer
ence 1 ). No longer can it be said that the 
laws of thermodynamics proh ibit the 
creation of artifici al inte lligence. 

Computer inte lligence has long been a 
hazy dream in many enthusiasts' eyes, but 
so often that gleam has been glazed over by 
a rationa l response from the scientific com
munity: " You can get out of any computer 
only what you put in . The computer, after 
all, has to be to ld what to do. It can't th ink." 

These va lid scientific arguments are 
based, essential ly, on the laws of thermo
dynamics, especially the second law, con
cerning entropy . The second law says in 
effect that for all {isolated) systems at or 
near equil ibr ium, any process will have a 
tendency to increase the system's entropy. 

Shannon has developed the idea that 
entropy is related to the inverse of informa
tion (see reference 2); so as entropy goes up , 
information goes down . The second law of 
thermodynamics seems to demand that this 
decrease in informat ion shall always happen 
for mechanical or electrical machines. 

The conclusion that machines wi ll never 
be capable of thinking seems irrefutable. 

But man is a biological machi ne, and yet 
he thinks. How can these two seemingly 
contradictory ideas be reconc iled with the 
second law? One of the greatest scientific 
puzzles of the last century was that the idea 
of a thinking biological mach ine cannot be 
brought into accord with the laws of equilib
rium thermodynamics! The paradox stands. 

The br ill iance of I Pr igogine lay in his 
recognition that another reg ime far from 
local thermodynamic equil ibrium may exist 
for complex interacti ng systems. Exactly 
what this new regime is al l about took many 

years of study to formulate and understand, 
but in the last two years the verification of 
this new thermodynamic concept has been 
achieved by a sma ll but convincing number 
of chemical experiments (see reference 3). 
Simpl y, the new thermodynamic reg ime is a 
regime far from equilibrium wh ere semi
steady state modes of collective interactions 
can self-organize in complex systems. In th is 
collective mode of self-organization, far 
from thermodynam ic equilibrium, th e 
entropy of the system drops dramat ica lly; 
the information content rises. The increasing 
entropy dictum of th e second law is no 
longer val id because the system is not in 
equilibri um . 

The key features of systems that can 
suppon such entropy-decreasing modes are 
that: 

1. They are not isolated systems: they 
draw energy and material from their 
surroundings: that is, they feed. 

2. They are complex systems of many 
interacting parts, and the interactions 
must be nonlinear. 

These conditions seem to be necessary 
but not sufficient. A complex system that 
has these properties need not self-organize 
into an entro py decreasing mode, but if 
these conditions are met, the low entropy 
modes are now scientifically recogni zed 
possibili ti es. 

Theoretical models of complex chemica l 
systems have indicated that the minimum 
number of subparts that wi ll form a collec
tive mode far from equilibrium is measured 
in the thousands. This result is striking ; it 
cou ld have been that it would take statisti
cally large mole numbers (1023) of parts to 
form self-organized systems, but no, it 
appears that thousands, or a few tens of 
thousands, of subsystems interacting no n
lineari ly can, for certain ranges of parame· 
ters, fl ip into self-organized modes of 
decreasing entropy. 

For the first time, thermodynamics 
(a lbeit of the nonequil ibri um variety) can 
be used to substantiate entropy decreasing 
modes, biological systems, and thinking 
machines! Using these ideas as a basis, it is 
conceivable that a col lection of subsystem 
computers I inked together non I in early 
could, for certain ranges of coupling parame
ters, se lf-organize into a collective mode of 
operation in which the entropy of the 
complex system decreases. 

The gleam in the young experi menter's 
eye need not be glazed over and extinguished 
by a thermodynamic "it's impossible" 
argument. The loophole in the law has been 
discovered. 



A few years ago such a projec t would 
have been econom icall y im poss ibl e, but now 
with the advent of cheap sma ll vo lume 
mic roprocessors it is conceivable th at, say, 
ten thousand compu ter subsystems could be 
assembled and linked together in one com
plex. Moreover , fo llowing the theore tical 
advances pioneered by I Prigogi ne, such a 
complex might be arranged to operate in a 
co ll ective mode far fro m equilibrium in 
which the entropy content drops dramat i
cal ly, the informatio n content skyrockets, 
and th e idea of art ificial intel ligence need no 
longer be squashed by thermodynamic 
dictum . It indeed may be possibl e to create a 
thinking machine. 
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Appendix : Collective Mode Systems of Low Entropy 

After I subm itted the above art icl e to 
BYTE, editor Carl He lmers asked if I could 
prov ide a tutor ial example explaining the 
ideas of a col lective mode system with low 
entropy . Perhaps the mos t str iking example 
of such a system is given by th e laser (see 
reference 4). 

Th e typical laser co nsists of an optica l 
cavity, a set of atoms - such as He-Ne
connected to the ou tside world by means of 
a power supply . Energy flows contin ual ly 
into (and out of) the system so it cannot be 
considered to be isolated. If the system gai n 
par-ameter is below a critical va lue, the gas 
atoms may be exci ted by the energy source 
and subsequently release their excess excita 
tion energy through the em1ss1on of 
photons. The photons all have random 
phase, ie: th e emission of photons by the 
various atoms in the gas is random , an d no t 
coherent. Th e system has a high entropy 
content associa ted with the disorder and the 
random em ission of photons. The system 
does reach a steady state, not a collective 
mode sta te, and not a state of eq uilibr ium , 
because it conti nu ally receives energy across 
its bou ndary. 

If the gain parameter of the system is 
slowly increased to above the crit ical value, 
a dr·a matic transition takes pl ace - far from 
equ i I ibriu m. The system lases, ie: the gas 
atoms no longer emi t the photons in a 
rand om manner, but instead they de-excite 
in a coherent co ll ective mode. The emiss ion 
of one photon from one atom stimu lates the 
emission of another photon from another 
atom, and so on. The photons are emitted 
with the same phase; disorder has been 
removed , and th e system entropy drops 
drama tically. 

HIGH E' N I ROP Y ENER GY 
I NP U T 

Figure 7: The He-Ne discharge glows in a disordered random fashion. The 
emission of photons is random, disordered and associated with the notion of 
high entropy. 

LOW E~TROP'r [N( AGY 
I NPUT 

ti1 1RROR S 

Figure 2. For the system "gain" above the critical value lasing action takes 
place in the He-Ne gas. The radiation is phase locked into a collective mode 
associated with low entropy. 
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-- . ~~:~ CP/M™ 
LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/M™ OPERATING SYSTEM: 
• Inc ludes Editor. Assembler . Debugger and Uti liti es. 
• For 8080, 280, or Intel MOS. 
• For IBM-compat ible floppy discs. 
• $1 DO-Disket te and Documentation. 
• $25-Documentation (Set of 6 manuals! only. 
MAC™ MACRO ASSEMBLER: 
• Compatible wit h new Intel macro standard. 
• Complete guide to macro application s. 
• $90-0iskett e and Manual. 
SID™ SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Built- in assembler/ disassembler. 
• $75-0isket te and Manual. 
TEX™ TEXT FORMATTER: 
• Powerful text forma t ting capabi li ties. 
• Text prepared using CP/ M Editor. 
• $75 Diskette and Manual. 

The notions of diso rder and randomness 
are concepts associated with the notion of 
entropy_ The dec rease of the lase r 's entropy 
is due to lack of di sorde r in the lasing state. 

These ideas arc descr ibed in figures 1 an d 
2. Figure 1 represent a laser being supp li ed 
with energy fro m the power source, but with 
the gain of the cavi ty below the critical 
va lue. The photon em ission is ra ndom and 
the system has high entro py. 

On the other hand in figure 2 the gai n 
facto r of th e system is above the cri tica l 
va lue and the system has flipped into a low 
entro py co ll ect ive mode emitting highly 
ordered radiation. The atoms radiate co llec· 
tive ly. 

P.O. Box 579 •Pacific Grove, Cal ifornia 93950 

(408) 649-3896 

The almos t incred ible fea ture of many 
comp lex systems in teracting nonlineady is 
that they may sel f-organize in to these low 
en tropy modes. In par ticular , bio logical 
sy stems appear to be of this type. Nu merous 
examples of col lec t ive mode sys tems appear 
in the ph ysical world , but most of them 
occur at low tempera tu re; super conductors 
an d super fl uids are exam ples. Th e se lf
orga nizat ion into collect ive modes far fro m 
equilibri um at modest to high temperatures 
is yet another idea.• 
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INTRODUCING THE .4 MEGABYTE 
DUAL DRIVE MIN/FLOPPY FOR BK PETS! 

CUSTOMER ORDERS 
ARE NOW BEING 
SH\PPED WITHIN 
TEN DAYS!!! 

NOW WITH 
400K (.4 MEGABYTES) 

OF DISK STORAGE 

· DUAL MINI FLOPPY DRIVE WITH lOOK PER DISK SIDE FOR TOTAL 200K ON LINE. 
• COMMERCIAL LOADING SPEEDS • BK LOADS IN 2.6 SECONDS COMPLETE. 
• DOS REORGAN IZES SPACE AFTER SAVE OR ERASE FOR EF FICIENT STORAGE. 
• DISKMON ADDS OVER 20 COMMANDS TO BASIC INCLUDING DISK DATA FILES. 
• DISKMON COMMANDS SUPPORT COMMERCI AL PAINTER OFF PARALLEL PORT 

SUCH AS CENTAONICS LINE OF PRINTERS(AVAILABLE FROM NEECO) 
• FULL DISK SOFTWARE SUPPORT • FORTRAN & PLM COMPILERS • 
• 90 DAY MANUFACTURER"S WARRANTY ON HARDWARE ·READY TO USE ON 

DELIVERY FULL MANUAL AND UTILITY DISKETIE INCLUDED. 
·CALL OR WRITE FOR COMPLETE INFORMATION ON THE '"DISKDAIVEA"'. 
• THIS SYSTEM AEOUIAES EXPANDAPET MEMORY (MIN IMUM 16K) 

DKH642 - DUAL DRIVE SYSTEM , COMPLETE WITH DISKMON .. . ..... $1295.00 
ASM769D - PET ASSEMBLEnON DISKETTE WITH MANUAL . .. . ... .. . $49.95 

' LNK456 - AUTOLINK LINKING LOADER ON DISKETTE WITH MANUAL ..... $49.95 
'PLM400 - COMPILER ON DISKETIE (AVAILABLE JUNE) ... $250.00 

DKL067 - DISKMON ASSEMBLER LISTING/DOS . . . . . . . . . . . . . $19.95 
DATA 100 - COMPLETE DATA BASE SYSTEM !PRICE APPROXIMATE! ... ... . $400.00 
BASCOMP - BASIC COMPILER ON DISKETIE 
NGP200 - 20 GAMES ON DISKETTES . . . . . . . . . . . . . . . . . . . . . . . . . . . $49.95 
BKGAM - BACKGAMMON ON DISKETTE ................ . ....... . . .. . ... . $24.95 
MICRO - MICROCH ESSON DISKETTE . ..... . . . . . . . . .. . . . . . . . . . . • • . .. . . . . $24.95 
CE N779(1) - CENTRONICS 779- 1. ROLL FEED DOT MATRIX 

COMMERCIAL PRINTER ................... . ........... . . $1245.00 

DKH641 IS A PRODUCT OF COMPUTHINK. 
CEN779121 -SAME AS 779(1)BUTWITH TRACTOR FEED- PLUG INTO PET .... $1345.00 
AX10M - ELECTROSTATIC5.51NCHPRINTERWITHALLOFPET'SGRAPHICS $-495.00 
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"COMMERCIAL QUALITY KEYBOARD WITH METAL ENCLOSURE. 
"BASIC TYPEWRITER DESIGN FOR TOUCHTYPISTS. 
"SINGLE KEY FUNCTIONS FOR ALL CURSOR CONTROLS. 
SHIFT/RUN, INSERT, CLEAR SCREEN/HOME CURSOR, MORE. 

"FUNCTIONS SIMULTANEOUSLY WITH PET'S KEYBOARD. 
"PLUGS DIRECTLY INTO PET'S LOGIC BOARD. 
"DOES NOT USE USER OR IEEE-488 PORTS. 
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4K EPROM DAUGHTER BOARD ASSEMBLY LANGUAGE 
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NOW 
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NPK-101 IS A PRODUCT OF NEW ENGLAND ELECTRONICS. 
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Like many an individual who uses com
puters at work and for person al purposes, I 
have a tendency to write. At work, this 
tendency is expressed in the usual ways as 
memos, project oriented docu men talion 
and more general pape1·s. In personal life, 
this tendency is expressed by the existence 
of this art icl e and several others which 
preceded it. 

After some considerable chicken sc ratch
ing it became app arent that my method for 
collecting ideas and creating a fi nal manu
script was not optimum. The problem 
became clearly defined when one day I 
looked up from my note pad only to sec my 
I MSAI arrogantly sleeping while I worked . 

The literary approach I had been us ing 
was reasonably conventi onal. First in the 
procedure was the generat ion of an outlin e 
which con La ined ideas organized by section . 
Then a handwritten rough draft was com
posed in which these thoughts were struc
tured within each section and expanded 
upon. The draf t was then revie wed and 
changes made until legibility was threat
ened. If the writin g had been fo 1· "work" 
the next step would have bee n to have th e 
draft retyped. However, as writing for 
microcomputer journals is a private pursuit, 
a paid typist is used spa1·in gly. 

The next step was therefore to go bac k 
through the draft and reedit, being very care
ful with es and is, and then to give it to the 
typist fo r fina l prepa1·arion. Th e typ ist's job 
was to take the grubby and somewh at i I legi
ble pile of paper and Lransforni it into a 
nice ly typed manusc ript suitable fo r subm is
sion. However, the las t step was invari ably 
one of carefully applying co rrection fluid, 
scissors and tape in the proper proportions 
to assemble a truly final version . Usu all y the 
alterations were du e to my own errors, 
though my excel lent typi st often adds a few 
vari ations as part of her own editing contri
bution. As a result , I have never sent an 
origi nal to an edi tor, al ways a copy which 
hid the horrors of the man uscript's creation. 
After all , what editor wants fl akes of dried 
correction fluid sprinkled on his or her 
clothes and desk? 

A few further consi derations convin ced 
me th at it was time to make a change. First, 

I can not stand reading my own handwriting. 
Second, I can type mu ch faster than I can 
write. Third , it was a convenient time to de
sign an editing system. The reason for the 
latter was th at I had a video display, IMSAI 
and North Sta r disk combination at home 
and a very ni ce Diab lo printer, Altair 8800 8 
and North Star di sk setup avai lab le at work. 
Thus there was basic compatibility be twee n 
the two systems via the floppy diskette. I 
had taken care to assure th at the two sys
tems were software compatible, particu larly 
with respect to 10. 

The general idea was to use my persona l 
system to compose and edit versions of a 
manu script and then to bring the finished 
form, on diskette, to work to be printed out 
on the Diab lo. In pract ice it turned out to be 
mo1·e conve nient to have listings of the vari
ous versions to work from. This made 
the iterations much ea ier. There is no re 
placement for hard copy when writing eith er 
a program or an art icle. 

One of the goa ls estab lished for th e even 
tual edito r software was that it shou ld noL 
be unique to my particul ar hardware con
figuration. Rather it was to be translatable 
to oth er systems with a minimum of change. 
For this reaso n BASIC was chosen as the 
implementation language, though machine 
language wou ld have led to a much better 
util iza tion of memory as well as higher 
speed. The particu lar BAS IC used was North 
Star, Ver ion 6, Release 3. This interprete r 
has string 1:1anipu lat ion fllnct ions which are 
very conve11 1e11t for developing editi ng rou
ti nes. Th ese functions can also be ti-anslated 
in to cou nterparts a la Microsoft BASIC. This 
wil l be discussed more later. 

Tex t editors natura lly require sign ifi ca nt 
co mputer sto rage capabi lities. Th e one 
shown in li sting 1 is no exce ption. For those 
wh o have disk based sys tems other th an 
North Star, the conversion of this program 
for use with another sys tem wo ul d be 
through changes in the di sk access subrou
tines which are clearly defined on the li st ing. 
For those who do not have disk hardware , 
but rather casset te 10, sto rage and re tr ieval 
can also be accomplished through the disk 
access subroutines after the appropri ate 
mod ifica tions are made. 

The program also has the abil ity to auto
matically save and re tri eve the text from 
active memory . Thi s is presently not in ef
fec t in the version shown in listi ng 1, but 
can be brought to life by removing state
ments 2000 and 21 00. This feature is useful 
if the computer is a little unstable and has a 
tendency to crash; at least the latest text 
version mi gh t be saved in a protected mem
ory region if the program did not get as far 
as saving the text on diskette or t<1 pe_ The 
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Listing 7: This BASIC program is the complete listing of the tex t editor. 

10 REM EDITOR , VERSI ON 6 , AS Of" 1600 HOUR S , 1131178 
20 REH WRITTEN BY F .R. RUCKDESCHEL 
30 REM 773 J OHN GLf.NN BLVD. 
40 RE~ WEBSTER , NEW YORK 14 580 
50 REM NE PAR AGR APH CHAR ACT ER: & 
bO PRI NT " ENTER MAXIMUM LINF LENGTH ", 
70 INPUT Ml 
80 PRINT " ENTER LETTER LENGTH", 
90 IN PUT M2 
100 DI M A$ (M2) , C$ (M1 ) , 8$(2000) , E(300) 
110 PRINT "IN PUT PEGIN NING STOR AGE LOCATION ( DECIMAL ): " 
120 INPUT Y9 
130 REM TEST TO CHECK IF LETTER IS NEW 
140 PRINT "NEW LETTER (N) OR RESTART (R ): " 
150 INPUT Cl$ 
160 IF C1$ (1 , 1): " N" THEN COTO 190 
17 0 GOSU B 20 10 
180 GOTO 380 
190 A$:"" 
200 G$" "" 
210 L= 0 
220 6$ ="" 
230 PRINT "GET LETTER FROM f"ILE? (YIN): " 
240 INPUT H$ 
250 IF H$( 1, 1 )<>"Y" THEN COTO 300 
260 PRI NT " INPUT NAME Of" LETTER: " 
270 INPUT Z$ 
280 GOSUB 1530 
290 GO TO 630 
300 REM STAR T OF NEW LETT ER 
310 L=L+1 
320 PRINT j4 I , L, 
330 INPUT G$ 
340 IF G$=" ] " TH EN GOTO 630 
350 A$:A$+G$ 
360 GOTO 3 10 
370 HEM •1 1 11•1111111111 111 • 

380 REM ENTER EDIT MODE 
390 PRINT "EDIT SUBROUTINE " 
400 PRINT " ENTER LINE NUMBER TO BE EDI TT ED ", 
410 INPUT L 
420 REM L:O IS ESCAPE EDIT 
430 If" L= O THEN GOTO 630 
440 REM ADDITION AT FRONT OF LETTER? 
450 IF L<2 THEN GOTO 1680 
460 RE M AOD !TION TO END OF LE TTER? 
470 IF L>N - 2 THE N GOTO 179 0 
480 Z=21 INT( Ll 2) 
490 REM INSERTIO N? F CH ANGE IS DEFAU LT 
500 If" L<>Z TH EN GOTO 1900 
510 PRINT ~4I,L,A$(E(L-2)+1 , E(L ) ) 
520 PRINT S31 ,L, 
530 G$:"" 
540 8$= "" 
550 INP UT G$ 
560 f:(0) =1 
570 IF G$(1,1)0"]" TH EN B$=B$+G$ 
5t!O If G$( 1, 1) <> " ]" THEN GOTO 550 
590 IF E(L ) +l >LE N(A$) THEN A$:A$+" " 
600 A$:A$(1 , E( L- 2 ))+ B$+A $(E( L)+1,L EN(A$)) 
610 GOTO 630 
620 REM 1 111 1 111 111111111 1 1 1 

630 REM JUSTifICATION ROUT I NE 
640 PRINT "COLUKN WIDTH", 
650 INPUT W 
6b0 PRINT " ENTEH PAGF LENGTH : " 
b70 INPUT P 
6 t!O C:O 
690 S= l \N : 2\l·l : O 
700 PHINT "WAN T LINES NUMBERED ? (YIN) : " 
7 10 INPUT Hl$ 
720 If" H1$(1 ,1 )="N" TH EN H=l 
730 If f! = 1 TH EN J9: 1 
740 If H<>1 THEN GOTO 7HO 
750 FOR K= 1 TO 7 
7 60 PRINT 
770 NEXT K\GOTO 570 
780 PRINT "LINE NUM BEH RANGE: (LOW , HIGH) " , 
79 0 JNP UT N8 , N9 
t!OO J9=0 
8 10 PRINT "WANT JUSTIFIED TEXT? (YIN): " 
t!20 I NPUT J9t 
830 IF J9$="Y" THEN J9= 1 
840 FOR K=1 TO 5 
t!SO PRINT 
t!60 NEXT K 
870 T=S 
380 IF T>LEN(A$) THEN GOTO 1220 
890 S=S+W 
900 REM NEW PAR AG RAPH FLAG 
9 10 F:O 
920 IF S>LEN(A$) THEN S:LEN(A$) 
930 lf" J9:0 THEN GOTO 1030 
940 REM TEST FOR PARAGRAPH CHARACTER 
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key disadvantages to using this feature are 
that more memory is requ ired and consid
erable time is consumed performing the 
extra sto rage function, which is relative ly 
slow. 

In the fo ll owing sections the fundame ntal 
features of the editor program wil l be dis
cussed in some detail. It will become appar
ent that the program does not have many 
frills , but still has considerable utility when 
one becomes practiced in its operation. A 
sufficient number of examp les are given such 
that the user should not have to ex periment 
much to determine how the program re
sponds when kicked in a part icu lar way. 
Fol lowi ng this are comments on software 
items which should aid in modifying the 
presen t program for use on other machines. 
The program as presented here suits my 
needs, but is probably deficient with respect 
to specific uses. However, the structur·e is 
suffic iently modu lar and sprinkled with 
comment statements such th at the addit ion 
of new capabi lities should be possibl e with
out a tota l revamping. 

Editor Features 

The object of the editor program is to 
generate a text oriented file which can be 
corrected and expanded with a reasonab le 
level of ease. As mentioned earlie r, the fi le 
may be stored on disk ette , tape , or in act ive 
memory. The file can be recalled and printed 
out in two general formats, justified and 
unjustified. In the ju st ification mode, by 
definition, lines are ended between words. 
The chosen line fe ngth may be any size as 
long as it is longer than the longest word in 
the text and shorter th an the maxi mum line 
length allowed by the software. In th e un
justified format, prin ti ng fi lls the ent ire 
line, regardless of whether or no t a wo rd is 
broken. 

In either justification format th e program 
will lis t se lected line number groups using 
on ly even numbers. This allows the user to 
insert lines, when in the edi t mode, by 
giving them odd numbers. In se rted lines 
can be any number of characters long with
in the const rai nts of memory or dimension. 
The program renumbers and reformats after 
each ed iting exe rcise. 

Upon listing, it is the choice of the use r 
to have the lines numbered or not. If the 
decision is not to number, the entire text 
will be printed . Otherw ise a line number 
range can be chosen. In either case, the 
program goes throug h the entire text, re
formats and assigns line numbers. In the 
justification mode defi ned above this may 
consume a significant length of tim e as tests 
for the gaps between word s and new para
graph id ent ifiers must be made. In the un-
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In addition, changing the first charac ter in 
the text is a little cumbersome; it is suggested 
that the very first character be a blank to 
mitigate this prob lem. 

When any of the above fail ures occur 
there is a good chance that recently edi ted 
work may be lost. For example, when a 
program fa ils, most BAS ICs enter the direct 
command mode. If the program is rerun , 
most likely the string var iables wil l be 
cleared. The tempora1y save and retrieval 
sub routines were included to red uce the 
im pact of such errors. If the error occurs 
during the edit mode, the last form of the 
text (before the edit mode was ente red) 
may be retr ieved by rerunning and answer
ing the initialization approp riate ly (re
start: R). If the failu re occurs du ring a di sk 
or a tape load, unl ess a large crash occurs, 
the most recen t text ve rsion may be re
covered upon restart. 

Additional Notes 

There are several statements emp loyed in 
North Star BASIC which must be modified 
if the ed ito r program is to be used with 
ano ther in terpreter. Th e fo ll owi ng is a lis t 
of the types of changes req uired if this 
program is to be translated into a BAS IC 
sim ilar to that writ ten by Microsoft and 
distributed by MITS: 

FILL<>,<> same as POKE<>,<> 
EXAM(<>) same as PEEK(<>) 

% Denotes a printing format (for 
example, nFm wh ich i similar to the 
FORTRAN real fo rmat nFm). This can 
be simulated using the INT func ti on 
along with some mu ltiplication and divi
sion. In the more advanced versions of 
BASIC there is usually an equ iva len t 
for mat statement. 

, Den otes a continued print statement 
without a carriage return and line feed. In 
MITS BAS IC one would use a semicolon. 

A$(M,N) With respect to the editing 
functions as implemented by the pro
gram, this is the most important diffe r
ence between the North Star and Micro
soft interpreters. For the task at hand 
the North Star form is preferred because 
of ease of use. In North Star BASIC 
A$(M,N) represents a substring of A$ 
which runs from character position M to 
character position N, thu s having length 
N- M+l . To accomp li sh this in Microsoft 
BAS IC one wou ld use MID$(A$,M, 
N- M+l) . Although a li ttle more cumber
some, the Microsoft string functi on 
would suffice if it were not for the 
important variance that North Star 
BASIC al lows arbitrarily long string 
lengths whereas Microsoft limi ts the 

string length to 255 characters. Howeve1·, 
thi s limitation may be overcome by 
stri ng subscripts. Note that string dimen
sions an cl subscripts are perm itted in 
Microsoft BASIC, but not in North Star. 
Having to resort to subscripts is certainly 
an inconvenience and is a smal l pain to 
program. North Star BASIC certainly 
has an advantage in that respect. 
The most difficu lt edit ing function to 

pe rfo rm is the alte ration of a text segment 
as the set of characters to be changed may 
extend over more than one text line. Gen
era ll y it is best to attack the last lin e of the 
modification fi rst. Th e correct ions sho uld 
then proceed toward the lower line num
be r. The reason fo r doing th is is that the 
text is reassemb led upon each edit in g pass. 
If a change is made in a given line, all the 
lines above tha t poi nt are altered , whereas 
al l the lines below that point maintain th eir 
structure if the same line width format is 
chosen . 

Insert ing text is usually easy . As a re
dundant word of caut ion, remember Lo 
place a blank in the last character pos it ion 
in the fil e_ Also, as there is some awkward
ness · in changing the very first character in 
the file, having a blan k there is also he lpful . 

Conclusion 

The lim ited capabi li ty ed itor program 
presented in the previous sect io ns hds the 
adva ntages of being easy to use as well as 
be ing somewhat portab le. It was rea lly 
meant to operate with the No1·th Star Disk 
System, but can be translated fo 1· use on 
othe r BAS IC orie nted machines. Its utility 
is exemp lified by the p1·esent art icle which 
served as a test case. In this appl icat ion the 
article was broken up in to files of 12 blocks 
(12 by 256 characters) or less to ease th e 
strain on act ive memory. Thus, in effect, 
there is no limit to the document length 
wh ich can be handled . Inc identally, 12 
blocks corresponds to approximate ly half 
a typeset magazi ne page. 

The true power of this program is ap
parent when large portions of the text 
creation and editing are done on a video 
display system (it is easy to get into the 
sw ing of rap idly typi ng addit ion s and 
changes). However, occasional hard copy 
li stings are inva lu able fo r leisurely review
ing. A near idea l comb in ation would seem 
to be a video display for editing and a fast 
hard copy terminal for pr inting. The denser 
and faster the vi deo display the better. • 

Copi es of the software shown on l ist ing 1 
are avai lable from the author on diskettes in 
North Star format for $9.95 each (New Yor k 
State resi dents add sales taxi . 
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PRODUCT DESCRIPTION PRICE AVAILABILITY 
PET 2001 - 4K 4K RAM S 595 IMMEDIATE 
PET 2001-SK SK RAM S 795 IMMEDIATE 
PET 2001-16KN (Large KeysJ16K RAM" S 995 IMMEDIATE 
PET 2001 - 32KN (Large Keys)32K RAM $1295 IMMEDIATE 
PET 2023 PRINTER ROLL FEED S 850 IMMEDIATE 
PET 2022 PR INTER TRACTOR/ ROLL S 995 IMMEDIATE 
PET 2040A SINGLE FLOPPY $ 895 JUNE/JULY 
PET 2040 DUAL FLOPPY" $1295 IMMEDIATE 
PET C2N 2nd Cassette $ 100 IMMEDIATE 

"The 16K/32K (large keyboa rd) units do not include a cassene drive. Order C2N Cassene. 
2040 Floppy Drive requires a 16K or 32K unit. BK RAM Retrofit available July. 

LARGE TYPEWRITER KEYBOARDS NOW AVAILABLE! 

ALL UNITS ARE FULLY TESTED BY NEECO BEFORE SHIPMENT. ALL PET'S ARE 
WARRANTEED (BY NEE CO) FOR 1 FULL YEAR! NEECO IS A FULL CUSTOMER· 
ORIENTED BUSINESS. PLEASE CALL FOR ADDITIONAL INFORMATION. ALL· 
UNITS ARE IN STOCK & READY TO SHIP. FULL SOFTWARE AVAILABLE! 

THE NEW ~ commodore PET PERIPHERALS! 
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2040 

Dual Drive Floppy Disk 
The Dual Drive Floppy 1s the lalest 1n Disk technology 
with extremely large storage capability and cxcellen1 Ille 
managemenl As lhe Commodore disk is an "ln1elligen1" 
pe11ph ••a l 11 uses none ol lhe RAM (user) memory ol lhe 
PET ·· lr1~ Floppy Disk cperaling syslem used woth lhe 
PE T'" compuler enables a program 10 read or w111e data 
1111he background while s11nul1a11eously 11anslerrrng dala 
QV~I th~ IEEE to lht PET .. The Floppy D•sk •Sa 1chablc 
low cosl urnt. and 1s convenient lor h1gl1 o;.;.:d data 
1ranslcr Due tc lhe 1a1es1 technological advances 
oncorporaled on lh•s disk , a total al 360K bytes are avail· 
able 1n the 1wo slandard 5'1." disks. without lhe problems 
al double tracking or dal•ble dens11y This 1s achieved by 
lhe use ol two moc1oprocessors and lilteen memory I C s 
oullt 1n10 1he 01sk uno1 Only 1wo connections arc neces· 
sary - an A/C cord and PET'• 1n1erlace cord. 
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2022 

Tractor Feed Printer 
The Tractor Feed Primer is a high specilicatron prinJer 
that can prrnt onto paper (mull1ple copies) all the PET'• 
characters - 1e11ers (upper and lower case). numbers 
and grapNcs available rn lhe PET'" The lractor leed 
capab1l11y has the advanlage ol acceptong mailing labels. 
using standard prepnnled lorms (cuslomized), cheque 
p11nllng lor salanes, payables. elc. Again, the only con
nectoons required are an A/ C cord arxt PET'" connecting 
cord. The PET'" is programmable. allowing lhe prrnler to 
lo1mat print 101. wodth, decimal pos111on. leading and 
11aoling zero's. lelt ma1grn justified, lines per page, elc. 
It acccp1s a •;;· paper goving up to lour copoes Bidirec
tional prrn1ong enables increased speed ol prrnlrng 

CALL FOR COMPLETE SPECIFICATIONS! IMMEDIATE DELIVERY! 

NEW ENGLAND AREA SUB-DEALERSHIP INQUIRIES INVITED! 

NEW IBM SELECTRIC II 
TYPEWRITERS FOR PET ! 

(BRAND NEW IBM II) 

UNIT INTERFACES VIA THE 
USER PORT. FOR THE FIRST 
TIME A BRANO NEW IBM 
SELECTRIC IS AVAILABLE FOR 
YOUR PET! FULL CASSETIE OR 
DISK WORD PROCESSING 
PACKAGES. CALL FOR MORE 
INFO. PET - IBM ...... . . . $1995 

BUSINESS 
SOFTWARE 

BUSINESS PAC KAGES AVAIL
ABLE ON THE 2040 DUAL 
FLOPPY: 
BUSINESS PAYROLL -
COMPLETE MAILING LIST -
STATISTICAL PACKAGE -
GENERAL LEDGER -
(UP TO 1,024 A/ R's, 512 A/ P's, 
512 GEN LED ACCTS, POSTING, 
DISBURSEMENT, AGEING. BI S, 
l?S, AND MANY OTHER 
FUNCTIONS!) COMPLETE WORD 
PROCESSING PACKAGES. 

NEECO NOW OFFERS A FULL ONE YEAR WARRANTY ON ALL PET'S SOLD BY NEECO! OUR NEW JUNE 
CATALOGS ARE NOW AVAILABLE - ARE YOU ON OUR MAILING LIST? NEECO OFFERS FULL SALES, 
SYSTEMS, AND SERVICE SUPPORT FOR ALL OF OUR CUSTOMERS - WHY NOT BUY FROM THE BEST? 
DEALER INQUIRIES INVITED. 

Circle 282 on inquiry card . 

- NEECO OFFERS COMPLETE SOFTWARE (COMMERCIAL & CONSUMER) 

(617) 449-1760 
MASTERCHARGE OR VISA ACCEPTED 

TELEX NUMBER 951021 , NEECO 

llYIL lu"~ 1•17•1 165 



Bubble Memories 
ing or repelling the bubbles, as shown in 
figure 1. This creates a shift register. The 
Texas Instruments TBM 0101 memory con
tains 157 minor loops of 641 bubble posi
tions for data storage, and a major loop of 
640 bubble positions for reading and writing 
data . This configuration is shown in figure 2. 

A I Halsema 
32 0 14 Grenville Ct 
Westlake CA 91361 

Update on Bubble 
Memories 

In the third quarter 
of 7978, after this 
article was written, 
Texas Instruments an
nounced a new mag
netic bubble memory 
which is capable of 
storing 250,000 bits 
of information. The 
new circuit has 252 
minor loops consisting 
of 77 37 bubble po
sitions of which 224 
are guaranteed. The 
memory has an access 
time of 7.3 ms for the 
first bit of the 224 bit 
page. 

A Short Tutorial 

In the first quarter of 1977 Tex as Instru
ments announced the availability of a 
92,000 bit magnetic bubble memory, mak
ing bubble memories a commercial reality 
ten years after the effect was discovered at 
Bell Labora tories. The bubble memory pro
vides nonvolatile, medium speed data stor
age at a price close to that of the floppy 
disk, but without either moving parts or 
the problems of reliability that moving 
parts entail. Future memories will provide 
storage densities of up to one million bi ts 
per chip and faster data rates, as the tech
nology matures. 

Bubble memories are shift registers th at 
move magnetic domains representing binary 
data using rotating magnetic fields. The bub
ble memory integra ted circuit is made of a 
magnetical ly reac tive material such as garnet 
and has implanted in it a bubble generator 
for writing data, bubble detectors for· read
ing data, bubb le annihi lators for erasing 
data and replicators to provide nondestruc
tive readout. Bu bbl es move in loops made 
of smal l bars of permal loy. As the mag
netic field driving circuit rotates, the permal
loy bars change their magnetic bias, attract-

In operation, data is written into the 
major loop at the bubble generator. The bits 
so written are shifted along the major \oop 
until they are adjacent to the mi nor I oops 
where they are to be stored. The bubble 
transfer line is then activated and the bub
bles are shunted onto the minor loops. Of 
the 157 minor loops on the device, 144 are 
guaranteed to be good, so the user must 
avoid writing into any of the 13 minor loops 
declared bad at the factory . Each memory 
device will be shipped with a map of the 
bad loops written into the device at the 
factory. This map should be written into 
programmable read only memory to control 
access of the minor loops. The control ler 
integrated circuit offered by Texas Instru
ments will have an input to cause it to ig
nore bubbles and may be driven by the read 
only memory . To read data, the minor loops 
are rotated until the desired 144 bubbles are 
adjacent to the major loop. The transfer 
I ine is activated and the bubbles are shunted 
out of the minor loops and onto the major 
loop. The bubbles are then shifted along the 
major loop until they reach the combination 
replicator and annihilator. 

If a repl icate pu lse is applied to the cir
cuit, the bubble is duplicated. While one 
copy goes on to the detectors and eventual 

PERMA LLOY 
PATTERN 

PHASE OF DRI V ING 
MAGNE TIC FIE L D 

G) 

B U BBLE 

8 
Do D 
LJ . D 0 . c . 

8 D J:L, D 
E)l 

Figure 1: Movement of a magnetic bubble through a permalloy pattern in 
response to a rotating magnetic field. 

D Ly-J D 
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BU BBL E GEN ERA TO R 

r-- BU BBLE Ir 
REP LI CATOR S 
ANNH I LA TOR 

MAJ OR LOOP FOR 
DATA 110 (6 4 0 
B •T POS•TIO NS) 

~; OE T EC TOR S 

u . . . ......, ....__, _ __. 
c---------------·--·-~-.a. .. ---r~~:~~~ER L IN E 

- PA GE 0 
- PAGE I 

PAGE 640 
157 ..... . .. ... ... . . . .. . ..... . . .. . . .... ... . . .. .... . . .. .. .. . . ........ .... 2 

Figure 2: Logical lay out of 
the Texas Instruments TBM 
0707 bubble memory. The 
7 5 7 minor loops are used 
for data storage. Each loop 
contains 64 1 bit positions. 

157 M I NOR LOOPS 

destruction , the other bubble continues 
around the major loop until it is shunted 
bac k onto its minor loop, thus providing 
nondestructive readout. The bubble that is 
passed on to the detectors activates dual 
Hall effect devices that vary their elec
trical resistance with varying magnetic fields. 
Two of these detectors are supplied in order 
to cancel noise through the use of a detector 
bridge connected to a differential amplifier . 
The detectors have a nominal resistance of 
1100 ohms and are matched to within 
±10 ohms. A single bubble passing under the 
two detectors produces a 7 mV signal with 
two positive and two negative peaks. Care 
must be taken when laying out circuit 
boards to avoid long detector signal lines 
and cross-coupling of control signal noise. 

The rotating magnetic field for shifting 
the bubbles is produced by driving the coils 
built into the circuit with signals that are 
90° out of phase at a maximum frequency 
of 100 kH z. This technique is shown in fig
ure 3. For standby low power operation , 
the coil drive may be turned off with no loss 
of data. 

Data in the memory is organized in the 
form of 18 byte pages and 641 pages per in
tegrated circuit for a total of 11,538 bytes. 
Using the TMS 9916 controller, any byte 
within a page may be randomly accessed , al 
though the pages are serially accessed. Each 
minor loop contributes a bit to the forma
tion of a page, so that the 144 bits of a page 
are distributed over 144 minor loops . 

Prior to removing power from the mem
ory system, the user must be sure that page 
zero is rotated back into the page zero posi
tion. If this is not done, the next time power 

is applied it may not be possible to locate 
page zero for proper addressing. This is be
cause there are no physical indices to mark 
the beginning of the medium. If the TMS 
9916 controller is used, power fa ilure detec
tion circuitry will initiate data positioning 
automatically . This process requires 12.8 ms, 
so the system 's power supplies should re
mai n in regulation for at least this long. 

Considering the high price of the mag
netic bubble medium, it is unlikely that it 
will be used in a removable fo rni as is the 
case with the Aoppy disk. Instead, they will 
probably be built into a cabinet {or even a 
mainframe} and used as a drum would be. 
An 11 K byte drum may seem small, but re
member that single circuits with 3 to 10 
times the capacity of the TBM 0101 are on 
their way .• 

CLOSED 

Figure 3: This simple cir
cuit is an example of how 
the bubble memory field 
may be driven. 
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Stacks in Microprocessors 

Introduction 

The stack or Lh e "last in firsL out" 
(LIFO) data structure has become an essen
tia l tool in computer systems. There are 
two major operations associated with this 
data structure: 

PUSH : places a new data item on 
top of the existing ones in 
th e stac k. 

POP: removes the topmost ele· 
ment of the stack for sue· 
ceedi ng operations. 

A sp ring loaded plate hold er in a cafeteria 
is a good example of a "stack," since addi
tion and remova l o f items occur at the same 
end in a last in first out sequence (sec figu re 
1). 

When Lhe capacity of a stack is " n" 
items, then n+l consecutive PUSH opera
tions will cause th e stack to overflow. 
Similar ly, popping an empty stack creates 
an underflow. Even though stack underfl ow 
may no t occur intentional ly, programmers 
should account for thi s cond ition. Stack 
overflow is more probab le wh en the stack 
capacity is not la rge enough to acco m
modate al l th e occurring conditions 
si m ul taneousl y. 

Stack size is one of th e major design 
parameters in processo r architecture. For 
instance, the earl ie r In tel 8008 proce sor 
had a bui lt-in 7 level ubroutine co ntro l 
stack which was later increased to a mo re 
general stack pointer which cou ld range 
throughout memory in the 8080. 

In the software realization of stacks, 
a programmable memory location is used 
along with an ad dress pointer, called the 
"stack pointer" or SP. The tack po inter 
points to the memory location that holds 
the top element of the stack; the pointer is 
updated (in cremented or decremented) after 
ever·y push or pop operat ion (see figure 2). 
In this case the programmer must set aside 

A 

EMPTY PUSH A 

x 

A 

POP 

A 

POP 

K 

x 

A 

PUSH X 
PUSH K 

Figure 7: A sample 3 word stack. A PUSH 
command causes one piece of data to be 
"PUSHed" onto the stack,· the resident 
data is pushed downward to make room. 
Similarly, a POP command removes the 
topmost piece of data and shifts the rest of 
the stack upward. 

a portion of the main memmy to acco m· 
modate the stack. Consequently, the stack 
capacity is determined by the free space in 
the main memory and is more flexib le. In 
figure 2 the occupied portion of the stack 
grows from low to high memory addresses. 
Hence, the PUSH operation increments the 
stac k pointer and the POP operation decre
ments it. It is not difficult to introduce the 
stack overflow and underflow conditions in 
the above simulation. 

In another rea li zatio n of stacks, a set of 
n registers constitutes a stack. Every POP 
oper·ation takes the data item from the top
most register; the data in each stack location 
is then shifted upward. The PUSH operation 
shifts the stack contents down one pl ace 



ONE PACKAGE DOES IT ALL 
Includes these Application Programs ... 

Sales Activity, Inventory, Payables, Receivables, Check/Expense Register, 
Library Functions, Mailing Labels, Appointments, Client/Patient Records 
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RANDOM, MUL Tl-KEY RECORD RE' rRIEVAL under CP/M, COOS, IMDOS, ADOS ... 
SELECTOR Ill ALLOWS 
INSTANT RECALL OF ANY 
RECORD USING ANY IN
FORMATION ITEM IN THE 
RECORD. That statement 
deserves re-reading, be
cause that ability makes 
SELECTOR Ill the most 
powerfu I Date Base Man
agement System in micro
computers today! 

With SELECTOR Ill 
you can ... 
•define a record format, 
assign retrieval keys, and 
begin entering data in min
utes. 
•create sorted pointers to 
records matching your spe
cif or range of requirements. 
Circle 213 on inquiry card . 

•automatically generate 
reports with control-break 
summaries and unlimited 
variety. 
•bring an application on-
1 in e in hours instead of 
months. 

SELECTOR Ill comes com
plete with eight application 
programs that perform the 
tasks listed at top of page. 
And, since it's distributed in 
source code form, you can 
easily add subroutines to do 
specific computations or 
file updates. 

SELECTOR Ill runs under 
CBASIC Vers. 1 or 2, and is 
priced at $295. SELECTOR 

lll-C2 is dedicated to Vers. 2 
only, runs about twice as 
fast, and costs $345. 

Both systems are available in 
a variety of CP/M, diskette 
size and density formats 
including IBM 8"; North Star; 
Micropolis; TRS-80; Pro
cessor Tech Helios 11; Altair; 
iCOM; Dynabyte; lmsai; 
and others. 

------------• Ava ilable from computer stores nationwide: I 
I LIFEBOAT Associates I I 2248 Broadway, Suite 34. I 
I New York , N.Y. 10024 • (212) 580-0082 I 
I Or order d irect from I 

MICRO-AP 
I 9807 Davona Drive , San Ramon. CA 94583 I 
I (415) 020-6697 J 
------------B\' Tl lune I Y79 169 



Pop: Operand M[SP]; 
SP SP - 1. 

Push : SP <-- SP+1; 
M[SP] <-- Operand. 

~ K 0 o - I 0 

x o-1 x o · I 

A o-2 A o· 2 

o · 3 o ·3 

M: MEMORY M: MEMORY 
BEFORE POP AFTER POP 

Figure 2: A software simulation of the pushdown stack. Operation of the 
stack is identical to the hardware stack (see figure 7 ), except that there is 
no dedicated hardware involved. Instead, a program creates a stack pointer 
in memory which points to the current location of the top of the stack. 

Hardware Stack or 
Processor Stack Poin1er S1ack Oriented Instructions Remarks 

1. 8080 16 bit s1ack pointer al Push register pair into stack 
b) Pop register pair from stack 
cl Push /Pop processor status word 
dl Exchange stack top w i 1h 

register pa ir (H ,L) 
el Load SP from register pair (H,LI 

2 . Z·BO 16 bit stack pointer al All the instructions of In tel 8080 
bl Push/Pop tho !two) inde x 

registers 

3. M6800 16 bit stack po•nter al Push/Pop th e (A or 8) accumulato r 
bl Load SP from memory 
cl Store SP into memory 
di Transfer index reg isler contents 

to SP 
el Transfer SP into index register 
fl ln crement / Decremenl SP 

4 . RCA t802 16 bi l stack pointer al Increment/Decrement the selecied Any of the 16 
reg;ster ISPI registers can 

bl Push / Pop the work ing (0) register be used as a SP 
cl Load the 0 register into lefl or 

right hall of SP 

5 . PACE Hardware stack al Push / Pop program counter Stack ovetflow 
8 16 bit words bl Push /Pop the spec ified register Underflow 

c) Exchange the contenu of 1he Interrup ts are 
regis ter wi1h SP provided 

dl Push /Pop the flag register 

6 . IMP-BC Hardware stack al Push / Pop 1he selected accumula1or No overflow 
16 8 bit words into s1ack Underflow 

bl Exchange the stack top with the Interrupts 
selected accumulato r 

cl Push / Pop the s1atus flags into 
the stack 

Table 7: Stack features of some common microprocessors. The stack is a 
storage place in a computer designed to hold pieces of data in serial order. 
"PUSHing" an element onto the stack causes the existing elements in the 
stack to be moved downward, in much the same manner as a spring loaded 
plate holder found in restaurants. "POPing" an element from the stack re
moves the most recent addition to the stack for use. Because of these two 
features, the stack operation is often referred to as "last in first out," or 
"LIFO." 
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and adds the new data item . In this ap
proach, reading from and writing to the data 
structure occur only with the topmost regis
ter. Inter-register transfers can be achieved in 
pa ra! lei du ring the same clock period. The 
stack facility available with IMP-8C micro
processo r, an example of this type, has a 
capacity of 16 words. This method of 
realization is known as the fixed top (figur·e 
1) in contrast to the moving top approach 
explained earlier (figure 2). The flexibilit y 
associated with the latter can be combined 
with the speed advantage of the former as 
is done with PACE microprocessors (see 
tab le 1 ). 

Most modern processors provide one or 
more registers to hold stack pointers. For 
example, there is one stack poin ter reg ister 
in the Intel 8080 and there can be as many 
as 16 stack pointer·s in the RCA 1802 
processor (see table 1 ). The pop and push 
instructions update the SP reg isters auto· 
ma ti cal ly. The arch itecture and the stack 
oriented instructions differ widely among 
the various processors, and table 1 gives 
details of some of the common ones. 

Typica l Applications of Stacks 

Suppose a routine A calls another routine 
B at some point a in A. Similarly, let B cal l 
C at point b. The addresses a+ 1 and b+ 1 are 
the return addr·esses where execution co ntro l 
will return from the called routine. It is 
evident from figure 3 that the return ad
dresses are used in the reverse order of their 
sequence of occurrence . The labels cl, c2, 
c3 in figure 3 stand for the firs t, second and 
third ca lling of routines, and rl, r2, r3 stand 
for the first, second and third return s fro m 
the ca lled routines. This last in first out 
(LIFO) nature of the use of return addresses 
in multilevel ca lling is common ly imple
men ted with stacks. Simple extensions have 
been devised to pass the parameters along 
with these return addresses using the stack 
structure (see reference 1 ). 

The ca lls shown in fig ure 3 could also be 
considered as ca ll s to service routines due to 
asynchronous interrupt signals. In the latter 
case, the return addresses are not predeter
mined address points, but are instead the 
conte nts of the program co un ter . However, 
the last in first out natu re of the return 
addresses remains valid . Th e call due to an 
interrupt creates a new process, and hence 
the sta tus of the current process (process 
status word, flags, etc) has to be additiona lly 
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BATTERY SUPPORTED 
CALENDAR CLOCKS 

PDP-11* 
TCU-100 • $495 
• Provides month, day, hour, minute and second. 
• Can interrupt on date/time, or periodic intervals. 

TCU-150 • $430 
• Provides year, month, day, hour, minute and 

second. 
• Automatic leap year. 
• Patches for RSX-11 M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSl-11/2* 
TCU-500 • $295 
• Provides month, day, hour, minute and second. 
• Dual size board. 
• Patches for RT-11 SJ /FB V02, V038. 

Lockheed SUE 
TCU-200 • $550 
• Provides year, month, day, hour, minute, second 

and milli-second. 
• Interval interrupts between 1/1024 seconds and 

64 seconds. 

Computer Automation (Naked Mini) 

TCU-310 • $385 

Multi-Bus** 
TCU-410 • $325 
• Provides year, month, day, hour, minute and 

second. 
• SBC/BLC compatible. 

HP 2100 
TCU-2100 • $395 
• Correct time restored after power failure. 
• Compatible with the HP TBG card. 

Serial Clock (RS 232 or 20 mA) 
SLC-1 • $575 
• Connects between any terminal and host computer. 
• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
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CALL 8 

'- CALL C ,,1 

" ' 
ROUTINE A 

' CALL D 

ROUTINE 8 

ROUTINE C 

ROUTIN E D 

Figure 3: Diagrammatic representation of multilevel, or "nested," subrou
tines. The return address of each subroutine call must be remembered so that 
the program can return to the right place after the subroutine is completed. 
The "last in first out" nature of nested subroutines is such that the stack is 
a logical way to keep track of the return addresses. 
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saved. Some processors , like the IMP-8C, 
have instructions to push and pop sta tu s 
flags onto stacks. In other processo rs, this 
is done automatica ll y when an interrupt 
occurs. Stacks in microprocessors, starti ng 
from the early Intel designs, have tradi
tionally been used primar il y for subrouti ne 
contro l and in te rrup t handling. 

Ano ther use of stacks, though one not 
much used in the hardware of processors, 
is in the compil ing arith metic express ions. 
Consider the fo l lowing arithmetic expressio n : 

A+BXC- D/E 

In this form, the "o perator" is between the 
two operands. Th is is known as infix 
nota tion. The form in which the operator 
fo ll ows the operands is ca ll ed postfix or 
reverse Polish afte r the Poli sh logician 
J Luckasiewicz, who invest igated th e pro p
erties of this notation. The postfix equiva lent 
of th e above expression, which docs no t 
r-equi re any parentheses, is as follows : 

AB+CXDE/-

Algo ri thm s exist which use the stacks to 
convert arithmetic expressions from infix 
to postfix no tation (see reference 2). Figure 
4 shows a sample code for the above postfix 
expression; it is meant for a computer with 
stacks, and is used to eva luate arithmet ic 
expressions. Operations such as ADD and 
SUB take the top two elemen ts of th e stack, 
perform the opera tion, and then push the 
result back onto the stack. Such a system 
is ca ll ed a stack computer. Using this postfix 
notation, it is not hard to genera te code fo r 
machines with single accumulato rs or for 
machines with multiple registers. 

Stack Machines 

Among the architectures with two stacks, 
two broad categories arc ev ident. The first 
ki nd of machine provides stack features 
along with conventional architecture. Thi 
stack feature might be imp lemented through 
a hardwa re rea lized stack, a stack poi nter 
register with a set of associated hardware 
instrnct ions, or a com pl ete software simula
t ion using a memory loca t ion as the stack 
and its poi nter-. Some combinations of these 
three approaches are also present in some 
recent processo r- architectures. Most prnc· 
esso rs have some sort of stack faci li ty and 
inst ruc t ions to manipu late data with stacks 
or slack pointers. 

The second kind of machine with stack 
faci lity can be called a stack machine. Its 
architectme is complete ly centered on 
stacks. The Burroughs B5500 and B6700, 
HP3000 an d ICL2900 are examples of th is 
catego ry In these machines, the thr·ec basic 
functions of process manageme nt, memo1·y 
management, and data management of iobs 
are all stack oriented. Most of these archi-

Contents of Stack 
Op Code (read left to right) 

PUSH A A 
PUSH B B,A 
A DD IA+B) 
PUSH c C,(A+BI 
MPY IA+B)•c 
PUSH D D,IA +B)•c 
PUSH E E,D,(A+B) • C 
D IV (D / El,(A+B) * C 
SUB (A+B)'C-(0 / E) 

Figure 4: Op code designed for use with 
Polish postfix notation on stac!? oriented 
computers. Polish notation is a method 
for rewriting expressions unambiguously by 
systematically segregating operators and 
operands. For instance, the expression used 
in this example appears as (A+B)XC-D/E 
in normal, or "infix" notation; the Polish 
postfix equivalent is A B+CX DE/. The latter 
can be directly used by a stacl? oriented 
compute1~ which automatically performs 
stack operations. (For example, a stack 
A DD instruction takes the top two elements 
of the stack, adds them together, and pushes 
them back onto the stack. The MU LT, 
DIV and SUB operators work in the same 
manner.) The algorithm for evaluating the 
expression then reduces to examining each 
element in the Polish notation string from 
left to right, pushing it onto the stack if 
it is an operand and performing the opera
tion if it is an operator. 
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X: Begin 
Integer x1, x2; 

Y: Begin 

K: 

N : 

Integer y1, y2, y3 ; 

Z: Beg in 
Integer z1; 

End ; (Z) 

End; (Y) 

Begin 
Integer k1, k2; 

End; (K) 

Begin 
Integer n1 ; 

End ; (N) 

End ; (X) 

y3 

y2 

yl 

x2 

x I 

(a) 

(yl,y2,y3) y 

zl 

y3 

y2 

y I 
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tectures support block structu1·ed languages 
simi lar to ALGOL or PL/ I. A program 
written in a block structured language can 
be visualized as a tree structure ; exec uti on 
of the program t1·aces some paths in this 
tree structure . The relationship between tree 
structures and stack data stru ctures is well 
known (see ref"e1·ence 4). An exa mple is 
shown in figure 5 along with " napshots" 
of stac ks holding the program variab les. 
Because of the limited access poin ts with 
stacks, certain exte n ions are req uired in 
stack ma ch in es to imp lemen t the array data 
structures. These extensions are of a dif
fe rent kind, such as th e use of index regis ters 
fo r address in g. Simi lar ly, to fac il itate prncess 
and memory management, special software 
tools are used. 

Co mputer systems and archi tectures can 
be appraised fro m three points of view: the 
languages ava il ab le to users (app lication and 
system programmers) , the operating system, 
and the hardwa re. These three areas a1·e 
highly interre lated, and it is d iffic ult Lo 
separate th ci r cap ab i I ities. A few stack 
machine architectures are com mercially 
available with facil it ies fo r mu ltiprogram
ming and timeshar ing. The architecture of 
the Bu rroughs systems is such that th e sys
tem software can be effectively written in 
a high level language. Stack machines have 
good and bad points. Their advantages arc 

Figure 5: A block structured program. Programs written in bloc!? structured 
languages can be visualized as tree structures (figure Sa). ALGOL and PL / I 
are examples of this type of language. The tree in this illustration shows how 
the program is structured. Figure Sb shows how the stacks in a stac!? oriented 
machine would look al various points of the program. Figure Sc shows the 
block layout of the program. 
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noticeab le in block structured programming, 
which is becoming popu lar. As Doran points 
out (see reference 1), stack machines have 
proven to be successful. The increasing cost 
of software and the flexibi lity avai lable 
through microprogramming indicates a trend 
towards stack mach ines or, at least, toward 
a greater use of stack feat ures in computer 
arch i tee tu res. 

Conclusions 

Develo pments in softwa re and program
ming techniques during the past decade have 
proven th e advantages of stack data struc
tures. Microprocessors of recen t origin 
prov ide adequate faci lities to support this 
data structure. The provision of stack 
pointers is a compromise between the ex
pens ive and inflexib le hardware stacks at 
one end and the inexpens ive and flexible 
software sim ulation at the other end. Most 
microprocessors have stack pointers and a 
set of associated machine instructions. 

Stack machines have certa in adva ntages 
in higher level block structured programming 
and the implementation of o perat ing sys
tems. At present, programming with mic ro
processors is done mostly in machine or 
assemb ly language level. Large in-house 
software systems for microprocessors are not 
yet a real ity. As a result, stack mach ine 
architectures are st ill in the realm of large 
mac hin es. • 
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Designing 

a Command Language 

Near ly every system, whether it is com
posed of ten I ines of code or ten thousand 
lines of code, wil l per·form three di stinct 
functions. It wi ll receive inpu t from the 
user, it will process this input and it will 
outpu t the results. Of these three functions , 
the one which undoubtedly receives the 
least at tention from the system designer is 
the communicalion from the use r· or the 
system to the system itself. 

Hours and hours may be spent per
fect ing a processing algor ithm and com
puting field lengths so that the resulting 
output can be instantly understood, yet 
due to the lack of conside r·ation put into 
the inpu t stage of the system, the user 
may be forced to plow through a series 
of questions and answers directed to him 
by the system. Thi s is a siLUation which 
would try the patience of even the most 
tolerant person. Sometimes a situation even 
worse than this series of questions may 
be caused by the designer who is very 
familiar with the system . In an effort to 
save tim e and memory space, the designer· 
may decide to reduce or even en Lir·e ly omit 
any prompting by the program . This leaves 
the decision of what information must be 
entered to the intuition of the user, or to 
a system manu al which wil l probably not 
be around when it is needed . 

A good so lution to the problem would 
be a well designed command language which 
woul d all ow the user to supply all of the 
in for mation which is needed b~1 the pro
gram at one time, in a single command. 
Then, if any of the requ ir·ed da ta has not 
been entered, the comp uter can prompt the 
user for the remaining items. This method 

all ows for both the experienced user who 
knows exactly what data the program needs 
at every instant and for the first time user 
who requires some help from the system 
now and then, but who will soon become 
fami liar with the system and probably prefer 
to avoid the repetiti ous prompting. 

Consider the fol lowing example which, 
al th ough hypothetical and not necessari ly 
typical of chess playi ng programs in ge neral, 
il lustrates prob lems which do exist in 
many systems. A superb chess play in g pro
gram has been designed after months of 
hard work. Along with this program, a 
grap hi cs output system has been devised to 
di play the present formation of the board 
after each move is made. When the user sits 
down to test hi s skil l against that of the 
machine, he becomes a partner to the fo l
lowing dialogue: 

(C : COMPUTER; P : PLAYER} 
C: DO YOU WISH TO MOVE(l), CAPTURE(2), 

OR CASTLE(3)? ENTER I, 2, O R 3 . 
P : 1 
C: ENT ER NUMBER (1-8) OF ROW THAT 

PIECE IS ON . 
P: 2 
C: ENTER LETTER (A-Z) OF COLUMN THAT 

PIECE IS ON. 
P : D 
C: ENTER NUMBER ( 1-8) OF ROW TO WHICH 

YOU ARE MOVING. 
P : 

No matter how well the machine plays 
chess, it is doubtful whether it will be used 
by any particular person for more than a few 
games. Despite the thought that went into 
the rest of the program, no creative thought 
was put into the command language for the 
system. 
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Now, consi der the following conversation 
between the computer an d the player. 

C: ENTER YOUR FIRST MOVE. 
? : MOVE FROM D2 TO D4 
C: I MOVE FROM HS TO E2 . CHECK. 
? : CAPTURE E2 
C: FROM WHERE? 
? : H2 
C: ... 

Th is method not only cuts down on the 
unnecessary chatter which was encountered 
in the first case, but gives the pl ayer credit 
for possessing some knowledge of what is 
happening in the game. By taking time to 
design an easy to use command language, the 
designer can produce a game which will not 
only play well but which will also be enjoy
ab le to use . 

The problem encountered when designing 
a program which handles a set of commands 
such as these is that often no organized 
approach is taken to assure that the al low
able commands are processed correctly. 
Each input string may be scanned and re
scanned for the information which is needed 
by the program . This type of haphazard 
approach wi ll very like ly produce unreadable 
code which is hard to debug and which may 
contain hidden errors and ambigui ties. To 
avoid these problems, the theory of Finite 
state machines (FSMs) may be used to 
produce a recognizer program which can 
parse the input commands and produce a 
structured command which can be in ter
preted by the system . 

Finite State Machines 

Since the aim of this article is to show 
how lo use finite state machines to ai d in 
programming a command language, not to 

thoroughly cover finite state machine 
theory, I will give a rather informal descrip
tion of the machines. The representa tion 
used here has appeared in various places, and 
was chosen mainly because of its simplicity 
for th is appl ica ti on. 

Consider the finite state mach ine shown 
ir figure ·1. Each circl e repr·ese nts a state of 
the fini te state machine . In this examp le 
ther·e are seven states: S, 1, 2, 3, Fl, F2 and 
F3. The names chosen for the states are 
arbitrary. The directed lines between the 
states are ca lled state transition paths. Th e 
state trans ition path, labeled with an H, 
located between state S and state 1, is 
named s- ·1 (H). The parenthetical sym bol 
wil l be om itted when there is no ambiguity, 
such as the path 1-3. The states which are 
circled twice are final states. The final 
states in figure 1 are Fl , F2 and F3. The 
states which are pointed to by arrows which 
lead from no other state are ca lled initial 
states. The onl y initial state in figure 1 is 5. 

This fin ite state machine can be used to 
recognize severa l different strings, a string 
in this case be ing merely a sequence of 
letters. For a particular string to be recog
ni zed, an ordered path must ex ist between 
an initi al state and a fina l state such that 
every symbol in the string being recognized 
ex ists (in its original order) along the path 
starting at the in itial state. Using this fi ni te 
state machine the str ing HOG is recognized 
in the following manner. Starting at initi al 
state S, the first symbol in the string, H, 
leads to state 1 along path S-1 (H) . The 
second symbol, the letter 0, selects path 
1-3 leading to state 3. Final ly, the symbol 
G leads to the final state F2 via the path 
3-F2. Since this path exists from the initia l 
state S to the final state F2, the string has 

Figure 2: Finite state machine that has a 
state transition path loop. 

B 

Figure 7: A finite state 
machine with one initial 
state and three final states 
that Is capable of recog
nizing the words: sat, sog, 
sogs, hot, hog and hogs. 
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Figure 3: A lexical finite 
state machine for rec
ognizing the entities that 
will be accepled by Lhe 
game: < TO>,<TAKE>, 
< M 0 V E >, < CA P >, 
< F R 0 M >, <EN D >, 
< PO S>. 

D 

EOL 

c 

A,B,D,E,G,H 

I , 2, 3, 4, 5, 6, 7, 8 

F 
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been recogn ized. The oth er str·ings which 
can be recognized by this FSM are SAT, 
HAT, SOG, SOGS and HOGS. 

State transition paths need nol prnceecl 
to a new state. A state trnnsi lion path may 
return to a previous state or may even re
turn to the state from which iL started. Fig
ure 2 is an example of a finite stale machine 
which will r·ecognize any st rin g which begins 
and ends with an A and wh ich has zero or 
more Bs between the two As, such as the 
str ings: AA, ABA, ABBA, etc. 

Sample Problem 

Now that the basics of fi ni te state ma
chi nes have been explained, a simple com 
mand language will be defined and impl e
mented using them as a design tool. Using 
this example, a sim il ar procedure can be 
fo ll owed to produce a recogn izing pro
gram for nearly any command langu age 
which might be chosen . 

1,2, 3,4,5 , 6, 7,8 

1,2,3,4,5,6, 7,8 

1,2, 3,4,S,6, 7, 8 

Assume that there is a game which is 
played on a chess board. The columns of the 
board are labeled with the letters A thru H 
and the rows of the board are labeled with 
the numbers 1 thru 8. The three possible 
moves which may be made by any player 
consist of movi ng a piece from one square to 
ano ther, MOVE, moving a piece to another 
square and capturing the piece on that 
square, CAP, or removing one of his own 
pieces from the board, TAKE. Some exam
ples of com mands which are to be accepte d 
by the program are: 

MOVE FROM Al TO C3 
CAP FROM 4H TO H l 
TAKE FROM ES 
MOV E TO F6 FROM 6G 

It can be seen that the commands ar·e 
made up of six bas ic entities which must be 
r·ecogn izable. Th ree of these entities are the 
commands MOVE, CA P and TAKE. TO and 
FROM are keywords wh ich must be ide nti
fied in order to in terpret a command. The 
final type is a pos ition which may consist of 
a letter followed by a number or a number 
fo llowed by a letter and which will exist one 
or more times in each command . 



Command Recognizers 

When a command is entered to be inter
preted by the computer, it consists mere ly 
of a sequence of symbol s (letters, numbers 
and spaces) which have no syntactic meaning 
of their own. The mean ing only starts to be-

<MOVE> <FRON> 

<CAP> <TO> 

<TAKE> 

come clear when the symbols are grouped 
together to form tokens. The tokens which 
exist in this game ar-e the six entities de
scr-ibecl above. These tokens will be referred 
to as < MOVE> , <CA P>, <TAKE>, < TO> , 
<FROM>, < POS>. A finite state mach ine 
which will recognize each of these tokens is 
shown in figure 3. Blanks are shown on th is 
diagram and in the fol lowing diagrams as 
smal l squares. Note that one new token has 
been added to the six types li sted above. 
This new token is <END> which is recog-

<POS> 

<END> 
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finite state machine for 
accepting valid commands. 
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Figure 5: Two example (a) (b) 1 3 COMMAND arrays. COM-

H A MAND array A results 
after processing the com- 6 7 mand MOVE TO Cl 
FROM H6. COMMAND c ---
array 8 is the result of ---
processing TAKE FROM 1 
A 7. 

nized when an end of line (col) delimiter- is 
found. 

Most of this finite state machine is self. 
ex pl anatory . Note, howeve r, the two states 
L 15 and L23 which are entered after match
ing an initial C or F, respectively . These 
sta tes represent a point in the matching proc
ess where the token being recognized may 
be eithe r a command (< CAP> 01· < FROM>) 
or a position (<POS>). When the nex t sym
bol in the input stream is exam in ed, the r·ec
ogni ti on of the token as a position (paths 
L l 5-L20 and L23-L20) or as a command 
(paths L 15-L 16 and L23-L24) can be made. 

The fin ite state machine wh ich has just 
been described performs the process known 
as lexical analysis, the process or grouping 

Table 7: Semantics for the syntactic finite state machine. 

Sl-S2(<MOVE> ) SET COMMAND(l) TO 1 
Sl-S2(< CAP> ) SET COMMAND(!) TO 2 
Sl-S3 SET COMMAND(l) TO 3 
S4-S7 SET COMMAND(2) TO COLUMN (A-H) 

SET COMMAND(3) TO ROW (1-8) 
Sl0-Sl3 SET COMMAND(4) TO COLUMN (A-H) 

SET COMMAND(5) TO ROW (1-8) 
S8..S9 SET COMMAND(4) TO COLUMN (A-H) 

SET COMMAND(5) TO ROW (1 -8) 
Sl0-S6 SET COMMAND(2) TO COLUMN (A·H) 

SET COMMAND(3) TO ROW (1 -8) 
Sl2-Sl3 SET COMMAND(2) TO COLUMN (A·H) 

SET COMMAND(3) TO ROW (1-8) 
OTHERS (NO SEMANTICS) 

Table 2: Semantics for the lexical finite state machine. 
These routines are used to set up the array TOKEN 

Ll -L2 

L4-L 5 

L8-L9 

Ll3-Ll4 

Ll 7 -Ll8 

L26 -L27 

Ll -Ll 9 
Ll-L22 
Ll9-L20 
L22-L20 
Ll5-L20 

L23 -L20 

OTHERS : 

SET TOKEN (!) TO 0 
SET TOKEN(2) TO 6 
SET TOKEN(!) TO 0 
SET TOKEN(2) TO 4 
SET TOKEN(l) TO 0 
SET TOKEN(2) TO 3 
SET TOKEN(l ) TO 0 
SET TOKEN(2) TO 1 
SET TOKEN(l) TO 0 
SET TOKEN(2) TO 2 
SETTOKEN(l) TOO 
SET TOKEN(2) TO 5 
SET TOKEN(2) TO INPUT CHARACTER 
SET TOKEN( l ) TO INPUT CHARACTER 
SET TOKEN(!) TO INPUT CHARACTER 
SET TOKEN(2) TO INPUT CHARACTER 
SET TOKEN(l) TO INPUT CHARACTER 
SET TOKEN(2) TO "C" 
SET T OKEN(l) TO INPUT CHARACTER 
SET TOKEN(2) TO "F" 
(NO SEMANTICS) 
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together input symbols to determ in e the 
tokens which have been in put. The next 
process wh ich must be performed is the 
process of syntactic analysis, checki ng the 
order of the tokens which have been formed 
to see whether they form a va li d command. 
For examp le, the two "comm ands": 

MOVE FROM Al TO C3 
Al C3 FROM TO MOVE 

are both composed of valid tokens for the 
exam pl e language but only the first com
mand is syntactically correct. To determine 
the syntacti c correct iness of a command an
other fin ite state mach ine must be designed. 
This machine, rather than having paths la
be led with symbols from a character set, wil l 
have labels which are va li d tokens of the lan
guage being processed. Figure 4 shows a fi
nite sta te machine which will accept the 
valid comm ands of the language. 

Semantic Routines 

At th is poin t two finite state machines 
have been produced which can be used to 
1·ecognize va lid commands for th e game. 
Before these machines are used to help 
prod uce code to process actual command s, 
the results of processing each command 
must be defined. After a decision has been 
made regarding these results, semantic 
routines, routines to carry out the pt"Ocessing 
of the various co mmand s, shou ld be associ
ated with each state transition path of the 
fi ni te state machines. In our system, each 
com mand wil l be convened to a set of codes 
and placed in an array cal led COMMAND 
which wil l have five elements. COMMAND("!) 
will be set to a code describi ng the co mmand 
operation (1 =MOVE, 2=CA P, 3=T AKE), 
COMMAND(2) and COMMAND(3) wi ll 
hold, respec tively, the column and the row 
posi Lio n associa ted with the FROM key
wo1·d. COMMAND(4) and COMMAND(S) 
wil l hold the column an d row position 
associated with the TO keyword. Figure 5 
shows the expected results of pt"Ocessing 
Fol lowing two commands : 

MOVE TO Cl FROM H6 
TAKE FROM A7 

For the fi nite state machine that is shown 
in figure 4, table 1 shows the semantics 
which will produce the desired r·esult 
Routi nes fo r paths such as Sl-S2(<MOVE> ) 
set the first elemen t of the COMMAND 
array to indicate which comma nd was rec
ognized. Path 52-53 is an implicit recog
nition of the word FROM an d has no 
semantics a sociated with it since nothing 
must be done unt il the path 53-54 is tra
versed. Wh en th is action occu rs, the rnw and 
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column ai-e stored in Lh e COMMAND array 
to indicate the FROM posi tion. Wh en a 
fi nal state is reached, an entire command 
has been parsed and the COMMAND array 
contains all of the necessary info rm ation to 
fully describe the command. 

The lexica l finite stale machine shown in 
figure 3 will be used by the sy ntac ti c finite 

state machine just described to obtain 
tokens from the input stream when they are 
needed. The output from the lexical fi nite 
state machine will be a 2 element array 
named TOKEN which will contain the 
fo ll owing codes . If the token is < POS>, 
then the first element of TOKEN will be 
the rn w number and the second element 

Listing 7: Routine constructed for the lexical finite state machine. 

~· 

* 
* 
* 
* 
* 
* 
* 
* ., 
* 
* 
* 
* 
* 
* 
* 
*" 
* 
* 
LEX : 

* 
* 
LI: 

* 
* 
L3 : 

* 
* 
L4: 

* 
* 
L6: 

* 
* 
L7: 

LEX IS A SUBROUTlNE WHICH EXAMINES INPUT 
CHARACTERS UNTIL IT FINDS A VALID TOKEN OR 
AN INPUT ERROR. SUBROUTINE RCHAR READS THE 
NEXT CHARACTER FROM THE INPUT BUFFER INTO 
CHAR . '#' IS THE END-OF-BUFFER CHARACTER. 
LEX SETS TOKEN (THE TWO ELEMENT ARRAY) TO 
THE FOLLOWING CODES : 

< MOVE> 
< CAP> 
< TAKE > 
< TO> 
< FROM> 
< END > 
ERROR 
<POS > 

SUBROUTINE; 
TOKEN(!) = 0, 

TOKEN(!) 

0 
0 
0 
0 
0 
0 
0 

ROW : 1-8 

STATE I - BEGINNING STATE 
CALL RCHAR( ) ; 
IF CHAR = ' ' THEN GO TO LI; 
IF CHAR = 'T' THEN GO TO L3; 
IF CHAR = 'M' THEN GO TO LIO; 
IF CHAR = 'C' THEN GO TO Ll5 ; 
IF CHAR = 'F' THEN GO TO L23 ; 
IF CHAR = '# 'THEN DO; 

TOKEN(2) = 6; 
RETURN ; 
END; 

IF CHAR = 'A' I 'B' I 'D ' I 'E ' I 'G' I 
'H' THEN DO ; 

TOKEN(2) = CHAR; 
GOTOL19; 
END; 

IF CHAR = ' l ' I ' 2 ' I '3' I '4' I '5 ' I 
'6' I '7 ' I '8 ' THEN DO ; 

TOKEN(!) = CHAR ; 
GO TO L22; 
END; 

GO TO LEXERR; 

STATE 3 - HAVE FOUND 'T' 
CALL RCHAR( ); 
IF CHAR = 'O' THEN GO TO L4; 
IFCHAR = 'A'THENGOTOL6 ; 
GO TO LEXERR; 

STATE 4 - HAVE FOUND <TO > 
CALL RCHAR( ) ; 
IF CHAR = ' ' THEN DO; 

TOKEN(2) = 4; 
RETURN; 
END; 

GO TO LEXERR; 

STATE 6 - HAVE FOUND 'TA' 
CALL RCHAR( ) ; 
IF CHAR = 'K' THEN GO TO L7 ; 
GO TO LEXERR; 

STATE 7 - HAVE FOUND 'TAK ' 
CALL RCHAR( ) ; 
IF CHAR = 'E' THEN GO TO LS ; 

TOKEN(2) 

l 
2 
3 
4 
5 
6 
7 

COL: A-Z 
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* 
* 
LB : 

* 

GO TO LEX ERR ; 

STATE 8 - HAVE FOUND <TAKE> 
CALL RCHAR( ) ; 
IF CHAR = ' ' THEN DO ; 

TOKEN(2) = 3 ; 
RETURN; 
END ; 

GO TO LEXERR ; 

* STATES 10 THRU 13 ARE VERY SIMILAR 
* TO STATES 3 THRU 8 ABOVE AND ARE 
* NOT SHOWN . 
* * STATE 15 - HAVE FOUND 'C' 
Ll5 : CALL RCHAR( ); 

IF CHAR = 'l' I '2' I '3 ' I '4' I '5' I 
'6' I '7' I '8 ' THEN DO; 

TOKEN(!) = CHAR ; 
TOKEN(2) = 'C '; 
GOTO L20 ; 
END; 

IF CHAR = 'A ' THEN GO TO Ll6; 
GO TO LEXERR ; 

* STATES 16 AND 17 RECOGNIZE THE REST OF 
.,.. < CAP> AND ARE NOT SHOWN. 
* 
* STATE 19 - HAVE FOUND COLUMN LETTER (A-Z) 
L l9: IF CHAR = 'l' I ' 2 ' I '3' I '4' I '5' I 

* 

'6' I '7 ' I '8' THEN DO; 
TOKEN(!) = CHAR ; 
GO TO L20 ; 
END ; 

GO TO LEX ERR; 

* STATE 20 - HAVE FOUND < POS> 
L20 : IF CHAR = ' 'THEN RETURN ; 

GO TO LEXERR; 

L22: 

* 

STATE 22 - HAVE FOUND ROW NUMBER (l·B) 
IF CHAR = 'A' I 'B' I 'C ' I 'D' I 'E' I 

'F ' I 'G ' I 'H ' THEN DO; 
TOKEN(2) = CHAR; 
GOTO L20; 
END; 

GO TO LEX ERR; 

* STATE 23 - HAVE FOUND 'F' 
L23 : IF CHAR = ' l ' I '2' I '3' I '4 ' I '5' I 

'6' I '7' I '8' THEN DO; 
TOKEN(!) = CHAR; 
TOKEN(2) : 'F'; 
GOTO L20; 
END; 

IF CHAR = 'R' THEN GO TO L24; 
GO TO LEXERR; 

* STATES 24 THRU 26 ARE SIMILAR TO OTHER 
* STATES WHICH RECOGNIZE KEYWORDS AND ARE 
* NOT SHOWN. 

•· LEXERR - AN ERROR HAS BEEN ENCOUNTERED 
* IN THE INPUT STRING. 
LEXERR : TOKEN(!) = O; 

TOKEN(2) : 7; 
RETURN ; 

END LEX ; 
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UPDATES 

Keeping up with the blizzard of new microelectronic 
components is a formidable task facing any engineer. Fi rst 
there are innumerable part announcements; next comes 
unreadable literature, has tily compiled by the vendor who 
places more emph asis on selling you than telling you. And 
what about avai lability ? Will a part be available within three 
months of its announcement, or three years? 

Osborne & Associates' publications offer a solution to these 
problems. You can bypass the vendor announcements , 
ambitious claims and incomprehensible literature. 

An Introduction to Microcomputers: 
Volume 2 - Some Real Products 
Volume 3 - Some Real Support Devices 

con tai n complete , objective part descriptions of virtually 
every microprocessor and support device on the market 
today . 

Volume 2 and Volume 3 of contain descriptions of products 
through June 1978. To remain current , each book has a year ly 
update series to which you can subscribe. The first is the 
1978-1979 Update Series. 

The updates provide d~scriptions of the newest products 
throughout the yea r. Each update series is bi-monthly; you 
receive six updates per year per book , or 12 updates if you 
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Listing 2: Routine constructed for the syntactical finite state machine. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

SYN IS A SUBROUTINE WHICH EXAMINES lNPUT 
TOKENS TO DETERMINE IF A COMMAND IS OR IS 
NOT VALID . SYN USES SUBROUTINE LEX TO 
OBTAIN THE TOKENS FROM THE INPUT STREAM. 
A FIVE ELEMENT ARRAY NAMED COMMAND IS 
SET USING THE FOLLOWING CODES : 

COMMAND(l) 
COMMAND(2) 
COMMAND(3) 
COMMAND(4) 
COMMAND(S) 

O=ERROR, l =MOVE, 2=CAP, 3=TAKE . 
COLUMN (A·H) OF " FROM". 
ROW (l -8) OF "FROM". 
COLUMN (A-HJ OF " TO ". 
ROW (l-8) OF " TO" . 

SYN : SUBROUTINE; 
* 
* STATE 1 - BEGINNING STATE 
S l : CALL LEX( ) ; 

* 

IF TOKEN(l)=O & TOKEN(2)=1 T HEN DO ; 
COMMAND(l) = 1; 
GOTO S2 ; 
END; 

IF TOKEN(l) =O & TOKEN(2)=2 THEN DO; 
COMMAND(l) = 2 ; 
GOTO S2 ; 
END; 

IF TOKEN(l) =O & TOKEN(2)=3 THEN DO; 
COMMAND(l) = 3; 
GOTO S3; 
END; 

GO TO SYNERR; 

* STATE 2 - <MOVE> OR < CAP> FOUND 
S2 : CALL LEX( ) ; 

* 

IF TOKEN(l)=O & TOKEN(2)=5 THEN GO TO S3 ; 
IF TOKEN(l)=O & TOKEN(2)=4 THEN GO TO S4 ; 
GO TO SYNERR; 

* STATE 3 - <MOVE>< FROM> FOUND 
S3 : CALL LEX() ; 

* 

IF TOKEN(l)>O THEN DO; 
COMMAND(2) = TOKEN(2) ; 
COMMAND(3) = TOKEN(l) ; 
GOTOS4; 
END; 

GO TO SYNERR ; 

* STATE 4 - <MOVE><FROM><POS> FOUND 
S4 : CALL LEX( ) ; 

* 

IF TOKEN(l)=O & TOKEN(2)=4 THEN GO TO SS; 
GO TO SYNERR; 

* STATE 5 - < MOVE>< FROM> < POS><TO> FOUND 
SS : CALL LEX( ) ; 

* 

IF TOKEN(l) > O THEN DO ; 
COMMAND(4) = TOKEN(2); 
COMMAND(S) = TOKEN(l); 
GOTOS6; 
END; 

GO TO SYNERR ; 

* STATE 6 - ENTIRE COMMAND FOUND 
S6: CALL LEX( ) ; 

* 

IF TOKEN(l)=O & TOKEN(2) =6 THEN RETURN; 
GO TO SYNERR ; 

* STATES 8 THRU 13 ARE VERY SIMILAR TO STATES 
* 2 THRU 6 AND ARE NOT SHOWN. 
* * SYNERR - INVALID COMMAND SYNTAX . 
SYNERR : COMMAND(l) = O; 

RETURN; 
END SYN; 
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will be th e colum n letter. If the token is 
not < POS>, then the first eleme.nt of 
TOKEN ar ray wil l be set to zero and the 
second element wi ll be a code indi ca ting 
which type of token was recognized (1 for 
< MOVE>, 2 for < CAP>, 3 fo1· <TAKE>, 
4 fo 1· <TO>, 5 for <F ROM>, 6 fo 1· 
< END>). The semantic ro utines associated 
with the lexica l fi ni te sta te mach ine to 
set TOKEN correc tly are shown in table 2. 

I rnplernentation 

The first step in implementing, the co m
mand language is the conversion of the 
lexical finite sta te machin e into a sub
routine which locates th e next token in 
th e input st ream and places th e necessary 
codes into TOKEN as described above. 
If at any time, an error is detected whil e 
atte mpting to recogni ze a new token from 
th e inp ut stream, then TOKEN( l) is set to 
zero, TOKEN(2) is set to 7 and th is ro ut ine 
returns to its ca ll ing ro utine. 

A program named LEX, written in a 
BASIC-like langu age, which accomplishes 
these results is shown in listing 1. Pr-ior to 
the invocation of this routine, the input 
command must be obtained fro m the use1· 
and stored in a buffer fo ll owed by a blank 
and th e end of line character. A ro utine 
RCHAR i assumed to exis t, which reads 
the nex t character fro m the input buffer 
and pl aces it into th e variable CHAR. 
Beca use of the way that the program has 
been des igned, the flow of the program is 
easy Lo und ersta nd and modificatio ns are 
easy to make if necessary, especially if 
the corresponding fi ni te state mac hi ne 
di agram is available . Th e prog1·a m is divided 
in to sections which correspond to the 
states in th e fi nite state mac hin e. Each 
sect ion determ ines which state transition 
po inter shoul d be fol lowed from the 
character which is being scanned. It th en 
performs the semantics associate d with this 
state tra nsit ion pointer and moves along 
the path by means of the app ropriate GO
TO statemen t. If duri ng the process ing of 
any state, the input character being ex
amined does not correspond with any 
va lid state transition pointer, th e routin e 
sets TOKEN to the error code described 
above and returns to its calle r. 

Li sting 2 shows the ro uti ne constructed 
from the syntactic fin ite state mach ine. Th e 



5 reasons wh~~ou should not flu~ 
the electric p~~~,!! II TM 

Check the appropriate box(es) : 
--.,-.._..c__ You love typing the same copy 20 thousand times a day. 

D Your secretary can type 250 words per minute. 

D You're dying to spend $15,000 on a word processing system just for the 
tax investment credit. ' 

D All your capital assets are tied up in a 10-year supply of correction fluid. 
D You never commit a single thought to paper. 
If you have checked one or more boxes, you do not need The Electric Pencil. 
On the other hand, you may want to jo in the thousands of people who haven't 
checked a single box. 

The Electric Penc il 11 is a Charac
ter Oriented Word Processing System. 
This means that tex t is entered as a 
string of continuous characters and is 
manipulated as such. This allows the 
user enormous freedom and ease in the 
movement and hand li ng of text. Since 
line endings are never delineated, any 
number of characters. words. lines or 
paragraphs may be inserted or deleted 
anywhere in the text . The entirety of 
the text shifts and opens up or closes 
as needed in full view of the user . The 
typing of carriage returns or word 
hyphenations is not required since 
lines of text are formatted automatic
ally. 

As text is typed and the end of a 
line is reached, a partia ll y completed 
word is shifted to the beg inn ing of the 
fo llowing line. Whenever text is insert· 
ed or deleted, existi ng text is pushed 
down or pulled up in a wrap around 
fashion. Everything appears on the 
video display as it occurs. which elim
inates guesswork. Text may be review
ed at w ill by variable speed scro lling 
both in the forward and reverse di rec
tions. By usin!l the search or search 
and replace functions, any string of 
characters may be located and/or re
placed wi th any other string of charac
ters as desired. 

Numerous combinat ions of 

CP;M versions 
Digital Research's CP/ M, as we l l as 

its derivatives, includ ing IMDOS and 
COOS, and Hel ios PTDOS versions are 
also availab le. There are severa l NEC 
Spinwriter print packages. A utility 
program that converts The El ectric 
Penci l to CP/ M to Pencil fi les, cal led 
CONVERT. is on ly $35. 

Features 
• CP/ M, IM DOS and HE LI OS compatib le 
• Supports four d isk drives 
• Dynamic print formatting 
• DIABLO and NEC printer packages 
• Multi·column formatting in one pass 
• Print value chain ing 
• Page·at ·a-time scrolling 
• Bidirectional multispeed scrol lin g con

trols 
• Subsystem with pr int value scoreboard 
• Automatic word and record number 

tally 
• Cassette backup for addit ional storage 
• Full margin control 
• End -of-page contro l 
• Non -printing text commenting 
• Lin e and paragraph indentation 
• Centering 
• Underlin ing 
• Bold face 

Upgrading policy 
Any version of Th e Electric Pencil 

Have ~ got a version 
for you? 

The Electric Pencil 11 operates 
with any 8080/Z80 based microcom
puter that supports a CP/ M disk sys· 
tern and uses an lmsai VIO, Processo r 
Tech. VDM-1, PolymorphC. VT I, Solid 
State Music VB-lB or Vector Graphic 
video interface. REX versions also 
availab le. Specify when using CP/M 
that has been mod ified for Micropolis 
or North Star disk systems as follows: 
for North star add suffix A to version 
number; for Micropolis add suffix B, 
e.g., SS-llA, DV-llB . 

Vers. Video Pr inter Price 
SS-II SOL TTY or simi la r $225. 
SP-I I VTI TTY or similar 225. 
SV-11 VDM TTY or similar 225. 
SR -II REX TTYorsimilar 250. 
Sl· ll VIO TTY or similar 250. 
DS· ll SOL Diablo 1610/ 20 275. 
DP-I I VTI Diablo 1610/ 20 275. 
DV·l I VDM Diab lo 1610/ 20 275. 
DR -II REX Diablo 1610/20 300. 
Dl ·ll VIO Diab lo 1610/20 300. 
NS·l l SOL NEC Spi nwriter 275. 
NP--11 VTI NEC Spinwriter 275. 
NV· l l VDM NEC Spinwriter 275. 
NR·l I REX NEC Spinwriter 300. 
Nl · l I VIO NEC Spinwriter 300. 
SSH SOL Hel ios/TTY 250. 
DSH SO L Helios/ Diablo 300. 

Attention: TRS-80 Users! 
line length, page length, line 
spacing and page spacing permit 
automatic formatt in g of any 
form. Character spacing, bold 

m 
SS 

MICHAEL SHRAYER SOFTWARE, INC. 
1253 Vista Superba Drive 

Glendale, CA . 91205 

The Electric Pencil has been de
signed to work with both Leve l I 
(16K system ) and Level I I mod
els o f the T RS-80, and with vir
tually any pr inter you choose. 
Two versions, one for use with 
cassette, and one for use with 
disk , are available on cassette. 

face. multicolumn and bidirec
tional printing are inc luded in 
the Diab lo versions. Mu lt ipl e 
columns with right and left justified 
margins may be printed in a single pass. 

Wide screen video 

(213) 956-1593 

may be upgraded at any time by sim
ply returning the original disk or cas
sette and the price difference between 
versions, plus $15 to Michael Shrayer 

Versions are avai lab le for l msai Software. On ly the origina l ly purchas-
VIO video users with the huge 80x24 ed cassette or diskette will be accepted 

The TRS-80 disk vers ion is ea! ily tran
sferred to disk and is ful ly interactive 
with the READ, WRITE, DIR, and 
Kl LL routines of TR SDOS 2. 1. 

character screen . These versions put al- fo r upgrading under this policy. TRC 
most twice as many characters on the T R D 

Cassette 
Disk 

Price 

$100. 
$ 150. 

screen !!! Demand a deDIO from your dealer ! 
Circle 319 on inquiry card. BYTE June l 97'J 185 



Figure 6: An alternate 
solution for the lexical 
analysis of Lhe game pro
gram. 

D 

EOL 

1-8 

A-H 

I -Z 
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structure of this program is almost identical 
to the structure of the prev ious routine. This 
time each section of the program examines 
the nex t token which has been obtained by 
a cal l to LEX, performs the appropria te 
semantics for the path to be trave rsed, and 
then moves to the nex t defin ed state. 
Again , if either an invalid token is encoun
tered or if the rout ine LEX returns an error 
code, this routine 1·eturn s to its ca ll er after 
leaving an errnr code of zero in COMMAN D. 

Due to the way these ro utine were con
structed, a single error code is returned if 
any error occ urs in a command. But, be
cause the exact location in the stale d ia
gram is known whenever an e1-i-or occurs, 
more descriptive error messages can be 
generated, or fix up action may be per
formed . Ir the command: 

MOVETOA8 

is entered, then the syntactic routine wou ld 
encounter the < END> token while process
ing state 58. Based on the present form of 
the program, the errnr message printed 
would most likely be " INVALI D COMMAND 
SYNTAX - ENTER NEW COMMAND" 
since no attempt is made to ana lyze the 
sy ntax error. 

However, instead of merely 1·eturning 
the zero error code to its caller, the syntactic 
routine coul d return a unique code to ind i
cate that the FROM section of the command 
is missing. T he ca lli ng ro utine cou ld then 
promp t the user for the coordinates of the 
piece which is to be moved. Depe nding on 
the extent to whic h this errnr check ing is 

A-Z D 

A-Z 

1-8 

A-Z D 

carried nut, a very elaborate and easy to 
use command system can be created. 

Other Representations 

The finite state machine diagrams in fig
ures 3 and 4 have been chosen to illustrate 
the techniq ues of usi ng fini te state machines 
for designing comman d languages and do not 
represent the only way to im ple ment this 
sam ple command language. An alternate 
fi ni te state mach ine whic h performs lexical 
analy is for the exam ple game is shown in 
figure 6. In this fini te state machine all 
of the commands and keywords (MOV E, 
CA P, T AK_E, TO and FROM) map into the 
single token < KEY WORD>. Semantic rou
tines assoc iated wi th the paths L 1-L6, L 1-L 7, 
L6-L7 and L7 -L1 would be used to save the 
sym bols which have already been matched. 
Then when path L7-L8 is t raversed, the 
semantics associated with this path woul d 
inc lu de a table lookup routine to identify 
the command or keyword and correctly 
fil l in the TOKE N array. 

To illustrate this techniq ue, observe how 
th e finite state machine in figure 6 would 
1·ecognize the captu re command. Sta1·ting 
with state L 1, the C would cause the tra
versal of path L'l -L6 and would be saved to 
later help identify the token being parsed. 
The A and the P wou ld similarly cause the 
program to move alo ng the paths L6-L 7 
and L7- L7, respect ively, and agai n these 
letters wou ld be saved by the semantics 
associated with these paths. Finally, the 
ending blank would cause the t raversal 
of path L 7- L8. At th is time, the semantics 
associated with path L7- L8 would examine 
the le t te rs which had been saved, ide ntify 
the parsed word as either a valid token or 
an invalid word, and correctly fill in the 
TOKEN array with the code for the token 
or the elTor code. 



Certain advantages exist for both the 
method used in the finite state machine 
in figure 3 and for this method but as the 
number of keywords increases, this method 
becomes mu ch more efficient in terms of 
memory used . 

Conclusion 

The purpose of th is article has been to 
show how finite sta te machine theory may 
be applied to produce correct and we ll 
structured code for command recognizers. 
I have used finite state machines to produce 
both an in formatio n retrieva l command 
language and a FORTRAN free format 
inpu t processor of character strin gs and 
numbers; and methods similar to these 
shown here have sign ificantly speeded up 
the implementations. The efficiency of thi 
method wi ll var-y depending on which 
language is used to program the procedures 
and on the programming tec hn iques used. 
The sample programs previous! y shown were 
designed with clar ity in mind and are not 
the most efficient routines which cou ld 
have been written . I wou ld recommend 
that the lexica l fi nite state machine be 
coded in asse mbler language if possib le 
since many techniqu es exist to improve 
the performance of cha1·acter by charac ter 

scanning and comparison. Of cou rse, both of 
the routines may be written in any language 
desired, but because of the memory space 
limitations of most small compute r·s, assem
bler language wo ul d probab ly be an asse t. 
As memory size increases, however, the 
advan tages o f a embler tend lo dec rease. 
Whi chever langu age is chosen, the finite 
state machin e method of des igning a com
mand language shoul d produce a system 
which runs correct ly after less progra mming 
effo rt, which can be more read il y under
stood and changed as necessa ry, and which 
can provide a series of error and prompting 
messages that help to make the system 
easier and more enjoyable to use. • 
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Figure l : A plot of the percent error in the magnitude approximation for 
different values of K. We are approximating the square root of REAL2 + 
!MAG2 by the formula L + KS, where L is the larger and Sis the smaller 
value of the absolute values of the real and imaginary parts of a vector. 

K PEAK ERRORS VARY FROM (%1 RMS ERROR(%) 

1 0 to 41 30 
.5 (1/21 0 to 12 9.1 
.4 14214 (./ 2 - 1) 0 to 8.2 5.9 
.375 (3/8) - 2.8 to 6 .8 4 .7 
.3125 (5 / 16 ) - 7.2 to 4.8 3.6 

Table 7: The accuracy of the approx imation algorithm as a function of K. 

IMPLEMENTATION OF 
K K x ABS (SMALLER) 

1 None Required . (Fastest) 

. 5 (1/2) Shift right 1 . 

.375 (3 / 8) Sh ift r ight 2, 
Store in T EMP, 
Shift right 1, 
Add TEMP. 

.3125 (5/16) Shift right 2, 
Store in TEMP. 
Shift right 2, 
Add TEMP . 

.414214(J2 - 1) Multiply . (Slowest) 

Table 2: A comparison of implementation speeds for various values of K. 
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Approximation 
Makes a Magnitude 
of Difference 
Bob Leedom 
14069 Stevens Valley Ct 
Glenwood MD 21738 

I enjoyed Richard Lord's artic le presenting 
an assembly language FFT (fast Fourier 
transform} program for the 6800 (February 
1979 BYTE, page 108). Adaptation to my 
6502 (K IM ) system should be fairly straight
forward . 

However, the author notes that obtaining 
the magnitude of each resulting vecto r is 
almost as time-consuming as the FFT process 
itself, since this wou ld involve tak ing the 
square root of the sum of the squares of 
each REAL/IMAG pair. Strictly speaking, he 
is correct, but with very little trouble a 
quite reasonable approximation to the cor
rect magnitude can be fo und. The fo ll owi ng 
algorithm is often used for this purpose in 
the processing of speech and radar data, 
and may be implemented eas il y in either 
hardware or software. 

To find the magn itude of a vector, given 
the orthogonal components (eg: REAL and 
IMAG} : 

• take the absol ute values of REAL 
and IMAG ; 

• compare the two absolute values, 
place the larger in L and the small er 
in S - if they're equal, i t doesn't 
matter which goes where; 

• mul tiply S by a constant (K), add 
the result to L. 

Wh at is K? That depends on how much 
accu racy you're wi lling to sacrifice for com
putation speed . To app reciate this , you 
should understand that the error in the 
magn itu de computation wil l be a function 
of the phase angle between th e two com
ponents. In his article, Mr Lord simply 
added L to S, thus letting K = 1. Th is 
approximation gives an error of from 0 to 
41 percent: 

Let MAGN = L + S. 

Suppose a vector actually has a magni
tude of 100 units. If L = 0 and S = 100, 
then MAGN = 100, or 0 percent error. But, 
if L = 70.7 and S = 70.7, then MAGN = 
141 .4, or 41 .4 percent error. 

Table 1 shows several val ues of K, along 
with the correspond ing spread of the peak 
errors. However, just looki ng at the peak 
errors can be deceiving; what you really 



want ro do is minimize some measure of the 
average error. Since th e error function 
"folds" at 45 degrees of phase angle between 
Land S, I wrote a short program to compute 
the error at 1 degree intervals from 0 to 45 
deg1·ees. The root mean square of these 
enors is given in tab le I as a sort of quality 
factor for a given value of K. 

As you can see, the computation of the 
magnitude can be improved from 3 to 8 
tim es, simply by choosin g the appropriate 
value of K. The erro r reduction as a function 
of K is shown graphical ly in figure 1; thi s is 
the accuracy part of th e tradeoff. 

The other sid e of the coin is speed of 
imp lemen tation. Given the absolute values 
of REAL and IMAG, and the fac t that some 
frac t ion of one will be added to th e other 
it takes no extra time to pe r fo rm the algo'. 
rithm with K=l . However, with K=.414214, 
you must multip ly (after find ing the smaller 
of the two absolute values). Th e range of in
between speeds is given in table 2. 

The accuracy /speed tradeoff should be 
eva lu ated for each user's appl icati on, either 
by anal ysis or by try ing poss ible values of 
K. However, if you don 't have the r im e or 
cner·gy for this , remembe r that an imme
diate reduct ion of the roo t mean square 
error to less tha n ten percent may be ob
tained by a compare and a shift (ie, K = .5). • 

• 6809 
16 b1I 1nlernal arithmetic 
Hardware mul tiplication 
Two stack pointers 
Two index registers 
18 addressing modes 
Fully relocatable code 
Five interrupts 
Up 10 three times the 

throughput of a 4MHz Z ·SO 

r 
MD-690a Single Board Computer 
$ 2 39 kit $ 29 9 assembled r-- -----P1ease rush the following: 

. . . I 0 CPU Card (kit) 
S-100 Compat1b1hty .I 0 CPU Card (assembled) 

6809 Computability.: ~:::-, ___ _ 
$t.1111·fZ•P---------I 
Cl" 

CA residents add 6% 

Circle 220 on inqu iry card . 

Circle 179 on inquiry card. 

• 1K RAM 

• 1 OK PROM space 

• MONBUG II monitor included 

• 2400 baud cassette interface 

• 20 1/0 lines 

• RS-232 level shifters 

• Real time clock 

• OMA 

• Parallel keyboard input 

• Memory-mapped video output 

• Fu lly S-100 compatible 
(including 8080 type 1/0) 

• A complete system, 
ready to use. 

MicroDaSys , P.O. Box 36051 

Los Angeles , CA 90036 

(213) 935-4555 
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Our MacroFloppy™ 
goes twice the distance. 
For$695. Introducing the M1cropolis MacroFloppy"·' 1041 and 1042 disk drive sub

systems For the 5-100/ 8080/ Z-80 bus. Packing 100% more capacity ir!to a 
5Y.-1nch floppy disk t l1an anyone else. 143K bytes. to be exact. For as little 
as $695. 

The MacroFloppy:1041 comes with tl1e Micropolis Mod I floppy packaged 
inside a protective enclosure lw1thout power supplyl And includes an S-100 
controllec Interconnect cable Micropolis BASIC User's Manual. A diskette con
taining Micropolis BASIC. and a compatible DOS with assembler and editor. 
The ·1041 is even designed to be used e1tl1er on vour desk top, or to be inte
grated right into your S-100 chassis 

H Edgar Coburn 
Structural Engineer 

3560 Albatross St 
San Diego CA 92103 
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The MacroFloppy:1042 comes witl1 everything the ·1041 has. and more. 
Sucl1 as d.c. regulators. its own line voltage power supply, and. to top it off. 
a striking cover Making it look rigl1t at l1ome just about anywl1ere 

Both MacroFloppy systems are fully assembled, tested. burned-in. and 
tested again. For zero start-up pain. and long term rel iability Tl1ey·re also 
backed up by our famous Micropolis factory warrantv. 

And both systems are priced just right. %95 for the MacroFloppy:1041 
and $795 fm the MacroFloppy.1042. 

You rea lly couldn't ask for anything more. 
At Micropolis. we have more bytes in store for you. 
For a descriptive brochure. 1n the U.S. ca ll or write Micropolis 

Corporation. 7959 Deering Avenue. Canoga Park. Cali forn ia 91304 Phone 
(213) 703-1121 

Or l)etter yet. see your loca l dealer 

' 

Concerning 

User's Manuals 

In my opi n ion, many engineers are incom
petent when it comes to transmitti ng in for
mation to anyone not already trained in their 
particu lar specialty . ( I, myself, am wondering 
if I 'm getting this message across.) Engi
neers, who generally are not hum an ori
ented, excuse the obscurity of their com
munications by chargi ng that the other 
person (not one of their compatriots, 
obviously) is not too bright. Unfortunately, 
there is just enough truth in this assump
ti on to convi nce most engi neers that th ere is 
no need to undertake the drudgery of learn
ing how to be lu cid - nothing is so easy as 
adjusting facts to fit opinions. 

It is clearly apparent tha t i f engineers are 
no more obscure in discourse than other 
people, then I don't have much of a point. 
So, before p lu nging into the real subject o f 
this article, let's exami ne this question with 
respect to one parti cul ar feature involved in 
the process of transmitting information to 
others - namely, in dices. Information that is 
not accessib le, or that is accessib le onl y wi th 

MICRO POLIS™ 
More bytes in store for you. 

excess ive difficulty, is not of much p ractical 
valu e. 

In connection with another project, I 
made a statistical study of the indices of the 
nonficti on books avai lab le in a large public 
library. I found that the average amount of 
space devoted to indexing was approxi
mately 1.8% of the total number of pages in 
a book. Indices varied in size from 0 to more 
than 7% of the book pages. Whil e it is evi
den tl y true that index length is no measure 
of index qual i ty, it is equall y apparent that 
a short index is l imited in the amount o f 
information that it can transmit. 

Engineering books, despite the comp lex
ity of their subject matter, have less indexing 
{at an average of 1.3%) than non fiction 
boo ks i n general. On the other hand, scienc e 
books, properly reflect ing the complex i ty of 
their sub ject matter, have more ind ex ing (at 
an average of 2.4%) than non fict ion books 
in general. 

Unfortunately, many instruction m anuals 
fo r computers have been written by engi
neers. I t may well be that the obscurity of 
computer manuals has a substantial effect 
on persona l computer sa les. It is eve n con
ce ivable that literal ly thousands of inte ll i
gcn t, educa ted peop le, those who m ight 
benefit from the possess ion of a personal 
computer, are "turned off" when they see 



MetaFloppyM goes 
The lvl1cropol1s MetaFloppy'" gives you mo1·e than four 1mes tl1e capac1rv of 
anyone else·s 5X-1ncl1 flop1w Because 1t uses 77 racks 1nstea of tl1e usual 35 

n1e field-proven MetaFloppy, with t11ousands of units ciel1verecl. comes 
1n a complete fami ly of models. Ancl. like our MauoFlop y'"' fa1rnlv of disk 
dnves. MetaFloppy is designed for tl1e 5-100/ 8080/ Z·BO bus 

For maximum capacit:v. cl1oose OLii" new MetaFloppy 1054 system Wl11cl1 
actually provides vou witl1 more t l1a11 a million i)ytes of relial) le on-line stor
age For less money than vou'd believe poss1 l) le 

beyond. 
_The Meta Floppy 1054 comes complete w1 11 four dnves in dual config

uration A controller· Power supply Chassis. Enclosure All cal)l1ng A new BASIC 
software package And a DOS witl1 assembler and edi or Tl1ere·s even a IJuil t-
1n Autoload ROM to eliminate ti resome button pusl11ng 

If tl1a ·s more storage than vou need right now. trv our 
Meta Floppy 1053. with 630.000 byres on-line Or our Meta
Floppy 1043. w1tl1 31~.000 bvtes on-line Eitl1er v1av. vou cc111 
expand to over a mil lion bvtes on-line in easy stages. wl1en vol/ 
need to Or want to 

In ot11er wor·ds. if your applicat ion keeps growing, we've got 
vou covered Wrtl1 MetaFloppy 

Tile svstem that goes beyond tile fl oppy_ 
For a desuipt1 ve brocl1ure. 111 t l1e U.S. call or wrrte Mrcropolrs 

Corporation. 7959 Deenng Avenue. Canoga Park. Ca lr fornra 9130 
Phone \2131 703-1121. 

Or be er vet. see vour local dealer 

MICROPOLIS™ 
More bytes in store for you . 

some of the instruction manuals pu bl ished 
by computer manufacwrers . I f the reader 
is skcpt ic;il on this point, let him compai-e 
th e ave rage personal computer user 's manual 
with a rea l ly goof manu al, such as the one 
suppli ed with Hewl ett-Packard's H P-67 cal
cul ator. 

Su ppose that in a given year 10,000 
people are turned away from personal 
computers by the paucity of lu cid manuals. 
( I 'm safe here because no one rea l ly knows 
how many potential buyers don't buy.) And 
suppose that the average user investm ent in 
personal com puters is (optimistical ly) 
$4000. Th is means that the personal com
puter industry, with at feast a few m anu
factu re rs and retail se ll ers on the ragged edge 
of solvency, m ay be needlessly drivin g no 
fess than $40,000,000 per year into o ther 
ha nds. 

I f all compu te r manu fac tu rers were to 
test their manuals by having several in telli
gent, educated people try to operate th e 
co 1-responding computer with nothing bu t 
the manuals for a guide, the resu l ts mi ght be 
il luminating, or even startli ng to the manu
fac turers. Th en, instead of assuming th at 
these test users are clumsy, it m ight be help
ful to revise the manuals until they are lucid, 
not invincibly obscure. 

I bel ieve that the manufactllrers will dis-

cover, i f they actual ly make such a test, 
that the choice of a specific word is highly 
sign i ficant in the transmission of in forma
ti on. It m akes a heap o f d i fference whether 
one says, " Woman and chi ld" or " Woman 
with ch il d." It also makes a d ifference 
wh ether an engineer wr i tes, " ... has a direc
tory entry" or " . . . requires a directory 
en t ry. " 

But m os t significant of all, many engi
nee r·s seem to th in k tlut the reader needs 
little or nothing in the way of or ientation . 
Th is, unfm tunately, is not tru e. t he reader 
o f a manual needs to be led by the hand all 
the way good wri t ing typ ically provides 
such assi stance . Wh at o fte n happens in prac
ti ce is th at th e rea der is given the bru sh-off, 
w i th the declaration th at the manual as
sum es th at the reader is acquainted w i th the 
sub ject. T h is is a luxury that th e perso nal 
computer indu stry cann o t affmd. 

Of course, it is perfectl y reasonab le to 
assume that the ex pectant owner of a per
sonal computer sh ould do a li tt le studying of 
BAS IC, fo r instance. The user definitely 
won't be harmed if he or she gets some idea 
of the general organization of a compu ter . 
But there is grave doubt that such trainin g 
wil l aid the user no t iceably in learn ing how, 
fo r example, to manage the disk fi le of 
som e parLicu lar corn pu ter. 
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Circle 93 on inquiry card. 

25 START-AT-HOME 
COMPUTER BUSINESSES 
In "Low Capital, Startup 
Computer Businesses" 

CONSUL TING • PROGRAMMING • MICRO COMPUTER 
OPPORTUNITIES• SOFTWARE PACKAGES• FREELANCE 

WRITING • SEMINARS • TAPE/D ISC CLEANING • FIELD 
SERVICE • SYSTEMS HOUSES • LEASING • SUPPLIES • 
PUBLISHING • HARDWARE DISTRIBUTORS • SALES 
AGENCIES • USED COMPUTERS • FINDER'S FEES • 
SCRAP COMPONENTS• AND MORE . .. I ,,, ___ ,. 

Plus - ideas on moonlighting, going 
fu l l-time, image build ing , revenue 
bui ld ing, bidding, contracts, marketing. 
professionalism. and more. No career 
tool like it. Order now - if not completely 
satisfied. return within 30 days for full 

' LOW CAl'ITAl..S'TAlll\ll' 

: ~~~~ 
• ~ -

immediate refund. 

I 
I 
I 
t 

' 
··-- ~ ' ~ -r> -- ,. -·- . ' ~ 

:;'.h 

• B'h x 11 ringbound • 156 pp. • $20.00 

Phone Orders 901-761-9090 

DATASEARCH 
incorporated 

4954 Wiiiiam Arno ld Road, Dept. B. Memphis. TN 38117 

Rush my copy ol " Low Capital Stanup Computer Businesses" at $20. 

NAME/COMPANY ---------- - ---

ADDRESS ---------------- 
CITY /STATE/ZIP ---------------

0 Check Enclosed 0 VISA D Master Charge 

---------- Exp. Date 

TRS-80 LEVEL II AND DOS 
COMMAND PROCESSOR 'COMPROC' •••NEW PRODUCT••• •...•... ... . 

Automatically load and execute any sequence of System and/or 
BASIC programs and data from power up. 
Command Illes created, saved, and edited In BASIC. 
Sophisticated options include interactive prompting and substitutional 
parameters. Allows non-computer personnel to easily execute programs. 

RENUMBER WITH 'REMODEL' · MERGE WITH 'PROLOAD' ... .... . ..... . . 
REnumber any section or an entire program. 
MOve program segments. DELete program lines. 
All line references readjusted as required . 
COMBINE programs with renumber and merge. 
LOAD or SAVE any portion of program from tape. 

~SUBROUTINE FACILITIES 'GSF' . .. ................•• .. . . . 
Collection of fast easy-to-use machine language routines. 

IN-MEMORY SORT with multiple variables and keys. 
SORT 1000 ·Element array In 9 seconds. 
ARRAY read/wrile to tape, compress/uncompress/move data. 
SCREEN scrolling, save screen displays, and more . .. ........ . ... . 

~SORT PROGRAM 'DOSORr . . .. . .....• ... .... .... ..... • ... • . 
SORT/MERGE multl·dlske11e sequential Illes. 
MULTIPLE variables and keys. User input/output sort exits. 
Includes GSF machine language in·memory sort, etc. 32 or 48K. 

~SYSTEM TAPES WITH 'COPSYS' . ........... .... ....... .... . 
Dealer Inquiries Invited 

REMODEL Order TS210 at $24.95 
REMODEL + PRO LOAD Order TS220 al $34.95 
GENERAL SUBROUTINE FACILITIES Order TS250 at $24. 95 
DISK SORT PROGRAM Order TS260 at $34.95 
Must specify 16, 32, or 48K on above. System house discounts. 
COMMAND PROCESSOR (DOS OHL Y) Order TS270 al $19.95 
COPSYS (Not DOS) Order TS240 at $14.95 
For TAPES that TEST best Order 10 ea al $14.95 

E=. RACET ..::3 Check. VISA. MIC. C.0.D. E COMPUTES "3 Calif. residents add 6% 
702 Palmdale Oran e CA 92665 714 637 · 
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Furthermore, such learning will be of no 
valu e at all in helping the hopeful beginning 
reader in remembering the casual comment, 
appeari ng many pages earlier, which men
tions that control C is necessary whenever 
"2AOO hex" is transposed with M5700 in 
the ... oh well, what does it matter? The 
point is that the novice computer owner 
needs gu idance. Among other things, this 
means examples, examples, and more 
examples. Since the personal computer in
dustry has not been overwhe lmed by stand
ard ization, even the experienced computer 
user needs lucid, particular instructions 
when adapting to a new system. 

One way to improve the situation is to 
have manuals written by those few engineers 
who have demonstrated a knack for putting 
ideas across. And since behavioral phenom
ena are complex, it is even better to engage 
the talents and specialized training of a 
psychologist. It is obvious to a psychologist 
that students need orientation and examples 
in order to deve lop skill in a reasonable time. 

Unfortunately, it's one thi ng to observe a 
need and quite another to get action. I don't 
imagine for a moment that it is possible to 

get any action out of people without some 
kind of motivation . However, it should be 
noted that motivation techniques, like every· 
th ing else, have changed remarkably over the 
years. In the 16th century, for instance, it 
was fairly common practice when a king was 
offended by some luckless peasant (or even 
by a nobleman) to have the offender bodi ly 
pulled apart by teams of Clydesdale horses 
(the kind that pull beer wagons) . This sort of 
example was supposed to ensure a certain 
amount of respect for His Majesty. It was 
motivation that everyo ne could understand. 
Sadly, we're so civi lized now that we can't 
use any of the old-time, sure-cure methods 
of motivation. 

If engineers knew that the penalty for 
fai lure to be lucid was to be pu ll ed apart by 
teams of draft horses, it might have a salu
tary effect on the writings of engineers. (If 
some computer engineers now th ink that I 
shou ld be pulled apart by teams of draft 
horses, it clearly indicates that my writings 
are luc id. The readers get the message. 
Therefore I shou ld not be pu lled apal't. 
Q.E.D.) 

If a user's manual confuses intelligent 
people, it is not only unsatisfactory to the 
user, but damages the fortunes of ma nu fac
turers and retail dealers also, because poor 
documentation inhibits sales. Why should 
the manufacturers pay fo r ful l page color 
advertisements featuring their products, only 
to throw the benefits away by offering 
obscurely written manuals? There must be a 
better way.• 



Double Sided Notes 
Jonathan A T itus 
TYCHON Inc 
POB 242 
Blacksburg VA 24060 

David Lamkins' article about printed cir
cuit layout techniques "Designing With 
Double Sided Printed Circuit Boards" (Marc h 
1979 BYTE, page 94) described some tech
niques that shouldn't be used in good printed 
circuit board designs. The main problem is 
the strategy of designing the power and 
ground runs as the last step. Don't do it. 

The power and ground runs should be 
designed first in the printed ci rcuit board 
layout, and not last. Here is why. 

• Power runs should be as wide as possi 
ble . It is difficult to make them very 
wide if you have to make them fit 
between signal runs, pins, etc . 

• It wil l be almost impossib le to add 
decoupling capacitors to power ru ns 
that snake through signal runs . Re
member, you will need one decoup ling 
capacitor per 7400 series integrated 
circuit in a good design. 

Statistical 
Computations 

Recomputed 
JG Bl iss 
214 1 Cumberland Av S 

Saska toon, Saskatchewan 
CANADA S7J 1Z2 

Alan B Forsythe, in his article "Elements 
of Statistical Computation," (January 1979 
BYTE, page 182) states: 

Several books of BAS IC programs in 
clude the ca lculation of the standard 
deviation . Those I checked give the 
wrong answer for th is set of data. 

This is probably a resu lt of the formula 
used in the article: 

s ==j -1 
- L (X- X) 2 

N - 1 

The usu al formula for standard deviation is : 

o ==}- ~ l: (X-X) 2 

The version given in the artic le is used when 
calcu lating standard deviation from a sam
ple. (See for example Handbook of Sampl ing 
for Accounting and Auditing, 2nd edition, 
by Herbert Arkin , McGraw-H il l.) • 

• If the power runs a1·e le ft until las t, 
poor design takes over, making the de
signer seek ground and power connec
tions wherever they ar-e ava ilabl e. 
Potential di ffe rences often occur, and 
the circuit doesn't function . Ground 
loops are also a prob lem unl ess proper 
layout of power runs is observed early 
in the des ign. 

Alth ough the use of one colored penci l 
per side of the do uble-sided p1·in ted circu it 
board is noted, designers should try to keep 
the runs on one side oriented in a right-left 
fashion and those on the other side oriented 
in an up-clown fashion. If this course is 
fol lowed, problems such as those in Lamkins' 
figure 4 are avoided. Use of this techn iq ue 
also simplifies problems such as those shown 
in Lamkins' figure 3 design. 

The article also mentions the use of a 
dedicated through -hole. This is a new one to 
me. I always thought that th e holes on a 
printed ci rc u i l board were dedic ated to some
thing. If they weren't dedicated, there 
wouldn't be any need for them. Wh at is a 
through-hole? I thought that holes went 
through something. Wh o knows, maybe 
some cornputerist will come up with a 
nested-hole; a small hole inside a bigger one. 
Best wish es .• 

Retro-Graphics™ 
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Circle 142 on inquiry card. 

*FILE MA AGEMENT SYSTEM 
- UTILIZES DUAL A UDIO CASSETTE RECORDERS 

*INTERACTIVE QUERY LANGUAGE 
-ENGLISH -LIK E COMMANDS 

- POWERFUL INFO RETR IEVAL CAP,\BILITY 

*COMPUTERIZED BUSINESS & P ERSONAL RECORDS 
- CUSTOM IZE YOUR OWN r-IL E STRUCTURES 

-CR EATE & MAINTA IN DATA FILES 

- 0 PROGR AMMING EX PERIE CE RE QUIR ED 

*IMP LEME TED l BASIC 
- T. O.Q. CASSETTE WIT H MANU AL & REF. CA RO $50 .00 

THE f'OLL.OW ING PR E-l> t:F INED T . ll .Q . FILI:: STRUCTUR1':S 
ARE AYA ll.All l.E TO SOLYE YOU R IJATA PROC t:SS INl ; NHllS: 

INVENTORY CONTROL $35.00 
ACCOUNTS RECEI VABLE $35.00 
ACCOU TS PAYABLE $35.00 
ORDER PROCESSING $35.00 
CUSTOMER DIRECTORY $25.00 
APPOINTMENT SCHEDULING $25.00 -

EACH WITll 'ASSt:Trt: ANI> MAN UAL 

SEND SELF-.·l/JDRESSED STAMPED ENVELO/'E 1'0 11 
COMPLETE SOFTWARE C1I T11/.0GUE. 
.%'ND CHECK OR MONt.-Y.ORDEll '/"CJ: 

H. GELLER COMPUTER SYSTEMS 
DEPT. B, P.O. BOX 350 
NEW YORK, NY 10040 

!NEW !'ORK R/;'SI DENTS 1100 APPLICAIJLE S.'11. t:S T.·I X) 

;i111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111r. 

ED SMITH'S SOl'TWARE WORKS 
ANNOUNCES IfilJfilJ:~.L~ © 

AN M6800 SYSTEM RELOCATABLE RECURSIVE 
MACROASSEMBLER &: LINKING LOADER 

ATTENTION ALL PROGRAMMERS: rr you have 
been looklng for an assembler with real macro capabilities, then 

.. Is the one for you . 

Character replacemen t ls the crux of macro expansion. < ·c ·:: ' 
allows unllmlted character replacement In any field of a macro 
model statement. • , ... , ' s argument notation can specify replace· 
ment from a ny field, su bfield, sublist or substring of the macro call 
statement. '· • ' s set of macro dl rectlons supports both global 
a nd local set symbols. Set symbols can be based on either arithmetic 
expressions or character expressions. Macro model statements can 
determine attributes of set sy mbols or macro arguments . cl..<":.' .' 
allows macros to define new macros a nd to call other macros . Macro 
calls can be recursi ve, that Is, a macro may call Itse lf. 

... • contains a mlnl co-resident edi tor, allows spoollng if 
desired, supports Insert files, retains TSC Text Editor source code 
compatabllity. plus many other prog1•ammer convenience features . 

.. can be furn ished on cassette or mini-floppy In either SSB 
or Mini -Flex format. Comes complete w1th 11nklng loader, Instruc
tio n Manual / Programmers Gulde & a n extensively commented 
assembly listing. 

M68RR . casset1e .. S 150.00 
M68RR--D ... SSB disc .. S 150.00 
M68RR· t" .. FLEX disc $150.00 

A 6800 to 6809 cr oss aseombler 
version of f 1

• ~ ·: !. wt ll be 
a valla.ble ln June. 

Order directly by check or MC/ Visa . California residents add 6% 
sales tax. Customers outside of U.S. or Canada add $5 for alr postage 
& handling. 
Dealer i11q11iries 111elco111e. 

Ed Smith's SOFTWARE WORKS 
P.O. Box 339, Redondo Beach. CA 90277, (213) 373-3360 
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Alan Kaniss 
V incent DiChristofaro 
John Santini 
1327 McKinley St 
Philadelph ia PA 19111 

The Great AP L Contes t -

After many trials and tr ib ula tions, we 
arc happy to announ ce the winners of the 
Great APL Contest (August 1977 BYTE). 
The ob ject of th e contest was to cre<1te a 
usable APL interprete r. 

The first place pri ze of $1000 went 
to Alan Kaniss, Vincent DiChristofaro, 
and joh n Santini fo r their APL in
terpreter writ te n in Pasca l. This was 
the mos t complete interpreter we re
ceived . 

Th e second place prize of $500 went 
to two groups: the APL Committee or 
Texas A&M Microcomputer Club which 
submitted a cl ub entry, and Stephanie 
Ch arles and Normand Berube who sub
mitted a joint ly written program. Both of 
these programs were for 8080 pr·occsso1· 
mach in es. 

We thank all the peo ple who en tered 
the co ntest for the time they spen l 
writ ing th eir inte rprete rs, and we hope 
that they learned a great deal from the 
experi ence. 

We used Michael Wimbl e's flowcharts (sec 
"An AP L Interprete r fo r Microcomputers," 
August, September, October 1977 BYT E) as 
ge neral ized guidelines fo r our APL interpre· 
ter, rather than coding directly from th em. 
We used most of his ideas on functi on impl e
mentation, table storage, input scanni ng, and 
sta tement parsin g. There were a few minor 
errnrs in logic, but for the most part the 
flowcharts were cl ear and easy to work 
with. We ex panded the interpreter to inc lu de 
fu nctions to wh ich Wimbl e made reference 
but did not flowch art - inner product, 
outer product, catenate, and index-of. We 
made the interpreter extremely portable by 
havi ng the character set mac hine (as wel l as 
key board) independent. We accomplished 
this by having the program read in the 
install ation's character set fro m a fil e at 
the star t-up of the program . 



TBETRS·80 
ASSEMBLY LANGUAGE 

DEVELOPMENT SYSTEM. 
(A STEAL AT TWICE TBE PRICE) 

A short time ago, 
Microsoft intrcx:luced TRS-80 
FORTRAN- a complete 
ANSI-standard FORTRAN 
with macro assembler, linking 
loader, and text editor, all for 
only $350. The response 
has been overwhelming. 

Many TRS-80 users even 
told us, "The assembly 
language development 
software alone is worth that 
price." We think they're right, 
of course, but we've made it 
an even better deal. 

ANNOUNCING: 
THE TRS-80 
ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM 
FOR $175. 

For half the price of the 
TRS-80 FORTRAN Package, 
you can buy the TRS-80 
ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM, 
including: 

EDIT-80 A fast, random 
access text editor that's easy 
to use and loaded with 
features. Lets you insert, 
replace, print or delete lines; 

edit individual lines; 
renumber lines in a file; and 
find or substitute text 

MACR0-80 The best 
280 assembler anywhere. 
MACR0-80 supports a 
complete Intel-standard 
macro facility plus many 
other "big computer" 
assembler features: comment 
blocks, octal or hex listings, 
8080 mcx:le, titles and 
subtitles, variable input radix 
(base 2 to base 16), and a 
complete set of listing 
controls. 

LlNK.-80 Loads your 
relocatable assembly 
language modules for 
execution and automatically 
resolves external references 
between mcx:lules. 

CREF-80 Gives you a 
complete dictionary of 
program symbols, showing 
where each is defined and 
referenced. 

The Microsoft TRS-80 
FORTRAN Package is still 
available for $350. Or, for 
HALF PRICE, get the TRS-80 
ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM. 

Either way, it's a steal. 

TO: Microsoft, 10800 N.E. 8th, Suite 819, Bellevue, WA 98004 
D Send me the works! TRS-80 FORTRAN Package for $350. 
D Send me half the works! TRS-80 Assembly Language 

Development System for $175. 

D Check enclosed D Master Charge D VISA 

CARD NUMBER EXP DATE 

CARDHOLDERS SIGNATURE 

NAME 

ADDRESS 

CITY STATE ZIP 

Dealer Inquiries Invited 
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Tables 

Rather than usi ng Wimbl c's method of 
storin g tables in arrays (variable table, 
value table, fu nction table, token tab le), 
we took advantage of one of Pascal's data 
structu res, the linked list. This offe rs two 
big advantages to the design of the in ter
preter: 

• Array sizes do not have to be declared 
elsewhere in the program. There is no 
way of tell ing wh ich tabl es will grow 
very large and wh ich ones will stay 
smal I; th is is depenclen t on the calcu
lations being performed with th e inter
preter and wi ll vary from one term inal 
session to another. Wi th I in keel I is ts, 
storage all ocation is dy namic and can 
be used fo r each tabl e as nee ded (sto r
age is taken rrom a common pool or 
storage re erved for linked lis ts). 

• It is a simpl e procedure to de-all oca te 
sto rage (usi ng the standard function 
"di spose " in Pascal) so that it can be 
re-used by the program as needed. Th is 
helps to keep the size of the runn ing 
program to a minimum . 

Values 

We store all val ues as real num bers. We 
decided to do th is based on the fact that 
although APL's data structures arc weak 
(cg: reals and in tegers can be stored in the 
same ar-ray), Pascal 's data strucLUrcs arc 
very strongly ty ped . Num bers arc checked 
to be whol e numbers (nonrract ion al) ror 

certain operations such as index ge nera tion 
(monadic iota) and reshaping (dyadi c rho). 
Numbers are chec keel to be Boolean for such 
operations as logical negation (ti lde), ANDs, 
and ORs. 

The Nybbles Library is an inexpensive 
means for BYTE readers to share some inter
esting but specialized forms of software. 
These programs are written by readers with 
small computers and printer facilities, and 
are therefore designed for particular systems. 
The algorithms and programming tec!mi
ques in these programs can be directly used 
by readers with similar equipmen t, or can 
serve as an inspiration for improvisation 
on computers of different characteristics. 

Potential authors of such programs 
should se11d us a self-addressed stamped 
envelope, with a request for a copy of our 
"Guidelines for Nybbles Authors." Payme11t 
for Nybbles items is based on sales a11d 
length of the item . Rates are set at the time 
or acceptance. 

Nybbles LibrGty programs are se11t in 
listing form , printed on 8.5 by 7 7 inch paper 
on both sides. The Nybbles Library pro
grams are 3 hole punched for collection in 
loose leaf binders, and com e in an attractive 
folder which serves as a cover. 

This month "An APL In terpreter in 
Pascal " (docume11t # 709) has been added 
to the Nybb les Libraty. Use the coupon 
below to order your personal copy, at 
$ I 0.00 postpaid in USA or $ 7 2.00 for over
seas orders. 

Please send ____ copies of BYTE Nybble # _____ at $ _____ postpaid. 

Please remit in US funds only. 

_____ Check Enclosed 

BillmyBAC # _____________ Exp Date 

Biii my MC# ------------- Exp Date 

Na me _________________________________ _ 

Street ___ _ _ ____________ ________________ _ 

City State ______ _ Zip Code 

BYTE Nybbles Library, 70 Main St. Peterborough NH 03458 

You may photocopy this page i f you w ish to keep your BYTE intact. 
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BUSINESS 

Appointment Log by M . Kelleher Perfect for the 
professional. Accepts name and address, meeti ng 
start and endings, subject matter, derives elapsed 
lime. For Level II , 16K $9.95 
Payroll by Stephen Hebbler Comprehensive 24 pg. 
manual with step-by-s tep Instruct ions Included In the 
package . Suppor ts W 2 and 941 Infor mat ion . D, 
$59 .95 

Mall List I by Michael Kel leher is the economy model 
of disk-based malling list programs. Uses a single 
drive and handles up to 1400 names per disk, plus 
prov isions for sor ting opt ions. 16K , D $1 9.95 

BIZ-80 
The Business Sof tware People® 

Just about everything you need ... within 1 
year , participants receive programming for 
Inventory , Accounts Receivable , Accounts 
Payabl e and General Ledger systems , plus 
Sales and Payroll . Complete documentation 
and software on diskette, $200.00 

Mall List II by BIZ-BO Complete mail list system for 
dual disk . E nte r , update , merge, sorl , and pri n t 
mailing labels. D. 32K $99.95 

Smalt Bus iness Bookkeeping by Roger W . Rob itaille, 
is based on the Dome Bookkeeping Journal , sold for 
years In stationery and discount out lets. Level II, 4K 
with ($22.00) or without ($15.00) Dome journal. 
Inventory System II by BIZ-80 Proper inventory 
management is the backbone of a profitable business, 
yet it's very d i fficu lt l o keep cur rent on pr ice 
Increases. shrinkage, low-on-stock Items, prof itable 
items ve rsus losers, without an eff icient and prompt 
method of surveying your Invento r y levels al any 
given time. This program can help you to ach ieve 
optimal managemen l - Ii can hand le u p to 1 ,000 
items on one disk; each additional disk can handle 
another 1 ,000 items. W ith Documenlalion, $150.00 
Inventory S by Roger W . Robllallle, Sr . 240 stock 
Items can be con tained using the fulf 6 data areas and 
2 pieces of alpha in formation. Level I or II , 16K $25.00 
Inventory 11.2 D isk based prog ra m all ows fo r 
creation, maintenance and review of over 2,000 Items 
per clean diskette. Operates under Disk BASIC,DOS 
2.1 with minimum memory allocallon. D, $59.95 

........•.•••..•.••.••....•..•....•. 
ST 80 - SMART TERMINAL 

Lance M lcklus 

Turns your TRS-80 Into a computer terminal. 
Features Include CONTROL key , REPEAT key , 
ESC key , RUN key and a functioning BREAK 
key. Lets you list Incoming data on line printer. 
Reprogram RS-232-C switches from keyboard , 
making baud rate changes simple. Level II, 16K 
$49.94 

••.•..........•••...•...•......••..•• 
Text-80 by Frank Rowlett Fully-documented text 
processing system for disk . Crea te, ed it , move, 
delete, Insert, change, print words or lines. D , 32K 
$59 .95 

KVP Extender by Lance Micklus Corrects keyboard 
bounce, upper case lock, permits use as a terminal , 
screen printing. On tape ($24.95) or disk ($29.95) 
8080-Z80 Conversion by M . K elleher Per mils you to 
enter aoao codings and returns the Z80 equiva lent. L 
II, 16K $15.00 
Bas ic Statistics by Steve Reisser Pearson producl
movement correlation coefficient , chi-square, Fisher 
T-test, sample analysis of variance, Z-scores and 
standard scores, with a random number generator 
built in to simulate data. L II , 16K $20.00 
Renumber by Lance Micklus Complete user control 
over which lines are renumbered , and how, Including 
all GOSUB's and GOTO's. Speclty 4, 16, 32, or 48 K 
version when ordering. Operates In Disk mode. L 11, 4 
through 48K, $1 5.00 Source Listing , $20.00 All 4 
versions on disk, $25.00 

Circle 374 on inqu iry card . 

NEW DOS 
Apparat 

DISK ERROR SOLVED ! Stop blaming your 
dr ive , fix your DOS with NEWDOS: an 
enhanced disk-operating system capable of 
correcting over 70 errors In TRSDOS 2. 1 to 
Improve rellablll ty , end key bounce, enable 
DOS commands to be called from BASIC and 
much more! Avail ab le NOW for 16K systems 
with a minimum of 1 disk dr ive. S49.95 

ACTION GAMES 

Slalom by Dens lo Hamlin Choose between Slalom, 
Gian t Slalom and Downhill. Leve l II , 16K $7.95 
X-Wlng Fighter by Rev. George Blank Put yourself 
Into lhe cockpil ol t his flghler . Ex tens ive use of 
I NKEY !unction pu ts all ship cont ro ls al your 
fi ngertips wll houl hit ting ENTER key . Long range 
sensors warn of approaching ai rcraft prior to visual 
contact. Level II, 16K $7.95 
A i r Ra i d by Small System Software High speed 
machine language prog r am w ilh large and sma ll 
aircraf t flying at dif feren t al ti tudes. Ground-based 
miss lie launcher aimed and I Ired from keyboa rd . 
Planes explode when hit, cause damage to nearby 
aircraft. Score tallied lor hits or misses. Level I or 11 , 
4K $14 .95 
Batter Up by David Bohlke Leve l II , 16K $5.95 
Ten Pin by Frank Rowlette A game of coordi nation , 
the scor ing Is true to the rules of the sport. Level 11, 
16K $7 .95 

ADVENTURES 
Scolt Adams 

Feel as II you 're manlpuletlng HAL from 2001 
when you play these games. Hardly any rules, ' 
finding out Is par t of the fun. Two adventures 
on 32K disk , $24.95 Tape, one adventure on 
each tape - pirate or land - Level II, 16K $14.95 

DOG STAR ADVENTURE 
Lance Mick lus 

You ' re trapped aboard an enemy battles tar . .. 
can you find the go ld , rescue the pr i ncess, 
discover the plans and safely escape? Level II, ' 
16K $9_95 

Amaz ln' Mazes by Rober t W allace Ever-chang ing 
maze situation Level II, 16K $7.95 
Sink 'UM by Rev. George Blank L II , 4K $4 .95 

Breakaway by Lance Micklus Level I or II , 4K $4.95 
Treasure Hunt by Lance M ickl us Explore caves in 
search ol twenty hidden treasures. L I or 11, 
16K $7.95 
Kamikaze by Russe ll Starkey Command your ship 
against altack lng suicide planes. M achine language 
graph ics make this fast and fun! L I I , 16K $7 .95 

M l SCELLANEOUS 

Diskettes Dysan 104/1 Box of five , $24 .95 + $1.00 
shipping Verba t i m, box of ten , $34.95 + $1.00 
sh ipping I hand I Ing 

Z80 Instruction Handbook by Scelbi Pub l. $4 .95 
The BASIC Handbook by Dr. David A . Lien $14.95 + 
$1 .00 sh ipping/ handling 

SIMULATIONS 

3-D Tic Tac Toe by Scoll Adams Three skill levels -
aut hor warns you to practice before tackling 
compu ter 's thi rd sk ill level.L I or II, 16K $7 .95 

Star Trek fll.3 by Lance M lcklus One of the most 
advanced Star Trek games ever wr itten . Level II, 16K 
$14.95 
End Zone by Roger W. Robitaille, Sr. Au lhenllc 
foot ball sim u la t ion , rig h t down to the 2-minu l e 
warni ng. Level I or II, 16K $7.95 
Cribbage by Roger W . Robi taille, Sr . You versus 
the computer cr ibbage played by st andard ru les. 
Levellor ll,1 6K $7.95 
Bridge Challenger by Ge-0rge Duisman You and the 
dummy play 4-person contract br idge against the 
compu ter. Level II, 16K $1 4.95 
' Round the Horn by Rev. George Blank You' re the 
captain of a clipper ship racing from New York to San 
Francisco. Level II , 16K $9.95 
Concentration by Lance M icklus One of the most 
popular television games LI or II , 16K $7.95 
Safari by David Bohlke You're in the running tor a 
film con tract al a major Hollywood studio. To qualify, 
you must photograph the most wild animals In their 
natural habitat. Level II, 16K $7 .95 
Pork Barrel by Rev. George Blank Places you In the 
shoes of an aspiring Congressman. L II , 16K $9.95 
Backgammon by Scott Adams Level 11 , 16K $7 .95 

Chess Companion by M . K elleher Combines chess 
clock features with abil ity to record your moves while 
action Is fast and furious . Level II, 16K $7.95 
Sargon Chess by Dan & K athe Sprack len Winner of 
lhe 1978 San Jose M icrocomputer Chess Tournament 
Levelll , 16K $19.95 
Mastermind 11.2 by Lance M lcklus Leis you and the 
compu ter take t urns making and breaking codes. 
Level II, 16K $7 .95 

PERSONAL 

RPN Calculator by Russell Starkey A se lf
documenting calcu lator program . Uses Reverse 
Polish Notat ion with 4-level stack, 100 memories, 
scientific functions. Leve l II. 16K $9.95 
Home Financial Management by M . K elleher Turns 
your computer Into a persona l fi nancial advisor. Leve l 
II , 16K $9.95 

Tarot by Frank 8 . Rowlett , Jr. Probab ly the besl 
future-gazi ng type program ever wrillen .Try ii -
you 'l l like It! Leve l I or II, 16K $9.95 

Ham Rad io by M . Ke ll eher A mateur frequency 
Allocations, ID T imer , 0-slgnal File , Amateur Log 
Routine, Propagation forecast ing. L I I , 16K $9.95 
Special Disk-enhanced version , 32K $24.95 
Educator Assistant by Steve Reisser Five programs 
of val ue l o educators . Compute pe rcentage, 
individual student averages, class averages, standard 
test scores, final grades. L II, 16K $9.95 D, $14 .95 
Electronic Assistant by John Adamson A group of 8 
subprograms des igned to so lve problems such as 
tuned circuits and active and passive filters . L II, 
16K $9.95 
Personal Finance by Lance M lck lus 33 di ff eren t 
budge ts can be easi ly adapted by user to fit his 
Individual needs. A 2- par l program, en t ry and 
search. Level 11, 16K $9.95 
Advance Personal Finance by Lance M icklus Same 
as above wlih advanced analysis routine. Supports 
Disk Flies D. 32K $1 9.95 

~ ' SOFTS I DE Your BASIC software magazine 
Regu lar 1 year subscription - 12 issues - $15.00 

PROG/80 For the serious programmer , from 
beginner to professional 1 year reg ular 
~ubscrip l i on - 4 Issues - $10.00 / 

-VISA -
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The BASIC Handbook : An Encyclopedia of 
the BASIC Computer Language 
by David A Lien 
CompuSoft Publishing, San Diego CA, 7978 
360 pages, paperback 
$74.95 

The title of this book really should read 
A Dictiona1y of the BASIC Computer Lan
guage. It is laid out in a self-indexing format 
as an alphabetic listing of BASIC keywords 
{such as PRINT, GOTO, and INT) accom
pan ied by a detailed explanation of the ef
fect that the keyword has when used in a 
program. Operator symbols are also dealt 
with. 

The description given for each keyword 
includes the followi ng: introductory and 
descriptive remarks, a test program with a 
sample rnn to show how the machine should 
respond, helpful hints, var iations in usage 
between different brands of computers or 
di ffe ren t implementations of the BAS IC 
language, and cross-references to related 
keywords. Also included is a section called 
"If Your Computer Doesn't Have It." This 
section is of great va lu e to readers who may 
have BAS IC interpreters that lack certain 
features. 

In many cases th is section gives a su brou
tine which performs a funct ion. These sub
routines are similar in design to those which 
are found in the Radio Shac k User's Man
ual for Level 7 TRS-80 Microcomputer Sys
tem. In some cases a slightly modified 
algori thm is used for better accuracy. 
These subroutines arc written in a form 
which transports well between different sys
tems. (The simi larity to subroutin es in the 
TRS-80 manual, and a sli ght emphasis on 
TRS-80 BAS IC, is not surprising. Dr Lien is 
the author of the TRS-80 Users Manual.) 

The BASIC Handbook is good within its 
limits. It will be a help to the beginning pro
grammer, especially one trying to convert a 
BAS IC program from one microcomputer 
system to another. When this novice pro
grammer encounters a word with which he 
or she is not familiar in a program, the 
chances are that it is in this book, along with 
supplementa ry information. 

A problem arises, however : not all fea
tures and differences between BASIC sys
tems occur in the keywords. For example, 
the BASIC compiler offered by North Star 
Computers has several characteristics which 
differ from other BASIC systems. These in
clude reversed use of commas and semi
co lons, and accessing of single characters 
fro m a string by subscript notation . The 
book could address the punctuation symbol 
usage, but it does not. The format does not 
provide a good section to discuss the sub
script notation for strings or other differ
ences of a similar nature . 

The book in this edition is incomplete . 
Certain keywords do not appear. Notable by 
the ir absence are the string usage statements 
CHANGE and LIN PUT; the special forms 
RESTORE$ and RESTORE#; the matrix 
arithmetic operations (MAT C =A+ B); the 
matrix initialization keywords (MAT C = 
ZER or CON or ION) ; the matrix manip ula
tion statements (MAT C = TR N(A) or 
INV{A), etc.); and most of the various state
ments for handl ing data files on mass storage 
devices. 

Part of the reason for the above men
tioned omissions is that most of the informa
tion presented in this book concerns micro
computer BASIC systems. In particu lar, the 
various Microsoft (M ITS , Apple, Radio 
Shack, Commodore, Ohio Scientific) inter
preters are well covered. Implementations of 
BASIC on minicomputers and large main
frames are somewhat neglected, however. 
They appear in the list on the inside back 
cover, but most of th e more unusual fea
tures, those which are most likely to cause 
trouble, have not been inc lud ed in this book. 

The result of al l this is that a person who 
wishes to convert a BASIC program from a 
large computer system to a small computer 
system wil l need to determine if the more 
specialized features of the "large" BASIC 
have been used. If they have, the program
mer will need to consult the user's manual 
for the BASIC language as it works on th e 
large source computer. Dr Lien recognizes 
this, as he states in the introduction, "The 
BASIC Handbook is not a substitute for the 
manufacturer's manual which accompanies 
each computer. It is a supplement." 



<<< I SMELL A WUMPUS!!I >>> 
... SHOOT 
or MOVE? 
ISBN 0-931718-03-1 

$6.00 
Buy this book at your favorite 
computer bookstore or 
order direct from 
BYTE BOOKS. 
send 60¢ per book for 
postage & handling. 

Its Jack Emmerichs' new 
book, ·superwumpus·, an exciting 
adaptation of the ·wumpus· game for 
computer programmers. The cave system of the 
Wumpus is a dodecahedron, and you're the lost hunter 
who has to capture the wumpus to lead you out. You'll have to 
hurry before your supplies are depleted, or before you're caught in 
a bat migration, a rock slide, or some other catastrophe. 
Superwumpus is outstanding in the realm of computer games 
as being both challenging and enjoyable. 
Superwumpus is programmed in both 6800 
assembly ianguage and Basic, and comes 
complete with source listings and 
bar codes. 
watch out for superwumpus-diJ EI jJl~M 
Its addictively fun! E ... 

~[)[)~~ 
"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street, Peterborough, New Hampshire 03458 
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FREE SOFTWARE! FINALLY .... 

PRACTICAL MICROCOMPUTER PROGRAMMING: THE zao 
by W.J. Weller 

Here fromW .J. Weller and Northern Techno
logy Books is the third in the Practical Mlcrocom· 
puter Programming series . It Is a comprehensive 
text covering assembly language programming 
for ZBO based microcomputers. The first 16 chap
ters cover ZBO programming comprehensively , 
from binary operations to interrupt handling . In
cluded are chapters on moving data, logical and 
arithmetic operations, use of the stack, commu
nications with the terminal , floating point arith
metic and graph ic output. All programming tech
niques are illustrated with formal tested ex
amples . An important feature of the book Is that 

it uses the universal standard 8080 mnemonics. 
This is of great help to users who are upgrading 
their machines and software to utilize the ZBO 
processor. 

The last part of the book is software; an editor/ 
assembler wh lch wi 11 run on any 8080 or ZBO ma
chine and a debugging monitor. 

Hardcover $29 .95 a quality assembler for the TRS-80• 

Send in the coupon supplied with the book and 
receive FREE the object programs of the editor I 
assembler and debug on either paper tape or on 
cassette tape for the TRS-80 microcomputer. 
(Loads in Level I with 16K RAM or Level II. ) 

Both the book and software for only $29 .95! 
AN EDITOR/ASSEMBLER SYSTEM 
FOR 8080/8085 BASED COMPUTERS 

by W.J. Weller and W.T. Powers 

• Also available is the editor I assembler object code for the Z· 80 
on diskette for North Star disc systems. Only $14.00 

• In addition, the editor /assembler and debug source code for the 
Z 80 are available on diskette for North Star disc systems. 
Only $14.00 

• Or both for $26.00! 

This 148 page book contains complete Information for initializing 
and using a powerfu l new editor/assembler .;ind debugging monitor 
system, and the full SOURCE text of both . The assembler fully sup
ports all Intel instruction mnemonics as well as the entire language 
used in Practical Microcomputer Programmlng™:The Intel 8080. The 
editor/assembler is resident In less than BK RAM and will run on 
any 8080, 8085 orZ80based computer with peripherals which trans
fer on a character basis or can be made to do so by buffer! ng. The us
er supplies his or her own 1/0 drivers.The text editor Is extremely 
simple to use and does not require Irrelevant line numbers. Also in
cluded is a program to convert Processor Technology ' "' format tapes 
to a format usable by the editor I assembler . 

rB----,--,---5---;:----~s~=:~~i::---J 
PO Box 428, I 

.
1 
n c Peterborough, NH 03458 \ 

603-924-3355 I 

This system is not the usual "quickie" software, riddled with er
rors and limitations, but a professionally created, thoroughly tested 
and debugged system. At $14.95 it is the best software bargain you 
are ever i lkely to see. 

AND BY THE WAY ... paper tape object copies of all this software 
are sent FREE to book purchasers when the coupon at the back of the 
book is returned to Northern Technology Books. 8V2" x 11 ". $14.95 

• 808018085 editor/assembler object code on diskette for North 
Star disc systems. Only $14.00 

• 808018085 editor /assembler and debug source code for North 
Star disc systems . Only $14.00 

• Or both for $26.00 ! 

PRACTICAL MICROCOMPUTER PROGRAMMING: 
THE INTEL8080 

by W.J. Weller, A.V. Shatzel and H.Y. Nice 

Here is a comprehensive source of programming informat ion for 
the present or prospect ive user of the 8080 microcomputer, including 
moving data, binary arithmetic operations, multiplication and divis
ion , use of the stack pointer , subroutines, arrays and tables, convers
ions , decimal arithmetic, various I /O options, real time clocks and 
interrupt driven processes, and debugging techniques. 

This 306-page hardcover book is well worth its $21 .95 price and 
should be in every 8080 or ZBO user 's library. 

PRACTICAL MICROCOMPUTER PROGRAMMING: THE M6800 
by W.J. Weller 

This second volume of the Practical Microcomputer Programming 
series addresses the problems of applications programming at as
sembly level for the M6800. In 16 chapters and more than 100 formal 
examples , the fundamental techniques of assembly level programm
ing are applied to the solut ion of specific problems with the 6800. No
where theoretical , it is a thorough and detailed methods text for the 
beginning and intermediate application programmer using the 6800. 
$21 . 95 hardcover. 

•A trademark of Tandy Corporation 
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Books to e rase the 1mposs1ble I 
I 

Please send me the items checked below . 

D Practical Microcomputer Programming - The Z80 
(with choice of either FREE paper tape or FREE TRS-80 cassette 
when I mail coupon supplied with book) $29.95 
D Editor/Assembler System for 8080/8085 Based Computers 
(with paper tape object copies of the software sent FREE when I mall 
coupon supplied with book) $14.95 
D Practical Microcomputing Programming - The Intel 8080 $21 .95 
D Practical Microcomputing Programming - The M6800 $21.95 
D Editor/assembler object code for the Z 80 on diskette for North 
Star disc systems $14.00 
0 Editor I assembler and debug source code for the z 80 on diskette 
for North Star systems $14 .00 
0 SAVE $2.00! Both object code and source code for the Z 80 $26.00 
0 Ed itor/assembler object code for 808018085 on diskette for North 
Star disc systems $14 .00 
0 Editor /assembler and debug source code for 8080/8085 on disk
ette for North Star disc systems $14 .00 
0 SAVE $2.00! Both object code and source code for 8080 /8085 $26 . 

Total enclosed $ (Please enclose 75e shipping/ handling 
for each Item ordered) 

~~ 
D Check Charge Card O Master Charge O Visa WiiilM -
Card #_ --------------------
Expires, _____ _ Signature __________ _ 

Name _________________ _ 

Address ____________________ _ 

City _____ ~State _ __ ~Zip ______ _ 

Dial your charge card orders toll-free: 800-258-5477 Mon. -Fri 9 - 5 PM 
(In New Hampshire dial 924-3355) 
~----------------------------

I 

' I 
I 
I 

' I 
I 
I 
I 

You may photocopy this page Dealer inqui ri es invited 



Dr Lien treats the END statement in a 
way I disl i ke. He descr·ibes i t only as a means 
of terminat ing program execution; whereas 
many computers use END as a means of in
dicating the end of the program text, and 
some systems use END as a marker for the 
physica l end of f il e when a program is stored 
on a disk . Programmers ueating END only as 
an execution terminator- scatter- ENDs 
throughout the program. I f an unsuspecting 
user types in such a program on a system 
using END for end of file and saves it on a 
disk, he may lose the r-esult of hou rs of 
work. I prefer the use of the STOP state
ment for terminat ing program execution 
other than at the end of the program . 

I hope that BASIC exper·ts will communi
cate with Dr Lien, to provide him with exact 
information concerning the more exotic fea
tures of the language . Then, perh aps, the 
seco nd ed iti on of this esse ntia ll y helpful 
book ca n be more help fully esse ntial. A ll 
things considered, the book is a useful pur
chase, especially for the beginner, but I urge 
that it be improved . An improved version 
cou ld truly requir-e the appellation "encyclo
pedia." 

Richard S Shuford 
Editor• 

Structured Programming and 
Probl em-Solving with Pascal 
by Richard B Kieburtz 
Prentice-Hall, Englewood Cliffs NJ 19 78 
365 pages paperbac/? 
$70.95 

Good habits appear· to be in vogue for 
1979. In prngramming, the good habits th at 
we arc suddenly hearing about are docu
mentation, top-down design and bottom-up 
coding techniques, and the Pasca l language. 
Rich ard B Kiebur-tz's book demonstrates 
the necessity of a firm grounding in the de
sign and implementation of programs in 
or·cle r- to cope with the co mplexity of 
today's programming problems. 

The book is divided as follows : 45 per
cent Pasca l, 45 per-cent str-ucturcd design and 
programmin g techniques, and 10 percent 
theory (introductory mater·ial on computers 
that qualifies the book for use as a co ll ege 
tcx tbook). 

Pasca l is largely defined and taught by 
the context of its use in solving prob lems 
such as determining the intersection of two 
line segments, wr·it ing a wor-d processing 
program, and rnnnin g a rabbit population 
simLllat ion. A lthough there is an index of 

Circle 91 on inquiry card . 

NO FRILLS! NO GIMMICKS! JUST GREAT 

DISCOUNTS 
MAIL ORDER ONLY 

HAZELTINE 
1400 .......... .. $ 679.00 
1500 . . . .. .. .. . .. 995.00 
Mod 1 . . . . . . . . . . . 1495.00 

CENTRONICS 
779-1 
779-2 
700-2 
761 KSR tractor _ 
703 tractor . _ .. _ .... 

NORTHSTAR 

954 .00 
1051 .00 
1350.00 
1595.00 
2195.00 

Horizon I assembled _ . 1629.00 
ki t ' . . .... 1339.00 

Horizon II assembled _ . 1999.00 
kit ' ..... - 1599.00 

Disk System . _ . .. . _ . 589.00 

TELETYPE 
Mod 43 . . . . . . . . . . 995.00 

IMS 
16K Static Memory . 459 . 95 

DIGITAL SYSTEMS 
Computer . _ _ . _ . .. S4345.00 
Double Density 

Dual Drive . . 2433.00 

IMSAI 
VOP 80/ 1000 . _ . . . -$5895.00 
VDP40 . _ .. ... _. 3795.00 
VDP42 . . ... _ ... - . - 3895.00 
VDP44 ...... _. _ ... 4195.00 
16K Memory assem _. . 399.00 
PCS80/15 . _ .... _. _ 679 .00 

15% ott on all olher rmsai product. 

CROMEMCO 
System Il l !1.QQQ.£!! . . 4990.00 

10% olf on all olher Ciome mco products 

TEXAS INSTRUMENTS 
810 Printer . _ 1595.00 

CENTRONICS 
Micro Printer 495 .00 

Most Items In stock for Immediate delivery. Faclory·fresh, sealed cartons . 

DATA DISCOUNT CENTER P.O. Box 100 
135-53 Northern Blvd., Flushing, New YOfk 11354, 2121465-6609 

NYS_ residents add appropriate Sales Tax. Shipping FOB N.Y. 
BankAmericard, Master Charge add 3%. COD orders require 25% deposit. 

Expand yourTRS·SO. 
Save$100. 

Meet the Vista V80 Mini Disk System. The perfect way 
to upgrade your TRS-80* system. Inexpensively. 
(Our $395.00 price is about $100.00 less than the 
manufacturer's equivalent.) Here's how it can help you . 

23% more storage capacity. Useable storage 
capacity is increased from 55 ,000 to 65,000 bytes on 
drive one. 
8 times faster. While electronically equal to the TRS-
80 Mini-Disk system, trac k-to-track access is 5ms 
versus 40ms for the TRS-80. 
Better warranty. The V80 carries a 120 day warranty
longer than any comparable unit warranty available. 

The Vista V80 Min i Disk System comes complete w ith 
Minifloppy disk drive, power supply, regulator board 
and case. And it's ready to run - simply take it out of the 
box, plug it in and you're ready to go. 

Vista 
1320 East St. Andrews Place, Su ite I 

Santa Ana, California 92705 
(714) 558-8813 

At Vista, we mean business. 
•TRS-80 ©Tandy Corp. 
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'TINY' PASCAL 
for 

TRS~80® & NORTH STAR® 
Now you too can have Pasca l ! The Chu ng/Yuen ' Tiny ' Pascal has 
been specia ll y designed for TRS-80 & North Star owners. The fu ll 
power & elegance of 'Tiny' Pascal is at your com mand. Programs 
written in 'Tiny' Pascal run at leas t 4 ti mes faster than the sa me 
program in BAS IC! 'T iny' Pascal is also a great way to learn 
Pascal Programming, & fun too. 

The minimum system requ irements are: Level 11, 16K for TRS-80, 
& 24K for North Star (specify single o r double density). 

SOURCE TOO! 

But most important, you also get source lo 'Tiny' Pascal written 
in Pasca l with each purchase! You ca n even compi le the com
piler! (Requires 36K for North Star systems, & 32K, Leve l 11 for 
TRS-80). You ca n customize your own version, o r just use i t the 
way it is. 

' Tiny' Pasca l is a subset of Standard Pasca I & includes: 

RECURSIVE PROCEDURE/FUNCTION, IF-THEN-ELSE. 
REPEAT/UNTIL. ' PEEK & POKE', WHILE, CASE, & MOREi 

A lso you ca n save & load programs. 

You get all this & more, plus a user' s manual for $40.00. 

available from: 

P.O. Box 1628 
Champaign, IL 61820 

(217) 344-7596 

~II orders pre-paid, Illinois residents add 5% sales tax 

At last a 

DICTIONARY 
for 

TRS-80 
6000 words in 12K! 

A selection of 6 ,000 words (no delini11ons!) up to 9 
lette rs long, with an average length of over 5 letters. 
Indexed by first, second and last letter. Answers the 
vital question - what word has a first letter of U, a 
third of G and a last of T? Great for Scrabble or cross
words or your own word games. Each word has a two 
byte code; handy for text compression too. Requires 
16K Level II . 

$14.95 U.S. ($17CON) 

[Z HEXAGON SYSTEMS 
P.O.Box 397, Station A 

Vancouver, B.C. V6C 2N2 Canada 
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Pascal terms pointing back to the text, many 
of these terms are not defined in sufficient 
detail lo help debug a Pascal prog1·am. The 
book is read ily understandab le to anyone 
un acq uainted with the language, bul it 
should not be used as the sole refe1·cnce 
book on Pascal as it describes a gene1·alizcd 
Pascal that manipu lates both cha1·actcr and 
numeric variables. Specificall y, it docs not 
mention some of the more adva nced UCSD 
(Univer·si ty of California at San Diego) ex
tensions to Pascal. 

The concept that is the corne rs tone for 
both the theory and impl ementatio n or 
st ructur-ed techniques in this book is known 
as "design by stepwise refin ement." Thi s 
automatically implies two techn iques that I 
find best fo r problems of any complexity: 
top-down design and bottom-up coding. 
Top-down design (break ing a prnb lem into 
manageable subproblems) produces a mod
ular program that can be easily modified. 
Bottom-up coding (writing the code for every 
subprob lem before writing the code that 
uses them) avoids the prob lem of having to 
rewrite the high leve l routines to add some
thing that you found you needed at a later 
date. Kieburtz uses a relative! y new fl ow
chart-1 i ke notation that depicts the fun da
mental structured programming constructs 
(do-while, repeat-until, sequence, if-then
else, and case} in a way that is both graphic 
and intuitively understandable. For example, 
the body of a do-while clause is a rectangle 
bordered on the left and top by an L-shaped 
piece that describes the while condition for 
repeating the block. 

The book also introduces several of the 
better· known algOt"ithms and ideas in com
pute1· science: the line ar interpol at ion and 
bina ry search methods of extracting roots, 
Gaussian eli mination to solve simu ltaneous 
equat ions, backtracking trial and error 
methods (to solve th e eight queens prnb 
lem), and seve1·al simu lat ion exam pies . Th e 
final chapter, "How Does the Computer 
Work?," dea ls with binary numbers, ma
chine language, and compute r arch itectu1-c. 
It is obviously there to catch a lai-gcr slice 
of Lh e textbook market. 

All in all, this book is 1·easonably priced 
and wel I worth the money. It is a good 
introduction to Pasca l {but only that), and 
it exposes the 1·eader to good programming 
habits on al I levels . I wish th at I had been 
exposed to this kind of book when I was 
lea rning to program. 

Gregg Williams 

1605 Eastmoreland # 3 

Memphis TN 38104• 



Revolution in Miniature 
by Ernest Broun and Stuart MacDonald 
Cambridge University Press, 7978 
23 7 pages hardcover 
$ 76.95 

The invention of the transistor was no t a 
fort ui tous accident o f pure research. It had 
been sought for years before its actual 
inven ti on. A working (though impract ical) 
solid state amplifier had been demonstrated 
as early as ·1933, and in 1939 Dr Willi am 
Shockley tried to put a "grid" in a copper· 
oxide rectifier. It didn't work. When devel
opments in physics fina lly permitted its in
vention, the transistor principle was iden
tified within weeks by Bell Laborator ies, 
Purdue University, and a French team, 
all work ing independently. 

These arc some of the fasc in ating, amus· 
ing, and always fac tual incidents related in 
Re110/ution in Miniature . Th e book traces 
the history of so lid -state electro nics fro m 
the coherer (the fi rs t sol id-state elec tronic 
device) to lar-ge scale integration. On e of th e 
authors is a histori an, the other is a physi
cist, and I can't think of a better combina
tion for this endeavor. Th e flai r that these 
two British au thors exhibit with their com
mand of th e English language provides a 
force of ex pression se ldom seen in a tech
nical book. 

As the publisher states, "Sem iconductor 
electronics ' .. . effect on life in the second 
half of the twentieth century can hard ly be 
overestimated ." Solid-state technology has 
made possible things that were neve r before 
envisi oned, yet in the begi nnin g the tran
si stor was seen, even by its developer·s, as 
a mcr·e substitute for the tr iode tube (or 
"va lve," as described herein) . Th e late r·, 
more successfu l transistor types were often 
elec tr ica lly inferior· to the fragi le, lab asse m
bled models and were adopted o nl y in th e 
interests o f cheap, uniform mass-produc tion. 
Early in tegrated circ uits contained a lo t of 
hand labor, and digital electronics as we 
know it today resulted fro m attempts to 
minimize th e pass ive components needed in 
ear- li er analog ci rcuitry . 

The book is heavi ly footno ted and the 
bibl iography is impressive. Aside from enter
tain ment value , the his tori cal data is well
worth having fo r reference . You will find 
answers to such questi ons as: who developed 
which man ufacturing techniques ; which key 
people spun a new company off from an 
estab lished one; why Si licon Valley is what 
it is; and which bar is the scene of employee 
and informat ion swapping. It's a lot like read
ing someo ne's diary. 
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CATCH THE 
~eill+r~ S-100 INC. 

BUS! OUR 
LIST SPECIAL 

PRICE CASH 
PRICE 

S. 0. Versaf loppy Disk 
Contro ller Kit 159.00 135 .00 

S.D. Expandoram 32 / 64K 
Memory Kit 141 .00 120.00 

lmsai M 10 Multiple 1/0 
Interface Kit 195.00 166.00 

Anadex Model DP8000 U/L 
Case Printer w/RS232 995 .00 850 .00 

SSM 1/0 4 Paralle l & Serial 
Interface Kit 149. 95 128 . 00 

Xitan Z-80 ZPU Factory 
Assembled and Tested 199.00 170 .00 

Call for Our Prices on : 
Cromemco , IMSAI , Vector Graphic, North Star , Sanyo , 

Hazeltine . IMC plus Most Other Major Lines . 

Sub1ecl to Avai lable Ouanlil ies • Prices Quoted Include Cash Discounts 
Shipping & Insurance Extra . 

Bus . . . S-~ DD~ •nc. 
Address ... 7 White Place 

Clark, N.J . 07066 
lnterf ace .. . 201-382-1318 

WE SHIP FROM STOCK - EVERYTHING FACTORY FRESH, FULLY WARRANTEEO 
WE ARE KNOWN FOR OUR PROMPT. COURTEOUS SERVICE 
TELETYPE MODEL 43 TTL .. . . . . . . . . . . . . . . .. . $985 

RS232. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1,085 
IWc slock Teletype Paper and Ribbons ) 

DEC LA 34 
High quality, hard copy, dot matrix printer. Plug compatible substitute 
for the Teletype 43 . RS232 included at no ex tra cost . .. ..... . $1, 159 
HAZELTINE 1500 assembled . . . .. ..... . ...... . ........ $945 
1510 ... . ...... . ....... .. .... .. ... .. ..... . . .. ....... . $1,085 

Also ava fl able w ith French, German or Danish charac1c1 sets. 

MARINCHIP SYSTEMS M9900 CPU 
The Complete, Compatible 16 bit CPU for the S-100 Bus 

Kit Assembled 
M9900 (includes software) . . . . . . . . . . . . $550 $700 

We configure systems to su it your individual requirements . 
MODEM 
Originate / Answer. The "CAT" from Novation .... . . . $190 

HARD DISK CONTROLLER From Kanan .......... $1,550 
S-100 compatible; plugs into S· 100 mainframe, controls 1-4 drives . 

We Also Carry: 
•PER SCI• FUJITSU HARD DISK DRIVES•TEI MAINFRAMES• 

• TARBELL CONTROLLERS • INTERTUBE • SOROC • 
• IMS AND OTHER MEMORIES • TELL US OF YOUR NEEDS• 

•WE CAN OBTAIN MANY ITEMS AT LOW COST• 
To Order: $10 shipping for Terminals. $3 shipping for other items. 24 
hr. shipping upon receipt of certified check or money order. Personal 
checks: allow 10 days . Credit cards : 4% charge . NY residents add tax. 

* WE EXPORT TO ALL COUNTRIES * 
OVERSEAS CALLERS USE (212) 448-6298 ONLY 

WE CAN ADAPT MOST EQUIPMENT FOR 220v, 50Hz 
We have no reader inquiry number. Please call or write . 

JOHN D. OWENS ASSOCIATES, INC. 
147 NORWOOD AVENUE 

STATEN ISLAND. NEW YORK 10304 
DAY. EVENING. WEEKEND. HOLIDAY CALLS WELCOME! 

(212)448-6283 (212)448-6298 
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ANNOUNCES MICROCOMPUTER SOFTWARE 
FOR APPLE II, NORTH STAR, 
& OHIO SCIENTIFIC USERS 

APPLE II 
• FILE MANAGEMENT SYSTEM (32 K) .... . . . .. .. . .. . ... $60.00 
It's used to create, add, change or delete data records on disk. 
Includes label print ing & mail ing list. 
·woRD PROCESSOR (32 K) . .... . ....... . .. .. .. . .... . $60.00 
Disk based word processor inc ludes upper & lower case plus 
complete printer control and more. 
·sTEP by STEP (16 K) .... .. .. .. .. ... .. ............ . . $39.95 
(add $10.00 for disk vers ion) 
Computer Basic course in 20 lessons, 10 quizzes & fina l test. 

NORTH STAR 
'INVENTORY . .. . ... . . ...... .... ... . . . . . . . . . . . ... . . $25.00 
• MEDICAL BILLING . .. .... . .. ... .. ..... . . . . . ....... $25.00 
• PAYROLL .. .... . .. .. ... .... .. ... .. . . . . .. ..... . ... $25.00 
"COMPLETE BUSINESS PACKAGE 

OHIO SCIENTIFIC (All Series) 

*GAMES*SMALL BUSINESS PACKAGES 
*EDUCATIONAL SOFTWARE 

We have the most sophisticated library of software for these 
microcomputers In stock. Send $1.00 for software catalog or 
call our toll free number (800) 327-8455. 
Please specify disk or tape version. 

Trans-Data Corp. 
161 Almeria Avenue, Suite 100·E 

Coral Gables, Florida 33134 

"'HOGHI OGIOOORORORORO.i.0.1.WlliOmoHm.mu.w11JH90900W.m .w.v.w.ill.llW.illilill.0'· 

I TRS-80 means business! ' 1 I I ... with CP / M, CBASIC2, I 
~ & applications software. ::: 

~ 
CJ>/M ( ··11ic software hus") & Clli\S I C~ (the s1;111 - ~ 
dart.I !'or busi ness so!'tw;1re ) b rin g new power ;in d ~ 
ve rsa ti lity tu til e TRS-XO l'or practic ;d use . ~ 

CP/M O ~e ra ting System (w/Editor, Assembler, I 
Debugger, Util it ies & 6 manual set) .. . .. . . $150 i 

CBASIC2 Comoiler (w/manual) . . . .... .. . .. $ 95 ~ 
OESPOOL Print Spool er (w/manual) ..... . .. . $ 75 5 

* D s~~ct~GA~s.o~'. ~~:~?~~ -~~c.o.s_r . . . . . .. $250 i 
"' Osborne & Assoc. ACCTS. RECEIVABLE & 

ACCTS. PAYABLE . .. . . . . ..... . . . .. $250 
*Osb orne & Asso c. GENERAL LEDGER .. . ... $250 e 

• =CBAS IC2 sou rce programs ; add $ 15 (each) for ~ 

app licab le 0 & A book . I!:;: 

APH ·Self -admin istered Au tomated Patient 
History .......... . . . .... . . . . ... .. $175 

Wri te /ca ll for additional software ava il ab le & FREE 
"CP/M Pr imer" . ~ 

CA residents add 6% tax. Visa , M/C,M/0 ,Check OK . ! 
~ !* 
'-=;;,'·~ l ';. 1 ~ 1~ 1~,rr: : ~ 1c is (7 141848· 1922 ~ 

''? i 
80 '11 N E '/MAN AV [ NU[ • SU l lt: 20B • H U N TI N G TO N B E A CH CA t. Jf"O R NIA 926 4 7 ~ 

mo6Tffin'&llblllUmn'forffi11rm~m-o~romnmlmm'!'olmooooornrnom=m11,;o 
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Revolution in Miniature is a must as a hi s
torical refe rence, an d great reading fo r both 
elec tronics ty pes and those who don't care 
about how things work. It provides first class 
nostalg ia fo r the old -timers who actual ly 
remember using crystal sets, who remember 
when tub es "went miniature," and who have 
tr ied to make equipment smaller by sim ply 
cramming co nventional parts closer together . 
As the au thors state, at one tim e it was 
theoretically possib le to achieve a parts 
density of 1 000 per cubic foo t, but in prac
tice the heat wou ldn't permit it. Ou r thanks 
are due to all of those pioneers who made 
this 1·cmarkable revolution possible . 

Ernie Brooner 

COM LABS 

POB 236 
Lakeside MT 59922• 

How to Program Microcom puters 
by William Barden Jr 
Howard W Sams and Co, Indianapolis 7977 
256 pages paperback 
$8.95 

Ho w to Program Microcomputers is an 
in troduc tion to machine language program
ming for the 8080 , the 6800, and the 6502 
microprocessors . The on ly other book I have 
seen that at tempted to teach program ming 
for a group of microco mputers did so by 
presenting all prob lems in a superset of the 
PL/M language. This book ta kes a different 
approach, and uses the assembler mnemonics 
for each of th e processors discussed. 

The book begins with an intro duction to 
microco mputers: what they are , how th ey 
operate; and an introduc t ion to alte rnative 
processo r arc hitectures. The structures of 
the 8080, the 6800, and the 6502 are 
described, then alternatives for addressing, 
memory access , stack manipu lation , 1/0 
(input/o utput) operation and interrupt pro
cess ing are intrnduced. Each topic is illus
trated with fea tures from the applicab le 
microprocessor. 

Th e next part of the book deals wilh 
prog1·am ming techn iques . Data movement, 
arithmetic operations, multi pi e precision 
arithmetic, branching, index ing, subrou
tin es, stack operations, table operations, 
list processing, bit manipu lat ion , decimal 
and floa ting po int arithmetic, and 1/0 
are disc ussed, as well as how to put al l of 
these elem en ts together. As before, ex· 
amples are given for each processor. 
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The las t pan of t he book provides stan
dard algorithm for each machine. T wenty 
different building block (most of which 
be long in any good monitor) are given for 
each processor. Appendices summarize the 
instrunion sets. 

Th c1·c arc th1·cc groups of people who 
rnigh1 be interested in Lhi s book. The f irst 
group is compo cd of anyone becoming 
acquai nted wi th microcomputer technology 
who wants an overview of the main pro
cessors in prcsen t hobbyist use. The seco nd 
group is composed of people who already 
hcive a machine and who wanl good stan
dard routines. Th e third group (in which I 
am inclu ded) consists of th ose hobbyis ts 
who have a machine and who would like to 
~cc how other processors operate. While I 
would certa inl y never trade my Z-80 for any 
uf Lh c proce~:,ors illustrated in the book, it 
i good Lo know how the rest of the world 
opcrn Les. 

If you need Business Reports with fancy 
frills you have the wrong company. We 
don't put these in our Software or our Ads. 
Both cost••• You••• Money. 

But if you need solid, Down-To-Earth 
Software for your North Star, lmsai, or 
other' low cost Data Processing System 
written in Microsoft Basic or Cbasic in
cluding GL, AR, AP, Inventory, Payroll, 
Mailing List and Fixed Asset Accounting 
then you ••• Do ••• have the right 
company. 

GIVE US A TRY - WE KNOW YOU'LL BE GLAD YOU DID 

We honor Visa and Mastercharga 

John A Lehman 
716 Hutchins .:;:2 

Ann Arbor Ml 48103• 

102 Avenida Dela Estrella 
Suite 208 

San Clemente, CA 92672 
(714) 492-7633 

You can use the versatile new BETSI 
to plug the more than 150 S-100 bus 
expansion boards directly into your PET*! 

On a single PC n1 rd. BETS I has holh inlerface ci rcuilr y and a -1- ~ l ol S-100 mo1herb rn1rd. With 
BF IS I. y1>u can i n'ta 111 I) u,c the better than 150 hmmh dcwh1pcd h>r the· S- 100 hus. For 
expanding )'lHtr P ET's memory and I 0. ll E l'S I gives you the in terface. The singk hoard 
ha' hoth the co mplete in tc·rfacc cirrni try require<.! and a 4-, lot S-100 motherboard. rho., an 
80-pi n I' F I c·onncc t o r. HFTS I connects to any S-1110 tyre pP\\cr ,urrly and plugs d irectl) 
into the mcrnor)· exra nsion connector on the s ide o f your PET\ t:a>c . And thci t 's it. You 
need no addi1i1rnal cahk>. in terface' or hackpl;tne, . You d,111'1lla'e1<1 11\odify your l'E I in 
'"') ""Y· and RF rSI doesn't interfere with P ET\ IEEE or par;illd port , . And when you 
11 an t to 1110\'C your sy> tcm BETS I instant I) d etaches fro m y011r l' E r. 

BETS! is com patible with ' 'irtually all uf lh c S- 100 boa rds un lhc nrnrkri . including memory and 
1/ 0 hoards. BETS I has an on-hoard con troller that allows the use· of the high-drns ity low-power 
.. Exrandoram·· dynamic memory hoard from S. D Saks . This 111c;tt1s ycrn can cxp;111d your 
PE I to it' full J2 K limit o n" singk S-100 l'ard! l'lus. ynu \\011't reduce l' ET's spccc.J ll'hen 
)OU use either dynamic or 'ta tic RAM expansion ll'ith BETS I. A<.ltliti1nial lv. ll ETSI has 
fnur 1111-hoard socket> and decod ing ci rcu it ry r,,,. up to ~ K of 27 16-t) pc l'ROM c.xpan,ion 
(In make u,c or fu ture P ET software avai luhlc 011 PROM I. ll F rSI jumper' will address the 
l'RO!\•b anywhere wi thin your PET', ROM area. too . 

MAIL ORDERS ARE 
NORMALLY SHIPPED 
WITHIN 48 HOURS. 
VISA AND MASTER
CHARGE ORDERS ARE 
BOTH ACCEPTED. 
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Tiu• HETS I lnt erfacc / .\101hcrhoard Kil indudes all 
com pon ent>." I 00-pin connector. and cumplclc 
asscmbl)· and o pcrntinc inslrucliuns for $119. 

The Asscmhlcd ll ETSI ho;ord hus four 1110-p in 
connectors. cumptcH· u pt•nll ini: ins1ructio11s ;ind a 
full 6-monlh \\'arrant)· for just SI (1~ . 

FORETHOUGHT PRODUCTS 
871170 llukhuhar lluad # I\ 

F.ugc111'. Orc~un 97~02 
l'hlln" (50.l) ~H5-8575. 

flf:.'TSI ij fll l ' 11,-11 · /111~·rft1rt>/. \l otlrt'rbourdfrom FoTl'thouxlrt 
/lrnduch-thr mul.: t.'n' 11/ I\'/ \/Sr "-•1·hir ll allo v.·l mns of 
( 'ommodort>'r PET Pt'nonol t'u mput~·r IQ im·um1~1· "'ork 
u-;11, tlu- ·°''""'' of m i'tru>t }' am/ I/ () baurt/3 tlt•1·('/0pi·1.l jor 1/11' 
S-/IW (/m .roi/.· l ltuir (1'/ H') hm. Ill~ T5il i 1· a1·ailuhlf' from \foci. 
0 11 lJ ,;,.J:/l' 5' :0 " _,· / 0" 1Jrintt'tl d rt uil curt1. 

llET.\ '/ ;, ui ·uilahh• l1ff· lln" .\lrr'f f ro m yaur /o(u/ dt•alrr "'" (ij 
thc'.l'

0

ff' 0 111) tlirt•ct (1 ·Jrom the n11m 11Ju1:tur1•r. 

Ask a bo ut our 
mcmor)' prices. too! 
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Alan R Miller 

New M exico Tech 

Socorro NM 87801 

10 REM TEST FACTORIA L SUBROUTINE 
20 INPUT "F ACTORIAL OF ";X:GOS UB 5000 
30 PRINT "THE FACTORIAL OF ";X;" IS ";G 
40 GOTO 20 
5000 REM GAMMA FUNCTION G(X) 
5010 YO=X+1 : Y= Y0+5: Y2= Y * Y * 30 : Y 1=SQR(2 "3. 141 59/Y " Y t Y 
5020 G= Y1 * EXP((1 - 1 /(30 " Y2))/( 12* Y )- Y)/YO 
5030 FOR 1=1TO4: G= GI (YO+ I) : NEXT: RE TURN 
OK 

Listing 7: BASIC program for determining factorials using 
the gamma function. 

RUN 
FACTORIAL OF 7 2 
THE FACTOR IAL OF 2 IS 2.00001 
FACTOR IAL OF ? 3 
THE FACTORIAL OF 3 IS 6.00003 
FACTORIAL OF ? 4 
THE FACTORIAL OF 4 IS 24 .0001 
FACTORIAL OF ? 5 
TH E FACTORIAL OF 5 IS 120.001 
FACTORIAL OF ? 8 
THE FACTOR IAL OF 8 IS 40320. 1 
FACTORIAL OF ? 12 
THE FACTOR IAL OF 12 IS 4. 79001 E+08 
FACTORIAL OF ? 16 
THE FACTORIAL OF 16 IS 2.09228 E+13 
FACTORIAL OF ? 20 
THE FACTOR IAL OF 20 IS 2.43292 E+18 

Listing 2: Sample run of the factorial 
program. Notice thal the answers are not 
exact. The truncated in teger portions of the 
smaller results are exact factorials; as the 
factorials grow in size, the resul t quic!?ly 
exceeds the precision of the floating point 
representation of the numbers. 

BASIC Factorials 

Here's another fu nctio n to add to your 
BAS IC, a factoria l calculator. The factor ial 
of a num ber Xis equal to X times X-'I times 
X-2 etc down to one and is represented by 
X ! Thus 4 ! is 24. For large values of X, 
Stirling's approximatio n can be used to find 
the gamma funct ion which is readily con
ve rted to the factoria l by the relation: 

X! = r(X+l) 

To find the factoria l of X with the BASIC 
progra m shown in listing ·1, execute a jump 
to subrou tine at line 5000. On return, the 
factoria l of X wi ll be in G. If for some 
reason the gamma funct ion itself is wanted, 
remove Lhe first statement fro m line 5010 
and GOSUB 5000 with the argu ment in YO. 

The sub ro utine works by finding the 
gamma function of a number six values 
larger than the argument: 

X! = f(X+l) 

(X + 5) = r (N) 

=~ NN 

ex p (-
1 

(1 - -
1 

) -x) 
12X 3QX2 

r (X) = r (N)/(X(X + 1) (X + 2) 

(X+3 ) (X+4)) 

This fu nction is only approx imate, as can 
be seen in t he sample run of lis t ing 2. The 
return ed value shou ld be rounded to th e 
nearest in tege r.• 

THE~a©~ 

W@~ 
IVIOTOROLA MSBOS 

EIVIULATOR 
Run 6809 ·sof tware be lore the chip Is 

DS·BO 

DS-68 

S· 100% compatible video digitizer wllh 
256 x 256 resolulion & 64 levels ol grey 
sca le. $349 .95 

The same i1em lor the SSS0/6800 buss 
$169.95 

MPRtNT 6800 Driver software in 2708 for Malibu 
t 60 prinler Wiring diagram included. 

$39 .95 

BIOPIC Complete Biorhylhm and Compuler Ponrait 
Soltware in 27085 lor Malibu prinler . 
DS·68 and SWTPC 6800 compuler . 

$175.00 

PSB-08 Prom syslem board wilh BK ol 2708 and 
t Kram for all SS·50 Computers . $119 .95 

.. --------------------... avallable! 
Smoke Signal Disk Users! E6809 Is a 6800 machine language program 
Run Mixed 5 and 8 Inch Drives that emulates al l of the fu nctions of the 

The Disk Mixer Is a retrofit kit for Smoke Motorola 6809 third generallon micro· 
Signal Disk controller boards capable of processor. Developed for use on any SS·50 
driving either 5 In. or 8 In. disks that allows computer sys tem, the program allows soft· 
the user to mix drive sizes. DM-85 allows ware development and debugging prior to 
any conflgurallon of 5 In. and 8 In. drives to 6809 avallablllty. The 3 K byte program Is 
be user defined, and provides the approprl- complete with a 6809 mlni·monltor for ease 
ate clock signals for the disk being access- of use, and on source listing. Available In 
ed. This Is a kit, and Is not recommended Smoke Signal or Flex format disk, or cas-
tor those without hardware experience. sette tape. $49.95 

.. ------------•$•3•9 .• 95- ·see Byle, Jan .. Feb., Mar., 79 
Master Charge 

and 
P.O. B OX 1110 CEL MAR, CA. 9201 4 714-7 5 6 - 2687 BankAmericard 
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An8080 

Free Memory Search 

Will iam M Hand 

18660 Arden Av 

Brookfield WI 53005 

Since my computer system is continual ly 
in a state of flux, I sometimes lose track of 
the addressing for the various memory 
boards. To eliminate the hunt-and-seek 
method of locati ng unprotected memory 
blocks, I put together the rout ine in listing 1 
(see page 208) to examine all memory space 
from hexadecimal 0000 to FFFF and report 
the start and end addresses of al l avai lable 
spaces. 

A memory location exis ts and is not pro
tected if the processor c;:in write a word to 
memory and read back the same word . 
However, since any given memory location 
may have a value from 0 tu FF (the range of 
the 8080 processor). some care must be 
exercised in declar ing a location as existing 
<11d avai l ab le. 

To address this prob lem, I use a double 
store routin e in which the processor first 
tores one arbitrary number and then an

other differ·ent number. I f the processor 
reads back the correct number for both 
stores, that location is a valid unprotected 
memory cell. !This could also be used as 
a memory fai lure check if the two values 
used were hexadecimal 0000 and FFFF .. .. 
RGACI 

Two notes are needed relat ive to listing 1. 
First, the line with the pound sign (#) is the 
link back to the calling routine. I f the 
FMAR routine is cal led as a subroutine, this 
line should be replaced with a return instruc
ti on. Second, note that upon exi ting, the 
DE register pair points to the next address 
past the las t address pair from the routine. 
The pointers for start and end of free mem
ory blocks may be pu lled out with LHLD or 
POP instructions. 

Also, the routine i tself should be located 
in protected memory {a long with the oper
ating system, for instance) since the routine 
will self-destruct if located in unprotected 
memory. Be sure to provide sufficient room 
for the DE register pair to expand. 

Total memory requirements for this 
routine arc 66 bytes plus the stack area 
for the DE register pair storage of free mem
ory boundaries. 

If desired, the FMAR routine may be 
used to simp ly ou tput the addresses to <1 

Teletype or ter·minal.• 

64KB MICROPROCESSOR 
MEMORIES 

• S-100 - $695.00 
• LSI 11 - $750.00 

Cl-S100 64K x 8 

-
--

I' 
/ -

Cl-1103 32K x 16 

Cl-6800 64K x 8 

Cl-8080 64K x 8 

• SBC 80/10 - $750.00 
• 6800 - $750.00 

Cl-S100 - 64K x Son a s ingle board. 
Plugs directly into the IMSAI , MITS, 
TDL. SOL and most other S- 100 Bus 
computers. No wait states even with 
ZSO at 4Mhz. Addressable in 4K in
crements. Power requ irement 6 watts . 
Price $695.00. 

Cl-1103 - SK words to 32K words in a 
single option slot. Plugs directly into 
LSI 11 , LSI 11 / 2, H11 & PDP 1103. 
Addressable in 2K increments up to 
12SK. SK x 16 $390.00. 32K x 16 $750.00 
qty. one. 

Cl-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatible with the 
evaluation modules. Addressable in 
4K increments up to 64K. 16KB $390.00. 
64KB $750.00. 

Cl-8080 - 16KB to 64KB on single 
board . Plugs directly into Intel's MOS 
SOO and SBC S0/ 10. Addressable in 
4K increments up to 64K. 16KB $390.00. 
64KB $750.00 

Tested and burned-in . Full year warranty. 

Christin Industries, Inc. 
Computer Products Division 

31352 Via Colinas •Westlake Village. CA 91361 • 213-991-2254 

Circle 4 7 on inquiry card . 



Listing 7: 8080 assembly language program for finding areas of memory that 
are free and unprotec ted. Modify ing the command on line 6 allows the pro
gram to start looking at any point in memory . 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
00211 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 

1'1 rree Memory All oca tion Rou tine 
• locates availab l e unprotec t ed memorv 

• 
• • 

coming i n : D&E point to location 
where res ults are to be s tored 

• 
FHAR : 
fHARl: 

fHAR3: 

REP! : 
fHAR2: 

FHARll : 

TRYON: 

• 

LXI H,0 
CALL l.OOK 
JZ REP! 
CALL CH EC K 
J NZ rMARl 

~ J HP E:XE C 
CALL REPOR 
CALL CHEC K 
J NZ TRYON 
DCX H 
CALL REPOR 
J HP fHAR3 
CALL LOOK 
JZ fH AP2 
JMP rHAR 4 

LOOK: HOV C,H 
MOV M,H 
HOV A, H 
CMP H 
RNZ 

• 

HOV H,L 
HOV A,H 
HOV M, C 
CKP L 
RET 

CHECK: SUB A 

• 

l!IX H 
CHP H 
RNZ 
CKP L 
RET 

REPOR: HOV A,L 
STAX D 
DCX D 
MOV A,H 
STAX D 
DCX D 
RET 

; SET H& L TO 0000 
; !.OOK £'0 1< f!P ST l"RlX l.OCATIO!I 
; rou ND IT . Rt:l'ORT IT 
; LOOK !'OR mo 0 1 :'.C:-IOPY 
;NOT YET , LOOK SOM E MORE 
; mo or MEMORY . Rt:TURN TO r:xt:CUT I VE 
; REPORT f!RST nu:E LOCATION 
; SEE If AT LN D o r MEM ORY 
;NOT YET , CONTINU E LOOKI NG 
; Rf.PORT LA ST LOCAT ION 

;A ND USE CHEC K TO EXIT 
; LOO K roR A rREf. LOCATION 
; VAL ID LOC AT ION 
;NOT VALID, LOOK fOR START or NEXT rREE MEMORY 

; SAVE MEM ORY IN REGISTE:R C 
;WRITE H IN TO MEMORY 
; RE AD MEMORY INTO A 
; SEE Ir A AND H AGRE E 
;NO, NOT VAL ID MEMORY 
;OK PASS 1, THIS TI ME PUT IN L 
; READ BA CK INTO A 
; PUT C BA CK JtlTO MEMORY 
;SEE If A AND L AGREE 
;RETURll WITH f LAGS SET 

;SET A TO 0 
; I NC REH ENT H& L 
;SEE If H=O 
;NOT YET, REnJRN 
;SEE Ir L=O 
;MlD REnJRN 

;GET THE LOW ADDRESS 
;STORE WITH D&E PO INTER 
;DECREMENT POI NTER 
;GET HIGH ADDRESS 
; STO RE WITH D&E POINTER 
;DECREMENT POINTER 
;RETURN 

5 Byte Hexadecimal 

to ASCII Converter 

Ashwin L Doshi 
5830 Green Valley Cir 105 

Culver City CA 90230 

I was recent ly challenged by a co lleague 
to find the most efficient 8080 code to trans
late hexadecimal 0 thru F (stored in the ac
cumul ato r) into ASCII 0 thru 9 and A thru 
F (also in the accum ul ato r) . After I came up 
with a 5 by te translation, he showed me a 
well-publish ed 6 byte translation (of which 
I was unaware ) which is as follows: 

ADI 90H 
DAA 
AC I 40H 
DAA. 

The 5 byte code that does the sam e trans
lation is as follows: 

DAA 
ADI FOH 
ACI 40H. 

The latter assumes that the carry and the 
auxiliary carry are reset, which is the case in 
all app lications that I could find of this 
translation .• 

Checkbook Balancing 

Routine 
Loring C White 
26 Boswell Rd 

Reading MA 02119 

Every month the bank statement arrives 
and we have to go through cancelled checks 
and the usual mathematical ritual to recon
cile our figures wi th those of the bank. Here 
is some software the computer enthusiast 
can use to balance a checkbook. Th e pro
gram in listing 1 is written in MITS 8 K 
BASIC Revision 3.2 (used on my Altair 
8800 computer). {Since the MITS 8 K 
BASIC language was written and imple
mented by the Microsoft Company, this 
same listing should work with minor changes 
on a number of computers besides the 
Altair. These include the Apple II with the 
"App/esoft" BASIC, the Radio Shack 
TRS-80 with Level II BASIC, and the 
Commodore PET computer . . . . CH/ If you 
have printer or Teletype, you can get hard 
copy of al I pertinent information for late r 
refe rences. 

The program has the following features: 

• Th e initial printout is a lis ting of all 
outstanding checks by check numbe r, 
date and amount. 

• A list of al I cancel led checks as they 
are entered as well as a final summary 
list is given. 

• A new, updated I ist of outstanding 
checks is provided to update the list 
of checks appearing in the data state
ments. Provision is made for th is I is t
ing to be in data format so that it can 
be punched on tape to make the pro
gram update easier. 

• Th e computer will search for each 
check listing as it is entered during 
th e program run . 

• Input statements are provided for en
tering the bank statement balance; 
service charge and deposits not entered 
on the statement. 



3 
4 
5 
7 
8 
9 

10 
20 
21 
25 
26 
40 
50 
55 
60 
61 
65 
67 
70 
75 
80 
85 
90 
95 
97 

100 
102 
103 
110 
120 
130 
134 
135 
136 
137 
139 
140 
150 
160 
166 
168 
170 
180 
190 
191 
192 
193 
194 
200 
210 
220 
230 
240 
250 
260 
270 
280 
285 
290 
300 
310 
320 
500 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
6 13 
614 
615 
616 
617 
618 
619 
620 
700 

DIM P(lOO) 
DIMNl1001,Dl1001.A{100).NR(100) ,DR(100),AR(100) 
PRINT"PROGRAM TO BALANCE CHECK BOOK" 
PR INT"ONLY CHECKS NOT RETURNED SHOULD BE LISTED IN DATA 600" 
FORX =OT070 : PR INT"- "; :N EXT :PR I NT 
PR INT"CH ECK # " ,"DA TE (MOY )","AMOUNT" 
FORN =1TOl00 
READ N(N),DIN),A(N) 
IFN(N) =OTHEN50 
S=S+A(N) 
PRINT N(Nl,D(N),''$";A(N) 
NEXT 
PRINT" LIST ALL CHECKS RETURNED : CHECK # ,DATE(MDYl.AMOUNTI$)" 
PR INT"LIST '0,0,0' AS LAST CH ECK IN LIST" 
FORN =1T0100 
INPUT NR(N),DR(N),ARIN) 
FOR X =1T0100 
IF NA(N) =OTHEN130 
IF NR(N) =N(X)THEN80 
GOT095 
IF DR(N) =D(X)THEN90 
GOT095 
IF AR(N) =AIX)THEN100 
NEXT X 
NEXT N 
PR INT"CANCE L CH ECK # :" ;NR (N) ;"DATE:" ;" AMOUNT :$" ;AR IN) 
P(Y) =N 
Y=Y+l 
T=T+AR(N) 
GOT097 
PRINT"TOTAL AMOUNT IN$ OF CHECKS RETURNED FROM BANK =$";T 
PRINT" LIST OF CANCELLED CHECKS" 
PRINT "CHECK # ","DATE(MDY)'',"AMOUNT $" 
FORY =OT0100: IFN (PIY ))=OTHE N 140 
PR INT NR(P(Y)),DR(P(Y)),ARIPIY)) 
NEXT 
PRINT "TOTA L CHECKS NOT RETURNED =S" ;S-T 
INPUT"ENTER BALANCE PER STATEMENT FROM BANK $";8 
INPUT"TOTAL OF DEPOSITS NOT CREDITED ON STATEMENT $";D 
INPUT" ENTER SERVICE CHARGE INDICATED ON BANK STATEMENT $";SC 
Z=B-S+T+D+SC 
PRINT"CHECKBOOK BALANCE SHOULD BE=$";1NT(Z 4 10+2+.5)/10t 2 
PRINT"REM TO DELETE ALL RETURNED CHECKS FROM DATA LIST" 
PRINT"REM TO SUBTRACT SERVICE CHARGE FROM CHECKBOOK BALANCE" 
PRINT" IF YOU WANT LIST OF CHECKS OUTSTANDING FOR NEW DATA" 
PR INT"LIST ING THEN PREPARE TELETYPE TAPE LEA DER AND TY PE 'YES'"; 
INPUT VS: IF V$="YES"TH EN200 
GOT0500 
FORN =1T0100 
FORY =OT0100 
IF N (N)=OTH EN500 
IFNIN )=NR(P(Y))TH EN250 
GOT0280 
IFO(N l=DR IPIY))THEN270 
GOT0280 
I FA(N )=AR (PIY))THEN290 
NEXTY 
GOT0300 
NEXTN 
PR INT600+L;"DATA" ;N(N) ;",";O(N) ;",";A(N) 
L=L+l 
GOT0290 
END 
DATA 100,12876,18.75 
DATA 3,3177,2.6 
DATA 6,3177,16 .2 
DAT A 7 ,3 1 77.48 
DATA 8 ,3177,16.75 
DATA 10,3177.251 
DATA 13,32177,70 
DATA 14,32877,70 
DATA 15,31477,70 
DATA 16,31577,15 
DATA 17,3777,12 
DATA 18,3977,5 
DATA 19,3977,5 
DATA 100,31077,88.4 
DATA 100,31177,15.62 
DATA 20,31177.20 
DATA 100,31077,8 
DATA 21,31277.47 
DATA 1,31277 ,52 
DATA 2,31277,150 
DATA 100,314 77 ,9 .93 
DATA 0,0,0 

Listing 7: Checkbook bal
ancing routines for Micro
soft (MITS) BASIC The 
data statements contain 
all outstanding checks 
that will be checked. 

Circle 307 on inquiry card. 

HEAVY PROGRAMS 
WITH A LIGHT TOUCH 

POI educational software teaches 
with lively, interactive, motivating 
programs. POI programs and games 
can teach you new skills and help 
your kids learn essential math, read
ing, and language skills. The light, 
direct, and entertaining style makes 
the software ideal for home use. 

See Program Design educational 
software for PET, Apple II, and 
TRS-80 at your local computer store. 

Product list available . 
Available at participating Computerlands 

And at these dealers ••• 

ALABAMA MICHIGAN 
Bvte Shop Computer House 
H'untsville Jackson 
ARKANSAS MISSOURI 
Data Cope Computer Country 
Little Rock Florissant 
CALIFORNIA Forsythe Computers 
Byte Shop Bridgeton 
Santa Clara MONTANA 
Bvte Shop Computer Store 
Westminster Billings 
Computer Componenrs NEVADA 
Burbank Bvte Shop 
Computer Components Freno 
Van Nuys NEW JERSEY 
Compu_/er Components Computer Encounter 
Weslm1nster Princelon 
Computer Forum Computer Mart 
La Mirada -
Computer Forum lsehn 
Sante Fe Springs Computer Nook 
H bb w Id P1nebrook 

o l' or Shore Computers 
Northndge Toms River 
Sama Rosa Comp. Center 7'ypetronic Comp_ 
Santa Rosa Ramsey 
COLORADO NEW YORK 
AMPTEC American Peripherals 
Denver Lindenhurst 
CONNECTICUT Computer Corner 
Computer Place While Plains 
Stamford Computer Factory 
Computer Store New York City 
Hartford Computer General Store 
Cqmputer Store Lynbrook 
Windsor Locks Computer Mart 
Computer Works New York City 
Westport 
FLORIDA NORTH CAROLINA 

Bvte Shop 
Greensboro 
Byte Shop 
Raleigh 
OHIO 
~b1~'/n~~~ Comp. World 
21st Century Shop 
C1nc1nna11 

TENNESSEE 
Compulerlab 
Memphis 
TEXAS 
~~i{ft~%f5enrer 
Computercraft 
Houston 
Computer Patch 
Odessa 
Computer $hop 
San Antonio 

UTAH 
Computer Concepts Group 
Sall Lake City 
WASHINGTON 
~Tc~i'~:fiomputer Shoppe 

CANADA 
Computer Shop 
Calgar')' Alta . 
KoDe(ek Svstems 
Wolfvrlle, N.S. 
ENGLAND 
Petsoft 
Birmingham 

PROGRAM DESIGN, INC., 11 ldar Courl. Gleenw1ch, CT 06830 
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• A final summary is provided giving 
the total of all outstand ing checks, 
checkbook balance and the checks 
returned from the bank. 

How It Works 

To implement the program it is necessary 
to provide a list of al l checks written by 
number, date, and amount in th e data state
ments at the end of the program. When I 
first started writing the software I included 
the name of the company but later discov
ered that this in formation is not real ly 
needed . 

Th e first data state ment in the program 
of listing 1 is : 

600 DATA 100, 12876, 18.75 

The statement says that check number 100 
was written on December 8, 1976 fo1· the 
amount of $18. 75. (I usually carry a number 
of blank checks in case I need to write a 
check . I always number this type of check 
with 100. At th e end of the month I may 
have several checks with number 100 but 
this is no problem, beca use they are also 
identified with the date and amount.) 
The computer, when searching for each 
check, looks for al l three pieces of informa
tion before assuming that the check has been 
located. Listing each check on a separate 

List Our 
CROMEMCO 20% DISCOUNT Price 
System 111 5990 4800 
System 11 3995 3200 
16K Ram 595 480 

NORTH STAR 16% DISCOUNT 
Horizan l·DD kit 1599 1344 
Horizan l·SD kit 1599 1299 
Horizan l·DD asm 1899 1590 
Horizan ll·DD kit 1999 1679 
Horizan I I-DD asm 2349 1973 
16K Ram kit 399 335 
16K Ram asm 459 385 

VECTOR GRAPHICS 20% DISCOUNT 
Vector M 1 315k disk 
Vector MZ 2 315k disks 

lntertube CRT 
LA·36 DecWriter 
Escon Selectric Interface 
Integral Data I Pl 25 
Integral Data I P225 
Compu Cruise 
Radio Shack 

874 725 
1795 1444 
496 422 
799 699 
949 834 
199 164 
5 % Discount 

Professional Air. A/P. Ledger, Pay roll, Medical Billing soft
ware with customization available. Send for our catalog -
Some prices are too low to quote. 

1111 : 
a .••.. , .-: .• • ~.~-.; ' 
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SARA TECH 
COMPUTERS 
P.O. Box 692 
400 Base 
Venice, FL 
33595 
( 813) 485-3559 

Circle 317 on inquiry card. 

line uses up more memory, but there are 
good reasons for doing this that become 
apparent when you run the program. 

Using the Program 

After all th e checks are listed in the data 
statements, as shown in the program, you 
are ready to run the program. Take the can
celled checks you get from the bank and 
input the check number, date and amount 
the same way you entered the information 
in the data statements. Th en hit carriage 
return . The program will search the data list 
for the check and deduct it from the 
balance, printing for example: 

"CANCEL CHECK #: 100 
DATE : 12876 

AMOUNT: $18.75" 

If the check is not located in the data, the 
computer types a question mark meaning 
that eith er the check isn't the1·e or you have 
not entered the data correctly. 

After al I th e checks have been entered, 
type 0,0,0 for the last check and hit carriage 
return. The computer will give you a com
plete I ist of all th e cancel led checks just 
entered plus th e total of all the outstanding 
checks. You wi ll be asked to enter th e bank 
statement balance and any deposits not 
shown and the service charge, if <my . Using 
this information, the program calcu lates 
the balance in your check book. In th is way 
you can reconci le your arithmetic with tha t 
of the bank. 

Normally at this point it is necessary to 
change the data statement list by eliminating 
all the cancelled checks received from the 
bank. This would mean searching and typing 
some of the lin e numbers. When I developed 
the program I decided to let the program 
do this work, so you will be asked if you 
want an updated "data" list of the outstand
ing checks. 

If you have a mass storage device, you 
can store the data statements. The program 
lists all the outstanding checks in the re· 
quired data format, including new line 
numbers. The program can then be updated 
by entering the information back into the 
program. All data statement numbers not 
stored will have to be deleted by hand . This 
is now an easier job because these numbers 
are at the end of the program and no search
ing by the operator is required. Also, don't 
forget to deduct the service charges from 
your checkbook balance. 

Before developing th is software I used 
to dread receiving "that envelope" from 
the bank, but now I actually look forward 
to it in spite of the fact that it requires a 
bit of effort to enter the required informa
tion into the computer.• 



Attention Computer Dealers and Booksellers! 

BITS Inc. 's ENTIRE BOOK INVENTORY AT WHOLESALE PRICES! 

• More than 200 books to choose from 
• More than 50 publishers represented 
• Small press and self-published authors 
• All books professionally reviewed 
• Exclusive distributor for the BITS PROGRAMMER PAD •M 
• Immediate shipment 
• 800 WATS line number for fast service 
• We service world wide 

Exclusive from the BOSS 
Because the BOSS is concerned with the needs 

of your customer, the microcomputer user , we 
have developed the BITS PROGRAMMER PAD"' 
- an ingenious form custom tailored to the 
8080A, 6800 , Z-80 , 1802, or 6502. Architecture is 
laid out with contiguous memory spaces to allow 
for critical memory allocations, data movement , 
tables, and stack manipulation . 

1802 

8080A 
The other side is for the program - with pre

nu mbered lines and co lumns for addresses , ob
ject codes , labels , instructions , and comments. 
BITS PROGRAMMER PADS '"' are time-sav
ing helpers for hand assembling programs . See Your Dealer 

for the 

Z-80 

- - -- - . --- ! 

1-

Reverse side 

Each 50 page pad is ot durable stock that will 
hold up to erasures, and is punched for a 3 ring 
binder. Makes programs easy to write, use , and 
understand. Retail is $2.50 each pad . BITS PROGRAMMER PAD™ 

.. · 
BITSi'~c 
PO Box 428 
25 Route 101 West 
Peterborough, NH 03458 

TOLL FREE NUMBER : 
800-258-54 77 
(in NH call 924-3355) 
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THE 
CRITICS' 
CHOICE 

TheFmtBodc 
OP 

Microcomputers 

A CONSUMER'S GUIDE TO 
PERSONAL COMPUTING 
AND MICROCOMPUTERS 
by Stephen Freibe rge r a nd Paul C hew 
Chosen by Librnry Jo1mrnl as one of the 
IOO ou ts tand ing sci-tech books o f 
1978 fo r general library collections! It 
offe rs both a n in troduct ion to personal 
com puters and a product review of the 
avai lab le equipme nt . 11 5680-X, $7.95 

THE FIRST BOOK OF 
MICROCOMPUTERS: The 
Home Owner's Best Friend by Ro bert 
Moody " ... excels in the quality of its 
cartoo ns , illus trati ons, diag rams, a nd 
layout . These suppleme nt ... the 
author 's gift fo r lucid descriptio n and 
hands-o n experience with personal 
co mpute rs ." Lihmry }0 11 rual 
11 5121 -2, $4 .95 

STANDARD DICTIONARY 
OF COMPUTERS AND 
INFORMATION PROCESSING, 
Second Edition by Martin H . Weik 
"Thi s volume, with its concise entries and 
ext remely helpful cross-references, 
o ffers a co mpact overview of concepts 
in the computer field. ··aooklist 
#5099-2, $17.95 

See these and other 
Hayden titles at your 
local computer store. 

rY1 HAYDEN BOOK 
l¥J COMPANY, INC. 

50 Essex Street 
Rochelle Park, NJ 07662 
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M Parris 
Dept of Chemistry 

U of Victoria 
POB 1700 

Victoria BC 
CANADA VSW 2Y2 

A Peek at Poke 

Users of TRS-80 Level II BASIC will find 
the POKE function handy for the occasional 
manual patching of object programs. How
ever, it's frustratingl y slow and annoying to 
be forced into decim al notation. Listing 1 is 
a Level II BASIC program residing in upper 
lim it statement numbers for a 16 K byte 

65509 
65510 
65511 
65512 
65513 
65514 
65515 
65516 
65517 
65518 
65519 
65520 
65521 
65522 
65523 
65524 
65525 
65526 
65527 
65528 

CLS :PR INTCHR $(14) : L%=32767 
GOSUB65512 
POKEL%,D%: L%= L%+1 :GOT065510 
GOSUB65528 
I FA$=" :"THEN l %=1ELSEl%=0 : IF1 %=0GOT065522 
GOSUB65528 
GOSUB65529 
D%=A %*4096 
GOSUB65528 
GOSUB65529 
D%=D%+A % *256 
GOSUB65528 
GOT065523 
D%=0 
GOSUB65529 
D%=D%+A %* 16 
GOSUB65528 
GOSUB65529 
D%=D%+A %: IF 1%=0 THENRETURN ELSE L%=D%: GOT065512 
A$=I NKE Y$: I FA$="'THEN65528ELSEPR INTA$; : I FA$= 
" "THEN65528E LSEA%=ASC(A$) : IFA%=1 OTH EN65528E 
LSEIFA%=13THEN65528ELSERETURN 

65529 A %=A%-48: IFA% <o THENSTOPELSEIFA% < 10THENRETURN 
E LSEA%= A %- 7: I FA%< 16THENRETURNELSESTOP 

Listing 7: Level 11 BASIC program for the TRS-80 which allows hexadecimal 
data to be loaded into memory. 

10 X=32+RN D(159) :REM GET A RANDOM NO. BETWEEN 32 AND 191 
20 FORJ=OT01023 :POKE15360+J,X :NEXTJ:REM FILL THE SCREEN 
30 FORl=1T01000:NEXTI :GOT010 :REM WAIT AWHILE AND DO IT AGAIN 

Listing 2: Example of a program to fill the screen of the TRS-80 with graphic 
characters. 

ORG 165260 
DW START 

ORG 320000 
DS 1 

START: LXI H,32000D 
MOV C,M 
LXI H,3COOH 
LXI D,0400H 

NXT : MOV M,C 
OCR E 
JNZ EOK 
OCR D 
RZ 

EOK : INX H 
JMP NXT 

END 

;LOCATION OF USER FUNCTION ADDRESS 
;USER FUNCTION ADDRESS 
;TH IS LOOKS LIKE A NICE PLACE 
;DATA TO BE TRANSFERRED TO USER FUNCTION 
;GET THE DATA TO BE TRANSFERRED -
;INTO C 
;VIDEO DISPLAY STARTS HERE (HEX) 
;SIZE OF DISPLAY (HEX) 
;LOAD THE DATA FOR DISPLAY 
;COUNTTHE-
;REMAINING -
;LOCATIONS IN -
;VIDEO DISPLAY -
;AND FILL THEM ALL -
;WITH THE DATA 

Listing 3: An assembly language program which can be called by the modified 
version of listing 2 to fill the screen quickly. Use the hexadecimal loader to 
put the object code of this program into memory. 



TRS-80 system, which enables fast keyboard 
entry of hexadecim al code. 

The starting add ress is entered as :HHLL 
followed by the successive data bytes, which 
may be spaced as appropriate for clarity in 
on-screen checki ng. An invalid character 
causes a return to th e COMMAND mode. 
The fo ll owi ng trivial exam ple illustrates its 
use. 

Example 

The BAS IC interpreter is too slow for 
dynam ic graphics, as the program in listing 2 
illustrates. Run it and see how slowly the 
screen loads. Now replace statement 20 by: 

20 POK E32000, X:X=USR{O): 
REM FILL TH E SCRE EN FASTER, 

which calls the machine language subroutine 
in listing 3 to do the same job much faster. 
Insert the assembled object code using the 
hexadecimal loader, noting that memory size 
must now be less than 32000 : 

: 408E 0 ·11D 
7001 2100704 E21003Cl 10004 711 DC2127Dl 5 

C823C30B7D 

Now run the program aga in.• 

Attention : Buffalo NY Apple 11 Owners 

Gary Weir h.1s wri tten from Buffalo 
NY wi th informa t ion about a new 
Apple II users group in l1 is area. Ca ll ed 
the App le By ters Corp, they arc highly 
motivated to provide new owners of the 
App le 11 with the help they may need to 

successfully program and uti lize their 
investmen t. A book let is current! y being 
prepared combin ing insights and solu· 
lions to bugs previous ly encountered by 
the club's members. A copy and its up
dates are included in the $5 member
ship fee. App le II ow ners or potential 
owners should con tact Gary at 225 Wal
ton Dr, Snyder NY 14226 conce rn ing 
meeting t imes and locat ions. 

Apple Bay Area Computer Users Society 

ABAC US (Apple Bay Arca Computer 
Users Society) meets th e second Monday 
of each month at the Hayward BYTE 
Shor, 11 22 B St, Hayward CA . They 
have an active membership of 40 and 
have deve loped a club library of 200 
programs. They are negoti at ing to trade 
libraries with several oth er clubs . Mem
bership is S 12 a year wh ich includes a 

month ly newsleller. Contact Ed Ave lar, 
presiden t, at (4 15) 583·2431 or Dav id 
Wi lke rson, secretary, at (4 15) 482·4175. 

Mexican Computer Club 

We have been noti fied of the exis· 
tence of a Mexican computer club. 
Called the Microcomputer Club, th is 
group is primarily conce rned with the 
App le II and OSI produ cts. They are 
inte res ted in exchanging info rmation 
and expe riences with other computer 
groups. Con tact Alfredo Bu zali, fte de 
Quijote # 5, Mexico 'IO, D F or call 
5-89·22·79 betwee n 7 and 8 PM. 

Central Alabama TRS-80 Computer 
Society 

Several TRS-80 use rs in Montgomery 
AL have formed the Central Alabama 
TRS-80 Computer Society. They are 
planning a cl ub library, a local newsletter 
and a cl ub computer. Another aim is to 
provide each new member with a mem
bershi p package which would contain 
magazine su bscription. b lanks, addresses 
of hardware and software suppliers, and 
othe r information pe rta ining to the TRS· 

OVERBYTES AND UNDERPRICES THE COMPETITION 

Introducing 
the ibs 

$5885. 
Complete with the 
fantastic UCSD Pascal 
Operating System 

PASCAL OPERATING SYSTEM : The smoothest, most convenient 
operating system available, featuring a powerful screen oriented 
text editor, the fast PASCAL compiler, file and library handling 
system, linker, library, BASIC compiler, and more. 

Z-80 MICROCOMPUTER: Northstar based 4 MHz S-100 
microcomputer with 64k RAM , serial and parallel ports , dual 
Micropolis quad density (630 kbytes formatted) disk drives. 

60 cps DOT MATRIX PRINTER: Centronics model 779 with trac
tor feed and paper stacker . 

FULL FUNCTION INTELLIGENT TERMINAL: M icroterm ACT-V , 
with addressable cursor, protected fields , erase to eol, erase to 
eos. reduced intensity , protec ted fields , much more . 

Microcomputer/Dual Drive/64k/Pascal 

Printer/trac tor feed/paper stacker 

Terminal 

RETAIL 
$4695 

$1250 

$880 
$6825 

ibs PRICE 
$3995 

$1095 

$795 
$5885 

Buy complete system and receive all cables and box of disks free . 

independent business systems, inc. • 54 76 Cleo Ct. • Livermore, CA 94550 • (415) 443-313 1 
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80. The meetings arc held on the thi rd 
Tuesday of each month a t various loca
tions arou nd Mon tgomery. Contact 
Wal ter F Bray, 2073 Rexford Rd, Mont
gomery A L 36116 . 

Newsletter for Sorcere r Owners 

Orders arc now bei ng accepted for an 
independent user newsletter ded icated 
so le ly to the Exidy Sorcerer . The $15 
subsc ri pt ion price incl udes a ll ten issues 
of volume one, and the firs t issue w ill be 
available aro und I uly 1s t. The Source 
will include items of general inte rest Lo 
Sorcerer owners, such as program list ings, 
how- to-do-it ar ti cles, and ha rdware and 
software reviews. Contact ARESCO, 
POB 1142, Colum bia MD 21044. 

Sorcerer Users Group 

Computer Mart of Massachuseus has 
announced the formation o f the Sor
cerer Users G roup . Th e purpose of th e 
group is Lo se t up a channe l of commu ni
ca tio n between So rcerer owners and LO 
provide information o n l1ardware and 
software de ve lopments to the Sorcerer 
use r. The group has a membersh ip of 
about 30 people. The $5 membe rsh ip 
fee incl udes the mon thly newslette r , 
The Exidy Monitor. Contact Computer 

Mart of Massachuseus Inc, 1395 Main St, 
Waltham MA tl2154. 

North American Computer Association 

The North American Compu tcr Asso
ciatio n {NACA) recently bega n its th ird 
year with a membersh ip of appro irna tcly 
20 ind ependent bu sinessmen in th e com
pu tcr systems fie ld . One of the object ives 
of the o rga nization is LO incre ase th e 
efficie ncy of each member's individual 
organi za t ion by poo ling a ll the dif
ferent programmi ng deve lopments and 
the sel ling and servici ng techniqu es used 
by the various members. NACA meet 
once a month in Dal las TX, and in
terested businessmen are welcome to 
atte nd . Contact Tom Cri tes, Sui te 8 1 1, 
100 1 Main St , Lubbock TX 7940 I. 

Sm all Computer Use rs Jo in England's 
Central Program Exchange 

Th e Cen tr al Program Exc h ange {C PE) 
a t The Polytech n ic, Wolverh ampton, is 
openin g i ts doors to users of sma ll com
puters in an effort to coord in a te the 
free interchange of programming. The 
Excha nge has 72 members, and cur
rently ho ld s a li brary of over 200 pro
grams in BAS IC, FORT RAN and AL
GO L. Individual members can obtain 

READ THE MAGAZINE 
THE PROS READ. 

For over 20 years DATAMAT ION has 
been the magazine for the data processing 
professio na l. Now DATAMAT ION 
magazine is available to hobbiests, busi
ness men, accountants , engineers, pro
grammers . __ a nyone with a deep curiosi
ty about the real world of data process
ing. 

Written by the data processi ng pro
fessional for the data process ing profes
sional, DATAMATION magazine's arti
cles cover a wide range of subjects . .. 
industry trends, "how to do it better" 
articles, budget and salary surveys, new 
computer applications, advanced tech
nology, new products and services as 
well as a monthly department on person
al computing. 

Whether your interest in computers is 
forfun or profit, DATAMATION maga
zine has a world of information for you 
every month .. . plus an annual Specia l 

Editi on, the Industry Pro file fea turing 
the "DATAMATIO N 50" - the top 
U.S. DP companies. 

TECHNICAL PUBLISHING COMPANY 
A Dun & Bradstreet Company 
35 Mason St.. Greenwich. CT 06830 
(203) 661-5400 

,---------------, 
FO R A ONE YEAR SUBSCR IPT ION 
(13 ISSUES) SE D $32. 

TO: SUZANNE A. RYAN 
DATAMATION magazine 
666 F!FrH AVENUE 
NEW YORK . NY 1001 9 

Na me -------------

Address - ---- -------

City ___________ _ 

Sta te / Zip _________ _ 

L----------------

DRTRMRTICN® 
magazine 
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CPE serv ices for $10 per year. This 
en titles members to a ca talogue, news
le tter and up to ten CPE programs as 
li sti ngs or pape r tapes. As the personal 
element expands, CPE a lso proposes 
to offer casse tte versions at a sma\\ 
ex tra cl1argc. Contact Dr G Beech , 
Centra l Program Exchange , Dept of 
Computing and Mathematica l Sc iences, 
The Poly technic, Wolvc rhampLOn, NG· 
LAND WV l lLY . 

Software Magazine for Microco mputers 

Th e Software Exchange magazi ne 
provides information about the la tes t 
software that has been deve loped. In · 
eluded arc reviews, abs tracts and art icles 
abou t software for today's microcom· 
pu tcrs. The Softwa re Exchange is 
published bimonthl y . Subscriptions arc 
$5 per year in the US , Canada and 
Mex ico. International subscriptions arc 
$ 19. Contac t The So ftware Exchange, 
POB 55056, Va lenc ia CA 91355. 

Free Newsletter Features Computer 
Prod uct Marketing Informat ion 

Crossroads is a free periodi c news
letter which high li gil ts too ls a nd tech
niques in sel ling software, data services 
and turn key systems. Crossroads pro
vides helpful hi nts , ins ights to trends . 
results of expe riments and ge neral I y, 
the successes and fai lu res associated with 
deve lopment, sale and support of com
puter based products. Contact Editor, 
Crossroads , Cross Associates, Suite 530, 
9000 Ke ystone Crossing, Indi anapolis 
IN 46240. 

6800 Users Newsle tt er 

T l1e Chicago Arca 6800 User Ncws
lct tcr is a monthly publication aimed a t 
providing inform ation and assistance LO 
those users of the 6800 microprocessor . 
For furthe r information, contact Phillip 
Schuman, 1354 F in Icy, Lomb ard IL 
60148 . • 

A Computer by Any Other Name 

A typ ographica l error in " 13u ild a 
Computer Contro ll ed Security Sys tem 
for Your Home: Pa rt 3" by Steve Ciarcia 
{March 1979 BYTE, page 150) may have 
caused som e head scra tching among o ur 
readers. The cap tion for figure I con
tained the fo llowing sente nce: "Op amp 
IC2 is used as a com pu ter to conver t t11 e 
output acco rd ingly." The sentence 
should have read as fol lows: "O p amp 
IC2 is used as a comparator to convert 
the output accordingly." Mr. Ciarc ia did 
not attempt to co ns t ruc t his c ircuit using 
a programmab le op amp. • 
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Model 7801 
Frequency Input Interface 

for 
Motorola M6800 Microcomputer Systems 

FEATURES 

" l2~dTT\.~ .... 
' 16 tllltir..,,C'OIJl'Mt9CO~l 
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~ 
SIERRA CYBERNETIC SYSTEMS 
PO Bo• 20175 Reno. Nevada 89515 (702) 322 ... 563 

I 

PET WORD PROCESSOR 

This program perm its composi ng and pr in ting letters. 
flyers, advert isements. manuscr ipts, etc., using the 
COMMODORE PET and a pr inter. 
Script directives include l ine length, left margin . cen
tering, and skip. Edit commands al low the user to 
insert lines, delete I ines. move lines and paragraphs. 
change strings, save onto cassette, load from cassette, 
move up, move down, prin t and type. 
The CmC Word Processor Program addresses an RS-
232 printer through a CmC printer adapter. 
The CmC Word Processor program is ava ilable for 
$29.50. Add $ 1.00 for postage and handl ing per order. 

Order direct or contact your local computer store. 

VIS4" 
CONNECTICUT microCOMPUTER 

150 POCONO ROAD 
BROOKFIELD. CONNECTICUT 06804 

(203) 775-9659 
TLX: 7104560052 

Ci rcle 78 on inqu i ry card . 

Ci rcle 32 on inqu iry ca rd. 

SHOULD it be a Heathkit"'? 
Whether you are conside ring the purchase of an 

additional peripheral or your first computer you 
should know more about Heath~ computer products . 
Heat hkit<b has a continuing commi tment to selling 
well - docume nted comput er kits and software . Are 
they for you? How can you find out? 

Read Buss : The Independent Newsletter of Heath 
Co . Computer s , where i nfor mation on new products 
is printed as it leaks out of Be nton Harbor , not 
held back to suit a mar keting plan . Buss is not 
a company- controlled publication , so it can deal 
with weaknesses of Heathk i t~ products as well as 
their str engths . It features ne ws of compatible 
hardware a nd s oftwar e from other ve ndor s . Eve r y 
Buss issue has candid accounts of e xper iences of 
Heathkit<b owners . Results of t heir d i s cover ies , 
which often incl ude har dwar e modificat ions save 
subscr iber s headaches--and money . That' s ~roven 
by t wo years ' experi e nce . So Buss can guarantee 
a fu l l refund any time you ' r e not satisfied, 

Buss is mailed first class (by airmai l outside 
North America) . The 24-issue s ubscr i pt i on gives 
you the choice of starting with the l atest issue 
or with avai l able back i ssues (about 8 ar e st i l l 
i n stock ). Send $ 8 . 00 for 12 issues or $ 15 . 25 
for 24 (overseas , $10 . 00/12 ; $19 . 25/ 24 US funds ) 
to : Buss 

325-B Pennsylvania Ave ,, S . E. 
Wash ington , DC 20003 

The Independent Newsletter 
of Heath Ca. Computers 

C/PM" SOFTWARE TOOLS 
• 

ED·BO TEXT EDITOR 
THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL 

- WHY NOT MAKE IT YOUR BEST? 
ED·80 enc<'mpasses the features found on l•rge m•inlrame and minicomputer edilcn, 
such as the IBM 370, CDC 170, UNIVAC 1100, and the OEC POP-11 series computers. 
plus additionol features designed for floppy disk based oper•ting systems. It is a 
context ed itor which is compatible with C/ PM and its derivatives, includin1 IMOOS, 
OOS·A, COOS, etc . 
Over 50 commands are provided, including forward or backward LOCATE, CHANGE, 
and FINO commands: INSERT, DELETE , REPLACE, APPEND. PRINT. LIST , MACRO, 
upper and lower CASE. SCALE, TABSET, and WINDOW commands; and GET and PUT 
commands for repos itioning . duplicating. concatenating. and managing text f iles and 
libraries. Sophisticated saarch and change techniques are provided for managin1 
BASIC. FORTRAN, COBOL , PL/ I, ALGOL, APL , PASCAL, ASSEMBLER. TEXT 
FORMATTED. and other file types. 

The WINDOW command allows instantaneous full screen displays ol both the current 
and surrounding lines lor further editing , and provides tor forward and backward 
scroll ing in the lull screen mode. Designed tor today 's high speed CRT's and video 
mon itors. the WINDOW command separates E0-80 from all other available editors, 
and is not hardware depenrlent. 

Up to three MACRO commands may be defined tor iterative execution ol concatenated 
editor commands . Once defined , they may be subsequently e•ecuted , or recalled tor 
observation . A MACRO may also be defined and executed in a single operation. 

Configurable parameters tor ta iloring the editor to the user's keyboard and env ironment 
are provided through the use of the C/ PM Oynamk: Debus Tool !DOT). The WINDOW. 
WINDOW NEXT. WINDOW PREVIOUS, NEXT LINE. and PREVIOUS LINE commands 
fall in th is category . These command! are considered so important to tert editin1 that 
onty one key has to be depressed to cause any one ol them to eiecute. 
A CURRENT LINE NUMBER is internally mainta ined by tile ed itor tor display ing when 
prompting for input and with certa in other commands. Line numbers are dyn1mialty 
ad justed as the resull of line inserts and deletes. and may be used for positioning with in 
the lile. They are not stored or associated with the te•t in any manner . 
E0-80 is thoroughly documented with a User's Manual ot over 35 pages describing each 
command and feature, and includes numerous examples. It i ~ 9.SK bytes in size. and 1 
minimum C/ PM operating system ot 20K is recommended. A User's Manual and standard 
size single density diskette are $69.00. A User's Manual is $7.50. refundable with 
purchase . COO and money orders sh ipped next day . COD orders require 101' deposit 
Personal checks must clear before shipment Include $2.00 shipping/ handling per order. 

SOFTWARE DEVELOPMENT AND TRAINING, INC. 
P. 0. Box 4511 Huntsville, Alabama 35802 

C/ PM• is a tradem.Jrk of Digital Research 

IWT[ Jun(.' PJ79 215 



Comments on " A High Level 
Glen Newton 

Sperry -Univac 
Roseville MN 55113 Language for 8 Bit Machines " 

Languages Forum Is a 
feature which is intended as an 
interactive dialog about the 
design and implementation of 
languages for personal com
puting. Statements and 
opinions submitted to this 
forum can be on any subject 
relevant to Its purpose of 
fostering discussion and com
munication among 8 YTE 
readers on the subject of lan
guages. We ask that all corres
pondents supply their full 
names and addresses to be 
printed with their commen
taries. 

"A High Level Language for 8 Bit Ma
chi nes," by Ted Wi lliams and Steve Con ley 
(Jul y 1978 BYT E, page 152) discusses the 
in te rpreter for a simple language . If we 
take the language as given and ignore minor 
errors in the examples and flowcharts 
(such as push ing a variable "near operand 
stack" rather than on to it}, several sub
stantia l erro rs remain . 

First, evaluation is claimed to start 
"in the innermmt parentheses ." Following 
the flowchart in figu re 2 or tab le 2 or the 
example in listi ng 3 shows that th is is not 
true, despite the inco r-rect an notation 
accompanyi ng listi ng 3. Expressions are 

eval uated from left to right until parenth eses 
are encountered. In order for evaluation to 
begin within the innermost parentheses , in 
the language described in the article, each 
binary operator except the last would have 
to be followed by a left parenthesis. Since 
the programmer cannot define his own 
functio ns, the resul t of evalua tion wi ll be 
the same as if eva luation had begun in the 
innermost parentheses if the language's 
intrinsic funct ions have no side effects. 

Second, the claim that although in
terpretation provides some advantages, "the 
price paid for th is feat ure is memory" is 
misleadi ng. The combi nation of source code, 

* North Star DOS and BASIC now fully supported on double density 8" drives. 

More than SOOK storage per disk now possible. 

TIMESHARING 
for the Horizon -

T:le only 1rue interrupt·driven, b~nk 
switching 1imesharing soflware avdi lable 

lor the Horizon . 

Supports dS mdny as four SY." drives. 
lour 8" d ri ves. and as many as four 
CRTs with 16 to 48 K RAM pe r CRT. 
Interrup ts al 26 ms. Spooler and file 
locking to be supported in the near 
future. 
Specify single (Release 4) or double 
de 11sity (Release 5) . 

Requires dddi tional memory in computer . 

A machine idnguage program 
on S\·( disk . .. .... . .. . ..... ... $49.95 

Complete business opplico1ion software 
ouoiloble . Write fo r odditionof 
informotion . Oeoler discounts ouoilobfe. 
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Thinker Toys dual density 8" drive and 
conlrollcr .... .... .. .. ......... .. . $1 149 

Addilion C11 drives ... . .... . .... . ..... . .. . 

8" disk drive connector software on 
SY. " disk inc luded with drive(s) and 
conlroller wilhoul additiona l charge, 

$795 

or, separalely ... . ........ . ....... $49.95 

Pe rSci dlial and quad density dual 8" drives lo be 
supported in the near future . 

Specify CPU clock speed and Re lease 4 BASIC or 
Relei:lse 5 BASIC. 

North Star DOS and BASIC licensed for use with 
North Stor disk co11trailer only. 

All software shipped on 5 11
1" North Star ONLY. 

Write fo r in fo r mal io n aboul C OMPUCORP 
compu le rs . 

Micro Mike's 
PROGRAM LIBRARY 

A one·time lee ol $500 (soon to be 
incr(Msed) buys for the purc h•ser 
con tinuous unlimited dCcess to the 
progrdms. updates and revisions in the 

PROGRAM LIBRARY. 

In stock: lntertec lntertu bes .. $874 ea. 

Slightly used (demonstrdtor ADM·3A 
CRTs, full uppe r & lower Cdse $695 ea. 

Micro Mike's,Jncorporated 
905 Sou lh Bucha na n 

Amarillo, Texas 79101 
806-372-3633 

Circle 204 on inqui ry card. 

-
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DP SUPPLIES? ' g,!!l DO· 

FLOPPY DISKS 
Standard or Mini .... 2.98 ea. 

Memorex .. . . ....... 4.50 ea. 

32 Hard Sector 
(Shugart) .. .... . .. 2.98 ea. 

Micom Preformatted . 7.50 ea. 
(Mon 01d r tOO ea) 

Dual Density ........ 4.25 ea. 

Dual Sided ......... 5.50 ea. 
(Order 1n 11n1ts ol 20) 

DIGITAL CASETTES 
TRS-80 ( 15 min.) .. . . 1.49 ea. 

ANSI (Notch) .. 4.90 ea. 

KeY 

G.E. . ... . . ......... 5.20 ea. 

NCR. 300 ' ...... ... . 5.00 ea. 

Standard (no notch) . 4.90 ea. 

Nixdori ....... ..... . 4.90 ea. 

Datapoint .. ........ 4.90 ea. 

Others available. similar savings 

RIBBONS 
Blue & Brown 

Ribbons ...... .. 32.95 doz. 

Oume or IBM 6240 
Type ... ... ... . 29.95 doz. 

(New h1·y1e1<f. l'.>xcellent q11al1ty) 

TERMS : First-time customers send check with order to avoid credit 
check delay. VISA / Master Charge accepted. 

ORDER NOW FROM 
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BiclNic EAR 

A landmark book by John L. Stewart, with technical 
information never before available. Based on years of 
research with partial support through the original Air 
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like the human ear-or a thing called "Hal". 

• Speech recognition for the robot 
• Aids for the deaf and deaf-blind 
• Reliable voice control 

• Speech bandwidth compression 
• Speech security 

• Binaural localization 
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• Language training 
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• and much, much more ... 
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data, tables, and the interpreter program is 
often smaller than the compiled code and 
data, particularly if the source language is 
a powerful one, like APL, or contains space 
consuming operations not supported by 
hardware, such as AtB, where A and B arc 
floating poin t numbers. 

Th ird , the language presented in the 
ai- t icle allows nes ted DO loops, but the use 
of UNT IL in thi s context can lead to prob
lems since an UNT IL within two or mOl'c 
loops is not syn tact icall y connected with a 
specific loop. For example, the econd 
UNTIL statement in example 1 could 
express th e programmer's intention to leave 
either the inner or the outer loop when the 
cond ition is ati sficd. Defi ning the UNTIL 
statement semantics to req ui re exi t of the 
in nerm os t enclosin g loop when the condi· 
tion is sat isfied so lves this problem but it 
docs not correct th e Fl aw in the DO routine 
in figure 5 of the ar ti cle. Wh en an UNTIL 
condition is sati fied, the interprete r seems 
to search for the firs t available ENDDO, 
rather than the matching one. In general 
thi s will not work properly, as ill ustrated 
by consideri ng the first UNT IL statement 
in exam pl e 1. 

DO 

UNTIL condi t ion 1 

DO 

UNTIL condition2 

END DO 

END DO 

Example 7: Nested DO loops. 

Fou rth, the authors clai m th at " th e lack 
of statement labels excl udes the possibi lity 
of errors caused by not nesting DO loops 
within each o ther (which is possible in a 
language like FORTRAN)." In fact , the 
possibility exists; just take any appropriate 
FO RTR AN no nn ested, overlapping DO 
loop example and remove the statement 
nu mbers to see how the error is possible. 
The di ffere nce is that wi th statement num· 
bers or label the compiler or interpreter 
would have suffic ient in fo rmation to detect 
the error; without them the error must go 
undetected beca use th e resul ting progr·am is 
syn tactical I y cor rect. 



Fifth, like the fac torial func tion which is 
presented to illustrate recursio n in program
ming pr imers, the use of rec urs ion to find 
matchi ng ENDI Fs during interpre tat ion is 
un necessary overkil l. The nonrec ursive use 
of an " unm atched IF" counte r is adequate 
and conceptually si mple . Fu rthermore, it 
avoids the prnb lem that "care must be 
taken in allocati ng and prese rvi ng local data 
wi th in SEARCH duri ng recursion." 

Finally, although APL, like the language 
presented in the arti cle, does not use oper
ato r precedence wi thin ex pressions, APL 
ex pressions are eva luated from righ t to left, 
not left to right. Furthermore, APL has 
numcrnus nonstandard operators, providi ng 
some justification for its no precedence 
eval uation ; in contras t , the language pre-

Language 

F ORTRAN 

precedence
less 
langu age 

Expression 

A - B • C 

A - (B *C) 

Example 2: Stack size comparison. 
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se nted has on ly standard ar ithmetic opera
t ions plus fun ctions. Thu s the claim that the 
use of precedence in this language woul d 
lead to co nfusion is proba bly unfounded. 
Probab ly the best ju stificat ion for the 
decisio n to have no pr-ecedence is that it 
simp li fies impleme ntati on somewhat. How
eve r·, the authors' clai m that "th is procedure 
minimizes the size of the stack" is incor rect, 
as shown by exam pl e 2. The FORTRAN 
exp r·ession A - B * C requires parentheses 
to be expressed in a precedenceless language. 
The parentheses, in turn , requi re an ex tra 
leve l on the operator stack (in ge neral, one 
fo r each level of nesti ng). Exam pie 2 shows 
th at a preccde nccless language can, fo r some 
ex pressio ns, req ui re more, not less, stack 
space than a language usi ng precedence.• 

Operator 
Stacie (Maximum) 

c a.1cuuuna with 

Operand Stack 
(Maximum) 
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SNOBOL Conquers All? 

Bruce Burns 
3852 Amundson Av 
Bronx NY 10466 

In my experience (at the Bronx High 
School of Science and at home with my own 
6502 system) the most enjoyable part of 
computing is the coding of algorithm s. I 
know several languages, and I fi nd some 
beauty in almost eve ry language. The Ian· 
guages I know are BASIC, FORTRAN, 
LISP, APL, PL/I, and SNOBOL4. BASIC 
has simplicity, FORTRAN has the virtue 
of speed (FORTRAN compilers have deve· 
loped quite a bit over the years), LISP 
has a straightforwardness unparalleled in 
most other languages; PL/I has the virtue 
of strong structure, and while I know alm ost 
no Pascal , it is obvious that it, too, shares 
this virtue. APL has sheer array processing 

IMMEDIATE 
DELIVERY 
Domestic & Export 

DEC LSI -11 
COMPONENTS 
A full and complete 
line with software 
support available. 

m•n• Campu1er 
Supp~•ers, ~n[:. 

25 CHATHAM ROAD 
SUMMIT , NEW JERSEY 07901 

SINCE 1973 

(201) 277-6150 Telex 13-6476 
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power and great elegance with its implicit 
looping and other simplifying features . And, 
finally, I get to SNOBOL4, by far my 
favorite. 

I feel that SNOBOL4 is one of th e most 
powerful languages in ex istence. Like APL, 
it is loaded with elegance and implicit 
loopin g, and, also like APL, it lacks th e 
standard structures for repetition of BASIC, 
FORTRAN, PL/I , and Pa~cal such as the 
FOR-TO or DO loops. These structures arc 
not needed as much in SNOBOL4 programs. 
In addit ion, the language is powerful enough 
to permit user defined fu nctions which are 
implementations of these structures. An 
example of the powerfu l implicit looping 
coupled with some explicit looping is the 
following statement, which will (in the full 
scan mode) permute the characters in the 
string S so that they are in increasing lexical 
order. This is useful in certain applications 
which involve set operations: 

LEX_ORD S LE N(l) $A LEN(l) $ B 
*LGT (A,B) =BA :S{LEX_ORD) 

SNOBOL4's major feature is its dex
terity with string manipul ation, particular·ly 
the operation of pattern matching (ic: 
the language is good at scanning strings; 
looking for patterns; and processing them 
when found) . But in add ition to these capa
bilities, SNOBOL4 yields considerable 
power with respect to data manipulation. I 
know of no other language (not even APL, 
which specializes in array manipulation) that 
all ows an array to have an integer in one 
element, a real number in the next, a string 
in the next, another array in another, itsel f 
in still another, etc. One may put any data
type into anything, and one may also create 
user defined datatypes if desired. The 
reaction of some people to all this is in
difference, but they are missing the poin t; 
the best part is knowing you can do it. 
Besides, one of the most important appli
cations of a language of SNOBOL4 's string 
processing capabilities is implementation 
of experimental languages, and with these 
other abi lities, one may create all sorts of 
arbitradly complex languages. 

While al l these abilities may seem con
fusing at this time, when they are ful ly 
understood they are simple to use and the 
good programmer wil l soon master them. 
Opponents to the language say they feel 
that the language 's power invites unstruc-



tured programming because faci lities such as 
run time symbol tables and run time 
SNOBOL4 code comp il ation are easy powers 
to get carried away with. But if programmers 
take the time and care to know the lan
guage they are programmi ng in , they will be 
in full contro l. It is possible to create well
struc tured functions which even redefine 
themselves during execution. This can 
simplify a program considera bl y, but it must 
be done carefully or the program will be an 
un debuggable mess. 

I recently wrote a funct ion in SNOBOL4 
that takes the inner product of arrays of 
arbitra ry dimensions- that is, of any size 
and any number of dimensions. In APL, 
this fu nction is a prim itive (bui lt-in) fu nc
tion, but I chall enge anyone to produce 
the same in BASIC, FORTRAN, or PL/ I. 
Like APL 's generali zed inner product, my 
fu nction allows any two operations to be 
uti lized in the formation of the product 
array. The defin ition in SNO BOL4 is easil y 
followed. Up on call, the fu nction goes 
through some initial ization, then redefines 
itsel f and cal ls itself recursively for each 
dimension of the involved arrays. In this 
manner, it is ev ident that the function wil l 
work as wel l fo r multidimensional arrays 
as for vectors, and verifying it fo r vectors 
is very easi ly done. This function is a good 
example of the freedom with which 
SNOBOL4 processes all sorts of datatypes. 

I cannot deny that SNOBOL4's powers 
may be easil y abused, so I must warn that it 
is a language only for programmers who can 
discip lin e their own thinki ng and don't need 
a computer language to force them to do so. 
For those people, SNOBOL4 wi ll perform 
amaz ingly well. 

SNOBOL4 has remai ned a language fo und 
only in large batch computers for too long. 
It is time to introduce it to the personal 
computer enthusiast, who can use its great 
powers to his or her own ends. (It has been 
found that SNOBOL4 is ex tremely good 
for game programming.} And so, any fe ll ow 
BYTE reader who knows and loves 
SN OBO L4, please join me in my crusade for 
SNOBOL4 on microcomputers. I am aware 
of the fact that there are real reasons why 
SNOBOL4 has thus far run on ly on large 
computers, but these troubles must be 
overcome. I also hope I have sparked interest 
in any potential SNOBOL4 users reading 
this. If what I have described intrigues you, 
look into the language. You won't be sony. • 
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Random Comments 

David Thornley 

2600 Bryant Av S, #205 
Minneapolis MN 55408 

Jn the September ·1973 BYTE ("Letters," 
page 17), Scott Johnson inqu ired about 
the production of random numbers, par
ticu larly hard ware-gene rated ones. The first 
and foremost consideration in generating 
and using ra ndom numbers is to access 
Donald E Knuth 's The Art of Computer 
Programming: Volume 2, Seminumerica/ 
A lgorithms . Most of what I am going to 
say is derived from there. 

First, beware of assum ing tha t a process, 
whether hardware or software, produces 
random numbers simpl y because the process 
by which it prod uces numbers is incom
plete ly unde rstood. If you wish to use such 
a source, test the resul ts fo r random ness 
usin g every test you ca n think of. Th ere 
ar-e many good ones in Knuth 's book . 
The Z-80 refresh register, by the way, 
can be a good source for one random num
ber, bu t is not recommended for 111 01·e 

Circle 40 on inquiry card . 

than one. As far as I can tell, the refresh 
counter is incremented every time an in
struction fetch occurs, which makes it 
rather deterministic , although if a vari
able delay is imposed (such as waiting 
fo r an entry from the keyboard) it could 
be used . 

For outs ide randomness, just look around 
you. Plu g your computer into your stereo 
receiver, set the selector to AM , find a 
frequency away from any broadcasts, 
and fiddle with the volume until you get 
random bits from the stat ic. (To even 
out the distribution of low and hi gh bits, 
take the uansitions from low to high an d 
high to low as your bit input - in other 
words, take 2 bit signals, thrnw out 00 
or n, and trea t 01 as 0 and 10 as 1.) This 
may or may not work , but if it does work 
it is a quick way to randomness. Give 
some thought to encouragi ng noise in 
the system. Read ra nd om numbers off 
the casse tte of you r favori te rock group . .. 
be creative. 

For those, like myself, who know some
thi ng about program ming but are lost 
with hardware, th is fo rmul a is taken from 
Knuth's book cited above: 

"Xn+l = (ax Xn +c) mod M" 

where M is the word size you are using 
(p robably hexadeci mal 10000), a is betwee n 
hexadec imal 300 and 7COO, and has 5 or 
D as its last digit, and c is odd and some
where in the neighborhood of hexadeci mal 
3800. The calcu lation mus t be performed 
exactly, which is much easier in assembler 
than in BASIC; in the for mer, one merely 
disregards the inev itable overflow. Starting 
with X0 at any initial valu e, this wi ll give a 
long series of good pseudorandom numbers. 

Final ly, for people with RND func tions, 
here are several tips : Generatin g random 
numbers unt il the user hits the BREAK key 
(or otherwise inputs something) is a great 
way to get a random seed as long as the sys
tem does not somehow reiniti alize the seed 
before the program uses the 1·andom num
bers. Or, to make an intrin ica lly question
abl e genera tor work , throw out a random 
number of numbers as follows: 

LET J=INT (1 O*RND(0) +1) 
FOR J=l TO J 
LET X=RND(O) 
NEXT I 

Th is would fit well in a program as a sub
routine, to be called whenever a random 
number was desired. 

I hope this information will be of use to 
some peopl e.• 



J unc 2, Uni versity of Wi sconsin - Park· 
side Computer Fair 111 , Kenosha WI. 
Co ntact Don Piele, UW-P Computer Fair 
Ill , University of Wiscons in-Parkside, 
Ken osha WI 53141. 

June 3-6, 1979 International Summer 
Consumer Electronics Show, McCormick 
Place, Chicago IL. This show serves as 
the marke tpl ace for the entire consumer 
elect roni cs industry. Contact Consumer 
Electronics Show, 2 Il linois Cen ter, 
Sui te 1607, 233 N Michigan Av, Chicago 
IL 60601 . 

June 4·5, Computer Cryptograph y, 
Massachusetts Institute of Technology, 
Cambridge MA. Instruction in the Da ta 
Encrypt ion Standard and the new public 
key cryptographic sys tems will intro· 
duce a working knowledge of the use of 
cryp tography in computer ap plications. 
Manage rs and operators of compu ter 
systems wil l also become acqua inted 
wit l1 economic and im pleme ntation 
issues as well as tccliniq ues for using this 
new sc ience in com munica tion networks. 
Contact MIT, Cen ter for Advanced Engi
neering Study, Cambridge MA 02139. 

June 4-6, Laser Beam Information 
Systems, New Yo rk NY. This semi
nar will cove r the app licatio n of laser 
tech nology to image and data manip
ulation in the form of scanning, trans
miss ion an d reproduction. It will lead 
tile s tudent through the pr inciples and 
practices o f laser beam informatio n 
systems in prepara tion for di rect appli
ca tion to such fields as facsimi le, com
puter memory and disp lay, target ide nti 
fication, reconnaissance, photo com
posi ti on, and image manip ula tion. Con
tact The University of Chicago, Center 
For Continui ng Education, 1307 E 60th 
St, Chicago IL 60637. 

June 4-7, 1979 Nat iona l Computer 
Conference, New York Coliseum, New 
York NY. NCC '79 will feature a premier 
showcase of the sta te of the art in 
computing and data processing. Lead ing 
organiza tions , la rge and sma ll, wil l show 
the latest eq uipment and services in 
approxima tely 1500 booths. More th an 
I 00 program sessions arc planned, em
phasiling the four major areas of man
agement, applications, science and tech· 
nology, and soc ial imp li cations. In 
conjun ction with NCC '79, a Person al 
Compu ting Festival of commercial ex
h ibits, app l ica ti on demonstrations, and 
technica l sessions on microcomputer 
systems and appl ica tions will be he ld 
at the Americana Hotel. Contact NCC 
'79, c/o American Federat ion of Infor
ma tion Processing Soci e ti es In c , 2 10 
Summit Av, Montvale NJ 07645. 
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J unc 6-8, Twelfth Annua l Association 
of Small College Computer Use rs in 
Educa tion Conference, Denison Univer
sity, Granville OH . Sessions will include 
th e presentation of papers, demon
stra tions of the educatio na l use of 
microcompu ters, computer text book 
surveys , discussions with authors of 
comp uter texts, adm in is trati ve uses o f 
comp u ters in small colleges, and a 
tutorial o n microprocessors. Contact 
Douglas Hughes, Computer Cen ter, 
Denison University, Granville OH 43055, 
(614) 587-0810. 

June 6 -8 , Eighth Annua l Conference of 
the MUMPS Users Group, Marriott 
Hotel, Atlanta GA. Pape rs will be 
presented on all aspects of MUMPS 
development, implementatio n, and use. 
Contact Judith Fa ul kner , Program Com 
mittee, Department o f Psychiat ry, Clin
ica l Sciences Ctr, 600 High land Av, 
Madison WI 53792. 

June 6-8, Computer Contract Negotia 
tion, New York NY. This three day 
course is designed to give part icipan ts 
sound a nswers to th e complex ram ifica
tions of prepa ring and negotia ting com
pu te r co ntracts. Contac t Bran don Con
su lt ing Group In c, 505 Park Av, New 
York NY 10022. 

June 11-13, Minicomputers a nd Distr ib 
uted Process ing, Chicago IL. This semi
nar will examine the uses , economics, 
programm in g, an d imp lementation of 
minicomputers. Contact The Univers ity 
of Chicago, Center Fo r Continuing 
Education, 1307 E 60th St, Chicago 
IL 60637. 

June 13-15, Computer Appl ica tio ns in 
Industry, Grenoble FR ANC E. This sym
posium is intended as a forum for the 
discussio n of recen t adva nces in the 
ap plicat ions of computers to industrial 
processes. The symposium wi ll cover 
basic problems in compu ter science 
as related Lo in dus trial ap plica tions. 
Contact AL PES Congres , Ave nu e 
d ' lnnsbruck, 38029, Grenoble-Cedex , 
FRANCE. 

June 19 -2 1, International Mi crocomput 
ers/Minicomputers/Microprocessors '79, 
Pa lais des Exposi t ions, Geneva SW ITZER
LAN D. Focusing on the changing sta te 
of the a rt in m ini /microcomputers and 
microprocessors, the 1979 conference 
program will probe advances in systems 
and eq u ip ment with emphasis o n prac
t ical app licat ions an d uses o f mini com
puters and mic rocomputers as well as 
the techniques important to their 
development. 

) u ne 19-23 , F irs t Annual Meet ing of 
The Ameri can Associatio n of Physi cs 
Teachers, New Mexico Sta te Univers ity, 
Las Cruces, NM. The theme of this meet
ing wi ll be the use o f microcomputers 
in physics teachi ng. Contact American 
Association of Ph ys ics Teachers, Grad
uate Ph ys ics Bu il ding, SUNY a t Stony 
Brook, Stony Brook NY 1 1794. 
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June 20-22, T l1 e 1979 Symposium of 
the Wilmington Section of th e Instru
ment Society of America, University of 
Delaware, Newark DE. The symposi um 
theme : "Measuremen t Technology fo r 
the 80s," is be ing programmed by three 
of ISA 's d ivis ions: Process Measuremen t 
and Control, Ana lysis Instrumentation, 
and Water and Waste Water Industries . 
Contact A 1-1 S traightiff, E I DuPont 
de Nemours a nd Co Inc, (302) 366-3810. 

June 25 -26, Forum on In fo rm ation 
Resource Management, Drake Hotel, 
Chicago IL. Addressing the them e: 
" Information Resource Management in 
the Years of Change," the forum wi ll 
provide an outlook for the next decade 
in terms of information sys tems technol
ogy. Contact Ken Burrougl1s, DBD Sys
tems, 1500 N Beauregard St, Alexa ndria 
VA 2231 1. 

Ju ne 25-29, Applied Nll merical Methods, 
The University of Michigan, Ann Arbor 
Ml. This course is intended for indi vidua ls 
in industry and branches of the govern
ment wl10 wish to acq uire a working 
knowledge of fundamental nume ri cal 
methods. Emp hasis wil l be placed o n 
computer so lut ions to p ract ical enginee r
ing and scien t ific problems. Contact 
Eng in eer ing Summer Confere nces, 400 
Chrys le r Ctr, No rth Campus, The Uni
versity of Micl1i gan, Ann Arbor M l 
48 I 09. 

June 27-29, Data Processing Operations 
Management , Toronto Ca n ada. This 
seminar w ill emphasize the managemen t 
sk ill and te chniques app li cable to the 
data processing operations funct ion. 
Contact The Univers ity of Chicago, 
Ce nter For Continlling Ed ucation , 
1307 E 60th St, Chicago IL 60637. 

June 27-29, Machine Processing of 
Remote ly Sensed Data , Purdue Univer
sity, W Lafayette IN. The symposi u m 
will focus upon the tl1 eo ry , implementa
tion and novel applications of mach in e 
processing of remotely se nsed data. 
Con tact Purdue University, Laboratory 
for Applications of Remote Sensing, 
1220 Potter Dr , W Lafayette IN 47906. 

Jul y 9-20, Computing Systems Re
liabi lity, Un ivers ity of Ca li fornia, Santa 
Cruz CA. Co ntac t Institute in Computer 
Science, University of California Exten
sion, Santa Cruz CA 95064 . 

July 11-13 , Microcomputer Applications, 
Southern Technical Insti tute, Marietta 
GA. Sec August 1-3 for description. Con
tact Dr Rich a rd L Castcll uc is, Southern 
Technical Inst itu te , Electrical Engineer
ing T echn olog\' Dept, 534 Clay St , 
Marietta GA 30060. 

July 16-27, Introductio n to Digital 
Electron ics and Microcomp u ter Inter
faci ng, Lexingto n VA . This ha nds-on 
laboratory course is for academic and 
industrial personnel. There will be 
approximate ly 60 hours of labora tory 

instruction wirh one microcomputer 
labora tory station for each two partic
ipants . Contact Prof Ph ili p Peters, Dept 
of Ph ysics, Virginia Mil itary Ins t i tu LC, 
Lexington VA 24450. 

Jul y 19-20, BASIC: A Computer lan
guage For Executives, New York NY . 
Executive comp ut ing will be discussed, 
includi ng problem solving, planning, 
forecasting and da tabase systems. Also 
to be covered a re progra mming funda
menta ls, th e mindless computer, se
q uence, decision and iteration, com
puter languages and BASIC. Con tact 
Amer ican Management Associations, 
135 W 50 th St , New York NY I 0020 . 

Jul y 23-27, Fin ite Element Method In 
Mechanical Desi gn , The University of 
Mich igan, An n Arbor M l. Th is course is 
intended for engineers working in 
mechanica l design where knowledge of 
stresses, d isplacements, or vibratory 
mot ion is important. No previous ex· 
perie n cc with finite elements is ass um ed. 
The course will familiarize the attendee 
with fi nite e lement modeling concep ts 
and will rev iew the fu ndamen tals on 
wh ich the method is based. Contact 
En gi nee ring Su mmer Conferences, 400 
Chrysler Ct r, North Campus, The Un i
versit y of Mich igan, Ann Arbor Ml 
48109. 

August 1-3, Micro co mputer Applica 
tio ns , So uth ern Technica l Institute , 
Mar ie t ta GA . The emphasis of this semi
nar w ill be on the applications of rn icro
compu ters in industry. Software, hard· 
ware and interfaci ng techniques wi ll be 
discussed. Con tac t Dr Richard L Castel 
lucis, Southern Techn ica l Ins ti tu tc, Elec
tri ca l Engineer in g Techno logy Dept, 534 
Clay St, Marietta GA 30060. 

August 6-8, Pattern Recognition and 
Image Processing , Hyatt Rege ncy O ' Hare, 
Chicago IL. This confere nce is sponsored 
by th e Machine Inte lligence a nd Pat tern 
Analysis Committee of the IE EE Com
puter Society . The program will consist 
of subm it ted and invited papers and a 
large trade show of graphics and image 
process ing equ ipme n t. Con tact PRIP 79, 
POB 639, Si lver Spri ng MD 20901. 

August 8-10, SI GP LAN Symposium 
on Compiler Construction , Boulder CO. 
This symposium will conside r methods 
of co nstructi ng compi lers and experiences 
with them. The emphasis wil l be less on 
theoret ical methods and more on tech
niques applied to real comp ilers. Contact 
Prof Leon Osterweil , Dept of Computer 
Scie nce, Un iversity of Colorado, Boulder 
co 80309. 

August 8-10, First Annual Conference 
on Research and Development in Per
sonal Computing, Hyatt Regency O 'Hare, 
Ch icago IL. This con fe ren ce is sponsored 
by the Association for Computing Ma
chinery (ACM) Special Interest Group 
on Pe rso n al Compu ti ng (S IGPC). A 
large t rade show of pe rsona l computer 
and graphics equipme nt is pl a nned lo 



accompany an assortment of papers, 
panels, user gro u p meetings, work
shops, a nd person to person poster 
booths. Contact Bob Gammill, Com
pu ter Science Div, Dept of Mathematical 
Sciences , 300 Minard Hall, North Dakota 
State University, Fa rgo ND 58102. 

August 13 -1 5 , Conference on S im u la
t ion, Measurement and Mode ling of 
Computer Systems, Boulder CO. Th is 
conference will feature performance pre
diction tech niques employed during the 
design, procurement and maintenance of 
comp ute r systems. It will provide a 
forum for both applied and theoretica l 
work in the disciplines of performance 
monitoring, modeling, and simulation 
of comp uter systems. Contact Gary 
Nut!, Xerox PARC, 3333 Coyote Hill 
Rd, Palo Alto CA 94304. 

August 13-16, Q-G ERT Network Mode l
ing and Ana lysis , Ramada Inn, Lafayette 
IN 47905 . This course will provide the 
at tendee with the information neces
sary 10 model complex systems using 
Q-GERT. Emphasis wil l be on the 
procedures for modeling and analysis. 
Contact Pritsker and Associates Inc, 
POB 2413, W La fayette IN 47906 . 

August 13-17, High Speed Computation: 
Vector Processing, The University of 
Michigan , Ann Arbor M l . In this course, 
the architcctual, software, and algorit11-
mic issues of vec tor architec tu re are co
ordinated through the discu ss ion of con
cepts in computer architecture, and by 
detailed study of curren t vector process
ors and their use. Contact Engineering 
Summer Conferences, 400 Chrysler Ctr, 
North Cam pus, The University of Mich
igan, Ann Arbor Ml 48109 . 

August 19-22, International Co nfe rence 
o n Computing in t he Humanities , Dart· 
mouth College, Hanover NH. This con
ference is intended to foster comp uter 
researc11 and technique in all areas of 
hum anistic study, to promote inter
na tion al cooperation in the develop 
ment or programs, da ta banks, and 
equipment, and to make the results of 
research ava ilable . The program wi l I 
inc lude a plenary session each even in g 
and shorter sessions during the day. 
Contact Stephen V F Waite, Kiewit 
Comput a tion C t r, Dartmouth College, 
Hanover NH 03755. • 

In order to gain optimum coverage of 
your organization's computer confer
ences, seminars, workshops, courses, etc, 
notice shou ld reach our office at least 
three months in advance of ril e date of 
the event. Entries should be sent to: 
Event Queue, BYTE Publications, 70 
Main St, Peterborough NH 03458. Each 
month we publlsh the current contents 
of til e queue for the month of the cover 
date and the two following calendar 
months. Thus a given event may appear 
as many as three times in this section if 
it is sem to us far enough in advance. 

E\'TE's Eits 
Cal l for Papers 

T he Thirteenth Meeting of th e 
Hawaii Intern a tiona l Co nference on Sys
tem Sciences will be he ld January 3 thru 
4, 1980 at the lli kai Hote l in Honolulu 
HA. Papers on either th eo ry or practice 
in the broad areas of comp ute r ha rdware 
and software, an d advanced computer 
systems appli ca t ions ma y be subm ined. 
Special emph asis w ill be placed on medi
cal in form a tion processi ng and decisio n 
support systems for u pper level managers 
in organi za t ions. The papers will be 
refereed and printed in the proceedings 
of the conferen ce. Three copies of th e 
full text of eac h pa per shoulcl be sent 
to Dr Ralph H Sprague Jr , Col lege of 
Business Administration, Univers ity of 
Hawaii , 2404 Maile Way, Ho nolulu HA 
96822 and must ar ri ve by Ju ly 13 1979. 
Notification o f accep tan ce and those 
papers to be presented wi ll be m ailed 
by September 15 19 79. The conference 
is sponsored by the Dep artment of 
Decision Sciences, th e Depart men I of 
Electr ical Engineering, a nd the Depart
ment of Information ancl Comp u ter 
Sciences at th e Un ivers i ty o f Ha waii 
in cooperat ion wi th t he ACM. 

Pi ct ures from S pace? 

People interes ted in receiving satellite 
p icture images (such as weather maps) 
wou ld do wel l to read the 1968 NASA 
document number NASA SP-5079. The 
document, enti tled Constructing lnex
pensiaie Automatic Picture-Transmission 
Ground Stations by Charles H Ve rmil
lion, was possibly the first report a imed 
at inex pens ive receivers. As sta ted in the 
report summary: 

This report descr ibes how one 
can procure or bu ild the anten na , 
FM receiver, and other compo
nents for an Automatic Picture 
Transm ission (A PT ) ground sta
tion. Detai led drawings and parts 
lists are included. Install ation , 
alignment, and operation of the 
APT ground station arc also de
scr ibed. 

When the report was published in 
1968, compatible satellites were expected 
10 be operational until 1972 although 
future extension programs were planned. 

The information contained within 
the report gives enough background to 
get the serious hobbyist started on a cur
rent set-up if upda ted info rma tion can 
be found. We would be interested in 
heari ng from anyon e with curren l in
formatio n. 

Build The Worlds Most 
Powerful 8-Bit Computer 
Featuring The Famous Intel 8085! 

Explorer/85™ 

CHOICE OF HEX KEYPAD OR TERMINAL IN PUT 

Starting for just $129.95 you can now b uild 
yourself a sophisticated, state-of-the-art 
computer that can be expanded to a level 
suitable fo r indu stria l, b usiness and 
commercial use. Yo u learn as you go ... in 
small, easy-to- unders tand , inexpensive levels ! 

• Fea tures Intel 8085 cpu/100% compatible w ith 
8080A software ! 

• Onboard 5 ·100 bus {up lo 6 slots)! 
• Onboard RAM and ROM expansion ! 
• Bullt·ln de luxe 2K Moni tor/Operat ing ROM! 
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Sixth Colloquium on Microwave 
Communications Offers Proceed ings 

The Sixth Colloquium on Microwave 
Communi cat ions was held in Budapes t 
between August 29 and September I 
1978. Th e organ izat ion was undertaken 
by the Scienti fic Socie ty for Telecom· 
munication and the Research Institu te for 
Te lecommun ica tion of Hungary by span· 
sorship of the Intern at ion al Union of 
Rad io Sciences and the Hungarian 
Academ y of Sciences . The fo llowing 
principal sub jects were on the agenda 
of the meeti ng: co mm unica tion sys· 
tems - trends an d foundations ; circui t 
theory and computer aided design; 
electromagnetic fields an d an tenn as; 
microwave circ ui ts and devices; and 
materials for microwave appli ca tion s. 
The proceedings co ntaini ng all papers 
have been issued in two vo lumes of 944 
pages in Engl ish, and arc ava il abl e at 
a price of $30 plus postage. Contac t 
OMKDK Technoinform, Budapest, VIII 
Reviczky u 6 HU GARY. 

Fourth Euro pean Conference on 
Electrotech nics Annou ncement 
and Cal l fo r Papers 

The fourth European Conference on 
Electrotechnics, EUROCON '80 , will 
be he ld in Stuttgart Germany on March 
24 thru 28 1980. T he confe rence theme 
is "From Elec tron ics to Microelectronics 

New utility for 
your computer. 
Now, there 's a real time clock 
for the Apple II* : the Apple 
Clock from Mountain Hardware. 
It keeps time and date in lmS 
increments for one year. On-board 
battery backup keeps the clock 
running in the event of power 
outage. Easy to use with BASIC 
using routines carried in on-board 
ROM. That means you can time events, 

- T rends and App lications." Key pro· 
fessionals and industry leaders will 
give a comp rehensive overview as we ll 
as reports on the latest deve lopme nts 
in thi s area. A commercial and scien
tifi c exhibit ion wi ll ill ustrate and sup
plement the technical presentations. 

The conference tl1eme wil I be 
covered in approximate ly 160 papers 
under four ma in headings: tcclino logy 
of microele ctroni cs ; microe lectronics in 
telecommun ica tio ns an d data processi ng; 
elect ron ics in electrica l power systems 
and con tro l; and elect ronics and micro· 
electron ics in other fields. Papers are 
invited to be submitted to: Professor 
Dr W Kaise r, Chai rm;1n Progra m Com· 
mince EUROCON '80, University of 
Stuttgart, Brcitsd1cidstrassc 2, D - 70 00 
Stuttgart I GERMANY. Abstracts arc 
limited to 500 words and shou ld arrive 
no later th an June 30. The comp leted 
tex t of accepted papers must be received 
by Dec cm bcr 31. 

The 3rd Wor ld Co nference on Medical 
I nforrnatics Issues a Call for Papers 

The 3rd World Conference on Medi· 
Cdl Inform atics will be held in Tokyo 
Japan, September 29 thru October 4 
1980. Medical inrorrn atics is the appli
ca tion of compu ter te chnology to al l 
fields of medicine - heal th care, medical 
teac hing ;in d medi cal rese arch. The 
organi Lc rs of this co nference arc seeki ng 

~ut ti~~ and date on printouts, create games in wh ich elapsed 
time 1s important. .. anc;j many more. Mountain Hardware offers 
a complete line of peripheral products for many fine computers. 

Available at your dealer's. Now. 

Mountain Hardware, Inc. 
300 Harvey West Blvd . 

Santa Cruz, CA 95060 (408} 429-8600 
·Apple II is a tradema rk ol Apple Computer, Inc . 
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papers in cl inical care; administrative, 
educational and public health applica· 
t ions; informat ion technologies and 
research; and avai lable systems and 
products. If you arc interested in sub· 
mitting a paper, write to Morris F 
Colle n MD, Chairman of MEDINFO '80 
Program Committee, Directo r, Medical 
Methods Research, Kaiser-Permanente 
Medical Care Program, 3700 Broadway, 
Oakland CA 94611. Fina l inst ructions 
for preparation of papers and special 
master typing forms wi ll then be sent to 
you. The deadline for papers is Decem· 
ber 10 1979 . 

Ca ll for Papers: The Eighth Wor ld 
Co mputer Congress 

Th e Eigh th World Computer Con· 
gress (I FIP '80). sponsored by th e 
Intern ationa l Federa tion for Information 
Processing ( IF IP} wi ll be jointly he ld 
in Tokyo Japa n on October 6 thru 9 
1980 and in Melbourne Aust ralia on 
October 14 thru 17 1980. The Congress 
wil l feature presentations on state· 
of-the-art developments in teclinology, 
equipment, and applications prep ared by 
information processing professionals 
from around the world. In order to 
identify and schedule these speakers 
and top ics, the Program Committee 
has recently issued a formal call for 
papers. Those· papers accepted will 
be del ivered in ei th er Tokyo or Mel· 
bou rne, and in some cases at both 
loca tions. Potential authors should con· 
tac t AFIPS, 210 Summi t Av, Montvale 
NJ 07645 to receive a copy of a bro· 
ch ure which explains all req uircmen ts 
and necessary qualifica tions. 

IEEE Co nferences and Meetings 

An extensive listing of IEEE Corn· 
putcr Society sponsored conferences 
and meet ings through 198 1 is available 
by writing Harry Hayman , Execu tive 
Secre tary IEEE, POB 639 , Si lver Spring 
MD 2090 1. 

More Cryptographic Notes 

Anyone looki ng for an in-depth 
article on data encryp tion should read 
two papers bro ught to our attention by 
Wi lliam Flynn. One is a reprint of an 
article by Ehrsam et al which appeared 
in the I BM Systems journal, Volume 17, 
Number 2, en titled "A Cryptographic 
Management Scheme for Imp lementing 
the Data Encrypt ion Standard ." The 
cost is 50¢ per reprint and the IBM 
order number is G321 ·5066. For $1.75 
you can obtain a copy of the issue which 
is devoted ent irely to cryptography. 
Write to IBM Sys tems Journal Reprints , 
Armonk NY 10504. 

The other paper, FIPS Publication 
46, is avai lable from the US Department 
of Commerce, National Technica l lnfor· 
mation Service, 5285 Port Roya l Rd, 
Spri ngfield VA 22161 , at a cost of 
$4 for a pape r copy and $3 for a micro
fiche copy. • 



from Computer Headware . .. 

a Self-Indexing Query System 

for your Apple 11, North Star, or CP/M machine 
Distribu ted by : 

1 Information Unlim ited / 219- 763-2244 
P.O. Box 8372. Merr illville. Indiana 464 10 

1 Lifeboat Associates / 21 2- 580-0082 (CP/M model on ly) 
2248 Broadway, Suite 34, New Yo rk City 10024 

1 Structured Systems Group, In c./ 415- 547-1567 
5208 Cl aremont Avenue. Oakland. Californ ia 94618 

HEMM-103 DATA MODE 
AND COMMUNICATIONS ADAPTER 

FCC APPROVED r HIGH QUALITY ~ 

Bot h th e m odem and telephon e system interface are 
F CC appr oved , accompl ish ing all th e req ui red protect iv e 
fu nction s w ith a m iniatur ized, p r opri etary protect ive 
couple r . 

-50 dBm sensitivity. Auto answer . Auto or iginate . Auto 

WARRANTY 
One y ear li mited w ar ranty . T en -day uncond i t ional 

return pr iv ile ge. Min im al co st , 24-hour ex chang e pol icy 
fo r un its not in warranty. 

LOW PRICE-$319. 95 

Potomac Micro-Magic, Inc. 
Write for brochure: 
First Lincolnia Bldg., Su ite 81 
4810 Beauregard St. 
Alexandria, Va. 22312 

For 

dial er w i th compu ter -controlled d i al rate . 61 to 300 baud 
C anywhere ov er th e long -d i stance te lephone network ), 
rate sel ect ion under computer contro l. Flexible , soft -
ware-controlled , maskable interr upt system. 

ASSEMBLED & TESTED 
Not a k i t ! (FCC r egistration proh ibits k i ts ) 

Modem AND Coupler - • .,,,.. -
Call for furthe r information: 
VOICE: (703) 750-3727 
MODEM: (703) 750-0930 (300 baud) 
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Timesharing: 
Sheldon Linker 

6399 Wilshire Blvd 
Suite 1010 

Los Angeles CA 90048 

Squeezing the Most from your Micro 

Table 7: An example of a quick relocation scheme designed with a 6800 
processor in mind. This set of ins/ructions would be stored along with the 
program on 1he auxiliary memo1y lo direcl 1he loader as to how lo reinsert 
the data into main memo1y each lime the program was run. The point of this 
scheme is to pro vide a minimal amount of computation when a program is 
loaded from a libra1y into memory prior to execution. Similar schemes can be 
chosen for any particular computer 's architecture. 

Command to Run Time Loader 

Start absolute loading : 

Start relative loading : 

Skip bytes : 

Define absolute start address : 

Define relative start address : 

One byte : 

Two bytes abso lute : 

Three bytes relative : 

Three bytes absolute : 

Two bytes relocatable address 
values : 

End : 
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Explanation 

The header code is followed by the absolute start 
address . In this case, the loader behaves as any 
other loader. There is no relocation of the data 
and instructions that fo llow. Loading starts at the 
add ress given. 

The header code is followed by an address. 
Loading begins at the first availab le address, as 
determined by the ope rating system. From this 
point on, a re location factor will be added to all 
instructions and data flagged for relocation . 

Th is code is followed by a number designating 
the number of bytes to be skipped. This is useful 
in defining uninitialized buffers and is more 
efficient than repeated uses of code to reserve 
one or two bytes (see below). 

The header code is followed by the absolute 
start address . If the routine is a subroutine, this 
code would not be used as the module has no 
start address . When this code is used the program 
will be started at the specified address once 
loading is completed. 

Similar to the precedi ng code; however, program 
execution wi ll start in a posit ion relative to the 
first location. 

The header code is followed by one byte. This 
code gets no re loca tion, because it is either an 
instruction without an address, or data wh ich is 
too small to be an address . 

The header code is followed by the two bytes. 
This code also receives no relocation because it 
is either an absolute address value, a one byte 
immedia te instruction with its data byte, or it is 
a relat ive address instruct ion which is se lf
relocat ing. 

The header code is fol lowed by the 3 byte 
instruction . This code will receive a relocation 
factor. 

The header code is followed by a 3 byte instruc
tion with an absolute address value which is 
unchanged in loading . 

The header code is followed by t he address data . 
The address data is always relocatable . 

At this point, control returns to the program that 
called the loader if no starting address was given 
in the loading module. It the I oading module con
tained a start address that address is cal led . 

Although one normally thinks of time
sharing as only working on large computer 
systems, it is possible to run even on small 
systems. Many of the newer large scale time
sha1·ing systems use virtual memory and 
swapping, which is not possible or practica l 
on smaller mac hin es. Virtual memory 
requires mapping hardware (a machine with 
interruptable instructions, such as an 
IBM 370). Swapping req uires a reasonably 
fast d isk, which will cost at least $2000. 
What we are left with is an in core system 
that keeps everything runn ing in real mem
ory at a ll times. 

The first consideration is the assembler 
and loader . In your current system, a pro
gram's location can be assigned only at 
assembly time. On a timesharing system, the 
programmer may not know where th e pro
gram will be located in memory. The reaso n 
knowledge of this location is conditional is 
that a dec ision point in the design of lh e 
system has been reached. If the system is to 
be nonre locatab le, the programmer may 
define the location of the program. The 
prnb lem that arises here is that if, al the 
time the program is to run, the place in 
memory that the program was supposed to 
run in is already occupied, it cannot be 
loaded. On the other hand, if the system is 
capable of relocating, the program can be 
put anywhere in memory. This produces the 
additional benefit that subroutines do not 
have to be assembled with the program. To 
perform this relocation the assembler leaves 
offset information in the object tape or fil e 
which the loader wi ll inte1·pret as it goes. 
One possibl e re location code scheme is 
shown in table 1. Of course, all sorts of 
schemes are possible . Note that relocation 
alone will take some amount of coding and 
execution time. 

The second consideration is the allocat ion 
of system resources. In most cases this 
shou ld concern only 10 devices, although 
there may be some systems with interrupts 
not associated with 10 devices. There are 
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Table 2: Minimum routines that are required for handling a timesharing sys
tem. The end task routine should return control to the supervisory program 
with information that the task is totally finished. The last thing you want to 
do is encounter a halt instruction In the program code and halt the machine. 

• Attempt to al locate a particular device . This routine mus t give a return code stati ng 
whether or not t he device is already be ing allocated . 

• Free a device. 
• Read a character from a particu lar device. 
• Wr ite a character to a particular device. 
• Read a part icula r d isk block. 
• Write a particu la r disk block. 
• Wait. 
• End a task. 
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basically three types of 10 devices. The fir st 
and most commo n type of device is the 
si ngle owner. This is a device which ca n only 
be used by one task at a time. (A task is a 
program running in the timesharing system.) 
An exam ple of a device wh ich must be single 
owner is a cassette recorder. It would just 
not do to have someone else's data in the 
middle of your program. 

The second type of 10 device is the 
shareable unit. The most wmmon example 
of this is the floppy disk. For a disk to be 
correctly shared, the operating system rou' 
tine which is handling the disk must reposi
tion the heads every time the d isk is used. 
Mos t systems already use this method, but 
there are those that have a cal I to position 
the head and another set of ca ll s to read, 
write and verify. Separate ca l Is cannot be 
used because a second Lask might reposition 
the heads before th e first task had a chance 
to read or write. 

The third type of 10 device is the device 
that is the system's alone. An examp le of 
this is the clock interrup t, a so litary inter
rupt device. It must be the system's job to 
kee p track of time. It is also the charge of 
the system to keep t1·ack of which devices 
are owned by which tasks. The system must 
place all of the task's al located devices back 
on the availab le li st if a "cance l the prngram" 
fu nct ion is executed. 

When a task wants to perform input or 
output, it might use a cons id erable amount 
of system time monitoring sta tus lines, 
thereby making timesha1·ing impossib le, 
unless all, or at least some of the devices are 
interrupt driven. The bes t way to hand le 
things is to have a routi ne which wil l cause a 
task to wait until an in terrupt is received for 
that task, then let the task handle the inter· 
rupt, includ ing po ll ing. So far, the routines 
required are summarized in tab le 2. (This is 
not to say tha t these are the on ly routines 
you will ever need. Table 2 is probably the 
minimum se t of func tions you will ever 
need .) 

When hand ling disk in terrup ts, it is neces
sary to keep track of which task, if any, is 

using th e d isk. When a task requests Lhe use 
of a disk or other shared device, it must gel 
a return code stati ng whether or not the 
device is busy. Otherwise, the system must 
queue its request {make lhe program W<\it 
and hand le the req uest whenever il can). 

A third consideratio n is sched ulin g. Each 
task has a status: ready to run , running, 
run ning with an interrupt pending, or 
wait ing. At some point, the system must 
stop ru nn ing one task and begin running 
another. 

We will requ ire the operating system to 
reschedule the tasks every time a task asks to 
wait. Since that task cannot proceed, we will 
perform a task that is not in a wait stat.e. 
The1·e are three oth er times when we may 
optiona ll y reschedule the tasks : every inter
rupt, every clock in terrupt, 01· every in ter· 
rupt and system call. These methods ai-e 
called demand schedu ling, event sc heduling, 
time slicing, and quick sc heduli ng, respec
tively . The fastes t me thod is to wait for 
WAIT ca ll s. The other th ree methods are 
fairer, depending on how you look at things. 

The actual method of scheduling leads to 
another decision point. The schedu ler may 
be foregroun d-background, rn und robin, or 
priority schedu ling. Foreground-background 
is the faste t. In this type of scheduling, the 
system scans down the list of tasks and runs 
the firs nonwaiting task . When thi method 
is used, the position on the list is the impo1·· 
tant Factor. 

Round ro bin sched uli ng starts the search 
for an executable task after the last task 
running. The search star ts at the top of the 
list when it hits the bottom. This way gives 
every task its chance to run . 

Pr iority scheduling req uires a list of 
priorities. This scheduler runs the task with 
the highest priority which is not waiting. 
Th is is the fairest method because each task 
is given exactly what it deserves. When you 
run off th e bottom of the list, us ing either 
the foregrou nd -background or priority 
schedu ling method, you have the option of 
starting over or execut ing a WAIT instruc
tion . Although it wil l cost a byte of prngram 
memory, it wil l save considerable time on a 
6800 or similar machine, since the intern1pt 
vectoring wi ll be half done by the time yo u 
get the interrup t. 

The above cover most of what you need, 
but th ere are a few more minor considera
tions: 

Creation of tasks : A task has to ge t into 
the machine somehow. Two possible meth
ods come to mind. One is the typical t ime
sharing method with each terminal getting 
its own task . The other is to add a system 
ca ll which adds a new task. 



Memorex 
Floppy Discs 
lowest prices. WE WILL NOT 
BE UNDERSOLD!! Buy any 
quantity J. J 000. Visa Mastercharge 
accepted. Call free (800)235-4137 
for prices and information. All 
orders sen t postage paid. 

PACIFIC 
EXCHANGES 
100 Foot hill Blvd 
San Luis Obispo. CA 
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Don't Forget! 
Our New 4K Byte Non-Volatile 
Memory Boards Won't Let You! 

• 30 days minimum guaranteed 
data retention 

• Ultra low power 450 NSEC 
static CMOS RAM 1c·s 

• On-board regulator, power 
monitor and battery 

• S-100 bus compatible 

Assembled and Tested 
$395.00 

Remember 
to send for details! 
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Dayton, Ohio 45432 
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6800 DEVELOPMENT PAC II 
• 6800 MICRO COMPUTER 
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• EDITOR/ASSEMBLER 
•4K INDUSTRIAL BASIC 
•RACK, BACK PLAN E, SUPPLY 
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IBM SELECTRIC @ 
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INSTALLED $645.00 
• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Suppl ies T 2V1 5A, 12V25A, 
5V35A Others, • Displays 
• Cabinets • X FMRS • Heat 
Sinks • Printers • Compo nents 
Milny other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
130 NORTHEASTERN BL VO . 
NASHUA , N .H. 03060 
Phone orders accepted using VISA 
or MC. Toll Freo 1·800·258· 1036 
In N. H. 603 ·889· 7661 

Circle 391 on inquiry card . 
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DATA PROCESSING 
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Circle 183 on inquiry card . 

HAZELTINE 

1400 I r-, I 
~;95! · ~ -· 

• Verbatim Mini Diskettes ... 
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.Only. 
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RT /68 - M6800 Real Time 
Operating System 

- Execut ive controlled. even1 driven 
- up to 128 fix ed prio r il y task s run 

concurr en ll y 
- in terta sk co mmunication 1hrough 

messages 
- Execut ive requ ires only lk byles 
- NCR task : moni tor Console Func tions 
- CLOK 1ask : task timer . time-ol -day , 

calendar 
- KBD tosk : input lrom ASCII keyboar d 
- CR T iask : oulpu t 10 ASC I I d isp lay 
- TTY ta sk : input/output lrom ASC II 

term in al 
- Proven in Industrial Supervisory/ 

Control applica tions 

Sources on diskett e 5350.00 

Motoro la MOOS Format at Sierra Digital 
X6800 format 

Broadcast Computer Systems 
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Ca lgary . Alberta Canada T2A 4G1 
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DISK PROCESSOR TERMINAL PRINT EJ 
i I i 

DI SK PROCESSOR - - TE RM INAL PRINT 

i I I 

DI SK - . P ROC ES SOR - TERM INA L PAIN - -

i I I 
El 

Figure I : A sys/em set up with each processor having its own mass storage 
device and 10 peripherals. 

PROCESSOR TERM INAL 

1-

PROCESSO R - PROCESSOR TERMINAL 

L PRO CESS OR - TERM INAL -

Figure 2: This arrangement uses resource sharing. To mak e this arrangement 
. Timesharing and 

What happens when 
s? What about !he 

worl<, processor to processor data linl<s mus/ be added 
multiprogramming can be useful in the personal system . 
two children and two adults must share several lerminal 
case when you want to do a listing or assembly on a slow printer while con
tinuing an editing operation on a separate source file ? The smallness of the 
scope of a computer does not rule out the use of resource sharing and 
multiprocessing. 
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PET ANALOG INPUT 
Analog to Digital Conversion System for the Commodore PET Computer 

Give Lne F£T lh~ ab iJiL';:I LO sen se , 
nieasu re . and control Lhe wor ld a r ound 
'lt. wJ.U"l [IAM SYSTEMS n1oduJ es • • Ju st.. Plus 
Lhe f"ETSETl i nto t.he PET Lo !:te t. 1 6 
cha.nne J ~ or ana log inPuL. Screw 
Lern1inal s are ,,:.rovided f or" each c h a nnel 
so YOU can hoof<. u F- Jo'::::fsl.i c K.s ,. Po l.5 ,. or 
"""1a t..ever aP.F-rOF-ri a t..e sensot~ s YOU h ave . 

Each of Lhe 16 a n a l o s: inF-uLs , in 
the ran~e of 0 LO S .1 2 vo )ls r 1 5 

c onvert.ed Lo a dec inia l nuu1ber bt:" LW "-E1"t o 
a nd 2'5'5 ( 20 mil J lvol l s i:-er coun t). 
Conver sion Li n.e 1 s 100 m1crosconds. 

I n addi l ion' lhe f'ETMOD ,:.rovides 
t..wo I EEE Poor l s a nd one u s er Foor l as 
well as a C\AM SYSTEMS F-Or l. 

Sort.ware i s F-rovided . A one 11n e 
M"'09f" ani 2 s a 11 t.h a l is n ecessar1;:1 Le. 
read a channe l. 

Memory : You can set things up so that 
each task has a fixed amount of memory 
(which may or may no t be r·ese t between 
tasks) or use some sort of a system where 
th e tasks can acquire and free memor-y 
dynamically . 

Niceness: Programs mus t be nice to one 
another, as very few of the machi nes aro und 
have an y sort of memory pro tection or 
privileged instructio ns . 

Machine considerations: When an inter
rup t occurs, or a task is otherwise stop ped, 
the registers, including the program sta tus 
word (PSW), and stack po inter mu st be 
saved and later restored. Depending on the 
type of programs yo u run and your type of 
machine you may have to save and resto re 
all or part of page zero. If you have a 6502, 
you wil l also have to deal with the stack's 
page . 

Reen trancy : Programs which can be run 
concurren Lly by more than one task are 
reentrant. You may wish to set up some way 
of effectively usi ng ree nlran t progra ms, such 
as having a null task, in to wh ich may be put 
ree ntrant su brouLi nes; or by having va ri ous 
small reentranL ro uti nes always in the same 
place in memory, such as mul ti pl y and 
divid e. 
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There are other methods of going about 
th is comp lete ly, which I mention only in 
passing. Many BASIC systems wi ll have one 
BASIC inter·prcter in memo ry along with 
mul t ipl e progrn ms , and will execute one line 
of BAS IC code and Lhen go on to the next 
pseudotask. Th is will also wor·k for APL, 
al th ough lo ng matri x operat ions will tend to 
exte nd Lh e in tervals between trans rt rons 
fro m one process to anoth er. (Of course, it 
is a debatabl e poi nt whether or nol a time
shar ing A PL and two workspaces wil l ever 
fit into the same memory at one time.) 

Multiple processor· timesharing systems 
ar·e also pos ib le. Assumi ng that you have a 
central processo r with disks and printers, 
the rn is a method that can save a lot of 
money. This method is reso urce sharing. 
Figure 1 shows a typical group of three com
pu ters each working independently . Each 
processor hand les eve rything with inefficient 
use of the prin te r·s and disks. Figure 2 de
picts a reso urce shari ng setu p. Thi s requires 
the addition of prncessor to processor data 
links. In this se tup , eac h peripheral processor 
does th e com put ing while the centra l proc
esso r handles queued 10 and in te rrup ts 
much lik e the si mple Lim esharing systems 
above.• 

VAK-4 16K STATIC RAM BOARD 
• Designed spec ifically for use with the AIM·65, SYM·1 , and KIM·1 microcomputers 
• Two separate ly addressable BK-blocks with write protect. 
• Designed for use with the VAK·1 or KIM·4* motherboards 
• Has provisions for mounting regulators for use w ith an unregulated power supp ly 
• Made with 1st qua lity 2114 static ram chi ps 
• All IC 's are socketed 
• Completely assembled, burned-in , and tes ted 

We manufacture a comp lete line of high quality expansion boards. Use reader service 
card to be added to our mailing list , or U.S. residents send $1.00 (Internat ional send $3.00 
U.S.) for airmail delivery of our comp lete catalog . 

VAK·4 DUAL BK·RAM $379.00 
VAK·2 BK-RAM ( 'h populated) $239.00 

Circle 325 on inqu iry card . 
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c Brian Honess is currently assistant professor of management science in 
the College of Business A dministration at the University of South Carolina. 
He reports that he has been an active "building" radio amateur (ham) for 20 
years; his Interest in computers goes bacl? to programming scientific business 
applications on an IBM 7620. He learned about what was inside computers by 
buy ing a surplus IBM 704 from the government, and slowly taking it apart 
(donating, selling and scrapping the parts as he went). Another 704 was 
eventually purchased, and this time it was built back up, from the inside out. 
This is not exactly a typical personal computer. 
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Sequences 

Random numbers are extensively used in 
virt ually all areas of data processing, fro m 
the simp lest games for a hobby microproces
sor, up to the most compl ex business and 
sc ientific appl icatio ns. Detem1inistic games 
programmed without the benefit o f some 
random parameter soon become bor in g and 
easy to " beat," so it wou Id seem that ran
dom number· ge neration and testing should 
be of interest to even th e neophyte pro
gramm er or computer hacker when trying to 
get a sim pl e game up and running. Random 
numbers arc used extensively in various 
bus iness applicatio ns. For example, ra ndom 
numbers would be used by an auditor faced 
with a large number of tra nsactions to audit, 
and using a sa mpling techni que to on ly look 
at a certai n perce ntage of repr·esentative 
transactions. Th e number of checkou t 
stations at you r local discount department 
store may have been determ ined by usi ng 
a mathem atica l model of the store, where in 
the arri val and departure or "customers" 
was simul ated using ran dom numbers. 
Market research makes extensive use of 
rand om numbers, in selecting the people, 
streets, bl ocks, households, etc, to inter
view or to mai l questi onnaires . A math
ematica l model can also be "bu ilt" of an 

element, molecule o r compound , and a 
part icle introduced at random and col li sions 
counted . Suppose furth er that you had a 
photograp h of some obsc ure planet, covered 
in an ex tremely irregu lar way with areas 
you ass umed to be water . You coul d divide 
the photograph into small squares, or maybe 
overl ay with a piece of grap h paper, and 
th en "take shots" at the grid with a random 
number generato r, wherein the ra ndom 
num ber wou ld de termine the coordinates of 
th e "shot" and you cou ld then ta ll y the 
number of "hits" and "misses" and thereby 
detenn ine th e number of hits out of the 
total number of shots, and get an approx
imat ion of the percen tage of the sur face 
covered by water. 

Before reading on, let me suggest that 
you try a short experi ment. Consider the set 
of integers from 0 to 99, and quickly write 
down a list of random 2 digit num bers. Use 
whatever your current idea of ran dom is, 
and make a list of 100 num bers. Late r we'll 
see several methods for determining how 
random your num bers are, but I ' II hasten to 
guess that they won 't be very random . 
Psychologists repeatedl y show th at the 
average human just cannot thi nk up random 
numbers. Upon inspec ti on, there might be 
too many 4s compared with 6s, or maybe 
very few Os and an ab undance of Ss. 

Wh ile it 's tru e that a mac hine can pro
duce a much better selection of truly ran
dom num bers than a human, th e probl em is 
that the num bers prod uced by the machine 
aren't reall y random either . If you could 
bui ld a perfec t roulette whee l, you'd ge t 
trul y rando m numbers, but the mechanica l 
considerations of such a device are, of 
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AT LAST! 

A MICROCOMPUTER SYSTEM WITH THE SPEED AND POWER TO HA NOLE A 
BUSINESS WOR K LOAD . 

Tn~ Compulex 16-bit MICROENGINETM CPU processes Pascal (U CSO version Joi 
l •ve 11111es l aster lhan any comp;:u.:it>le unit. and a t teas I 1wcn1y t11nC?s ~ a s te1 1han 
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• 16·tu r P·code CPU 
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• Fult OMA 
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• re ... r e<JHor 
• F 11 i: manager 
• C?U .:tnd mf;!'mQry d1ag11os11cs 
• Symllolic P,1sc,11 debugge1 

Al so ava ilob lc. 

• Comp!~1c turn· key systems 
• CRT 1Crr1101als 
• High speed printers 
• Tc• I quollly prln 1ms 
• Floppy OISI-: dm•es 
• Applic:rn ons sollw~ue 

Cus1omor s<i l is lac l ion is guaranteed . Full 
refund wllh the relurn o f nny product w i lh ln 
10 d11ys. Complete technicil l catillog S1. 

Co MP UTE 5710 Drexel Avenue 
Chicago . IL 60637 

" THE COMPUTER EXPERTS." (312) 684-3183 

video 
IDD 
12" BLACK & WHITE 
LOW COST VIDEO 
MONITOR 
$149.00 LIST 

•Ideal for home, personal and business com-
puter systems 

• 12" diagonal video monitor 
•Composi te video input 
•Compatible with many computer systems 
•So/id-state circuitry for a stable & sharp picture 
•Video bandwidth-12 MHz ± 3 DB 
•Input impedance- 75 Ohms 
• Resolutio,, - 650 lines Minimum IN Cen tral 80% 

of CRT; 550 Lines Min imum beyond cen tral 80% 
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Small home robots 
controlla ble 
by your computer. 

Attachable to any computer via parallel in terface 
(not included.) 

Use your Turtle to map rooms, solve mazes, da nce, 
explore Artific ial In telligence, teach geometry or 
programming. 

Computer not in.eluded (batteries not needed). 

Brochures available Terrapin, Inc. 

Kit $400, Assembled $600 33 Edinborough Street 
S-100 Bus Interface Ki t $40, 6t h Floor 

Assembled $50 Boston, MA 02 11 1 
U.S. postage $5 (6 17) 482-1033 
Mass. residents add 5% sales tax 

of CRT ref EIA RS-375 
• Dimensions - 11 .375 " high ; 16.250 " wide; 

11 .250" deep (exclude video input connector) 
• Weight - 6.5 KG (14.3 lbs) net 
AVAILABLE FOR IMMEDIATE DELIVERY! 

LEEDEX Co,.poration v l 20 

2300 East Higgins Road • Elk Grove Village, Illinois 60007 • (312) 364-1180 • TLX: 25-4786 

Generous dealer discount available 
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Square of 
number 

Random 
number 

4321 ---'----- starting seed 

~ 
1 867~1 ,,..,.,--~ 710 

~ .. . -
45024100~241 

00~1~0580 
~~ 

0033~3364 

Figure 7: Operation of the center squared method of random number 
generation can be illustrated by this example. Here we use 8 digit decimal 
numbers, and assume the ability to extract the center four digits as the 
4 digit random number for each cycle. [In principl e this algor ithm cou ld be 
done on a binary basi s by picking the midd le 16 bits of a 32 bit product, 01· 

th e middle 32 bits of a 64 bit product ... CH J A II versions o f this algorithm 
are subject to the problem of degeneration, since if the middle digits happen 
to become 0, the square will continue to be 0 through successive generations 
of the algorithm. 

course, impossible, to say nothing of the 
costs, speed, maintena nce, testing, and so 
fo rth. There is real ly not muc h need to strive 
for such a device for the usual app li cat ion of 
random numbers, because there are surnc 
math ematica l methods which produce what 
are called pseudorandom num bers. Im· 
plemented on a computer, they are quite 
fast, easy to implement , and just as much 
fun to play wi th as a roulette whee l! 

Before looking at some of these 
methods, I might mention th at there are a 
couple of oth er ways to get random numbers 
for your games, experim ents, or business 
applications. You could always pu nch or key 

BASIC Program Sample Results 

100 PRINT " INPUT A 4-DIGIT SEED" ; 
110 INPUT N 
120 LET N = N * N 
130 LET N = N /100 
140 LET N = INT{N) 
150 LET A= A/ 10000 
160 LET A= INT(A) 
1 70 LET A = A * 10000 
180 LET N = N - A 
190 PRINT N 
200 END 

4321 
166710-11 
H\6710.4 1 

136710 
18 0710 

18 
loOOOO 
6710 
6710 

Listing 7: A BASIC program which accomplishes one generation of the center 
squared method of calculation. Note that this program assumes an interpreter 
with at least eight decimal digits of accuracy. 
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into your system as many numbers as you 
want from the Rand table. This is a formal 
table used by statisticians entitled A Million 
Random Digits and published by Rand 
Corporation. There are a m ii I io n of them, 
so this could take quite a whil e. Of course, 
you' re assu red th at these numbers are 
thoroughl y tested and as unbiased as 
possibl e, but assuming you have the time 
and perseverance to do th e job, unless you 
work out sorl')e scheme for using diffe rent 
parts of the ta ble or different orderings, 
you'll always get th e same string of digits. 
You might find an abbreviated tab le in the 
bac k of some statistics book and use the 
numbers therein, bu t the problem here is 
th at you 'll probably need more nu mbers tha n 
appear in th e table. Of course you co uld 
always go Lhrough the tab le more th an once, 
bu t this doesn't multiply the size of the 
table . In some applications it might be 
desi rabl e to be ab le to use the same ra ndom 
numbers, in the same order, more than once. 
For exampl e, you may want to dup licate 
the resu lts of an ex perim ent, an audit, a 
market research test, or a game. Bu t usually, 
you 'll want a new string of numbers, and 
this can be secured by selecting starti ng 
va lues or other paramete rs in the math· 
ematical algorithms that fol low. 

The Center Squared Method 

Th e ea rli est com puter orien ted method 
fo r producing pseudorandom numbers was 
probabl y the center squared method. In this 
method we begin with a 211 digit number, 
square it, and then extract the center 2n 
digits from the 411 digit resu lt, and this 
becomes the next random number, and also 
becomes the nu mber which is squared in 
the next iteration. For examp le, suppose 
you want some 4 digit random numbers. In 
this case, of cou rse, n = 2, and let's assume 
we start off with the num ber 4321 as our 
"seed" value. Figure 1 shows the process 
through three iterations. 

This method makes a good litt le pro
gram to assign to a beginning programming 
class because it is easy to ex pl ai n, easy to 
determine what the answers "should be," 
but it has several problems which ar ise as 
you get deeper into the prob lem. In 
FORTRAN or BASIC, lacking any specific 
digit manipulation instruc tions, the hard 
part comes when you try to strip off the 
digits either si de of the center. Listing 1 
shows a sim ple BASIC program which 
will generate one random number. (This 
program assumes an interpreter with 
greater than eight digits o f arithmetic 
precision}. Here, we see that we desire four 
digits, and enter th e seed 4321. Squared, 



They don't ca ll us "The Company with a Lot of 
Connections" for nothing! Whatever your 
interface cab le needs, ca l l on Data Set. We have 
all types of cab le and connecto rs, pinn ed to your 
specif ications - ribbons, coax, twin -ax, Telco, 
junct ion boxes ... to name just a few. 

IT;~i~~ ~ E IA RS 232 C Cabl es - All 25 Pins Wired 
STOC K ,. MALE to MALE o r MALE to FEMALE 

Spec i fy w h en order ing : 

3-foot length • 5-foot length • 10-foot length 
$ 17 .50 ea. $18.50 ea. $21 .00 ea. 
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10% D iscount on any of the above items. 
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16K STATIC RAM 

Kit price 
$285 450 nsec 
$320 250 nsec 
Memory Chips 

Add $ 2 5 for assem bled , tested. Guaranteed. 

Static TMS 4044 - Fu lly Stat ic 4Kx1 M emory chips for belter data 
in tegrity and OM A compatib ilit y. 

Fully S-1 00 Bus C ompat ible-All lines ful ly buffered . Dip Sw11c h 
Address able in two SK b locks . 4K increme nts. Wri te Pro tect
ab le on 2 blocks. M emory Disa ble using Phantom {pin 67 ) or 
strappaole to any o ther pin . 

Bank Select-Using Output port 40 H (Cromemco so ftwa re compa ti · 
ble)-addressable to 512KB of RAM or for ume share. Also has 
altern ate port SOH-mak ing over 1 mi lli on byte o f RAM ava ilable. 

Quality Component s -Firs t qualit y parts. fully socke ted . Glass 
epoxy board wit h si lk screened legends, solder masks. Go ld 
Con1acts . 

Guaranteed-parts and labor for 1 yea r. You may ret urn the 
undam aged boa rd with in 1 0 da ys for a full refund . Foreign and 
kit purchasers-parts only guaran teed; no return privilege. 

Orders- You may phone for Vi sa. MC. COD o rders. ($4 hand ling 
charge for COD o rde rs on ly) Personal checks mus t c lear prior to 
sh ipping. Shippi ng- Stock to 72 hours norma lly. Will notify 
expec ted shipp ing da te for delays beyond th is . lll1no1s resi
dents add 5% tax . Please include pho ne numbe r w ith order. 

P.O . Box 906 Phone: 

Au rora, I L 605 07 312-897-77 49 S. C. 'Digital 

WE HAVE IT 
What is IT? The New Pascal Microengine. 
IT features the new Weste rn Digital 16 Bit Pascal Microeng ine CPU , 64K 
RAM , (2) RS232 ports , (2) para llel ports & (2) Shugart 8014 dual density drives . 
IT will directly execute Pascal generated P-Code (the only CPU on the market 
designed to directly execute a high level language), & IT will run compiled 
BASIC. Wait, that 's not all - IT normally sells for $4,495, but you can have IT 
fo r $4,195. Dealer prices are much lower. Plus we have software galore . 

Cal l us about IT at (803) 756-6000. 

THE PASCAL 
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TOMORROW'S INVENTIONS 
TODAY 
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100 PRINT "HOW MANY NUMBERS DO YOU WANT7 " ; 

110 INPUT J 
120 PRINT "INPUT A 4-DIGIT SEED" ; 
130 INPUT N 
140 FOR I= 1 TO J 
150 LET N = INT(N*N/100) 
160 LET A= INT(N/10000)*10000 
1 70 LET N = N - A 
180 PRINT N 
190 NEXT I 
200 END 

Listing 2: A BASIC program which will generate a /isl or random numbers 
using the center squared method. The program embeds a revised form of the 
calculation of listing 7 within a FOR-NEXT loop. 

th is becomes an 8 di git number in line 120. 
Line 130 divides by 100 in the fi rst step of 
several necessary to get out the four cente r 
digits. Of course if you wanted 2 digit 
random numbers your seed would have 
been a 2 digit number; you'd have a 4 digit 
square, and you would change line 130 to 
divide by 10. For 6 digit numbers, you'd 
change it to divide by 1000, etc. Line 140 
com pletes the removal of the right-hand 
two digits by integerizing the number. 
This result ing 6 digit num ber is then set 
aside, and you start removing the front 
two digits. This is done by dividing by 
10000, integerizing the result and then 
multiplying by 10000. In line 180 you 
subtract this number from the one pre
viously set aside and out come the center 
four digits, the new random number. If 
you are working with 2 digit random num
bers, the divisor in line 150 would be 
changed to 100 and you'd then mu ltiply 
by 100 in line 170. 

One number isn' t go ing to be enough 

100 PRINT "HOW MANY NUMBERS DO YOU WANT?"; 
110 INPUT J 
120 PRINT "INPUT A 4·DIGIT SEED"; 
130 INPUT N 
140 FOR I = 1 TO J 
150 LET N = INT(N*N/100) 
160 LET A = INT(N/10000)'*10000 
170 LET N = N - A 
180 PRINT N 
190 IF N < > 0 THEN 230 
200 PRINT "DEGENERATION AFTER "; N ; "NUMBERS" 
210 PRINT "ENTER ANOTHER 4-DIGIT SEED"; 
220 INPUT N 
230 NEXT I 
240 END 

Listing 3: The program of listing 2 will occa ionally produce examples of 
degenerate cases. The center squared method is prone to such degeneration 
with an unpredictable frequency, so for pu1poses of illustration this version 
incorporates an ad hoc fix to ask for a new seed when degeneracy is detected, 
and report on how many cycles were required to reach degeneracy. 
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for most app lications, so let's put in a loop 
and get "n" numbers. Listing 2 shows the 
modifications necessary. Also, we'll combine 
lin es 120 to 140, and lines 160 to 170 in 
listingl. 

I remember when I first coded th is 
method in a beginning FORTRAN class. I've 
forgotten what 4 d igi t seed the instructor 
used at the time, but it was a revelation 
when I found out about something he ca lled 
"degeneration ." I'm sure a simple program 
can be written to discover any and al l of 
the 4 digit seeds which will cause this 
program to degenerate to zero, but let's 
assume th at there is at least one, and that 
Murphy's Law wil l guarantee that this 
particular one is the seed you choose for 
your first run. It is not difficult to imagine 
that there is a 4 digit number , which, when 
squared, will have four zeros in the middle. 
Maybe your number squared will be 
12000034, o r 65000025, etc. This being the 
case, you' ll get 0000 as your next random 
number until you discover what is going on 
and get out of the loop. Listing 3 shows how 
we'll test for that problem and perform an 
ad hoc fix; we'll just call for another seed 
when a r·andom number of zero is obtain ed. 

Our final try at the center square program 
st ill doesn't solve one of the worst problems 
with this method. The method doesn't give 
very long periods for many seeds, and you 
really can't predict what the results will be 
until yo u try it. The method starts repeating 
numbers, and even the place where it starts 
repeati ng can't be determined without tr·ying 
it. For example, you may print out 722 dif
fere nt numbers, and then it will start 
repeating the last 34 of them. The method is 
easy, and it is fun, and it may just produce 
all the pseudorandom numbers you need 
for your application . 

Fibonacci Series Tech nique 

A second method for generating random 
numbers makes use of the Fibonacci series, 
so named for its discoverer Leo nardo of Pi sa, 
known as Fibo nacci (meaning son of 
Bonaccio) . Leonardo was perhaps the 
greatest European mathematician of the 
Middle Ages , and if not for him you might 
be programming your machine us ing Roman 
numerals, because it was Leonardo who 
recognized the enormous super iority of the 
Hindu -Arabic decimal system with its 
positional notation and the zero symbo l, 
over the much clumsier Roman system. 
Table 1 shows several numbers in the 
Fibonacci series, and you 'II notice that each 
number is simply the sum of the previous 
two numbers. Actually, we could make up 
any number of series by starti ng with any 
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BUILDING BLOCKS FOR 
MICROCOMPUTER SYSTEMS, 

CONTROL & TEST EQUIPMENT 

R2 1/0 
2~ ROM 2 KRAM 

3 SERIAL PORTS l PARALLEL POR1 

TABLE TOP MAINFRAMES 

ECT-100-F 
RACKMOUNT CARD CAGES 

POWER SUPPLIES, CPU 's, 
MEMORY, OEM VARIATIONS 
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Fun Kit $295 (mcludes SCT-100) 

Computer Lab of New Jersey 
Computer Lab sells the best S-100 Bus products at the best 
possible prices. Not only are our prices great, so is our deliv· 
ery. We offer a 10% discount on most major lines, plus a 5% 
additional discount for a cash purchase. 

OUR 
LIST CASH 

PRICE PRICE 

Godbout 8K Unkit $139.00 $118.00 

Godbout 16K Unkit $295.00 $252 .00 

Thinker Toys Super RAM 16K Kit $299.00 $255.00 

Vector Graphic SK Assembled $245.00 $209.00 

Problem Solver 16K Assembled $429.00 $366.00 

Subject to available quantities. Prices quoted include cash discount. 
Shipping and Insurance Extra 

Cut·off Date July 15 

Call for our prices on : 
Cromemco, Dynabyte, Godbout, Integral Data Systems, IMC, 

Ithaca Audio, Meca, Micrapolis, Mountain Hardware, Mullen, Oliver, 
SSM , Soroc, Tarbell , TEI , Teletek, and many other tine products. 

Computer Lab of New Jersey 
141 Route 46 • Budd Lake, N.J . 07828 

Phone: (201) 691 ·1984 

HOURS: Monday & Friday: 12 to 6, Tuesday-Thursday: 12 to 9 
Saturday: 1 0 to 5 
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(a) The Fibonacci Series 

n Fn {b) Some Characteristics of t he Fibonacci Series 

1 1 
2 1 Final d igit (LSD) repeats in cycle of 60 
3 2 Last 2 digits repeat in cycle of 300 
4 3 Last 3 digits 1500 
5 5 Last 4 digits 15000 
6 8 Last 5 digits " 150000 
7 13 etc . 

Every 3rd Fn !~ divisible by 2 

! 19 4181 .. 4th " 3 Note: this is also 
20 6765 5th " 5 the Fibonacci series. 
21 10946 6th " 8 
22 1771, etc . 

Table 7: The Fibonacci series is a numerological phenomenon which is generated by the 
following definition : the next term in the series is the sum of the previous two terms, with the 
first two terms defined to be a value of 7 as a starting point. At (a) are listed several representa
tive sections of the Fibonacci series, and at (b) are shown several miscellaneous characteristics 
of the Fibonacci series abstracted from the mathematical literature. This series con be used as a 
basis for a random number generator, as described in the text. 

two numbers and lett ing their sum be a new 
random number, and repeating this for our 
desired number of iterations. The reason 
that we'll use the Fibonacci series specif
ical ly , and not any other series, is that the 
characteristics of the Fibonacci series have 
been studied, and we know several facts 
about it that will be of interest. Table 1 
for example shows that if we want more 
than 60 single digit random numbers, the 
Fibonacci series isn't going to work. Of 
course we could start extracting 2 digit 
numbers from different parts of the num
bers produced, but here we're on our own as 
far as statistical characteristics are 
concern ed. 

100 PRINT " HOW MANY NUMBERS DO YOU WANT?"; 
110 INPUT J 
120 LET A = 10946 
130 LET B = 17711 
140 FOR I = 1 TO J 
150 LET N = A + B 
160 IF N < 100000 THEN 180 
1 70 LET N = N - 100000 
180 PRINT N 
190 LET A = B 
200 LET B = N 
210 NEXT I 
220 END 

Listing 4: A BASIC program which implements a Fibonacci series random 
number generation technique. The program works machines of finite 
precision (even though the Fibonacci numbers eventually get infinitely large) 
because only the low order digits are kept as port of the pseudorandom 
number. Since the high order portion of a Fibonacci number hos no effect 
on the low order portion during calculation of the nex t number, it is possible 
to completely ignore the high order part. 
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Listing 4 shows a BASIC program for 
calculating and printing "n" random num
bers of five digits each. Notice that the 
generator is seeded with two seeds from 
table 1. These could have been INPUT, of 
course, and in that way a different series 
of random numbers could be produced . 
I've chosen the first two 5 digit numbers 
in the sequence, but there is nothing special 
about them. Also, you might consider having 
the generator run through the loop a number 
of times before it starts printing the output. 
This could be easi ly implemented with 
another IN PUT statement and another FOR 
... NEXT loop, or maybe by just addi ng the 
number of unwanted numbers to J, and then 
putting in an IF to suppress printing of the 
first J-N numbers. Listing 4 is straight
forward : after determining how many num
bers you want, it takes the two seeds and 
calcu lates the first number. It is possible that 
the result wil l be over five digits when the 
two previous numbers are added, but it can 
never be greater than 199998 (99999 + 
99999), so we check for this condition in 
line 160 and simply subtract 100000 if the 
number is large r than 99999. Lines 190 and 
200 serve to shift the second number into 
the location previous ly holding the first 
number, and the new random number into 
the location previously holding the second 
number, and we're ready for a new iteration. 

In order to find the nth Fibonacci 
number, you needn't go up to "n" one at a 
time. There is an easier method, although 
you might not think so when you see the 
formulas in figure 2. You might try to find 
the 20th Fibonacci number with your 
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(a) . Js-[( "~l 1 - £ "] F n 2 

(b) qi n ( (1 +Vsl/2)n 
F ~ Vs Vs 

rounded to nearest 
n in teger. 

(c) 
!Golden ratio)k = ( , +:r <l>k 1.61803k ... 

Figure 2: The program of listing 4 was an iterative calculation. It turns out 
that there are several ways to calwlate Fibonacci numbers directly which do 
not invo/11e iteration. Formula (a) is an exact calculation of the nth Fibonacci 
number. Formula (b) is also an exact calculation if the result is rounded to 
the nearest integer. Formula (c) defines a criterion for making the Fibonacci 
sequence pass various statistical tests which would otherwise fail : pie!? eve1y 
/<th 17.umber where k is chosen so that the "golden ratio" to the /?th power is 
relatil1ely large compared to the lo w order portion of the Fibonacci numbers 
which is used as a random number output. 

pocket calculator (or may be your 
computer?) using formu la a of figure 2. We 
know the answer is 6765, from tabl e 1. This 
form ul a produces the exact answe r, but we 
can get it with a lit tle less calcul ation by 
using form ul a b in figure 2. Th e term 
(1 + JS) I 2 is known in the mathematica l 
literature as the "Golden Ratio" and is often 
symbol ized by the Greek letter cl> (phi). 
If formula b is evaluated and then roun ded 
to the nearest integer, it will produce F n· 
You might try th is, again, with n = 20. 

The Golden Ratio assumes importance 
when using the Fibonacci series random 
number ge nerator, because it is used as a 
"correction fac tor. " The results of the 
generator, aside from being somewhat pre
dictable as shown in table 1, fa il many of the 
statistical tests usually ap plied to random 
num ber generators. A big improvement can 
be made in the results if we use on ly eve ry 
kth number, where k is almost any number 

100 PRINT "INPUT ANY ODD INTEGER" ; 
110 INPUT N 
120 LET X = N * 65539 
130 LET Y = X * 0.4656612873077392578125E-09 
140 PRINT X ; Y 
150 END 

Listing 5: A BASIC program to calculate one cycle of a pseudorandom 
sequence using the power residue method. This particular program is the 
algorithm used for a 32 bit machine as found in the I BM System 360 and 
370 "Scientific Subroutine Package," IBM Publication Number H20-0205. 
In the source document cited, this algorithm is given as a FORTRAN sub
program named RANDU. 
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wh ich will make the Golden Ratio to the kth 
power relative ly large. Figure 2c is the 
requ ired formul a. If th is modification is im
plemented , and k is large, your calcu lat ing 
time for each random number that is to be 
used will greatly increase, but you' ll have 
numbers that are about as good statistical ly 
as any o ther method. 

Power Residue Calculations 

A th ird general class of pseudo random 
number generators is called the Power 
Res idue Method. It is this method that is 
usually favored by hardware manufacturers, 
software writers and mathem aticians , 
because long periods prior to repe ti tion 
can be assured , and the numbers generated 
hold up we ll to statistical tests for 
randomness. The method is, however, 
machine dependent since it rel ies on the 
word size of the mach ine. Th e Power 
Residue Method is the method employed 
in RANDU, an extremely popular r·andom 
number generator appear ing in the "Scien
tific Subroutine Package" (I BM publication 
number H20·0205) for the IBM System 360 
and 370 computers. The publication gives a 
FORTRAN listing of this subroutine and 
documentation on how to use it , and also 
delinea tes a FORTRAN listing and instruc
tions for use of GAUSS, which is a program 
fo r prod ucing a norm al distribution of 
random numbers . The methods can easily 
be exten ded to distributions other than the 
normal. Backgro und on the number theory 
aspects of th e Power Residue Method can 
be obtai ned in another IBM booklet, 
" Random Number Generation and Testing" 
(IBM publication number (C20-8011 ). 

Listing 5 shows a BASIC version of a 
program to produce one random number on 
a 32 bit machine. The program can be easi ly 
modified, of course, along the lines we 
followed for the center squared and 
Fibonacci methods covered earlier. The 
multiplier in line 130 is 2- 31 and of course 
you' ll be rounding it to fit your particular 
BASIC compiler. Line 130 simply trans· 
fo rms our new random number X into a 
floating-point version between 0 and 1, 
which is a more usual way of delineating 
ra ndom numbers. With a 32 bit mach ine 
(1 sign bit) we use 2- 31, and this would 
be changed to correspond to the particular 
machine upon which the method is 
implemented. The multiplier in line 120 is 
also mach ine dependent. It has the fo rm : 
8i ± 3, where i is any integer. The trick here 
is to choose/, such that the resultant multi
p li er is close to 2b/2. Since b = 32 for this 
example (b is the number of bits). then we 
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VAK-1 MOTHERBOARD 
• Designed spec ifi cally for use wi th the AIM-65, SYM -1 , and KIM-1 microcomputers 
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want the multiplier to be close to 216 
= 65 536. If i = 8192, then the mu\ ti pli er wil l 
be 65536+3=65539. The seed mu ltiplied by 
the multiplier prod uces a product which is 
2b bits long and we di scard the b high order 
bits, and the remaining b low order bits 
become the random nu mber and the input 
seed for the routine for th e next number. 
Usin g this method we wi ll ge t 2b - 2 terms 
before repeating. Actually, the sign bit 
doesn't co unt, so we' ll have 23 7 - 2 or 
229, or over half a billion numbers before 
repeating. I'm not about to try and prove 
this , bu t I will give it a "go" with a smal ler 
machine assumed. 

Let's assum e a 6 bi t machine. This should 
produce 2b- 2, or 24 = 76 numbers before 
repeati ng, and that shouldn't be too dif· 
ficu lt to inspect manually. We want a multi
plier of the form 8i ± 3 which is close to 
2b/2 = 26/2 = 23 = 8. If i = 7, we'd have 
8 X 7 + 3 = 7 I and 8 X 7 - 3 = 5. Both of 
these possibilities are eq ually 3 away fro m 
our desi red value of 8, so let's try both . 
Tabl e 2a shows how we ge t started using 
5 as the multiplier, and table 2b shows 
the whole cyc le of all 16 numbers produced . 
Table 2 also shows that if we had chosen a 
mul t iplier of 11 the procedu re would 

also have produced 16 numbers befo re 
re pea ting . 

You've pro bab ly noticed that the two 
columns of numbers in tab le 2 ju t don' t 
look too random. Both columns have num
bers that always end in 1. For the 11 mul 
ti p lier case, the 4th digit is al ways 0, and 
the 5th d igit alternates between 0 and 1. 
For the 5 multipl ier case , the 5th digit is 
always 0 and the 4th digit al ternates 
betwee n 0 and 1. Obviously the low order 
bi ts are far from random. If you wanted 
rand om digits, and not random numbers, it 
would obviously be to you r advantage to 
choose high order bits, or possibly the bits 
you discarded when you cut the product 
from 12 to six bits . The usual sch eme, after 
developin g the numbers in ta ble 2, would be 
to place the binary point at the beginni ng of 
the 6 bit numbers, and thereby transform 
the whole list to a distribution between 0 
an d 1. 

Testing Randomness 

Tests of th e randomness of a series of 
numbers usual ly fal l into one of two major 
ca tegories, th ose that examine the digits 
ap pear ing in the numbers and those that 
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(a} 

1. Choose an odd integer starting value. We'll choose the 6 bit nu mber 100001 (simply 
because it'll be easy to multiply). 

2. Choose the multiplier. (We've already decided on 5, binary 101 .) 
3. Compu te the product. (100001) • (0001 01) - 000010100101 
4 . Cross out the first six bits , and you have the new number . 

WOOW100101 - 100101 
5. (100101) . (000101) --eeee+e-111001 - 111001 
6. (111001) • (000101) - etc. 

(b} Multipl ier - 5 Multiplier - 11 
(0001012) (00101121 

Starting seed 100001 100001 

ni l) 100101 101011 
n(2) 111001 011001 
n(3) 011101 010011 
nl4) 010001 010001 
n(5) 010101 111011 
n(6) 101001 001001 
n(7) 001101 100011 
n(B) 000001 000001 
n(9) 000101 001011 
n(10 1 011001 111001 
n( 11) 111101 110011 
n( 12) 110001 110001 
n(13) 110101 011011 
n( 141 001001 101001 
n(15) 101101 000011 

n( 16) 100001 100001 

Table 2: The power residue method, adapted to a 6 bit example with two 
possible muflipfiers. The algorithm is shown at (a), and the complete set of 
76 pseudorandom output states is fisted in this table at (b). Note the devia
tions from randomness apparent in the regular patterns seen in the two lo w 
order bits of each number. 

treat th e nu mbers as points in th e interval 
0 to l . Some tests can ha ndle either case, of 
wh ich the Chi-square test is one. It can be 
applied directly to the digits produced, or to 
groupings of the digits, or we can divide the 
in terval 0 to 1 into subi ntervals and see how 
many of the random numbers fall in to each 
of the subin tervals and apply the Chi 
square test to see if the distribution is 
biased . 

Digit 0 1 2 3 

Observed 
frequency 58 28 40 34 

Expected 
frequency 50 50 50 50 

4 

70 

50 

x 2 
(58 - 50)2 (28 - 50)2 (40 - 50)2 

+ + 
50 50 50 

The Chi-square (symbol X2) stat1st1c 
looks somewhat formidab le, but in reality 
is easy to work wi th . The formu la is: 

k (o· e·)2 
x2 

I I 
= ~ 

i= l e· I 

(01 el )2 {02 - e2)2 

+ 
el e2 

{ok - ek)2 
+ + 

ek 

where ei is each expected freque ncy, and 01 
is the actual observed freq uency. ! f we had a 
ge nerator which produced 250 digits we 
would expect each of the digits 0 through 9 
to appear 25 times, although the digits might 
actua lly appear more or less than 25 times. 
Assume that your random number· generator 
has just produced a se ri es of 500 digits. You 
coun t all the zeros, ones, etc, and tabulate 
these observed frequencies (as in table 3) 
along with the ex pected frequency in each 
case of 50. You have coun ted 58 zeros, 
28 ones, etc. You next put these observed 
and expected frequencies into the x2 
formula and arrive at an answer of 46.45 as 
shown . At this point we need to turn to a 
Chi-square distribution tab le, which can be 
found in the back of almost any statistics 
book . Table 4 shows a portion of such a 
tab le and will suffice for most of our needs 
for uses like this application of the Chi
square statistic. The tab le is entered after 
you calculate the "degrees of freedom" in 
the column labeled "v" and after yo u 

5 6 7 8 9 Sum 

62 72 36 40 60 500 

50 50 50 50 50 500 

(60 - 501 2 
+ . . . + 50 - 46.56 

Table 3: A random number sequence can be tested with various statistical measures. One 
exce ffent test is the Chi-square test, here illustrated with a hypothetical single digit decimal 
random number generator with the observed frequencies shown in a trial of 500 cycles of 
calculation. If the result were truly random, of course, the expected frequencies of each digit 
would be uniform. The Chi-square test in volves calculating the characteristic number shown 
by the formula here (using this table 's data). This characteristic number is then used with a 
statistical reference table of the Chi-square distribution and the number of degrees of freedom 
allowed by the statistics (here v==9), to check the quality of the pseudorandom sequence. 
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(Hll1,.1,,•blt. Alaska & C~nada a.dd Sl 00 5hlppin9) 

VISA . MM tU1 ChD19t.' . Check . Money Order 

740·0 - 8" Soft Secl or 
740-32 . 8" H ard (32) Sec1or 
744 -0 · 5" Soft Sector 
744-10 · 5" Hard (10) Sector 
744-16- 5" Hard (16) Sector 

Mau . re.s fdl! nrsadd5% sales rax 

CPU 
COMPUTER 
PACl(AGIEB 
UNLIMITEC 

99 Reservoir St. Holden, MA 01520 
(617)829-2570 Div. of SCB In c_ 

Circle 67 on inquiry card . 

TRS-80 disc software 
WORD PROCESSOR Avoid work processor 
converted from olher system. Hard to load 
obiect file & cannot store text in disk. Ours is 
speci fically designed for the TRS-80. Written in 
BASIC No special hardware and texl hm1t. $39. 
INVENTORY While others use 1neff1c1ent 
sequent ial file. we use 9 -daglt key for fast on-l ine 
ra ndom access Repo:-ts give order info, 
performance summary. etc. $39. 
MAIL print report & labels sorted by any field. 
Random access. special buffer ing technique. 
$35 
DATA BASE MANAGER You can maintain a data 
base & produce r eport s w i thout any 
programmmg. Define fields, types. screen & 
report formats on-line. Almost use up the 
reQuired 32K memory_ $49. 
KEY RANDOM ACCESS UTIL hashing, blocking, 
buffenng. auto 1/0 error retry Put your disk into 
optimal use. $19. 
ACCOUNT manage chent accounts & account 
receivable. Remark f ields for general use. 
Automatic btllmg & transaction recording. 32K 
req. $59. 
Full documented. Fast delivery. Our competitors 
offers $99 casse t te word processor. $90 'on 
memory' inventory. inflexible mai l system. 1 SK 
data base. 

MICRO ARCHITECT 
96 Dothan St .. 

Ar lington, MA 021 74 

Circle 214 on Inquiry card . 

MAXIMUM VALUE 
FOR YOUR DOLLAR 

NORTH STAR COMPUTER PRODUCTS 

HOl!IZON116K KIT . ....... $1275.00 
16K RAM BOARD KIT . .. , .. S 250.00 
32K RAM BOARD KIT ...... S 47 5.00 

VERBATIM DISCS FOR NORTH ST AR 
BOX OF 10 ........ . $29. POST PAID 

COMPLETE SYSTEMS AVAILABLE 
CUSTOM SOFTWARE FOii NORTH STAI! SYSTEMS 

CASIO CALCULATORS 
AT DISCOUNT PRICES 

MANY OTHER SUPER VALUES 
WRITE OR CALL: 

A.E.I. 
3851 HACKETT AVE. 

LONG BEACH, CALIF. 90808 
(213) 421-4815 (213) 429-0535 

Circle 21 on Inquiry card . ,-----------, 
I ( .. APPLE) I 
I I 
I SUPER SALE I 
I I 
I 16K Apple II $1029.95 I 
I Integral Data I 
I IP225 Printer I 
I with graphics $1095.00 I 
I AppleSoftCards $159.95 I 

Carry ing Case $29.95 
I Super Mod $29.95 I 
I Printers - call for price I 
I UCATANCORP. I 
I P.O. Box 1000 

Deslln , Fla . 32541 I 
I 904-831-2022 I 
I I 
I Credit Cards Accepted I 

~-----------Circle 380 on inquiry card. 

save more than 20% ! 
NORTH STAR--XITAN 

Iha SllW18St oompuhn at the smarlas1 pr1oe 
DOUBLE DENSITY 

HORIZON· 1-16Kklt,lls1$1599 ... , . .. . $1279 
Assembled & 1ested, Hsi~ 1899 ... .. . $1519 

HOAIZON·2-32K kil, llsl $2249 _ ... . ... $1799 
Assembled & lesled, llsl S2549 . _ . _ . . $2039 

PASCAL for NORTH STAR on Disk ....... $49 
Powerfu l NORTH STAR BASIC _ ... ____ FREE 

XITAN computerS··NOW··Wllh 
OUAO DENSITY DISKS! 

Famous XITAN Software & BASIC .. . . . FREE 
HORIZON & XITAN are S-100, Z-1»-THE BEST 

INTERTUBE II Termina l, li st $995 _ . .. . . . $795 
NEW: Our VIDEO BOARD CODE on Disk! Now you 
can nm our compulers on a TV! Save SHUNOAEDS 
TV Code on DISK .... $10 LISTING . . . . FREE 
Business Software, Terminals, Pri nte rs, Com· 
pulers In slack & special-ordered . Other 
brands al good dlscounls. Ask ! Wh ich Com· 
pulers are best? 
BROCHURE ... . .. .... ............ .. FREE 

AMERICAN SQUARE 
COMPUTERS 

KIVETI DR, JAMESTOWN NC 27282 
(919) 883·1105 

Circ le 5 on inquiry card. 

ELECTROSENSITIVE 
PAPER 

MANUFACTURED TO SPECS 
OF AXIOM, CENTRONICS, 
SCOPE, UNIVAC, RADIO 

SHACK , etc . 

CALL: 
301/840-9545 

GENERAL SCIENTIFIC: CORP 
PO BOX 2146, MVS 

GAITHERSBURG, MD 80760 

VISA MASTER CHARGE 

Circle 143 on inquiry card. 

GLARE FILTER 
HIGH CONTRAST 

SHARP RESOLUTION 
MICRO-POROUS OPTICAL FILTER 

FOR HOME COMPUTER CAT'S 

With Filler 

TRS 80 16.95 
ADM JA 16.95 
Hazell ine 

t400·1500 16.95 
Porkin Elmer 16.95 

No F111a1 

PET 12.95 
Soroc 10 120 16.95 
Soulhwest Tech . 16.95 
Micro· Term 

Acl V 16.95 
Easifr 1'1.c;falle<I • /11 .ftrru·1inns lncl11ded 

For informal ion 011 01hr r modtJl.f 
dial (415) 456-8909 

SUN-FLEX COMPANY . INC. 
3020 Ke rner Blvd • San Ra!ael , CA 94901 
Check / money order Visa I Mas lercha rge 

Circle 358 on Inquiry card. 



Table 4: An abbreviated 
portion of a standard 
Chi-square table used as 
described in the text to 
check the quality of a 
pseudorandom sequence. 

Figure 3: Several formulas 
for the run test of a 
pseudorandom sequence. 

Run length 

1 
2 

k (for k < n - 1) 

n - 1 

v X~995 X~99 
1 7.88 6.63 
5 16 .7 15.1 
9 23.6 21 .7 

10 25.2 23 .2 
19 38.6 36.2 
24 45.6 43.0 

determine the level of significance you 
want to test. Th e degrees of freedom in our 
case are 10 - 1 = 9. Th is simpl y means that 
after we have determined nine of the ob
served frequenci es, the 1 Oth one is fixed . 
The frequencies have to add to 500, so we 
have " nine degrees of freedom." Tradi
tiona lly, the Chi-square stat ist ic is used to 
test the hypothes is that the numbers are 
randomly distributed. If the comp uted 
value of Chi -square is greater than the 
critical value read fro m the table, we would 
then conclude that the obse rved frequenc ies 
differ significan tly from the expected 
freq uenc ies and we would reject the hy
pothesis of rand omness at whatever leve l of 
sign ificance we se lect. The leve ls of signi
fica nce often used are 0.05 and 0.01, corres
ponding to the x2 .95 and x2 .99 colum ns 
respectively, in the table. Going back to our 
example, we calculated a va lue of 45 .56, 
but in the table for nine degrees of freedo m 
and at th e .01 level of sign ificance, we 
see that the critical value of Chi -square is 
21 .7. Since 46.56 > 21.7 we therefo re 
conclude that the observed distribution of 
num bers produced by our generator differs 
significantly from the expected distr ibu tion 
at the 0.01 level of sign ifica nce, and we 
therefore cast considerable sus picion on our 
random number generator. As previously 
mentioned, we could take our list of gener
ated numbers in the 0 to 1 interval and set 
up some subdivisions of this in terval. Next, 
we could see how many of the num bers fe ll 
into each subinterval, ca lculate the ex
pected freq uency fo r the sub in tervals, and 
app ly the Chi-square test in the same 
fashion. 

A second test fr equently applied to 
random numbers is cal led the "poker test," 
but is in reality simi lar to the frequency test 
already considered. In the poker test we 

Formula 

(5n + 1) / 12 
( 11 n - 14 l I 60 

2 { (k2+3k+1 )n -(k3+3k2-k-4)} /(k+3)1 

2 I n l 
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X~95 X ~go X~75 
3.84 2.71 1.32 

11.1 9 .24 6.63 
16.9 14 .7 11 .4 
18.3 16.0 12.5 
30 .1 27.2 22.7 
36.4 33 .2 28.2 

look for specific combi natio ns of digits. 
For examp le, suppose we are generating 
5 digit integer random numbers in the 
interval 00000 to 99999 . Probability theory 
tells us the number of numbers we should 
have where al l digits are the same, like 
22222 or 66666 etc . We can also calculate 
the expected number of pairs, three-of-a
kind and ful l houses, etc. The Chi -sq uare 
test can be app li ed to the ana lysis of the 
results. 

A very simi lar test, called the "gap test," 
can be appl ied in like manner to the dis
tances separating two like digits or two like 
grou ps of two or more digits . Again, Chi
sq uare is a useful statistic in the analy sis of 
these findings . The power res idue method 
satisfactori ly passes the poker test, the gap 
test and the usu al frequency test; however 
it often fa il s to pass tests which consider 
runs of nu mbers. We've already seen how 
the power residue method produces certain 
predictable results, so this sho uld not come 
as a surprise. However, if we are generating 
random numbers instead of random digits, 
th is is not a big problem. A study of the 
runs up and down is often a good test to 
determine which multipliers are better than 
others when you use the power residue 
method, and the "ru n test" will also con
sistently prove that the Fibonacci series 
method wi ll not produce the predicted 
number and lengths of runs . Taki ng, for 
example, a long str in g of random generator 
produced bits, we would cou nt Lhe nu m
ber of stri ngs of zeros bracketed by ones 
for each length, from one, on up to the 
longest string length. Number theory helps 
us determine the number of tota l run s we 
should have for both the ones an d zeros. 
Figure 3 shows how to calculate these 
lengths, ass uming "n" bits. There are severa l 
specia l tests similar to the run test, for· 
example: "runs above and below the mean," 
etc . And, as usual, th e Chi-square test is 
freq uently app li ed to see if the actua l results 
are reaso nab le. 

I can't guarantee all of the above will help 
you program your computer to play inter· 
est ing Star Trek or sop histicated One
Armed-Bandit games but at least you'll be 
ab le to come up with generators that are 
biased in your favor .• 



CRT's $595 
We Buy-Sell-Trade all brands & 
models of Data 
Processing 
Equipment. 

Hazeltine 2000 110 lhru 9600 
Baud Edi ling Delached Keyboard 

TTY or Batch Modes 74 Col. x 24 Lines 
Fonnal. Aulo-Tab 

Nearly a million dollars in inven tory 

Call for price quotes 

214/357-5725 
U.S. BROKERS INC . 
A Division of CM Corp_ 
~~;~e ";:jnul Hill Lane 

Da llas. Texas 75229 

Circ le 383 on inqui ry card. 

APPLE II 
TINY BUSINESS SOFTWARE 

ACCOUNTS RECEIVABLE - 1 00 cus
tomer accounts max. 8 transac tions/ 
momhlcus tomer ! typi ca l). month end 
and individual postings. au tomatic 
interes t calculat ions. $ 75 .00 

ACCOUNTS PAY ABLE - 1 00 payable 
acco un t s max. B lransactions l 
monthly/ payable (typical), month end 
pos ting. $ 7 5 .OD 

PER PETUA L INVENTORY CONTROL -
100 supplie rs. 900 individual inven
tory i tems. heuristic reord er pro-
cedure. $1 0 0. 00 

All of 1hese prog rams h.ave rnndom reco rd 
access, easy add i1ion and de letion of i1ems. 
password prntec tion on sens it ive 1uocedu1cs . 

MIN . REQUIREM ENT 48K APPLE II, one disk 
OPT. REQUIREM ENT 48K APPLE II, two disks 
These procedures for scte{l n cnvironmen 1. 
pnnler options avai lab le soon. 

DOCUMENTATION o nly for the above s 1 0 ea _ 
CHECK OR MONEY ORDER ONLY 

~ 
DEALER IN QUIRIES WELCOME 

CUSTOM COMPUTING 
SYSTEMS I"-".: . 

XI• 711d A. H . N'lll11'1 , S uh10011, S11 ~•1 c. h•••" 5711. 211 .S. - [~1 U1·1MlB 

Circl e 72 on inq ui ry card. 

FOR TRS-80"" OWNERS 

T·PAL 
Programming A mateur's L etter 

THE " DO·IT·YOURSELF" 
SOFTWARE NEWSLETTER 

Publis hed Monthly, We'll Teach You 
All The Latest W r inkles - How To Get 
The Most Out of Your Computer 

Graphics • Games • Personal 
Home • Business • Finance 

And Much More! 

$24/year . or write for FREE Deta ils 

THE MAIL MART 
Box 8 111 02 San Francisco. CA 94101 

Circle 199 on inquiry card. 

The best choice 
in mainframes ' 

• SHIO CAl!D f'RAMF. e AX IAL llLOWl:ll 

I :2::!'Mll11:?'"C:Flt r.10NlT011 • ASSEMBL[Dtc.- ll:SlEO 

• 111.\MP'1'01'/~ R S\Pll'J1L y • H[ .AO't FOR voun G.<\RDS 

I Ul' f'ER f. LOWEO Ct.SE e S995.Dl) 
ASCI I Jt!.CY B01'\ROS 

11t 11 ~· .:i11/of..J f ' ' JL'I fl ( U .11 ,\'lf 

ur.11r110t~r.m1.v 1s . 1 11,1 11.111t1. 

-·IN F I N IT E I NC ORPORATEO 
1, ,,, ., ,/, •1.- r1 ,,1ri•1 l .. r• 

l&N 1'111.'VUI L Y l' L M~l80URNE _ FL l:t-!!01 - l'HONl ~305172'1 · 1!Httl 

Ci rcl e 177 on Inquiry card. 

app le tv & computing 

GRAND OPENING SALE! 

An introduc tory sale! Every PET ordered 
lhi s mon th w il l come with Ful l size 
BIG KEYBOARD . . . ONLY $895 
or. the standard Bk PET . . . $775 
NEW!' . . PET Mini Floppy ... $595 
16 Kand 3 2 K PET NOW AVAILABLE 
PET 2021 Printer ..... . .... . ........... S549 
BO column eleclrosta ioc wi : h fu ll graphics 
PET 2022 Printer .. _.. . . . . ... . .. . . $995 
Forms tractor and graphics 
Dual Drive Floppy lor PET . .. $129 5 
TRS 80 to S100 Interlace (Kit) ... . ..... $190 
We Have The BA L LY Comp uter System 
A nd SOFTWARE !or BALLY BAS IC o n 
aud io casse ttes . Wri te fo r lis t or ti tl es. 

apple tv ~ computing 
(213) 559-4268 

2606 S. Robert son Blvd. 
Los Ange les, Cali forn ia 90034 

Ci rcle 10 on inqu iry card . 

EPROM 

PROGRAMM ER 

Thf!I EDD 1001: 
•Programs. 2704 ,2708,iMS2716, 12716, 12758 
· Pl1.19s Into yot.11 amply EPAOM socket 
· Is provided wilh complete d rive r lisl ln9 for 

80BO/ Z80 sysl~ms I.a lso a"ailablo on EPROM I 
• ReQuhes &)l;t&•na l 30-37V unre9ulatud 

EOO 1001 l!PAOM Programmer Kit 
O'l 1o1er pro9rnm on EPAOM 
Manu~I on ly lroh.mda b lc wilh order I 

ICA •e~l dtmt s add 6 '% sales hu l 

EPOCH DATA DEV IC E S 
P.O. Bo.1 22037 

San Diego, CA 92122 
1714 1 481 -1753 

S75 p pd 
S2 5 
S4 

Circle 132 on inqui ry ca rd. 

Custom Built 
Computer 
Desks 

We custom build each com
puter desk lo individual customer re · 
quirements. Al l surfaces are Formica; many 
wood grains (, solid colors available, Send 
us your design, or let us design a module for 
you . Priced from $215. Call or write : 

GOWAN INDUSTRIES 
PO Box 470 

Zoar, Ohio 44697 
(2 16) 674-3666 

Circl e 154 on Inquiry card. 

~ ,0.\1\\ltl'.':.!..':l''ll!"::..··-- --

64K RAM BOARD 
The Zs·SYSTEMS &IK RAM bo.ud is designed to op
erate in any ZBO ba~ microcomputer having S· 100 
bus. IL uses 16K dynamic RAM chips, & lea tures: 

- Board selecl 
- Bank solocl 
- Transpa ren t on·botl rd re fresh 
- 2 or 4~frb. operation (wl no wa.H stale) 
- Memory disable 

Compatible wilh Cromemco system 
FuU y a!lsemblad , burnod in , & tosled 

Avai lable from stock to 60 days 
As low as $500.00 m quanlil ies of l OO 

Price ol one . . . . . .... . . . _ . $6l9.00 
PC board only . . . . . _ $59.00 
With 16K RAM . .. . . .. . . $359.00 

Pl us shipping c h.uges 

Zs SYS TEMS 
PO Box 1847, San Diego, CA 92112 

(71 4) 447-3997 

Circle 401 on inquiry card . 

6800 SSSO 16K SYSTEMS 
Inclu des• Ma inframe cahine t. moth~r boc.ucl . pO\wr 
Sllpply. Ian. CPU. I CiK >li.1l 1c IV\M . ond choice of 1(0 
card . $1 294.29 
0 1 h~ r P•" Ck3ge$ .wail able 
I 6K STATI C RAM BOARDS - SS50 
Goki Bus co n n~c 1 01 !:> - r>1P ~\•,n t c h co m ra ll abl'! 
address in g. u.•ritc pro tecl a nd 1!1itibchng o f e.f:1.ch 4K 
block TeSt•<l '" 2 MH,. . Assembled S298.13 
AbO\le blll sockc:c1 ,,j .1nd w11h ~oh w.1H· i.;n 11 1rol rcgiswrs 

Tl TMS 4044's: 
450 ns 

250 " ' 
2708"s . 

Assemb led S368.16 

~s 00 etH:h 
$6_!)() enc h 
$790each 

Th._..,,, .u.• /1H·/ur t p 1uiw , h11,... !11 )111 ~ .1 11\1 ' ~ l 11p1u 1• 1 1,, ...,,. u .... · 111 
Ol ll r) rn it:"to11.,1 ~( u .111 1 ~· hn.11 j1 ... 
Add $ 10 hnmllln9 0 11 D fJ1•rN und1•i S200 .. 

1337 W . 37th Place • Chicago, IL 60609 
(3 12) 927-5510 • TWX 910·221-4055 

The Com p any tha t d e livers. 
QLwlity Electronic prod11crs since 1975. 
fi lMlX " .11 11 1 (1 111~ 1"· ,,w r1-g-:-i.·m l fJdi::1nn.111t .. • o/ ( 1IMI.'\ I:'\(' 

Ci rcle 144 on inquiry card . 



A 32-page Coloring 

Book about 

Computers 

written and illustrated 
by Theodore Cohen 
and Jacqueline Bray 

The Magic Machine is an introduction to computing for 
young children. The drawings and text show how two children 

find uses for a computer in their home. 
The Magic Machine will help the child in your life to 

understand some of the functions of computers in his 
world, and to better understand the importance of computing 

in your world. 
The Magic Machine comes COMPLETE WITH CRAYONS, 

and is lots of fun to color and read. 

ISBN 0-931718-17-1 $2.00 
Buy this book at your favorite computer 

bookstore or order direct from BYTE BO~KS. E. jll ~M 
Add 50<t: per book for postage and handling II] ~ 

~[)[)~~ 
"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street, Peterborough, New Hampshire 03458 
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The Physicians Microcomputer Report 

The Physicians Microcomputer Re· 
port is a monthly publication for doc
tors who wish to become better informed 
about the computer and its application 
in the field of medicine. Some of the 
features include: software news, cal· 
culator corner, computers in patient 
health care, microcomputer hardware 
news, the bargain market, and computer 
articles of special interest to the physi· 
cian. Additionally, the report contains 
articles on nonmedical applications such 
as linking your computer to a stock 
portfolio information center. Another 
intent of this publication is to facilitate 
the exchange of info:rnation between 
physicians who own computers. For this 
purpose the magazine has a listing of 
user groups. 

The Physicians Microcomputer Re· 
port is available for $25 a year and 
$12.50 for students. Contact Or Gerald M 
Orosz, POB 6483, Lawrenceville NJ 
08648. 

Ci<clo 691 on Inquiry card . 

Attention Readers, and 
Vendors ... 

Where Do New Products Items 
Come From? 

The Information printed In the 
new products pages of BYTE is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. If in 
our judgment the Information 
might be of interest to the per· 
sonal computing experfmenters 
and homebrewers who read 
BYTE, we prfnt ft In some form. 
We openly solicit releases and 
photos from manufacturers and 
suppl/ers to this marketplace. The 
Information ls prfnted more or 
less os o first in ffrst out queue, 
subject to occasional priority 
modifications. · While we would 
not knowingly print untrue or 
inoccurote data, or data from 
unre/loble companies, our capa
cfty to evaluate the products 
and companies appearing In the 
"What's New?" feature Is neces
sarily limited. We therefore con· 
not be responsible for product 
quality or company performance. 

Complete Microcomputer System 
from Gimix 

Gimix Inc has announced its corn· 
p lete System 68 microcomputer. It 
features the following: a ferro-resonant 
constant voltage power supp ly; an SS-5 0 
motherboard ( 15 50 pin and eight 30 
pin gold plated slots); a 6800 processor 
board that holds four 2708s and three 
independently programmable software 
timers; the Glmix ·16 K byte software 
readdressab le s tatic programmable mem
ory boards organized into four sepa
rately controllable 4 K byte blocks, 
which a ll ows the user as much memory 
as can be contained In tl1 e main frame . 

Dual-in-line pack age switch features 
allow use of existing SwTPC a nd MSI 
compatible softw are. The system is video 
based using the Gimix video board and 
advanced GMX BUG 3 K byte read only 
memory monitor that contains the stan· 
dard utility functions plus routines that 
facilitate software development. 

The price of $1395 includes the 
motherboard, switches, fan, power sup
ply, video board, 3 K GMXBUG version 

TRW LSI Products Introduces New 
Generation of Multipliers 

A new series of monolithic mul
tipliers , designated the MPY /HJ series, 
provide n by n bit multiplication of 
24, 16, 12 and 8 bit numbers . Al l four 
multipliers have improved input registers 
that feat ure simplified clocking so that 
no data ·hold time (clock overlap) Is 
necessary. The three largest multipliers 
(MPY-24, ·16 and ·12HJ) feature Im
proved output registers that can be 
made transparent for asynchronous 
output. They a lso feature a program
mable selection of output product 
formats and can intermix two's comple· 
ment numbers with numbers in absolute 
magnitude in the same operation. 

All the new circuits are plug com pat· 
ible with their first generation counter· 
parts. Inserting one into a socket wired 
for an /AJ device automatica lly masks 
out the new /HJ features whi le stil l 
providing faster operation and reduced 
power consumption. 

The MPY ·24H I contains a new shift 
and normalize feature, and yields a 48 
bit product in 200 ns. The MPY·24HJ 
Is supplied in a standard 64 pin dual-in· 
line package . The MPY·l6HJ produ.ccs 
a 32 bit product in 100 ns and is pin 
compatible with the older 16 bit multi· 

2, 8 K byte static programmable mem· 
ory, 2 port parallel 1/0 (input/output) 
board, cable and two disk regulator 
board. For further information, contact 
Gimix Inc, 1337 W 37th Pl, Chicago IL 
60609. 

Circle 590 on inquirv card. 

p li ers. Like the MPY-24HJ, It can be 
expanded to operate on 32, 48, 64 and 
larger numbers. The MPY· 12HJ multi
plies a pair of 12 bit numbers and yields 
their product in 80 ns. It is ideal for 
digital signal processing applications 
such as fast Fourier transforms and 
digital filters. The MPY-8HJ produces 
a 16 bit product in 65 ns. A fast version 
of the 8 bit multipliers called the MPY· 
8HJ·l is being offered. It produces 
a 16 bit product In 45 ns and is intended 
for use in digital television systems. 

Prices are $59 for the MPY·8HJ; 
$71 for the MPY-8HJ·l; $103 for the 
MPY-12HJ; $157 for the MPY·16HJ 
and $310 for the MPY-24H J. For 
more information, contact TRW LSI 
Products, POB 1125, Redondo Beach 
CA 90278. 

Clrclo 592 on Inquiry card . 
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Zilog Announces Availability of 16 
Bit Z8000 Microprocessor 

Zilog Inc has announced the availa
bility of a Z8000 microcomputer pro
cessor circuit that offers users the archi
tectural resources of mini and large 
mainframe computers in a single circuit 
device . The processor is available in two 
versions: the Z8001 in a 48 pin ceramic 
dual-in-line package that allows the user 
to address up to 8 M bytes of memory ; 
and the Z8002 in a 40 pin ceramic dual-

New Software Compatible With Any 
Z-80 or 8080 CP/M System 

Circle 61 6 on inquiry card . 

Text Processing Software 

Digitan Systems Inc has announced a 
text processing system which uses special 
commands for text form atting appli
cations. It is intended for use with 8080 
and Z-8 0 microcomputer based systems. 
The commands include multiple line 
spacing; left and right margin control; 
indenting; paging; op tional right margin 
justification; centering and underlin ing 
text; no-fri ll modes; automatic page 
numbering; page and line length control; 
and the printing of left, right and center 
heade r titles and footer titl es with 
optionally different titles based on even 
and odd pages. Also included is the 
ability to input extra data from a file or 
the console terminal during the format
ting process. 
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MISCELLANEOUS 

in-line package. The 40 pin Z8002, 
designed for smaller, less memory in
tensive applications, is compatible with 
the 48 pin Z8001, but the 40 pin pro
cessor's addressing is limited to 64 K 
bytes in each of its 6 address spaces. 

A scaled N/MOS dep letion load sili
con gate device , the Z8000 processor 
densely packs 17,500 transistors on a 
device which is 238 by 256 mils. The 
Z8000 is designed for both minicom· 
puter and microcomputer applications. 
The Z8000 contains 24, 16 bit registers 
th at reduce th e number o f memory 
references need ed in programming. Six
teen of those registers are ge neral pur
pose. The Z8000's problem solving 
instruction set supports seve n different 
data types from single to 32 bi t words, 
has 8 addressi ng modes, and 418 usable 
op code combin ations. 

Pricing for the Z8001 Is $195 for 1-9 
pieces, $162.50 for 10-99 quantities 
an d $14 0 for lots of 100 and up . The 
Z8002 se ll s for $150 for 1-9 q uantities, 
$125 for 10-99 pieces, and $107 .1 0 for 
lots of 100 and up . For fu rther infor
mation contact Zilog, 10340 Bubb Rd, 
Cupertino CA 95014. 

Circle 615 on inQuir v card . 

Graham-Dorian So ftwa re Systems has 
developed four complete software pro
gram packages for payroll, inventory, 
cash register, and apartment management. 
Al l programs are compa tible with any 
Z-80 or 8080 CP/M system, and can be 
ordered in eight inch (double or single 
density) or five inch flopp y disks. Each 
program package contains a di sk with 
CBAS IC-2 compiler, CBASIC-2 run 
command, the Graham-Dorian software 
program in INT an d "BAS file form, pl us 
a users manual and hard copy source 
listing. The four programs sell for $695 
each. One CBASIC-2 is free wi th a 
program order, others cost $89.95 each. 
For furthe r information contac t Graham
Dorian Software Systems, 2 11 N Broad
way, Wichita KS 67202. 

The tex t processing system will auto
matica ll y loop for repeated formatting 
app lications such as form letters. A pre 
processing program is ab le to se lect a 
su bse t of th e ex tra text data according 
to a user specified matching pattern. The 
output o f the text processor can be 
directed to either the console terminal, 
line printer, or a disk fil e. 

The source code of the text for
ma tte r has been written in CBASIC and 
runs unde r the CP/M operations system . 
It is ava ilabl e on eight Inch floppy disks 
with a comprehensive manual at a cost 
of $250 pe r copy. A well documented 
source code is also availab le for an addi
tional fee. For further information con· 
tac t Digitan Systems Inc, 5001 16th Av, 
Brooklyn NY 11204. 

Circle 6 1 7 on inquiry card . 

28 Page Brochure on Computer Graphics 
and Imaging 

lexidata Corporation, 215 Middlesex 
Turnpike, Bu rlington MA 01803 offe rs 
a free 28 page brochure describing the 
relative advantages of various display 
technologies and comparing them to Its 
new System 3400 Video Image Processor. 
Interfacing, system software , application, 
and hardware options are covered in 
detail. 

Circle 61 8 on Inquiry cord . 

A Powerful Disk Based Operating 
System for 6800 Microprocessors 

The CP/68 operating system for the 
6800 family of microprocessors furn
ishes big system features and capabi l
ities for microcomputers. A combin ation 
of memory resident and transient com
mands provide the system 's flexibility. 
With the CP/68 operating system it is 
possible to add your own commands to 
the system. PIP (Peripheral Interchange 
Program) allows transfer of data be
tween physical devices. Wildcard opera
tion of al l disk commands lets the user 
specify files either ambiguously or un
ambiguously. 

Other features of the operating 
system are complete device independent 
1/0 (input/output); sequential and 
random file access methods ; dynamic 
allocation and expansion of files; com· 
mand files; and chaining and overlaying 
of user programs. It fits in less than 8 
K bytes and can be relocated anywhere 
in memory ; the exte nded instruction 
set includes 19 new 6809-type instruc
tions (PSHX, PULX, etc); all disk 
operating system services are available 
through a single supervisor call; and it 
easily interfaces to new devices and peri· 
phera ls. 

The operating system supports func
tions that STRUBAL+ used to provide 
in its runtime package. The operating 
system runs on Percom, ICOM, MSI , 
Smoke Signal , Micropolis and SwTPC 
systems. For further information contact 
Hemenway Associates Inc, 101 Tremont 
St, Suite 208, Boston MA 02108. 

Circlo 619 on inquiry card. 



ADVANCED THE FIRST TO OFFER PRIM E PRODUCTS TO THE HOBBYIST 

COMPUTER AT FA IR PRICES NOW LOWERS PRICES EVEN FURTHER! 

~ 1. Proven Quality Factory tested produ cts only. no re ·tes ts PROOOCTS ~ ~" or fallouts. Guaranteed mo ney back . We stand beh ind our Boduct•-
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S.-100 32.IC (1,1ses 2 1 14) 

ASSEMBLED 
•sons. 599.00 
250ns. 699 .95 
8a1c Board 49.95 
Bare 8oa'd w/aH parts less mem. 99.95 

S-100 18K (uses 2 I 14) KIT loxp. lo 32K) 
ASSEMBLED 450ns 279.00 
• Son; 325.00 250ns. 299.00 
250ns 375.00 I.a 
~~g~~·::9-95 I 
ASSEMBLED -
450 ns 169.95 KIT 450ns 125.95 
250ns 189.95 250n< 149.95 

Bare PC Board w/ Dala 521.95 
Now 011et I year successful l1 eld experience 
·Spec1r.r Oller~ Buy (4) BK 450ns. Kits S 117.00 

FLOPPY DISK DRIV_,S 

I. VISTA V·80 MINI DISK 
FOR TRS·80 
* 23% More Storage 

Capacj1y-40Tracks 
'* Fas1er Drive - e 

Up to 8 Times Faster 39!1.00 
2 Drive Cable Add S29.95 
4 Drive Cable Add 539.95 

2. VISTA V·200 MIN l·FLOPPY SYSTEM 
* 204K8y1e Capacity * w/CPM, Baslc "E"" * One Single Sided, (§) 

Double Density 0 ri1'e V•200 
• One Double Density 991.00 

Controller w/ Case & P.S. 
Add to your EXIDY, 
HORIZON, etc. 

3. VISTA V· 1000 FLOPPY DISK SYSTEM * 121 Shugart 800-R 8" Floppy Disks 
• Controlfer Card. Cable. § 

Case & P.S. ·1 ooo * CPM& Baslc"E". 181111.00 
lnsl rucllons& Manual 

4_ MPI 85 1 ·5 '/o", 40 I racks . . ___ ... 279.00 
5.Shugart SA400-5 Yo",35 lracks .. .. 295.00 
6. Siemens/GS! FDD I00·8 8" .... .. 375.00 

~: ~~~!§"c'1 t~:Pif,8~~;,; -.- ·:: · i ~~~:88 

EXPANDORAM MEMORY KITS 
• Bank Selec1able * Uses 4 1 i 5 01 4116 

200 ns * Wflle P101cc1 * Power8VDC. ± 16VOC * Phan1om * Lowest Cos.I/Bit 
E~pando32K'1~5) E~o.§~~(41 1 6) 

SK 5179.00 16K 5248.95 
16K 5229.00 32K $369.00 
24K S299.00 48K 5469.00 
J2K 5349.00 64K 5565.00 

IMS STATIC RAM BOARDS qo!i' 
* Memory Mnopino * Low Power .. ., * Phantom • Assembfed & tes1ed 
Recommended by Atpha m1crosyslems 

SK S 1a11c 
16K S1a1ic 
32K Slal ic 

250 ns. 450 ns. 
S209.00 -f189.0o 
$449.00 S399.00 
5799.00 $699 .00 

ANADEX PRINTER 
Mode l DP-8000compacl, impact. parallel or 

se rial. Sprncket feed, 80 cols, 
84 lines/ mio .. bl-direclional . 
New only ..... $895.00 

VERBATIM '" DISKETTES O~f. 
* 51/•" Mlnidlske lles * ~\\\~~ 

Soltseclor, 10Sector. 16 Seclo• ~o\..,~ 
S4.25 Each, 10139.95 (}\)l'-~\l: 

.. a·· Slandard Floppy Disks * ,s-+-"i;.' -
Soil Sec tor, Hard Sector 0 
S4.50 Each, 10/41 .95 

·A.ad 4 .95 tor 10 Pack in Deluxe Disk Holder 

; : .. 
MOTOROLA •XOACISIA COMPATIBLE 
9600 MPU M odule w t6802 CPU . . . .... , $~85.00 
9601 16 Slol Motti&r Bo.ai d ............. 17 5.00 

~m ~AS~o~Jgl~:,~ ~!r:;t. ~-~:~ M-~~~-1 ~ ·: ; b5:gg 
9604 Sw11chmodo Sy&l~m Powot Si.IDQly .... 250.00 

~~:g g~~tJ :Kofo1,~~t~~;~ ~~ ~ :~ ·.::·. ::~ ·. ~.~-~-~ 
9620 16 Cn11nnef Pa1lllltlll l/O Module •. . 295.00 

~~~~ i~r5:~~~r~~t1~o~,~~.'.' :29·s.OO 
9527 16K S!alle 450"', ·-· · ······- 495.00 
9630 ~rd E:<tl!'lnder . ... ..... .. -.... ... . .. 68.00 
9640 MuttlQle Programma.ble T1mflll 

(24 T1me1st ..................... ...... J95.00 
9650 S Channel Ooplex $.er1al 1/0 ...... .395.00 
96103 32/32 1/0 t.toelu te . . • . . ....... . 275.00 
96702 32 Poin t Reed ~elav MC<lule •..... 3SO.OO 

eeoo BAA• llOARDI 
9Ei20·0 . . . S ~ 5 .00 "3603-0. . . • .. 27.00 
9626·0 .. . .. 45.00 9600.. . .... 55.00 

:~a~ ... : .... :;b:gg ~~;g~ - · :: .: :::: ~~ :88 
Also AMI EVK Sy~tom In Stock 

Circle 4 on inquiry card . 

~ Ci r "r for the serious cor.iputer vser. 
~~'r.P.~'l'!'!..,,~~""'~P':W MICROPROCESSORS STATIC RAM HEADQUARTERS SOCKETS 

* 16K with Jumpers & lnsirucllons 
tor either Le11el I or Level II . . •. S89.95 

.,,. 16K tor Apple II Uograde . .... .. . S89.95 
Special: TASSO Schema lie ... . . •. .. S 4.95 
Ex ansion ln1e rface Sctiematic . ... S 4.95 

TRS 80 TO S·1 00 
PET TO S·100 ADAPTER 
All cws PetfTRS 80 10 be Interfaced to 
p0putar S· 1 00 Bus. 
Pelle s- 100 Kil . .. .. . . . _ .. s 189.95 
Assembled. . .. . . . . . . . _ . 5269.95 
TRS80\ oS·tOOHUH8t00Kil .... S275.00 
Assembled. . . . . . .. . • • . . . . .. __ __ S355.00 

KEYBOARD ASCII ENCODED 

UV "Eprom" Eraser 
Mode l UV1·11 E $114.95 
Holds d Eprom"s a l a lime 
Backed by 4 5 years 
experience. 
ModelS-52T •• • 52111.115 

Prof1?sslonal Industrial Model 

TARBELL FLOPPY INTERFACE 
* Z80IB080 SHX> Comp;U1ble -. Useli CPM 
Assembled FOf S1iu9ar1 1.A.L• 1228.00 
A.$.lembl&d o:ner Or.V(ls $26!l 9S 
Kil • . $17995 
a.:11 0 Bo.ita . $36.95 \Doc. ;\dd S l 0 .00) 

IU• f.,o r,_.,•<J ~ 1 f,)l)<I Ch ,,... ... ~>I• C. 

v:i~1 a Double Oer+s1IY 5\0 ~ C011 11 0U-1n 
Auem . , S2'99.00 

SO vcris.a Floopv Kit • S 159 95 
501Je1 e.11 flQp;i~ •hl.t:-mble(! S.t8995 
fa rbelCauottol/Ol<Jt S tt 500 
Sale • t77 1-01 f l01>pyCl'l1P $2795 

BYTE USER 8K EPROM BOARD 
* Power on Jump * Resc1 Jump 
Assembled & Tested S94.95 
Byteuser Ki l . . S64 95 
Ba•e PC Board . .. . . .... S21 95 
Special Offer: Buy 4 k its only $59 .95 each 
MR·B SK wit K Ram . . . . . . 599.50 
MR·\6 16K w/1K Ram .....•. S99 50 
EPM· 1 • K 1 702 . _. _ . , S59.95 
EPM·2 2708 or 27 16 Eprom . . .. 569.95 

Z·80/Z·80A/8080 CPU BOARD 
* On board 2708 * 2708 included (450ns J * Po Her on jump * comple1ely socke ted 
Assembled and tcsl cd $185.00 
Kil .... .... ____ __ . $ 129.95 
Bare PC Boa•d .. .. .. .. . . . .. . . . .. s 34.95 * Fo• •MH z Speed Adds 15 00 
8080A K•L ...... - -· 
BOBOA Assembled • . 

.. s 99.95 
5149.95 

S-100 MOTHERBOARD SPECIAL 
8 slot expandable w/9 conn 
•eg 569.95 . .. . . . . . .. . NOW $52.95 

TARBELL FLOPPY CONTROLLER 
Card assembled and tested lor use w11h Shugar1 
D<ives S SAL E PRICE only S229.00 

~~~T~~/Al '" ~ 
ACOUSTIC MODEM~ 

2~~~~.~ or;g1no1e s= 
ACOUSTIC COUPLER SPECIAL 

AJ MODEL A30 
SPECIAL PURCHASE 
OF SURPLUS UNITS 
AVAILABILITY LIMITED $29.95 

DATA BOOKI • COMPUTIR BOOKS 
HP8IC Mf.•!91 <l9iS lnt• t tr.l::S&Olr.l• "'li,;.&; 
NSC n1. 0..1• J~s 1n1.11J1Cs .ao-.i ... 11al. 
~SC L.ll1e•r , 4 9S MID llOIOA l.laN •l 
NSCL111•11~ll:ttH ll J 9$ .U.1D&:.t>Ott\i' O..l.ab0alo 
NSC CU.OS J g~ "NI MQS.1..SI D&l.11 
N5C MIMICty. J iS 0 1 MOMSI Dala • 
Jn1• 101l•bool!. • •Oi!i H_,r~ Al\ab;Dllaoocil 
ln1•1 MCS 85 M&f'llM 1 _!O n l. •nul ClomrOI o.at11 

u.L• • oaao11•• tJOOtel • 1.ua 

,., ... 
"' ... 
"'' . .. ... 
'" 

Z•OO •• • ---· •• 
Z•60A 
f.tl!J6~1 
;6.~I) 

C:.O'C i;l~ 
tlC'!.10.l; 
il080i'.U.W1 
&ALI 1015 

""""' ~9':11 

""'" 1/,•S.9900JL 
C P !liOO 
t.ec-1 
6S!2 ... 
l t.1{11 00 
0000 
~:;'J' 

' 875~ 
1!'48 

...... 
. 1695 

lij~~ 
16 g~ 
199!' 
'}'j!') 

l'J9! , .... 
'" 9~ !6!il5 
/4 9~ 
•Q9S 
J995 

""" 11i11~ 
?99! 

~::·: 
17~ 
"iHI~ 
f,Ufl~ 

DYNAMIC RAMS 
-116/•ll l {.i 161'1 tHl Pini 
S#'1<116..&16·1. 
~•l .58K ti6 P1t1t 
ol()!i04K , 1 11!ll'"'1 
<1.061.i"K, I t12 l">n1 
4096 •I( • • il l\ P111J 
110-l4K• I t1t P111j 
40]T41( •I tUi p.,,) 
~~GI I\;$ I 103 
!:!62 t ~ 4008L 
~10 4 1f!i rAiOS 
51&0 -1 9!1 1:604 
5190 t14'i f.001 

PROMS 

1} ·~ 
8995 ... ',. 
"' , .. . " ... ... ,., ,., ,., 
0$0 

.'!OH JU~ 

;>IOllti l!IO 
111)111. l•t:i 
•tOU• O J:lcl 
:'fl !.~\ ... IJ ~!> 
;> nt.-!,'I 1:v 4000 
:'I~~._. 2119$ 
!IX\'IAO ti t)~ 

S;.>OofAQ J•>•· 
f,ll)4' •;> · ·~ 
11.1 ~1'\ I(/ ! '1:. 
UL.I at2l l2 • I ., , , , , , , •• , :I.II 
usnss12' . enst 16QS 
US12'l1'•8 '2!!IO 
8'512°6 2511 A... :J 50 
a2s1:926tl .i •CTSI 360 
!2SIJOS12' A•t0CI .. e~ 
NSCOM7S78J7 1 8 1 'h 

CHARACTER QEH 
'51.l-001 !SVtU:io. 1 

;?~ll·OOS !S~'l l ~C' r 
251l·ADJo1J15\'\ll)"'11' 
""OM1S11 
MCM85JIJ. 
MCMl!l~7• 
MCM6 ~7 

UARTS/USRTS 
f'11&0.-0 15Y 11\11 J 9~ 
A'l' 5 1013 1Sll •. v1 .i 'i$-
AVS•OU ili • 1!1! ~ :i Id\', 6'i$ 
.l'l' S • O l~,\ " !~1 <' ~ · "OS 
1-.1seo11 .~ ... 1~1., s~ 
lf.16..10, 196 
IM6•03 695 
nso usnr !'19 ~ 
1u 1e.a..t•o, .! 4 9!. 
IALI Tll• .. 7 2 • ••• •• .•• •• , • . 8 .8 5 

BAUD RATE GEN 
1,1C1•••1 
4 11), 
\ \0 14 41 

11e!J 

'"' '''· "•'» 

KEYBOARD ENCODERS 

!~~: ~::;; 
MD011!.$ 
1•cg22 
74C"i2J 

111 5 ,,,. .. ... ... ... 
AID CONVERTERS 
ll/0081o10on11f't' 
n101 10"" e..' '"' 
14/CUi.t..i !'\ 
<w M \ '1 "r·i ' "" I "" "'" 
l'I~ M / ;l[lw11t f 0 
14Ml •1hl•• 

1 1•,n 
.·.' Ot" 
11 '!0 

l ,'"J 
1 1' 1'> 

1•1!1 

:.~ 

l'r•qu•ni:., 

·~· 
F1.-qir.• .ncr .. K O 

'•"•'I•! !>~JI .. f.iC' 1.lttt i ~ 9~ 
•u41. .t •J~ I I .II.I '" ·' '·'".' "' .,ll~ .,, 
... 111, ... , ·· · ~ '00<\0u ... 
.·1~ 1 1• .. .'J,t•t1 :i •I~ 1101\\ltJ ... 
; 1 .. . ., .,,1•1 ' "' " IUPR '" " .... ' ~ "'"' " 0 •811"1"' .,. ., ..... , ·' '" 1;1<1JJ •,• 111 "' l! lo.l 1'l41""' <t !t'· :"rJO•·'f" '" <1 11",.'\lAl•I / 

~ ~ :: 
[/. lltl4 fl,0·~1 !i'I~ 

"•11 \111 ( .• ,"OM"1 '" ''''"" "' lt1tJMll/ "' '''"·'"·' ) I') 1Jj0""'' "' 100 ... c l}lj!'J 

OISPLAYS/OPTO/LED'S 
• 7 ICOMIN'T • CALC • CLOCKS. • 
OL 104 1CC1 Ol 101 IC~ 300 RVCI §19 
r"o J~7 1CC1 J 51 n,'<I ~9 
rno 5001:.oa i'CC1 wcr 11MJ 90 
ruo ~l' 1 !:i 1u.c~ 500 llNS oo 
rtlO 800.'80l1CCI !KIO Ra<t I 1$ 
f'PIO BON111 10,c~ aoo Ilea I f!I 
:r.ANJOl>2 !o00" G•t1t•n 1 I~ 

I~~.~~::~~ ~·: 
1,l' .. \',\". -'ti 
· ~ ft I'•'"• 1•0 
.'~· r- -. 1'. •,•, A l 
.':P> .. 1\• W -1.1 
~.; ,., .. \\'\'.· ti' 
.'"'''•• l'.W • 1o, 
" ti r .. . ,.., •• 1.: J 

11 n .. , ~1 1 .• 
I.I f'.n 8 1 :O 
1r.l"••<;T};" 
q;, r t• S l JI 
;'l)F'.,.S T J ..& 
;'::' f' ,,•:'> T .l!ii 
~.: J>,,. ~ r .,., 
.:ot11rm::;; 1.1<> 
-100."s r .. , 

TEXTOOL ZERO 
INSERTION FORCE 
SOCKETS 

CONNECTORS 

NAKl:D PC &OARD SALS 
z~o CPU Jttttauit "" g~ 
~OACPU J.11 .8!) 
l!IC S111re ii.Al.> ILCQO-U 21 rn 
16t<S1•t.< RAM 4:11 ,4 1 2il~5 
J:1KS1U-<. R.A.."" G' 1141 O IU 
F!OOt>t \l'Oll••llotitl J'glll!) 
C1u.e.11,. 110 (T11t1>11 a1 2V 9!. 
131< f ll•Ql'n 1:oi1oe1 21 9~ 
, 10~ f'"'" Boui: lO « 
'10IJl271«ifi;.tO'"l fhr\K.t l .l49!) 
210! 1n16c~rxn1WfJ C. :iooo 
Pu,IM't•Cloc:h jA!)~ 
ACPP.a taB:l 1JPJ1CGt\n1 jlfi!i 
~·.,cu:" t!MlC !'.eta 1 g G.!i 
'JOC'~ e~l 11 !ll01 I.' B ~<a 9~ 
ACP(olertclt'J ... reonn 1'!i li!i 
~·.i"'° • ~ta•hlCll rSSf.IJI :J' G~ 
Pw~1 lr"1111t..:e ISSM1 ~ T !>~ 
13SIOi: Ma11>ttr8oanaM'Mr.;132 g~ 
'JSQIMOl""r~rai\'IMC~ ~~9~ 
8Slct1PA~'9 1 1i;andlotlial 34Q!f 

ltJi~2·17lltCo\J.300~·d ~ ~--------' 
fl 0911 Bvttblq t;l.n. Cl~ 011op1,1·, 00 
o Dq11 i:r..,..'1'"" • D·~t1•Y •ocr 99 
o o.;.1 Flo.tot""~•"' 300· gog 
PAA •003 l)V Au'oCloel. M~ " · ' ' 
Ocu1 1ro•MA100J 1•i1Rco:1r 1n~ •O~ 
MAIOO,A l[O 12 hi Qock Module ICl'D$ 

• H!X DllPLAYa • INCOOaD DlaPL.AYI • 
: 1.-i 508~"7).llO Fle<1 H~..W.:im~ 1~9$ 
HP !Kle2·1l00 Rid N~11'11lllC 14 SS 
nL 306 tlumt1•tC ,. ILOQC &9! 
TIL J06 rl<Jr'lbor .... l\.OQtC 89! 
Tll 309 NumbfU ""IL~ 89!1 
l lLJ11 H11u.d.c.im.al I Hl!:i 
MA.N 'i/I. :);>O J:ln<1;\Jpl1.1 N..m111c ~l)!i 
tAAtt IOA 2: 0• FIM .\llJl'l.I NoJll"f!>< 119~ 

• l.&0 ' 1 • O"Ol•OU.TIAS • 
lEOSRoxt V('Cictw.Grv.<i 1EIG. 
1.tcr z Pruto xsm 11n: ~50. XN 
... f'C:lS Pl!Oro)CSTR Hi:t: 1~. 30\I 
4f'CJJPl>CrloD41"~tOn 

~,,(IQ 

•• 
"' ,,, 

1·p1 I tl)OPl\010.<SU:trtRtLe"U! IALIE •n oo 

AlTENTION KIM USERS 
•1MSAt-e• cwi~10S.100 1nH10K1rJ161JOO 
.:1.vs1 to KIM Connactor s '~~., 
tlM I 6502 S..P'IQte Oo.ru Cornp...1111 111i DO 
l(IMIPc-rSWIOI)' . • , S9l5 
.:1 ' M11morv A.is· JC011!11~1s or eK R;un, 
flKU, 6 EpiOll\. PIOQlll)ITI~ .. VO •IC..I 2" S00 

•1"'1 SOFlWAAE 
• Pll\awicuiel<-19•lc:~n•1r•11201mtts i&1S 
• Httlp [<lttot~oetc.a\W!tl•) 1&')5 
• H•lpl.UlllllQ l ••1 ""-0 fUUC!Uorl 161J5 
• li•lo ll\!O Fl•l"v&I PllG tu!Ultl•I 16 G!i 
• Mtetoeli•Ulc:4u.tttlll 16G!i 
• MtCtO&tO "''el!'\bf-1 / ~Ut!r111'Ec:Moo 2: . ~.5 
• Mteroa(I $ou1c.1 l.•"tltt'IOtcaU1•~l•I '11 Q!i 
• r .... v e.uc r0tl'llM tl)llC-•tit..nitl 10&.5 

COMPUTER SPECIALS 

l~·Plu• Pto11111 o'f'\ l~~'k. 
•t.Piu·Ooar1•:0" ..a 1'95CO 
£u .. ..,.,.. .•J11( 1J'9SOO 
Atloktll• .' 111( 11g500 
CCll'll~l l 111 16M ,t!'i!iOO 
IE: I PT"°8 !1 l~a.11 4"99~00 
C"JCll'l1•""C>O S)\ Ill ~1~~00 
CCITl~•Pttt 19500 
~•0111'0 i 9500 
A0M3A A.Hem !~:i 00 
11!*-ilyuf ,iJ IJ•900 
c..,,,ci""-. p , , ~9soo 
CH1U01'1..( j 5 • I :OSI~ 00 

MONTHLY IC SPECIALS 
l.f l::!S06 JF liT Mloo 1\1""'1 8 b , .fl !!!:i 
ICM72C:S s.e ...... 01'(.1.1:111 (OU.,l#'I 111!1 
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S-100 Single and Double Density 
Disk System 

DISCUS 20 is a fu ll-size, single and 
double density floppy disk system 
capable of storing up to 600 K bytes of 
data on each side of an 8 Inch disk. This 
disk is formatted to be compatible with 

Light Pen Complements Apple II 
Computer 

Symtec Inc , POB 462, Farmington 
MI 48024 has announced a low cost 
light pen for microcomputer use. The 
Symtec light pen is supp lied complete 
with Interface and provides an X, Y 
coordinate number to the bus when 
the pen Is activated by a touch sen
sitive switch or from software control. 
The pen can provide up to 25 5 Y values 
and 511 X values and is software divid
able to fit any screen size. 

The Apple version of the llght pen 
can resolve a single high resolution 
point and can be used with all of the 
Apple graphics features and text. This 
version is provided with a demonstra
tion cassette written in integer BASIC 
for easy modification by the user if 
desired and allows use of the per'l in 
the user's own programs. A comp lete 
listing of the light pen routine and 
suggested uses is included in the appli
cations manual. The light pen is priced 
at $249.95. 

Circle 586 on inquiry card . 
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the IBM System 34. Like the original 
single density DISCUS I, DISCUS 2D 
comes ful ly assembled with a contro l
ler board and a Shugart SA800R ful l
size drive mounted in a cabinet with a 
power supp ly . 

The S-100 controller board u tillzes 
the Western Digital 1791 dual density 
contro ll er device and also has power on 
jump circuitry, 1 K bytes of program
mable memory, 1 K bytes of read only 
memory with built-in monitor, and a 
hardware universal asynchronous re
ceiver·transm itter with a data rate 
generator to simp lify 1/0 (input/output) 
interfacing. IL is capable of 11andling up 
to four drives. 

Software includes BASIC-V virtual 
disk BASIC, DOS and Disk/ATE as
sembler and editor. Extra cost optional 
soflware, including CP/M Microso ft Ex
tended Disk BASIC and FORTRAN, is 
avai lable. Th e price is $1 149 for the 
completely assembled single a nd double 
density system, a nd $795 for each addi· 
tional drive. For furthe r Information, 
contact Thinker Toys, 1201 ·10th St, 
Berkeley CA 94 71 0. 

Circle 585 on inquiry card . 

X,Y Plotter Unit from Sylvanhills 
Laboratory 

This X, Y plotter includes a plotter, 
drawing sur face, electronics, and power 
supply completely assembled and ready 
for interface to any 8 bit transistor
transistor logic parallel port. The pen 
holder accepts any writing instrument 
or stylus 7 to 11 mm in diameter, 
encoded for 0.01 inches per pulse 
(0.005 inch optional). The maximum 
pen travel speed Is 2.5 in ch es per sec
ond with a 24 V supply. A basic 8080 

TRS-80 Expandable Interface 

Microtronix has introduced an ex
pandable interface for the Radio Shack 
TRS-80. The basic interface unit uses 

TRS-80 Serial Input/Output Board 

This board is RS-232 compatible and 
can be used with or without the expan
sion bus. There are on-board switch selec
tab le data rates of 110, 150, 300, 600, 
1200 and 2400 bps; parity odd, even, 
or null; 5 to 8 data bits and 1 or 2 stop 
bits. It has a data terminal ready line. 
The board alone sells for $19.95 (with 
parts $59.95). Assembled, it is $79.95. 
Contact Electronic Systems, POB 21638, 
San Jose CA 9 5151 . 

Circle 507 on inquiry card. 

software program is included in the 
owner's manual. Applications Include 
architectural, mechanical, and schematic 
drawing; printed circuit board artwork; 
positioning of small objects; computer 
generated art; games; and others. 

The plot driver software is available 
as ASCII source files on paper tape and 
CP/M small disk formats. TEI and 
Cromcmco small disk formats are also 
available. Both the BASIC and assembler 
source are provided, and contain com
ments which guide the user in making 
source modifications. 

Unit-1 with an 11 by 17 inch drawing 
area is $1 ,049; Unit·2 with a 17 by 22 
inch drawing area is $1,249 . The plotters 
are also available in kit form with 
console and power supply priced sepa
rately. The owner's manual can be pur
chased for $5 . For further Information, 
contact Sylvanhills Laboratory Inc, POB 
646, Pittsburg KS 66 762. 

Circle 588 on. inquiry curd . 

low power Schottky circuitry, the 
standard Radio Shack 40 pin bus, and 
provides Lhe following features: two 
joysticks for games, screen editing and 
educational instruction; stereo sound 
using two RCA 1863 programmable 
integrated circuits; parallel printer inter
face. At an introductory price of 
$129.95, the Interface may be ordered 
with a $29.95 optional real lime clock. 
Joysticks and music may be contro lled 
directly from the user's BASIC program, 
using the INP and OUT commands. 
For further information, contact Micro
tronix, POB Q, Philadelphia PA 19105. 

Circle 509 en Inquiry card . 



For your SS-50 bus computer - the 
CIS-30+ 
• Interface to data terminal and two cas

sette recorders with a unit only 1110 
the size of SWTP's AC-30 . 

• Select 30, 60 , or 120 bytes per second 
cassette interfacing , 300, 600 or 1200 
baud data terminal interfacing. 

• Optional mod kits make CIS-30+ work 
with any microcomputer. (For MITS 
680b, ask for Tech Memo TM-CIS-
30 + -09.) 

• KC-Standard/Bi-Phase-M (double fre
quency/ cassette data encoding . Oe
pendab e self-clocking operation . 

• Ordinary functions may be accom
plished with 6800 Mikbug™ monitor. 

• Prices : Kit , $79 .95 : Assembled , 
$99.95. 
Prices Include a comprehensive Instruction 
manual. Also available: Test Cassette . Re
mote Control Kit (for program control of 
recorders), IC Socket Kit. MITS 680b mod 
documentation , Universal Adaptor Kil 
(convens CIS-30 + for use with any com· 
puter). MIKBUG®Motorola, Inc. 

In the Product Development 
Queue ... 
Coming PDQ. Watch lor announce
ments. 
6809 Processor Canl - With this SS-50 
bus PC board , you 'll be able to upgrade 
with the microprocessor that Motorola 
designers describe as the " best 6-bit 
machine so far made by humans ." 
The Electric Crayon™ - This color 
~raphics system Includes its own µP and 
interfaces to virtually any microcomputer 
with a parallel 110 port. 
Printer Interface - For your TRS-80™. 
Interface any serial RS232 printer to your 
TAS-80™ with this system. 

'MELECTRIC WINDOW. ELECTRI C CRAYON. Pilon· 
30 and Pilon· 10 are trademarks of Percom Data 
Company. Inc. 
TRS-!O ii 1 111demut ol T'"dl Corpo,.tion ind Radio 
Shack which n.as no relatlonsn.ip to Percom OatJ. Campany 

Orde11 may be paid by check or money order, 
or charged lo Visa or Master Charge credit 
account. Texas residents must add 5% sales 
In. 

,, 
For your data storage - Pllon-30"" and 
Pllon-1 O™ data cassettes 

• Orders-of-magnitude improvement i'l 
data integrity over ordinary audio cas
settes . 

• Pilon-coated pressure pad eliminates 
lint-producing felt pad of standard 
audio cassettes. 

• Smooth pilon coating minimizes erra
tic tape motion . 

• Foam pad spring is energy absorbing. 
Superior to leaf spring mounted pad 
which tends to oscillate and cause flut· 
ter. 

• Five-screw case design virtually pre
cludes deformation during assembly. 

• Price: $2.49 . 

For your S-100 computer-the Cl-812 

• Both cassette and data terminal Inter
facing on one S-1 00 bus PC board. 

• Interfaces two recorders . Record and 
playback circuits are independent. 

• Select 30 . 60 , 120, or 240 bytes per 
second cassette in tertacing, 110 to 
9600 baud data terminal interfacing. 

• KC·Standard/Bi·Phase-M (double fre 
quency/ encoded cassette data. Oe
pendab e self-clocking operation. 

• Optional firmware (2706 EPROM) 
Operating System available. 

·Prices: ki t. $99.95 ; assemb led, 
$129 .95 . 

Prices include a comprehensive instruction 
manual. In addition to the EPROM Operating 
System. a Test Cassette. Remote Control Kit 
(for program control of recorders), and an IC 
Socket Kit are also available. 

[ LJEfHlClM ] PERCOM™ 'peripherals for personal computing' 
PERCOM DATA COMPANY, INC. 

DEPT. B 

211 N. KIRBY • GARLAND, TX. 75042 

Ci rcle 305 on inquiry card . 

CASSETIE SOFTWARE 
For 8080/Z-80 µ.Cs . . • 
BASIC ETC - Developed by the co
authors of the original Tiny BASIC, BASIC 
ETC is easy to use yet includes com
mands and functions required for power
ful business and scientific programs as 
well as for hobby applications. 9.5K bytes 
of RAM . 1200-baud cassette and 42-page 
user's manual ......... . . ... $35.00 
Cassette Operating System - EPROM 
(2706) COS for the Percom Cl-612 dual 
peripheral interfacing PC card .. $39.95 

If you 're programming on a 6600 µ.C , 
you 'll want these development and de
bugging programs written by Ed Smith of 
the Software Works: 
Disassembler/Source Generator - Dis
assembles SWTP Resident Assembler. 
TSC Mnemonic Assembler/Text Editor or 
Smoke Signal Mnemonic Assembler/Text 
Editor and produces compacted source 
code suitable for re-editing . Prints or dis
plays full assembly-type output listing. 
4K bytes of RAM . 
(Order M66SG) ............. $25.00 
Disassembler/Trace - Use to examine 
(or examine and execute) any area of 
RAM or ROM . " Software-single-step" 
through any program . change the con
tents of CPU or memory location at any 
time, trace subroutines to any depth. 
2 .3K bytes of RAM . 
(Order M660T) .......... ... $20.00 
Support Relocator Program - Supplied 
on EPROM, this program relocates a 
program in any contiguous area of RAM 
or ROM to anywhere in RAM . Use to 
assemble and test programs in RAM, ad· 
just programs for EPROM operating ad· 
dresses and then block move to your 
EPROM burner address . 952 bytes of 
RAM . Loads at hex 1000. 
(Order M68EP) ............. $20.00 
Relocating Assembler Ir Linking Loader 
(M68AS) .................. $50.00 
Relocallng Olsassembler Ir Segmented 
Source Text Generator (M66RS) $35.00 

Americana Plus - 14 tunes for the New
tech Model 68 Music Board in machine 
language ready to load and run . Cassette 
compatible with Percom CIS-30 + and 
SWTP AC-30. Order MC-1SW .. $15.95 

HARDWARE 
Newtech Model 68 Music Board - Pro
duces melodies. rhythms, sound effects , 
morse code , etc . from your programs. 
Includes manual with BASIC for writing 
music scores and assembly language 
routine to play them . Installs in SWTP 110 
slot. Assembled & tested ..... $59. 95 
The Percom ELECTRIC WINDOW™ -
Memory-resident and programmable, 
this video display character generator 
board for your SS-50 bus displays up to 
24 BO-character lines . Features dual 
character generators . dual-intensity 
high-lighting . One programmable regis
ter controls scrolling. Compatible with 
standard video monitors .. . . . $249.95 
SS-50 Prototype Canis: 
Large card (up to 70 40-pin !Cs) $24.95 
110 size card ..... ....... ... $14.95 

To order products or reques1 additional IH· 
erature, call Percom's toll-free number: 
1-800-527 -1592. For detail technical In· 
formation call (214) 272-3421. 
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Computer Termina s Directory 

A user-oriented direc tory of com
puter terminals has been pub li shed by 
the Association of Time-Sharing Users 
(ATSU). This guide contains photo· 
graphs and full page info rmation about 
each of 120 terminals. In addition 10 

the latest pricing information, the 
directory lists each terminal's lease costs 
(whe n available), tile number that have 
been installed, and inform ation about 
whom Lo contact a t each supplier. The 
Computer Terminals Directory is ava il 
able for $45 in bound form . It is avail
able as part of a membership in A TSU 
for $85, in loose leaf form , as it is part 
of the Association 's three volume 
Interactive Computing Directories. Or
ders for the Directory or for Association 
membership should be sent to ATSU , 
POB 9003, Boulder CO 80301. 

Circle 593 on Inquiry card. 

The Slavemaster 2650 Multiprocessor 
System 

The Slavemas ter 2650 S-100 bus 
multiprocessor system is based on th e 
Signetics 2650 microprocessor. Th e 
system is composed of two Identical 
S·l 00 cards interconnected by one 
ribbon cable. One is identified as the 
slave and the other the master. The 
onl y functional difference is that th e 
master has the ab ili ty to reset, reset· 
jump, or stop the slave. 

Both processors operate at full speed 
with fetch and execute cycles interleaved 
in such a way that prec ise single process· 
or timing is maintained . Once synchro
nized, there is no interaction between 
th e two processors. Communication 
between the two processors is through 
a common data base in the S-100 mem 
ory. 

Some of the features of the Slave
master card include Kansas City casselle 
interface, RS -232/20 mA seria l 1/0 
(input/output), keyboard interrupt on 
se ria l input, real time clock interrupt, 
power fai l interrupt , eight vectored 
interrupts decoded on board, 4 K byt.e 
2708 erasable read only memory sockets 
with duai·in·line package switches to 
select reset and power-on jump address. 
The kit is priced at $198 per board. 
For further information, contact Victoria 
Micro Digital , 401 Dundee St, Victoria 
TX 77901. 

Clrcle 594 on inquiry card . 
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Western Digital System Speeds Up Pascal 

A set of integrated ci rcuits which 
directly executes the object code from a 
Pascal compiler has been developed by 
Western Digital Corp, 3128 Red Hill Av, 
POB 2180, Newport Beach CA 92663. 

The 16 bit processor , which forms 
the basis of the Pasca l Microengine prod
uct line, executes Pasca l programs at 
least five times faster than convention al 
system software. The system uses the 
version of Pasca l which was developed at 
the Un iversity of California at San 
Diego (UCSD). The UCSD Pascal soft· 
ware system includes a comp lete operat· 
ing system with the Pascal complier, 
BAS IC com pi le r, file manager, screen
ori'ented editor, debugging program, and 
graphics package; all written in the 
Pascal language. 

The four integra ted ci rcuits a re the 
following LSI metal-oxide semicon· 
d uctor components: 

• an ari thmet ic device contain ing 
arithmetic and logi c unit, micro· 
instruction decoding, and the 
register fil e; 

• a mlcrosequcnccr dev ice con· 
taming macrolnstruction de
coding, portions of the control 
circuitry, microinstruction count
ers, and 1/0 ( inpu t/ou tpu t) con· 
tro l logic; 

• two MICROM devices con tai ning 
the microinstruction read on ly 
memories and m icrodiagnostics. 

Di rec t execution of the p-code (pseudo· 
code) produ ced by th e Pascal compiler 
elimin ates the previously req uired host 
operating sys tem and p·code interpreter. 

Additional features of the Micro· 
engin e system inc lude user-defined bus 
configura tion, four levels of inter rupts, 
single and muilibyte instructions, hard· 
ware floating point operations, stack 
arch itecture, a 3.0 MHz 4 phase clock 
( 7 5 ns per phase) and a transistor-tran· 
sistor logic compatible three-state inter
face. 

Circle 595 on mquirv card . 

Stand-Alone Microprocessors 

T hree stand-alone microprocessors , 
the µPD8048 , µPD87 48, and µPD803 5 , 
have been announced by NEC Micro· 
computers Inc, 173 Worces ter St, Welles
ley MA 02181. The µPD80 48 contains 
the following features normally found in 
external supp ort devices: 1025 by 8 bits 
of read only memory; 64 by 8 bits of 
programmable data memory; 27 1/0 
(input/output) li nes; 8 bit inte rva l timer 
and event cou nter ; and oscillator and 
clock circuit ry. 

The µPD874 8 (availab le late 1979) 
differs from th e µP08048 only in the 
use of an 1024 by 8 bit u lt raviolet eras
able read only memory for its program 

BASIC With Style 

BASIC With Style by Pau l Nagin and 
Henry Ledgard is intended for BASIC 
programmers who want to write carefully 
construc ted , readable programs. This 
134 page book offers short rules and 
guidelines for writing more accurate, er
ror free program s. These simple c lements 
of s tyle enable the programmer to focus 
crea tivity on the deeper issues in program
ming. 

Chapter 1 is an overview . Chapter 2 
is a co llection of simple rul es, called prov
erbs. The proverbs summarize the major 
ideas of the book in terse form. Chap· 
ter 3 is a n Introduction to a strict, rop
down approach for programming prob· 
lems in any programming language. The 
approach is orien led toward the easy 
writing of complete, correct, readable 
programs. Chapter 4 gives a set of strict 
program standards for writing programs, 
and Chapter 5 elabora tes on several im· 
portant and sometimes controversial 
Ideas d iscussed In th e chap ter on pro· 
gram ming proverbs. 

The cost of the book is $5 .95 . It is 
avai lab le from Hayden Book Co Inc , 50 
Essex St, Rochelle Park NI 07662. 

Circle 596 on lnqul"I card . 

memory, while the µPD8035 is scheduled 
for ap plications using external program 
memory . The fu nc tional power of the 
un its can be expanded using standard 
8080A/8085A peripherals and memory 
products. The microprocessors are ava il
able in a standard 40 pin, plasti c or 
ceramic dual-in-line package . 

Circle 597 on Inquiry card. 
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C.11 D. 111;,li 

' ' ~MC!". Soft••rc U .J· C..111 No . 1142 

~~:;d~!~ ·~·otri:.~~~ 
Gu.innlttd ul i'l f•ction! 
~I No . 13)) 

1507 
15-0a ,,,,. 
l SIO 
HOJ 
1408 
1-111 

J.114 
Ul 7 
1.us 
1'120 
1417 

1418 
14'9 

TRS-80 ELECTRIC PENCIL 
Ca11Jornri1 Coma111er SyJlams 

MEMORY ADD-ON 
l6K $70 Ck•r.clu oriPnl•d 'WOrd pro . 

CC'Hin1 i.ul•m. Produc• m,.11 . 
Ina lish , bu1iMss IMmt., 1,,1" 
numMrs ol orlain.11 cor-tt»On· 
d.iru-•, um•r.1 r• •dy (Opy lot 
prinlin1 .•. .1U on your TR S·80. 
No urri.11t" return~ or hyphf'· 
n.1tion~. li n t form ,lll in a is 
dent by lht Eltclric Pt"n ci l ~ 
Ah.o ft.1!1,.1rr" rlK hl nu rKl n 
iu"HfyinK , P•RI' n umht'rl n!f; , 

•nd liltin1, •nd m•nl com -

~:~::~."'.1:~ ~:~ ~·;~.1~ r .. ·~-ri 
1 or l . 1bk • .ind vfrlu..,n., .1n, 
prlnlf"f'. 

$95 
For APPLE TRS·80 EXIDY 

E~'Jflhin)I YOU nrt-d~ 
ltutaHs in m ~nul•~. na 
:.prcl•I tooh, no soldfr · 
in:1t! 150 nuc. 
C.tl No. 1156 

S-100 COMPUTER 
BOARDS 

CCS=C.11Hnrni.1 Compu lrt" Suttm!lo 
WMC Q W.1m«o 
IA • llh.au Aud io 
SSM=Solid 51.iilt Mu1ic 

~~~: J~,!ti~b 1 

CCS/M ·XVI lbK STAJI( RAM MODULE 
Kil . .. ,. .bo~;. ~a,,·, 

Sl8S 

a .a bovt, buC"bo.1rd 
HUH /S· tOO M PA Ill.ii 
MH PROPROM, 8K EPROM 

BOARD .••• . $2 14 
&814 EPROMS for •bovc- . s 10 

MH 100.000 DAY CLOCK , .1&1 . S:Zl 'I 
MH INTROL. ft4 ch.1n rC"molt' 

conlrol .il& I S319 
WMC / QMl 12 SLOT MOT H ERBOAR D s )9 

.1s " bo\lc- , ~llh connt<1o.u S BO 
WMC / MEM1 8K STAl lC RAM BOARD s 28 

puh only for "bov• • S BO 
SSMICB1 8080A CP U BOARD K 11 ... SI H 
SSM/591 MUS IC SYNTHESIZER KIT . S 14S 
SSM/104 1 PARALLEL + 2 SE RIAL 

PORTS 1(115 S139 
SSM/102 10 UNIVERSAL. BOARD °K ll s 48 
SSM/VOIB VIDEO INTERFACE k'.IT .. • S129 
SSM/MOJ l/4K EPROM BOA~D Kil . S S4 
SSMIMB4 l MHZ STATIC RAM KIT , .• S 81 
SSM Al 1 A IR IMSAI EXTENDER 

BOARD •. ·• . s 10 
conntttM f~," ~~~~ s 4 

SSMtOBl r~~~~R ~~~J' K~tRi:ito." .. s 4i 

HUH • HUH Elrclronic1 
MH -= Mounl• ln H.1rdw.1rC' 
,.&1 • .1sWomhl•d & lci1lrd 

14Jl SSM/MTI IS SLOf MOTHERBOARD $ l'9 
1-433 SSM/M98A 1M< 12?08) EPROM BOARD 

Kii . .. ... $Ml 
106 SSM/M89 ..iK STA TIC PROMIHAM 

BOARD KIT , S 6" 
1 ... )8 SSM/V02 \lJDEO OOARD Kil Sll9 
15 1 I IA 27Ga/ 27 10 EPROM OARE-

BOARO , , $ 28 
1511 IA Z80 CPU BAREOOARO \ 12 
151) IA BK STA TIC RAM DARE· 

BOARD , . . 
IS l..i IA 5·100 WIREWRAP UOARD 
1&00 CCS S· 100 WIREWRAP HOARD 
1S16 SOS VERSAFLOPPV KIT . 
15 17-0SDS EXPANDO RAM Kii .. 
1S1 7· U1 .1i .1bo,,.f", wilk lbK RAM 
151 1·11 .1s .1bove , wit h 32K RAM . 
Ht7-.ift .1; .1bo""•· wilh 4IUC RAM 
1517. fi4 .is .ilbo,,.c-. wilh Mk RAM 
I 16S NEW TECH MUSIC BOARD .a&I •.. , 
1518 SPL 12 WORD SPEECtllAO .i1$I 
1520 SPL 6-1 WORD SPEEOILAB .1&1 
1121 uSOUNDER SOUND EFFECTS BOA RD 

.1&1 Sl41l 

Circle HO on Inquiry card. 

CALIFORNIA COMPUTER SYSTEMS 

XVI 16K STATIC ~N\ 
KIT $285 

to/~}! ,.J~11(,~ r~ ~,)~~ ~~~~~ • IEEE ~100 Compatible. 
capolbillty. "ddien.iblt 1n .1K bloci-.s. • True sraric opct~trion 
FR4 ~lk K rt-em><J PC l)l)J1d ~ i1h • Requites only +5 volrs 
so1dt'1 m.u~ on hmh )•deil lhe • 450 n~ 
:~~~j~~~e TRU[ sLl t1t: 1.im bo.11d • Fufly bulleted 

Bareboard $27.00 

New! From California Computer Systems! 

WIRE WRAP & 
SOLDERTAIL PROTOTYPING 

BOARDS 
your choice $27 

All S-100 lian.i l" l•bt-l~d on · Ooublr sldrd, pl,..!rd lhru FR.J board. A.II circuit ,.,- unro m · PC bO-'rd . AC"tc:pl5> u, lh , '8, 
miled n.ctp l lor 4 mulllpl" H , 28, 40 pin IC'i . 

h~,~~c1:~u Pi:;1ion~iR!'v•~e~~ c.~1 No. Wi,.~"·r.111 
holei.. On~;ard around bus. c.u No. Soldcrt .1111 

8" DISKS 
• Singt~ 11~ns1ty 

rSM CompatrDte 

$40 box of 10 
C.1 No. lypf 

114S 12 "tC'IOf- holin. 
I lndc:• holc-

11Ut tBM ll, )740, 3540, 
J710. ]7~ 

SHUGART SA-400 
MINIFLOPPY DRIVE 

$295 
~~~1 • .1d:n~~. !lo;~~;!';f: 
Rt>quiru poM-• r 'uppl) . 
C..I No. 1154 

TRS·BO SOFTWARE 
C•INo. o ... ,1p1ion CASSETTES Prit• 

1091 SARGON CHlSS. a., ......... . .... ... .. .. _ ... ... 19. 'l :S 
IO<t1 STA R J'R(I(, a .... . .... .. .......... . .. ....... '. u .. ') j, 
1016 SCI n GAM l SAMPUR. I U •••••••• , •• , ••• • ••• • •• , • , S.'fj 
IQ.tl TAROfl/ U •.•.••.• , •••• , •••••••••.••.••. ,, •. , •. 5..91 
1179 CRlllAGl 1, U. , .. ... •.• , ••. , •..•• . , ••••••. , • . • • 9.95 
11'92 •tAt HMf l UN,U LANDIR ll .. , . , . • . . • . . . . . . . ... 7.91 
1195 8RJOGf cttAUlNGH 11 • . • , .,, •••• •• • , •••..• ,,., .. 14.95 
1186 AIRttAIDl.-' I .. . ....•. . ....•...•. .• . .. . .. . • l.J.95 
1187 fl'tlOll ' ll ••. , .••..••••.••.••..•.••••• . .•..•• , , l.J.'iS 
10.t1 onnuo 1 11 • •••• • • •••••••••••• •• • •• ••• •••••• •• s., s 
1041 SMAil 8 USL...,[$S llOOKKlffl'ING l.' IL . . ...•• . • . ••.•• , . lol .'95 
IDS-I OA.ll'V llORHYTlt.\1 PROGRAM t.' 11 , ., •. , • . , ••. . ..•..• S.9S 
10 .. 9 MICRO TlXTIDITOR I II .•....•. . .. . , .• . ..•.•. , . • • 'J.95 
1018 IN\llN TORY MODULAR I IL •...•••... , ••• . , • . ...•• 19.'JS 
11Sl COll -80, I•'' t"ditodl (JllC.} . • • , • . • ................ .ltJl.93 

VERBATIM 
5114' ' DISKETTES 
$27 box of 10 

C..1 No . Ty·pt- USf' 

1147 Soll K<IOI" TRS·80, Appl~ 
1148 H.1rd , to hole- Nonh St.u 
1149 H.11rd, 16 hole- Mlcrppolls 

SEND FOR FREE 
SPRING 

CATALOG 
FEATURING: 

fAClORY talStt, PIQ.'°'f 1("1..110\, 
RlA.OOU TS. alClllUltS, Zt Nlti. 
TIS--80 ADO·O~. s.100 IOAll~ 
PC AIDS. nn IQUl,o\UHI, IOOKS. 
SOrTWAa(.ANDMOlC 

~~~trbb v f~~~~t ~?D~.at~i~iu:: i~j~~;c~h:~ 
no . USA. •dd S l.SO for shippina/ h.1 ndlin1, or 
Sl .SO fo,. " '' · Fo~ian .1dd n .oo lo.r s urf.ii« • 
SS.00 for "It. COD 's .1dd 85c. All il•mi. 1u.1un· 
tt'C"d uli_if .. ction for 110 d..ay5! 
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- 7400 TTL -S."CIUl)lf " ~m·111 " ~1olOON " SFlW)~ l) SNl•llWIN " SN7401ll' ,, S,"l!IH~I " SN106!N " SJl'HDiN " SNW~ ,, SW•1UN 19' 

'"""" 11 SPf1U6'4 1) SH'74163N " SH74~N ,, SNWih' "'' s•m1&-1N " SNHl))H ir. SNH&CW ., SH74169' .. .. ,_ 
x SNJ"8ZN .. SHU1611N li'!i 

S'ili'•011f ,, SNHIUW " SNUl'nt "' Sm tan~ ,. SN1.4JS!'I " S"HHOH "' SNHC$M " SHi,8611 " S..1(7•1121" "'' SM410til IA S"1lB~ "' $NW73H I" 
s.•m11Pi1 " 5oNJ49.)J •I S.•m 17•N .. 
srm1~w " SHHIHN " SNW7~ " SH7.t1~ ,, $tit7J'!llJf ., SN?4176N " S..·11~ UN " srm!U.1i1 oJ SN7A171H " sro•11S>1 " SN'T•9'4N " SN1'1,!m "' SNUllH " SNU~N " S"-1411DN " S"l1'4 MIN ,. SlfTJ.96N " $N741l lN "' SN14.l'llf ,. Slillll)fJI' '"' SNUl92N " SN 741'1"1 " s 14100N " $NUll4N "' 5N'7•2lPil " SN1J.1<11N JS s1m11S)f' I" 
SH7..1!1!1N ,, SH7l109N " SN70HH '" SH1ittH x $H7411&k "' $N1•1~ '" SH7421N " StH41'11 N " 91741i<IN I" 
!l!rt1•NH " Sl'f141nN ,. SH74191H "' SN /4XJ.H ,. SH10llH .. SK7• 192N " Slf7JJ2N " SH7Hl!N •• SN7419lH " ~!t10Thl " SN1•1?6N •• SK141t4JC .. 
SN7Jliti IS :r.N"1•1l1N " SH74195fl " s.-t7JJ9N " SP•m1')6 .. I! SH'741t6H .. 
S,"{1.t•l)H 20 S~1lU1N ,, S..'t74197" .. 
SNIUIH " $NIW1H "' SN741~ I .. 
SHUil~ .. SN14UJ"I ,., S!f14199H I .. 
SNl«lN " SN1•UCll '" 

,,,,,.,,,. ... 
S~IJ.U~ " SNl•1U"I " S.lm~IH "' SNl US.."i' ,, SPfJHl1N '" SN1'V'9H " :$.NIU~ .. Sl'f7lUIN ,,, SH1•18lH l" 
Slil1U7"4 " $.NlCISC,'i' " Slt70MN lil 
$NIUl.if " SN,'•t5tN " SN74ltSH ,., 
5.-'th~ ,. 5""Ut~rt " SNUJ65N " $.'IUSIN ,. SNJJ.1S)N " 5NU366H " SNU5Jtf " StlT"1!t•N " SN1017N " Slf7J~N ,. SPU4U~ " $H1'36'N " s.ims~ " S.."iilUW'!' " S.tit743')(1N 19' 
SH1•~ ,. S!~l<11~ 11C " 5NH:)9~!f "' 
co•ooo " C/MOS Cl).tl>ftl " C0'001 " Q).11)11 " "''""' " ""'"" " <0<012 ,, 
<0<006 ,,. 

"""" "' C04016 '" C.04D0' " ""'"' 
,, <0<041 " """" . , CO•Dll .. CD"I" ll 

0{)41)11) •• CIMO<• "' C0•"9J .. 
C.CHtlll " CO<Go r '" "" ... ,,, 
CDUJ1 2 " co.i.cm .. ~cu cog .... 
C0-01] " CD-ID'J " MClJ..llO ,.., 
C04(1 14 "' CO<ll)U " !ACIJ..,11 "" (Q.4(115 Ill COi ... 17' MCIJ..O'il .. , 
CDJ.11 1& ,, CD•CMI "' MC14"3J "" CO~ ll 1 11 """'' '" u.c:u~ " t:O'<IU .. Ctl•l).lt ., iACIJ..j.01 .. 
CD•Ol9 •• CD"'' ,, o\llCl45&1 "" "'"''" 

,,. 
CD•IB1 "' M(U~3 "' co•1m "' tD•OSJ ,,g CD•S08 '" C0tl)l2' "' co..,; '" CD.t!i1D ,,. 

CDt1)2} " ctHDY.1 '" CD4$1 I 119 
CO~CX2' " Cll'l>W I ~'ii m151s ? ii 
CO<"" " CO<IU 19 COf!i11t '" C0•02& '" CO<°" " """" I X 
ct:i•~J '' CO-IDH " """° "' 
7.CCCO " 74COO 1•C l'3 t<• 
""" " T•Cl&-1 '" l~CG-4 " '"" 

,,, 1'Cl73 '., .... •• ,..,,,,, 
"' UC19'2 , .. 

'"'a " 14C'ilJ Iii 14Cl93 141 ,,,,. 
'" 14C9~ I" 1•C19S ••• 

'"''° " 1•C1r'7 12' UC92:2 ,., 
l<ClO " uc1s1 ao 1'C$13 '" UC-2 .... 7'?M4 '"' ucms ... 
Uc.46 ,,, J IC1~7 '" 

,...,. 
"' 7J.C7.) .. 74C1li0 ,., 

""" '" '" 4181 Vil .... , ... 
~"' '" LINEAR L.M110N " """"' .. lM711H l9 

'"""' " Ur.IMDIHI 13! UAm.~tH " lMlOIChJH !! l.M34DtMI "' lM1lJH ... 
"'""" " LM34DJ.5 '" Lll1l9H 119 

"""'" 100 UIJUT .. '" LM711CN:H " ,...,,,.,, ., 
Ul)llll·I 121 LM741 · 14H " 1.Ml01CM1 " LMJ.tl)T •I? '" um7NM " lM)!)IQ11H 100 LMWJT·15 ·~ LMH&N!H )9 

lMl"91 110 LMJ•GT·1$ 12• l.M1310N HS 
Lll!Oi< <1! LMUGT·2"4 I ll LMU!ilCNtH " lMlHICN "~ lM)!IH ""' MtUMN '" lW11PMi "' LM37Dfil I 'II MClli9fol ,,, 
lMl12H 1;1 LMU3N ,,, LM149fiN ii 
tMl•tll ... LliUTIN ... LM1SSOY 115 
LMl11GN1H llO lM""" 121 liilel1115C' l.CIO 
1.N~1DN llO lMJfl~ .. LM1111 H , .. 
LUJ.20tM ,,. 

LM.311H "' ..,.,,.,,. , .. 
lMm.<·5 2 Lil l"311N "' lMJllOlN uo u.-J2Ct(.J2 1.)1 tff~1N ... llollOON "' LM»OIC· U I )! Nf>I .. ... LMJ900Nfl*Oll 48 Olmi<·•• Ill """ 

,., 
""""" " umac .z• 13> N£!131HJ\I , .. l "'39MN '" LMlXIT·S l>S """' ... M°""' .. 

lM220T·.S) ll! KE~ot. ... """ . .. uo:m·• l>S HEW.If .. ! lM1Sot~ •• LMm!T · U '" """" "' 75'51CN " LMJ211T · l~ 1>s H(lliV " 15'!20< l9 
LM.Jl'IDHI '" "'""" .. 15'!lOH H 
LMJ2'Cil ·l• "' ··- .... 154S.C04 l9 
LM'.Jt.)Jl .5 ... Hf:561B !CIO 75'91~ " lMJ?4# ... MESolltl '"' ™"°" " l.MlJ9H .. NCS&SNr'H 121 ,,..,. ... 
l.M!Ul!C·S 13' NE566CH 111 1S.!J'CH ... 
LN)AIJIC·I '" N881\11H " RC036 "' l MJ.IQl(·I 13' •mifOH '" RCC151 "' l.MJoll)(. 11 "' lMfDlCN.'H " """ .. ..., 
lMl40tt·1~ "' 1..M709!tJH ,. ... I .. ... 
H~llO .. 74LSOOTTL 1J.lS131 
7J.lSQI .. 1U.S!J9 ,,...., ,. 7•LJU " "lSIS1 

""" " 
74lSSI ,. ?tl.SIS.S 

1'\SO< " r•L.M' 19 HLS\57 ...... " 
, ,LJ!i~ ,, 

14LS160 
1'LSOll " 

7•LS7l .. rn • .s111 ,....., 
" 

T4LS1.t ,, 
7'lS11U 

11lS10 ,, l'llS75 " UL.St BJ 
UlSll " 

T.tLS~fi ,, 
1•lSIM 

l.Q.Sl:J " 
:r1u1e " Ul.5175 

UtSU '" 
141.Sll .. 1U.Slll 

Ul.SIS ,, ,,..., ,,, 14LSlllO 
7•t S211- ,. 1•tsa ,, 

Ut.Sm 
'4l.$11 " 

l4l.Sl)O " 74LSlll1 
14LSU " 7•ts'» " 14L$1SJ 

""" " 74'.Sln " 14LSl94 
l•LS21 " 14t.Sgs. " 7•LS195 
l •t.$18 " "'''" Ill 7'1.S>Sl 
1•tS30 ,. 74tST07 .. 1U$2S1 
7'lSl1 " 14tS109 •! 1<m>o 
:RSll ., IUSU2' " 7•L.S?GG 
HlN ·" 7•l.S12l "' 141.SlTI 
Ut.&A:~ " 14l$ 11S " 7fLS361 

14?.S!l? " 7'L$l!O 
?•lSl :!fi ,, 

74l~670 
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EXCITING NEW KITS! Digital 
Thermometer Kit 

R~gulated Power Supply 
s to 1s voe ® @ •Full 1,5 amp at 6 -10V 

output - Up to .5 amp 
"16V OUlPUt 

•Haavy duty nanrlormu ,, 
• 3 terminal l .C. Voll. R99. • Du1t Mnton-twltcnlng connol for ln· 
•Hut sink provldMt for door/ou1door 01 dual moni toring 

coolin9 •ffic.itt1~ :~~~~n:u~~·.}~.!°' 1·B;~ 1; ~~..:fro 100-c 
•PC Board eonstru1:1lon :::tc%~c~~~,1.·n~';i; 1~~ 1 cet1lu1 tudlm~ •120 VAC lnpu1 

= ~:~·; j~~ /~.~~·.'l .5:'e<;·~~ll1 ~t1d-!Qr Incl. •Slit! 3M'"W x5" L •2"'H 

JE210 5 10 1s voe $19.95 JE300 . ..... . $39.95 

DISCRETE LEDS - TIMEX T1001 
.200- "'· LIQUID CRYSTAL DISPLAY 

XCS56R rtd S/SI .1Z$• di• . f'lfLO CFFECT 
XCS56G green •111 XC209R rod ~ISi 
XCS56Y yoriow 41$1 XC209G Q•een 4/SI ~- • l.r XCS56C tle.1.r •Ill XCl09Y "'""" "'' ee·ee .:l:OD" dla. .11S" .... . XC22A ... 5111 XC5?6R ... SISI ... -··-· _, XCZ2G grttn •111 XCS!6G i""' 41$1 xcnv yellllw " S1 XC5!6Y 11llow 4/SI • DIOl f - tl'" CHARACT£RS .111r11111. XCS16C ""' •111 YHREI: ENUNC' I A"T0 ~ 5 MVI06 red •111 

.1t0·•11. :1.00"' X 1 Jo•• PACl(. AQE ... &·•··· XClllR rtd 5/S I INCLUDES CONNECTOR 
MV50 IOd 61$1 XClllG or•n 4111 T1001 ·Tununluni1 S7.95 

INFRA·RED LED XCll lY ,.11 ... 41$1 T10DIA·Rtlltc1Mt 1.26 ll<l'l 1W'IC1/16" llal XCll1C ,,.., •1s1 
5111 

DI PLA LEDS 
"" P'OURITY "' '"'" "" P1>W11n "' """' M .. I COTimon AtloOe·•to "' ?9S MAN 8730 C()!MIO!IAtiQof ·frd ::. I "' " ....... S• 10ct'-bll'IHtd J(jl) ... u.AH!710 Comr.IOl'l Ga!Mdc·,11':3 ·0 D "' " MAHl <:o"TllTIO'ICl:loek•trt '" " tu..lf61$0 CcrfllTIOl'l~ ·ltd .: 1 ..., .. 
"""' Coinmon ~-ttO "' 19' MA.~ 6760 (O'MIOll A.'IOOt ·ftct "' .. 
M'"IG Co'nmotlAslOCM'i/lll!l )Cl() "' IU.H61IO tcnvncn Cl11toDit -rt0 "' " M"'IY ~Allo;X·Jdow )Cl() .. Ol701 ~Al'Od1-rte:I )Cl() ,. 
""" " Con:l.TIOl'I MQOf·l td )Cl() .. "'"" ~C,..~oftd lOll .. 
M.t,_tf7• CommanQt'loof·ftd ""' "' OL1G1 tooinon""""" ·ttd lOll " MAHIZ ,,..,,,,,.._.,.... )Cl() " Dt.728 Com.'llOI' CttlOdMtd "' "' MAHI< Common ~·t'llOw JOO .. Ol1•1 CO'lllllOft~·rtd ... '" .... ,.,. ~Modt-Gr'1'Qt )CIO " O\l4i tommoe MCIOl •ltf : t .., ,., 
MAH "31l Common Mode·Of MQI :. I )Cl() .. DlW CoWllCJl!I AAOOMtd ""' I .. 
MAN 3640 Col'Jlmontall'KKll ·~ JOO .. OL149 (om'Tlon CU!lodit ·ttd : I .., 

"' MAN 1610 CO!\lnOll MGOl-o!JftOI "" .. DL7$0 Coril!IOl'll Cwioot ·1 ta "" 
,., 

'11AN •&40 CominonCfftioOt~• ... " Olllll Coimlon Cdlodf ·tta 110 " MAH•110 Common Moclt•llG '"' .. rHD70 CO'Tlmot1C1111aa. lS1l " M.AN •730 Common MoX·ncl !. I ... .. ·- CcJ.'MIO'I CCllo;lf : I "' " UAN CUO Cominon C.all!OOt -l tll '"' .. fNOl)t """"""c.oo ... "' 
,, 

MAN 4810 ColM'Of!Anoot...,tb ... .. '""'°' CO.'l'lmOO'I Cni00t1fN0500t ""' " IWAH4 .. 0 C~C.1~·re:h .,,. .. f H05o01 ComlflO'I Anocle l f~OSl<t'l ""' .. 
MA.H6610 CctnmonAllOOt·OQln;it·OD "' .. 508N1l0 CornmonA1101.1Md "" llO 

"""""' Cof'flmon Moat-or11191 : 1 "' " H()SP.J•OO Cor:n."f!Oll .t.lloot-1.a "" '10 ......... Cornmatt Cvoot·Ol'qt-0 D "' .. HDSP·lJ.el Corn!l'IOCI Cat!IOOlrrd ... "o ~ ...... CQnwnon Clltlodl ·O~ t I "' .. 501H:JOO J.1 l'QIDl9f! ·fllDP ... ''" .... ""' Cotnmo& Moel•~· "' " IOtl·rnl •• 15;1 O:t;HHOP "" .... 
""""'° COfT\lnOllC,ino«·oranut ... .. ...,.,,.. Owstfllll)I WlJWU ( .1 1) 6CIO "'° MAIU710 

AY·HllXI 
AV.S·9!00 
AY·s-9500 
AY-5-2J76 
HOD16S 
7•C9Z2 

ICMl'O<S 
ICM7205 
ICM1207 
ICM7208 
ICM7'209 

MCM6571 
MCM6514 
MCM6S7S 

TELEPHONE/KEYBOARD CHIPS 
PuSh Uutlon T~ CNIDI 

=~il:'~ua1c• 
l(eyboln! Encoder !88 UV>! KeVbolrCI Encocltr 16 Ujs 
Keyl>ll>nl Eneodtl 18 .... 

ICM CHIPS 
CMOS P11d""'1 Tuner 
CMOS l£D S-tdlrnmor 
Osc:lll1'or eomrorcr 
Srttn Otcadt Counter 
Clod< Gonorat0< 

NMOS READ OHL Y MEMORIES 
118 X 9 X 7 ASCII Snltttd witn Greek 
129 X 9 X 7 Mnh Sitmbol & Plaures 
t219 X 9 X 7 JJpti.amJmtrit Conlrol 
CIL.liracu1 Gtnetatot 

., .. ~ 
!UIS 
us 

141 .9:5 
7.95 
1.91 

24.95 
19.115 
1.50 

19.96 
6.9:!1 

13.50 
1J.SD 
1J.SO 

DIDOES '.':,';'.., '':'o\'. "'~..... I= 
rypt YOU1 W ""Cl 1"4003 XKI PIV I AMP l:UI DO 
Hllh.f 3 J 4007! 411 00 1MQO.I Q Pw 1 AMP 11/1 00 
IH7S1 S I f.Ol)n 411 00 IH-tOQ5 500 PIY f ii.Mil' 1011 00 
IH1~ 5 6 UIOn• f.11 00 lHtQ IOD PfV I AMP 10/1,00 
tN75J S 2 'DCm 4/ UXI 1tMOG1 1000 PTV I ii.MP lG.11 ,00 
HHS4 U 4«lrrn 4n 00 1"'3600 SO ~ lrt ,00 
1N7!7 90 400m 411.00 11r'414$ 15 IOrn 1511 00 
1Nl~ 11 Q 40l>fl •11 00 INOs-1 35 1(1m 12.tl DO 
l#!St 12' 41Xlm '11 00 UH:Jm 1'$ ~ 1511 .0G 
IN~ IS 400m 4t l 00 1 NU}.! S.tl I• l'! 
INS?J2 S6 5COTI 28 IH-17.JS 62 lw '2'I 
lltS.2lol 62 50l)Ji 21 1N4736 U 1• 29 
1N513S 61 SOl)n 21 1'4<41381 11 1• 71 
1NS2lfi 1S SOCWTI 21 1~741 12 1w 21 
1H~42 11 SOOrll 26 11m.u IS ... a 
IHS20 a !(!Om 211 1N1113 50PIVl!Alilfl IUI 
IN•S6 H ~ 5/1 00 um .. llXIPIVlS Al.(fl 110 1---..,..-,.,.,.,.,..,..,,,.-...,..------r---.;_..;.,..., _____ ~ llMSI 150 1m tll 00 IN11'5o 150PIVlSMlf' UO 

~AnodMtll •OO ... " !412-73"0 J. I 1 set OIQll •Hukkon\11 6CIO "" RCA LINEAR 
c.uom '" CA202ll "' CAlOlSI ,., 
CA!al'll '" CAlll< .. "" """""' 

,,. 
CAl060tj )2> 
~1 " CAlOOIN ' 

M• 
l~lP "' Uplftl.P " 1aomt1 .n 

11Jlln LP ·" 
""' lP 

,. 
UplnST "' llpln$T ,. 
11 pin ST JS 
24 cMn Sf " .... so "' 14'*1 SG " 16plft $G " lloil'ISG .!2 

ASST. 2 

ASST. 3 

ASST. 4 

ASST . 5 

ASST . 6 

"""'1H 
CAl1lOll< 

"""""' CAl009N 
C4J1l0t 
CA.lUOT 
W160T 
CA)ll)IN 

™"""' 
I ,..., 

" " " " " 
" 21 ,, .. 
" " " ., 

'" "' ,,, 

·" .2S ,. 
·" 
.2• ,. 
" " 

CALCULATOR CtOCK CHIPS MOTOROLA 
CHIPS/DRIVERS .,.,,,,, 

"" MC1C08l7 
MYSl?S '"' 

MMSl11 '" MCllDlll 
MJ.l.5731 "' 

M..Wll '" MCllJ9l 

0- '"' 
MN.S1U 4ti MC30m' 

'""" '"' 
Mt.15.116 ... """"" " 
MMUll ... U.C.10161101,1 

l! 
. ...,.. 195 MCAQ24P 
MMSJIM991A '" "°' .... ·-· It! MC&041P 

ILE lllHi SOCKETS 
"2'1 "~' • - 22• LP S 31 ·" 14 pin LP " JT 

,. .. lP " .. 
>1..,lP ID ... 

SOLDERTAIL STANDARD (TIMI '°..,LP 13 .Q -- 110imST I 'ill 

""'st I.JI 

'°"'., I .. 
SOLOERTAIL STANOARD (GOLD) 

- - 2' '*1SG S70 

WIRE WRAP SOCKETS 

1 ... 

'"' ,·. ... 
I.'• 

"' 81• 

,,, 
, ... 

" -

itPl'ISG 1. 10 
3e1W15G 165 
40Dll\SG 115 

... IO PCI 

"' IO Pel ,,,,. 

... ,.,. 
1.•$ 

.13 
100 
1.40 
1.$!1 

1.75 

1.75 

1.75 

"" us .... 
'" llO 

'·" "'' ... ... 
!iO·Hll> 

" 36 

·" "' II 
.•1 

115 
1.30 

.!I 

.to ,.,. 
,_ .. ~ 

ti "' I W !Jt,l ;'.1\,1 

ASST. 7 Su l.;M l.lu J~ 1 ; t,t !lfil.I IOl"CS 1.75 
ASST. BR Includes Resistor Assortments H (350 PCS.) $9.95 ea . 
$10.00 MINIMUM DRDER - U.S. Funds Only Sptt Sheets- 25t 
Galllomla R11ldent1 - Add 6% Satu Tar 1979 C1talao Anll1bll-S1nd 41' 111mp 

Jameco 
ELECTRONICS 
. - .. h'41.\1H l llllh'\llJ1.ol l -· 

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTR ON/CS - WORLDWIDE 
1021 HOWARD AVENUE. SAN CARLOS. CA 94070 

ADVERTISED PRICES GOOD THRU JUNE. 

IH"6.SA 180 !Om 511 00 HUlll! tel) Pl't' ls. AMP I 80 
1N4001 SO PN I AMP 1111 00 INll• •IXI P1Y lS "MP l 00 

SCR AND FW BRIDGE RECTIFIERS 

CHUI ......, 
MPSAOO 
Tlstl 
ns,. 

'"" 10'10 ,..,, 
lH'!li 
""21llA 
1:HZ221A 

'"'""' PN?mP\arllt 

"""" VQ]GQA ....,,., 
"""' """" """'' 
,.,,., _ 
'""" ILIElt!S 

"""' I,,,_ 
lllS<lY 
• .1(1!N 

'""" IOMI 

"''" ,.,.,,., .,,,,,, .,,.,., 
"'''"" 1"""111 

"""" """"" '"""' UXll116V ,_,. 

1 ~ i$1 URI SCRl211114~ 

~ "' l5llCY SCA 
t6A t.i ~ SCA 
UA Al SOY fW MIDGE AEt 
ttl" l'tXI¥ rwMCGE Ate ., ,. 

$111)1) 
11100 

'"'° "' 1.1~ 
Ill 

• i i 00 
wno 
J..11.DCI 
Sll OO 
111 .00 
"1 .00 
J.. f1CtCI 
'1100 
•noo 
411 .00 
'1100 
1f1IXI 

,.,,,,, 
ILIElllSI 
1N339? 

"""' PN3W 
.. ,1811 
Ptill~9 
MPS3630A 
MP$J102 

'"'~ MPSl704 
11<!1'5 

""""" ,,.,, .. 
lll'Sl10I 
1PQ101 
2rtm1 
mJnu. ,,117,.. 
"""' l!ll02l 

RS ,.._ 
" "°"" 1,IXt 'ZN390S 

s.r100 m.ou 
S/100 llf412J 
lJUX> PHl241 
•n.oo PKt250 
41100 Zff.4'00 
511.00 ViU(ll 

"' 00 tH4<102 SJt(IO 2N14Q3 
Sil.00 2M440it 
Sfl .OQ ZN!IOM 
~u:., 2115081 
Sil 00 2tW:a 
Sil .IX! 2KSOltU 
$/I .OD 2.ltS\29 
1'1 .IX'I PM.513' 

.M P'te\31 
100 3"$1)9 
2'. 2$ 2N52'10 
1m 2'6Ut 

Sl .15 ,., 
" I" ..,, 

41100 
•11.CtCI 
•n oo 
!nOO 
OJI CIO 
411,DO 
OIOQ 
•1100 
41100 
• 11.00 
• 111)1) 
511 .CIO 
J..11.DO 
~1 . IXI 
•noo 
• rl OO 
~t . CtJ 
sn oo 
'1100 
"1 .CIO .,, .. 
)1100 

" II 
ID 
II 
II 

" •• II .. 
" " It 

Circle 200 on Inquiry card. 



Transistor Checker 
- Comple11ly Auitmbled -

- Battery OJM.-.t~ -
1tlo ASI Tr•n,htor Ch.ctii:., It.cap • 
•bl• of cl"lac:klno • wld• r•"91t of 
tf•n1l &1ot 1-YP•·a. •ltlier ··in cln;1,tlt"' 
or 0111 ot c ircuit To opuat•, 
'l imply pluQ 1h., tu1n1l11or to be 
cli•cked Into 01• front 1111n•I 
tod:et, o' ccnMCl U w i1h in• •lll
v•tor icHp H·• ~ IHctt provld•d, 
lh• 1.1n l1 .. ,•Iv •nO •utom•1lc•llv 
l<Hnr lflH low, m~lum .,,o high · 
pow•t PNP • . nd NPN lf•ntlltCH I. 
Sli. : 3%" II&% .. It :r 

~ "C'' c~H bo1tery no1 fncludcd. 

~ Tra111·Chec:k 529.95 ea. 

DB 25 Serles Cables 
Par'I No. 
OB25P·H 
D82SP ·4·S 
OB2SS-4·S 

C.blt length Conn.ctorw Prlce 

OJt • · t 
OJtH 
OJ2"1 
0J14 · 1·14 
OJ1 6·1·16 
OJ2•·1-24 

•fl 2·DP2SP StS.95" 
4 Ft. l ·OP25Ptt-25S St6.95 ea 
'II 2·0P25S 517 95 ea 

Dip Jumpers 
1 r1 1 f4 Pin 
I II 1·16 Pin 
'" 1·24P1n 
t II 2·14 Pin 
I II 2·16 Pin 
I II 2·24 Pin 

Sl.59 ea 
1.79 •• 
2.79ea 
2.79 .. 
3 t9ea 
4.9Sea 

OB2SP {•S pictured) PLUG 1Meel5 RS232} $2.95 
OB2SS SOCK£T I Moo ls RS232) $3.50 
08511.26·1 C.b~ Cover tor OB2SP or 08255 Sl.75 

PRINTED CIRCUIT EDGE-CARO 
l!il~·lil1 -0o1&111:"'-id .Q;.e; -ltunlllil-ClJO'IUCb - ru °" lcl DJDPC Cira 

1513() PINS (Solder Eye!OI) J1 .ttl 
I 8136 PINS (Solder Eye!OI) S2.4t 
22/44 PINS (Solder EyeiOI) $2.115 
SIJl!C~ (. 100 Spacing} PINS jWlre Wrap) SUS 
SIJ/100 1.125 SP•cinol PINS Wire Wra R611-1 $6.95 

•• Solar Cells 
2x2cm 

• 0.4 volts 

• IOOmA 

• 41 MW 

Can be added in series for 
higher volt•g• or parallel for 
higher curren1. 

#SC 2x2 $1.95 ea. or 3/$5.00 

the JrdHand 
MAKES CIRCUIT ASSEMBLY A BA EEZEI 
Lots you wcrl< with both hand.. $9 95 e 
Sturdy Alum In um Conttruction. • 8 • 

'JE701 

• Clomp "3rd Hind" on 11111 
of btnch, tabla or work· 
boord. ln1tn clrC11il boord, 
pasitJon amponents. 
• flip cln:uit boon! to tt11 
position lor t0ldlrinv ind 
cllpplnf. 

• fl9h1 .300 hl. comm. c:•1k· 
od• dl1CJ1JIY 

•u .. 1 MM!i31' clock chip 
• Swl!ctlH lor ho u,., m lnul•'t 

•Md hOld modH 
• Hft.. •••llY 'oll•w•bl• 10 20 ft , 
• Slm1Jl&1ed w•lnul , ... 
• 115 VAC op•r•1lon 
• 12 er 24 "" OP1t•1 lon 
• tncl. 1U compone:nu, ~ .. & 

wall Han ttormer 
• Sin! il!iK" Jf 3 ·118" ", ,._ .. 

•IU"..,l<.ll•l•l l <l•l o .. P .. lo 

::i:.:.:.:;; ~:i"~ ~::,~.1~::~UI O ·l=:..:-·"· ... .. , ....... 

MICROPROCESSOR COMPONENTS 
---IOIU.tlOIM IUHOflT omcu--- -----CJllOPROCEllOlll llMUAU---..... C>U .. .. W·ZIO .,... ....... " .. "" Un ttci~tM:llll' "' t.Ml')P18i31 U1« Mnat ,,. 
82'4 ""°'irt•ntt11"1.'0!Comol: ' .. .. ,... ""'""""' I 00 

"'' 1~8ut 0tl'rtl "' "" Oadl Gtmrl!DllDrfiiotf "' ..... ,,,. ... ....., ,.. 
l5 13(21f0) CNractt CetwlrOl'lllppet OHi s .. , .,,. St1t1m Contraltr/B:il OrMI ... H 13(302'1J CftMKUf Gtrllr&otltottr us.11 ... 

"" StPfl'llCottltolltil ,,. 
%516 Cbalte!t•o.ntrlilO' .... 

"" Ptav CcwMI 1iV (USAAT) 191 ldM~lCH XMl·Si• Atae1 ~ Ntmorr ,,. 
"" flrav lnim.1 f"lft'ltf .... 
!2SS Proo~_,,. 1..0fF'Pfl ... .. ... 
12S7 Prco OKA ContrQll 11 .. 1101 1$PI """ $ 149 

"" f'rcv linl«IVOI ConuOI .... ""' IQ21XI °"""" .. 
----UfOlllTOf'llaS--- 1101111011 ,,... S"1ic 191 
MCOOOO ""' S14 9$ ""' 102t .X1 """ "' "'"""Cl' MPU .i-.O«i.ll'ISf\i;!! ,.,. 21L02 101-UI ''"" ... 
MCO!IQ.l.Pi 11td Slllic: Ram ... 11111111111 ..... '"" u~ ·-· flmpli lntrr ~' tue6&l0) "' 1112 ,,... SIJliC: MOS .... 
"""' Pt'lonty l!!llflllPIConrr• ''" Jllofi 102tll.C S1'1ic •SOin 991 ......... 101o:I a.1 ROM !MCM.t.30-11 .... 1mt 1o:ux.a S.ltlt4$0ftll0wpo.tr 10 .. 

"""" AsyftcfwOl'!OuS CGnim ACl,ip!M 191 :rtlt-J 102.ax.a Side JOOm. 10." ....... Stf'(111onous S.Nf OW Maoi ... 111.at -l 101u.a 5W1Cl00rwflow"°"" II .~ 

"""" HOO ~ Oiotl.111 UOOOI "" 5101 ,, .... SI« , .. 
MC0!62 2&00 bo• MoovlMot . .... SJI0/1101 . ..... °""""' . ... - ~l·Sta11MlransfMClll2'1 "' , ... .... St.ark I.IS 
- IKlllO,.flOCUIOA Ol ........ Ja.l.WGUI- 1.as200 ""'' '1Ut rtt111t .... 
Z!OCllOCJ CP1J 11195 

l'lt21 ,,.., 
'"" , .. 

l&OA(190· t ) CPU , ... UP().IU .. Oy1111l'K l6ptn •91 

''"""'" a>Ptlm C>U "" """" ... Oyn;amc 16 ptll .... ,... 
""" 1191 ..,. l ·•I MPU • l'doo.. RAM . l iO "1IK IV91 

(WXt1\.ll 
IMSt04-t· " ""'' .... 

"""' CPU ,,,. 
OHL 

IMS99<1l.< ll·lit MPU • 11'1.ara.r.att. """ftlPly fM.$4045 102.Ut SUi!lc 14.iS 

'°'~ .... >117 II.3M.XI ~-nlcl~s ... SHlfTMIHttAS 

""""'" Ml258il~ ... lf'IOllMm&rtld) - "'"'°"'- .. .,.,,., 21<XI - ' 11 00 

""""" l\r.fll11 9"1 SbllC .. 
""""" ~ IOOlil StiX so P'fllO•'I 
MM!MH D.i.11'4&1~~Cf .. ,,... ,.., IAMOS .... MMS019t :ioo.~12: .. D1'1\1mic .. lMSlS16 l lK' CPAO"'!lnlll 271G) .... 
''°" 1n.a~ '" (21 11) 'Rtqui1n sll!Oil • 5V oont swcitr 
2Stt Htl 328115UW" ... TMS2'S31 .... ""'°" .... 
"" Dual 1l29:1Stnc '" "" !K EPAOM !US 

"'' Sl2SUk .. 1111 r 1 Ill( .. [PROM " .. '"' 1~·~ '" ··~ J~-6V. •SY, • !2V 

'"' eu..t2S61c~ "' ""' 
,.., ,...,, 

"" "" ............ .., 
6l0H t761 11102• tnsum 8lpolw H9 

2'~29 Dilll il•O &SWic • 00 $DQ .11r6011 t!il -c- ,,. = ~80 .. Stulc: '" .,.,, 
'"" -"""'" l.IS 

>Ul 1u.a Su:.c: 1 91 11St15 "'"' !Mpc&1r .... 
''" r• ... t2S12'3 ma "~" 391 
7•LS67D U 4 RltQll••I filt {TtiSU!tJ '" "'" 612' ntOptnCo!IKeor ... 

UAJ!TI waa ,,. m_,,_,.. 191 
A· 'f-i-1013 »<BALJO '" 1'$211 "'' ~ .... 

=!::5= CONTINENTAL SPECIAL TIES 

PROTO BOARDS 
& ,.. ... .. ..,, •• _ _ 

... - .. ~ ..... 1111 .. -v 

.i1• a lt....ot"'• ,...to1N-1 

... Hf -ot Wlfl"• ~ ''"' 
· - -,~ .... , ..... 
~ , ... ......... _, 
•- 00 1 ...... -.-. ... "' .. 
,,_,, ___ .,. 
--·---·--"i- 11 - o ~ Uc.111 11, • 1 
ll"Oll.,,_, 1-. -•-'.l oUM 

L1W1H 
~ ..b!a. 

60i4.51 U J1 5.M 
6 0 •• s l 1.4 111.11 
6.01:4.Sal ,4 m.• 

8™ ~~.~~=:::!11 OMll 

• li:j ... 
Model 2800 

$99.95 

JE200 $14.95 

• ) f>'il! l lDO.wt.i t 

&llNIN"l"'fl • l"'°'ll'Ol ... 1 
11t ... -i - _ _,, lloo~o. 
,,, ,...,, .. tl°"""io.nOC-11 
hol'M lllot11 .ut~MOI Pl 10JI It .. 

.u1.s '""'""" •n\IOC ' "' " " 
VCI( O~• lh ... ft. - M - h - ··•llt_ ....,.,..,..,.,.._..,. 
... . _ ........ ..w ........ 
.. ... . 1\'t '""-':.n l0... V tr ..... 

rt?Ol• 

l1W1H 
{-! 

7,0 I 4.5 I 1.4 
9.0• 60 l 1.4 
g_a •a 0.11 1.4 

•124.95 

:::::.~::..·.;.~"OU""' SllUB 
1------------------""1 $10.00 Minimum Order - U.S. Funds Only Spoc ShNb - 25t 

INSTRUMENT /CLOCK CASE talHomla Rasldtnts - Add 6% Siies Tu 
1179 

Cltlloo A••llOlt-Sand 41 ' •lamp 

unll lhll is kleal tor us.es such ~ f~~~ ,,v-o 
as OVM, COUNTER. 01 CLOCK 
cases. Uhas dimensions of 4'h- "' \~1~ ,~ 
In leno1h by 4• In width by I~ · • ·'• ELECTRONICS 

PHONE 
ORDERS 

WELCOME 
(416) 592-8097 

• 

This .... , ••• 1n1•d1onme1oeo ?.s-": ,,~:,~··""·_,. Jameco 
"' V- ·-~4.\llll.llu.a"fti:w~.llC-

~~j~t 1~~e~o~ ~:i~mes fl1AIL ORDER ELECTRONICS - WORLDWIDE 

PART NO: IN-CC $3.49 each 

Circle 200 on Inquiry card. 

1021 HOWARD AVENUE, SAN CARLOS, CA 94070 
ADVERTISED PRICES GOOD THAU JUNE 

The Incredible ..-ii...., 

"Pennywhlstle 103", .. li••~~~ 
$139. 95 Kii Only~-~··-1 

1111 ,...,.1111 llD Is C.IQacit G1 ~Ito; Ol1I Ut lfld from ILM!lo ~ .W.ou! 
"1\IQI S.0.(1(1 ~.m.l'lt' lor fll •ICOl(lfr .,d It l:l 1ble tit cvrrv:nunia\1 dlrildt)o lfl1fl. 
anc1'r..rtl'IOOltt1M'ICltarmlnlllor'•~ · ·riinvn1ng ·· ~QOITll'llul'lleation'4 n 
lllklll1011 , ll l1lm~cNlicll11tJ11tl111Mt1 11K1 h bulbwttr.non-tttetllto!l , ru~WllLl1tlt 
0&11.S • 
Gm T1MaMlJal .. ..._, ••• •• FftlllllttlC)'-SNI It~ P~-Or.IOic• lh.&IT.Ou:itc1 

- I 
Ktdro.Dlltt~ .........•. )00 ... ..., 
O.la hralt ..• •.. . ••.•• ,,, .. ~Srl\&l l11'Mnl0"'6r'll 11Wt ffQLn:td 

tlc'Twlil!l.ac.h<N#IC:ti'J 
~ Qt,.l ,~ .. la . .. .21n$ Kl IOt SPICll. 2'2'1~ tU PGt rn;irt 
TrutLIDll a-i Ffttttildrl . . Slll'll.clii wtee~ Low jl'IOflNf) • 107G tpa, 

1270 llllrti. H1gfl • 1n$ Jp.ICt , ln5 mlrll 
""41WI hll&fhlty ••• ••••• •. - '6C'!li!Tl-kt0t.IS1~C&Kdt0 
ftu111I U-... •• •. , . , , . •• • •• - lS dM nominal M1n1a~ ~rom - 6 ~m 

to - Z.O®'n 
kal" ,.,...fllCf '"''"'net ... rruu111(1 r111J1t11 ui 11.11ism.111c• 1Jy •Orum 10 

lilow 101 OPlllloffOl'I bttwftll 1 llCO Rr .n'24GO lll-
1M9Jt110a\l ll'llldtui ••• • ,,, •• ,f IA Pl&·l32C i:-t 2(1l'MCWtltll1ooci (f1CllYll l IJ 

OIPlGltioll!l<llllllnon·ilOlltl 
.......... ltMilltl ••••••• • 120VAC. 1.l'9tpll.lw. 10Wt1n 
""'UI ••••••••••••••.. -· . .JJI comPQllll\ft mounl Ol'I I ' ln-;ilt r llT t' 

Ottn:fd NC11or f!olr:I All compontrl5 Wldl.lded 
Rtl:~CJ1 I VOM, Alldio DsULlUI. fflCl\lltllC'I' Cowillt IW'ICl/or ~ ta ~ 

TRS-80 
16K Conversion Kit 

Expand your 4K TRS ·BO System to 16K. Kit 
comes complete with: 
• 8 each UPD416·1 (16K Dynamic Rams) 250NS 
• Documentation lor conversion 

TRS-16K $99.95 
COMPUTER CASSETTES 

, 6 EACH 15 MINUTE HIGH 
QUALITY C·t5 CASSmES 

• PLASTIC CASE INCLUDED 
t 2 CASSffiE CAPACflY 

• ADDITIONAL CASSETTES 
AVAILABLE IC· 1S.S2.SO ea 

CAS-6 
$14.95 

UHF Channel 33 TV lnlerface Unit Kii 
>Yid• Band B/W or Color Systom 

>I- Converts TV lo Video Olsplay ror 
ho:1)e computers, CCTV camera • 
Apple ti, wort<s wllh Clomeai llaz. 
zle!. SOL·20, !Rs-BO, Challfogor, 
elc. 
MOO II Is pr81uned 10 Channel 33 
(UHF) . 

• includes coaxi•I cable and '""'"" 
trans!ormcr. 

MOD II $29.95 Kit 

~LL 'L~*l! liti.I/ 
Modol PtlO lndudn 2·100. '1'DDl1 di AWG 
winiwr1Pwlr1 

Hexadecimal 
Unencoded 

Keypad 
19·key pad Includes HO keys, 
ABCOEF and 2 opUonal keys and a 
shitt key. $10.95/aach 
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Universal Interface Converts I BM 
Selectric Typewriters 

This universal interface unit has 
been des igned for IBM Selectric type· 
writer conversions. The unit will Inter· 
face to any RS -232, IEEE-488 or par· 
allel port . A microprocessor is included 
on the circuit board for data flow 
contro l, formauing and character se t 
selection. Installation on the Selectric 
is easy and does not affect normal 
1ypcwriter operation . For those who 
do not wan t to convert their own 
typewri ter , the company provides fac
tory installation service. Selectric type
writers with conversion systems in
stalled in accordance with factory 
instructions are still eligib le for IBM 
warranty and service provisions. For 
further information, contact ESCON 
Products Inc, 171 Mayhew Way, Suite 
:<:J4, Pleasant Hill CA 94596. 

Circle 581 on inquiry card . 

Printerm Model 879 Micro/Mini Printer 

The Model 879 Micro/Mini printer is 
a high speed bidirectional printer which 
prints 120 characters per second at 75 
lines per minute. It has a 9 by 7 or 9 by 
9 high density matrix format, and pro
vides up to four copies. The Model 879 
has an ASCII 96 character set (upper 
case, lower case and triple wide expand· 
ed) and is operator switch selectable for 
an 80 or 132 column format. This RS-
232 and parallel interface printer is 
available with roll paper feed, comb in a
tion pin form and roll feed, or tractor 
feed. It conlai ns 2 K bytes of memory 
for full page video dump. The price is 
$1395 for 1he standard model . For 
further in formation, con tact Printer 
Terminals Corp, POB 535 , Ramona CA 
92065. 

Circle 582 on Inquiry card. 
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PERIPHERALS 

Low Cost Modification to DECwriter 
Printer Adds Graphics 

The Graphics 11 system is a low cost 
graphics modification for the Digital 
Equipment OECwriter 11 printer. IL is 
avai labl e to upgrade ex istin g printers, 
or ca n be factory installed with a new 
printer. The Graphics 11 system con
sists of a rep lacement circuit board for 
the DECwrlter II and Is plug compatible 
with internal cables for simp le installa· 
tion. The new circuit board uses the 
Fairchild F8 microprocessor. 

The DECwriter is a dot-matrix 
printer, and the Graph ics 11 al lows 
printing of a dot anywhere on the 
page. Bidirectional line feed is intro
duced, and the Vector Graphics capa· 
bilit y allows the prin ting of a line 
between any two poln1s on the page by 
using ASCII characters to specify the 
end point coordin ates. This means that 
graphics ca n be generated by using the 
printer keyboard. 

ASC II and APL character sets are 
standard, and other character sets can be 
used . Characters can be printed in any of 
'four rotational orientations, and prlnied 
norm al size, heavy bold face, or ex
panded width. The printing of bar code 
is also available. 

The average prinler speed has been 
increased to 50 charac 1ers per second , 
and data may be transmitted in bursts of 
up to 1000 characters at 1200 bps. 
Other features included as standard are 
EIA RS-232 , 20 mA current loop and 
TTL interfa ces. auto linefeed, top of 
form, and horizonlal and vertical tabs. 

The Graphics II system is priced at 

High Density Video Programmable 
Memory Module 

The MTX -2064 and MMD-2480 are 
new members of 1he Matrox video 
programmable memory family (VRAM) 
of TV video cont roll ers. The family 
provides an Interface between any micro· 
processor and a TV monitor. On the 
input side the VRAMs look like a 1280 
or 4098 by 8 bl! sta1ic programmable 
memory with an access time of 500 ns. 
The output of the MTX-2064 is a video 
signal providing a flicker free display of 
20 lines by 64 uppe r and lower case 
characters. The MMD-2480 provides 24 
lines of 80 characters and limited grap h
ics capability. No external refresh or 
memory is required. Any character may 
be displayed normally, inversely or 
bl Inking. 

The bus structure permits direct 
Interfacing to most micro and mini
compu Lcrs. Being pan of memory, 
the full power or rhe processor in
struction set Is available for display 
man ipulations. A universa l phase lock 
loop module permits the MMD-2480 
to be locked to an cx1crnal sync source 
such as a TV camera. Another opti9n 

$850 as a field installed circuit card . 
For further information, contact Sela
nar Corp, 3054 Lawrence Expressway, 
Santa Clara CA 95051. 

Circle 584 on inquiry ca,d. 

available for both models is a choice 
of American and European television 
standard field rates. 

The units are completely self-
contained and ready to use, Including 
sync generator, programmable memory, 
read only memory and bus Interface . 
They are housed in pin compatible 4.5 
by 6 by 0.5 inch (11.43 by 15.24 by 
1.27 cm) modules and draw under 800 
mA from a single +5 V power supply. 
The MTX-2064 is priced at $295 and the 
MMD-2480 is $395. For fu rth er Infor
mation, contact Matrox Elccrronlc Sys
tems Ltd, 2795 Bates Rd , Montreal, 
Quebec CANADA H3S lBS . 

Circle 583 on inquiry card . 
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• Five Gould "O" Ni Cads 
• Acoustical Couple r 
• Bnttcry Charger 

This precision 110 assembly fea1ures 
remote soltware controlled search 

~l~:b~~f~;5T~~~~d~~=n~~~~:.~~l~g 
control direction and speed of the 
transport . 
The assembly consists of a Raymond 
cassette lransport, chassis, molher· 
board and lhree edge cards: read/write. 
capstan drive & control card. 
Current replacement valued at over 
$700.00. Schematics and complete 
documentation Included. USED. but In 
excellent condition. 

• DB25 C 11blc 
. Shoul der etorp 
•Full Oocu mer.~atlon 
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W~at's NewP 
Polytol)IC Keyboard System Generates 
Orchestral Textures 

Energy Monitor Saves Money 

The Energy Monitor is an electro nic 
dev ice with a bu ilt -In microcomputer 
that budgets energy use on a dally basis 
and converts kW usage to visual dollars 
and cents. The amount of energy used 
is continually and automatically dis
played In dolla r amounts on a ligh ted 
digital display. Set a budge t, and if 
usage exceeds the desi red budgeted 
amount, a warning flashes. At the end 
of the billing peri_od the Energy Moni tor 
automatically resets to ze ro and stans a 
new month 's computation. In addi· 
tion to the savings on utility bills, 
consumers arc en titled, under the 
Energy Tax Bi ll, to receive an Invest· 
ment tax cred it for the purchase of 
th is ene rgy-savi ng tool. 

Installation is simple and Inexpensive. 
A li ghted panel displays eight function s: 
current dol lar cost for energy used, 
projected amount of next bill , amount 
of las t bill , billing d~te, chosen energy 

Computer Desk for Cromemco 
Computers 
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MISCELLANEOUS 

The 1550 Strlngz·n-Thlngz kit Is a 
polytonlc key board system from PAIA 
Electronics, 1020 W Wilshire Blvd, 
Ok lah om a City OK 73 ·116. This multi· 
purpose Instrument Is capable of gen· 
cra ting orchestral textures consisting 
of violin, cello, and piano voicings. 
A separate output also provides piano 
only, to allow separate processing, 
amplification, or mixing of the two 
types of voices. A full com pl emen t of 
operator controls al lo ws switch select· 
able keyboard split, separate mixers 
for upper an d lower keyboard, variable 
vibrato and chorusing rate and depth 
controls to allow recd organ and pipe 
organ voic ings, and variable sustain 
control s fo r piano and strings. 

A standard ga te trigger jack allows 
the 1550 to be Interfaced to any of 
the commerc ial syn th esizers which fea· 
ture systems interfaci ng jacks. This 
al lo ws capab illtles fo r brass synthesis, 

bu dget, cost per kW hour, date and time 
of day. · 

The uni t retai ls for $295. For further 
Informa tion, con tact Dupont Energy 
Manageme nt Corp, 330 I Con flans, Suite 
102, Irvin g TX 75061. 

Clrclo 606 on lnquhy ca1d . 

Cromem co Is offering a new com· 
purer desk for the System Three and 
other Cromcmco computers. The desk 
is styled an d constructed to fit In to 
any office surro un dings or professional 
environment. The computer is mounted 
Into a special shelf under the desk. 
Th is leaves th e top free for a termi· 
nal, printer, or other unit, or as a work 
surface, whi le still providing the oper· 
ator easy access to the computer for 
disk load ing and unloadi ng. The desk· 
top is an att rac tive beige color designed 
to harmonize with the medium light 
wood veneer ends. The top surface Is 
a tough, lam inated plastic. 

The Computer Desk {Model Z3 -
MDSK) is availab le for $695 . For ad di· 
tional information, contact Cromemco 
In c, 280 Bernardo Av, Mountai n View 
CA 94043. 

Circle 607 on Inquiry card. 

filtered strings, and other polyton lc 
synthesizer effects. 

Optional features Include foot pedals 
for volume or sustain time control , 
foot switches for sustain control, and 
the 1551 stereo option to convert 
the mono string output to a true stereo 
output with two switch selectable modes 
of stereo operation. Other options 
include a processor interface to allow 
memorization of string or piano parts 
for later reproduction at any tempo 
and key desired. Also , the processor 
interface will allow the 1550 keyboard 
to simultaneously control a modular 
polyphonic synthesizer system. 

The complete Stringz-n-Thingz kit 
including 84 page , step·by-step assembly 
and operation manual is available fo r 
$295. 

Circle 604 on Inquiry card. 

Right Angle PC Mount Original D 
Connectors 

An expanded range of right angle, 
printed circuit mount original D type 
subminiature connectors has been Intro· 
duced by Souriau Inc, 7740 Lcmona Av , 
Van Nuys CA 91405. The 831 series 
has been updated to include a fixed 
contact strap and a nonmetall ic, fully 
insulated plastic mounting bracket and 
a new Underwriters Laboratory 94-VO 
rated thermoplastic Insulator with a 
temperature range of - 55°C to +105°C 
(- 67°F to 221°F). The 831 ser ies 
modifications are available In all layou \s 
from 9, 15, 25, 37 to 50 pin and may 
be used with units from competitive 
manufacture rs. 

A comprehensive 12 page catalog 
detailing submlniature · D, origin al D, 
D*M, and Norman/D connectors and 
accessories Is available free upon 
request. 

Circle 606 on inquiry cord. 

Standard Reference Alignment Cassette 

Magnetic Informat ion Systems has 
announced the Introduction of an align· 
ment refe rence metal cassette for use in 
the ca li brating of digital an d word pro· 
cessi ng equipm ent. Th is cassette is pre· 
recorded at 1600 flux changes per inch 
(FCI) on an optical alignment recorder 
which employs precision magnetic heads. 
The magnetic tape Is especi ally made for 
the digital reference tape application . · 
These cassettes are priced at $12.50 and 
are avai lable in several special configu
rations. For further information, contact 
~·hgnetic Information Systems Inc, 415 
Howe Av, Shelton CT 06484. 

Circle 608 on Inquiry cord. 



ITHACA AUDIO 
THE OEM MARKETPLACE 

Assembled 
Added at 

and 
Ithaca 

Tested 
Audio 

Field-proven 
reliable engineering 
Over 15,000 boards worldwide prove Ithaca 
Audio provides the quality and reliability you 
demand. 
Ithaca Audio Boards are fully S-100 com
patible, featuring gold edge connectors and 
plated-through holes. All boards (except the 
Protoboard) have fully buffered data and 
address lines, DIP switch addressing, solder 
mask and parts legend. 

• Z-80 CPU Board still the most power
ful 8 bit central processor available. Featuring 
power-on-jump, provision for on-board 2708. 
Accepts most 8080 software. 

A&T 4 mHz 1205.00 
A&T 2 ·mHz 175.00 

Blank PC 35.00 
• Disk Controller Board controls up 

to 4 single or double sided drives. Supported 
by a host of reliable software packages: 
K2 FOOS, Pascal, Basic and complete diag
nostics. 

A&T 
Blank PC 

$175.00 
$ 35.00 

• K2 FOOS Disk software in the DEC 
tradition. Includes character oriented text 
editor {TED), File Package (PIP), Debugger 
(HOT), Assembler (ASMBLE), HEXBIN, 1 
COPY, System Generator {SYSGEN) and 
more. Command syntax follows Dlgital's 
OS-8/RT-11 format. First in a family of high 
level software. Basic and Pascal available 
now. Soon-to-be-released Fortran. 

K2 Disk $ 75.00 
• Video Dlsplay Board features the 

full 128 upper/lower case ASCII character 
set. Easy-to-read 16 line x 64 charact.er 
formal can be displayed on an inexpensive 
video monitor or modified TV set. Includes 
TIY software. Add our powerful K2 FOOS to 
create a versatile operator's console. 

A&T $145.00 
Blank PC $ 25.00 

• BK Static RAM Board High speed 
static memory at a reasonable cost per bit. 
Includes memory protect/unprotect and 
selectable wait states. 

A&T 250 ns 1195.00 
A&T 450 ns 165.00 

Blank PC 25.00 
• 2708/2716 EPROM Board Indis-

pensable for storing dedicated programs and 
often used software. Accept up to 16K of • 
2708's or 32K of 2716's. 

A& T (less EPROMs) 
Blank PC 

2708 EPROMs 
Ci rc le 190 on inqu iry card . 

! 95.00 
25.00 
11.00 

The leading manufacturer of blank S-100 
boards is adding a new wrinkle-now all their 
boards are available assembled and tested. 
"This is a natural progression for the com
pany" according to Mr. James Watson, 
President. "Actually we've been supplying 
assembled and tested for some time to our 
volume customers and OEM's, particularly 
those overseas. Our production staff Is now 
fully up to speed, so just about everything is 
available from stock." The company sched
uled 6 months to phase In assembled and 
tested to allow time to build base inventories, 
before offering the boards to the public. "We 
feel this Is quite Important. A lot of companies 
have earned themselves a bad name in this 
business by announcing products they can't 
really deliver. We simply won't do that. " Mr. 
Watson further explained that Ithaca Audio 
intends to remain leader In blank boards and 
expects to release a minimum of 6 new 
designs by August, which will be offered both 
blank and assembled and tested. 

Memory Prices 
Tumble 
Ithaca Audio first to break 
1¢/Byte Barrier 
By cutting prices for 32K of RAM to $319 
Ithaca Audio becomes the first computer 
vendor ever to offer high speed memory for 
less than a penny a byte. Commenting on the 
announcement, Steve Edelman, Director of 
Engineering said "Just a few years ago 
people were wish ing for a penny a bit, and 
even now memory for most large computers 
costs about 2e/byte and that's only in 1 
Megabyte chunks." In fact It 's the relative 
modest capacity of the 32K board that makes 
it so interesti'ng. Users need not buy the full 
64K to take advantage of the low price per bit. 
Furthermore, the board Is available both as a 
kit and assembled and tested. 
Delivery is stock to two weeks. Pricing is: 

• 32K kit 1319 
• 32K A&T 359 
• 64K kit 645 
• 64K A&T 695 

8" Disk Drives 
Shugart compatible Memorex 550's are in 
stock. 
Single and double density compatible, 330K 
bytes capacity with our controller or use your 
own. 
Either way $456 

Protoboard Universal wire-wrap board 
for developing custom circuitry. Room for 
three regulators. Accepts any size DIP 
socket. 

Blank PC $ 25.00 

Pascal/Z Ready 
The first Pascal Compiler for the Z80. and the 
fastest Z80 Pascal ever is now ready. Over 
one year in development, Ithaca Audio was 
obviously pleased with the results. "We really 
have outperformed them" states Jeff 
M 1skow, Director of Software Engineering, 
beaming over the recently released bench
marks, in which Pascal/Z averaged better 
than five times the speed of a recent P-code 
Implementation. 

"Pseudo-code means a vendor only has to 
supply one compiler to lots of people using 
lots of different machines, end that makes his 
life very easy, but it also means users' pro
grams execute significantly slower. There
fore, we chose to write a native compiler that 
delivers fast re-entrant ROMable code, with 
no need for an Intermediate language and 
interpreter. That's where our speed comes 
from ." As a matter of fact, Pascal/Z is often 
twenty times as fast as UCSD's implementa
tion and may well be faster than dedicated 
Pascal machines such as the recently 
announced Western Digital Pascal Micro
engine.'" Unlike the Microengine, Pascal/Z 
does not require any new special CPU 
hardware and has the added benefit of com
patibility with existing Z80 software. 

Operational requirements of Pascal/Z are 
the Ithaca Audio K2 Operating system and 
48K of memory during compiles. The output 
is standard Z80 Macrocode which is linked 
and run through the Ithaca Audio Macro
assembler. Binary files may be as smell as 
2.5K, or even less If the full library is not used. 
The compiler, including the Macroassembler, 
Is available on an 8" K2 floppy disk. Price 
including full documentation is $175.00. The 
Macroassembler is available separately for 
$50.00. Delivery is from stock. 

More Software: 
For those that don't require the speed of a 

compiler like Pascal/Z, Ithaca Audio also 
offers the convenience of BASIC. BASIC/Z, 
an extended version of TDL's Super Basic, 
runs in slightly over 12K and is supplied on an 
8" K2 disk for $75.00. 

SAVE Even More -
When you buy your software as a package 

K2 and Pascal/Z $225 
SAVE $25 

K2, Pascal/Zand Basic/Z $275 
SAVE $50 

HOW TO ORDER 
~~~.ic~~M~~~~~Yu~~~~xinclude S2.00 shipping per order. 

For technical assistance call or write to : 

ITHACA 
AUDIO 
P.O. Box 91 
Ithaca, New York 14850 
Phone: 607/257-0190 
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Personal Computer Software Packages 

GRT Corporation's G/2 personal 
computer software group has introduced 
15 program packages containing 26 dif· 
ferent programs for education, family 
entertainment, personal development 
and household data management. The 
G/2 line is compatible with the Radio 
Shack TRS-80, Apple 11, Exidy Sor
cerer, Processor Technology SOL and 
Southwest Technical Products 6800 
computers. 

The firs t available G/2 System 
Software includes two BASIC pro
gramming language packages by Micro
soft. The G/2 Standard BASIC for 
the Sou th west Tech 6800 computer 
is faster than Southwest Tech's BASIC, 
and offers 6800 owners a significantly 
broader selection of application pro
grams. The G/2 Extended BASIC for 
the Processor Technology SOL is totally 
co mpatible with SO L's operating system, 
and provides features not available In 
Processor Technology BASICs. 

Every G/2 produ ct is produced on 
a tape cassette and packaged in a sturdy 
hard cover book style box along with an 
instruction manual. The application pro· 
grams include source listings. Tbe price 
for the G/2 personal computer program 
packages is $14.95; $34.95 for the 
Southwest Technical Products Standard 
BASIC; $49. 95 for the SOL Extended 
BASIC. For further information, con· 
tact GRT Corp, 1286 Lawrence Sta
tion Rd, Sunnyvale CA 94086. 

Circle 5 7 5 on Inquiry card. 
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SOFTWARE 

Time Series Analysis and Statistical 
Software Package for North Star 

Potters Programs, 22444 Lakeland, 
St Clair Shores Ml 48081 has announced 
a comprehensive time series analysis and 
statistical software package written in 
BASIC for the North Star floppy disk 
system. This package al lows the user to 
load data Into disk data files, edit the 
data, analyze it with a series of programs, 
and output the data in various conven· 
ient formats. 

The analysis programs include a fast 
Fourier transform, au to correlation, 
cross correlation, distribution function, 
probability function, negative peak, posi
tive peak, average, root mean squared, 
and various statistical and correlation 
calculations. The data can be recorded 
on disk from manual input or from ana
log to digital converters. It can be 
scanned and edited to remove obvious 
noise, and any part of the file can be 
analyzed by any of the methods. This 
package is available on North Star disk 
for $ 120. 

Circle 5 76 on inquiry card . 

Learn PET BASIC 

PET BASIC Comp/eat consists of 
twenty lessons of PET BASIC, including 
all the major BASIC keywords, cursor 
control, screen editing, and use of the 
graphic characters. This two cassette 
tutorial is especially designed for begin
ning Commodore PET users . The 170 
page manual which accompanies the 
cassettes Is indexed for quick reference, 
three hole punched for easy review, 
and reproduces all data appearing on 
the screen (except PET's graphics). 
Quizzes and exercises add to the fun 
of learning how to use and program the 
Commodore PET. The package is priced 
at $39.95 . For further information, 
contact ARESCO, POB 43, Audubon 
PA 19407. 

Circle 577 on inquiry card . 

Accounting Programs for Small 
Computers 

The Standard Software Library is a 
series of books containing I is tings or pro· 
grams written in BASIC with complete 
documentation. Each volume in the series 
is devoted to a single application. 

The first three volumes deal with ac
counting programs for sm all computers. 
Volume 1 (General Ledger) enables a 
small business to set up a fully automated 
general ledger system with a complete 
chart of accounts. Inc luded are programs 
for editing, sorting, merging and posting 
of transactions. A trial balance report is 
available in either summary or detail at 
the user's option. Income statement and 
balance sheet reports may be obtained at 
the close of each accounting period with 

Software for the PET and TRS-80 

Speakeasy Software has announced 
the availability of consumer oriented 
software for the PET and TRS·80, 
in addition to the Apple versions. The 
titles fail into two categories: the Con
tinuing Education Series, which includes 
financial analysis and transactional anal· 
ysis; and the Home Entertainment Series 
with Warlords, Bulls and Bears, Sports· 
trivia, Microtrivia, and Kidstuff. For 
further information, contact Speakeasy 
Software Ltd, POB 1220, Kem ptville, 
Ontario CANADA KOG 1 JO. 

Circle 578 on inquiry card. 

Software and Hardware for Jolt and 
TIM Owners 

Three new products have bee n 
announced by The 6502 Program 
Exchange, 2920 Moan a , Reno NV 
89509. The JAB (Jolt Adapter Board 
Kit) is a hardware device designed to 
interface the Jolt computer to the 
KIMSI S-100 interface. The $19 JAB 
Kit includes a manual and all parts 
except the Jolt connectors. 

A program called ERAC (Editor 
and Resident Assembler Controller) 
was developed for users of the re ad 
only memory version of the Jolt Resi
dent Assembler. ERAC allows source 
text and object code to be placed in 
programmable memory. Residing in 
2 K bytes, ERAC is an extension of the 
RAP. A paper tape is ava ilable for 
$5 and the manual is $4.50. 

LEDi P (Line Editor Program) is a 
compact line oriented text editor that 
readily lends Itself to modification or 
expansion. LEDi P will output source 
text· suitable for usage with the program· 
mable read only memory version of the 
Jolt Resident Assembler. The paper tape 
ls $2.75, the manual is priced at $3.25 
and the cross assembly Is $5. 

Circle 579 on inquiry card . 

both current and year-to-d ate totals and 
percentages. Volume 2 (Accounts Re
ceivable) provides a fully automated 
system for dealing with customer ac
counts. Volume 3 (Payroll) enables a 
business to automate all of the normal 
payroll functions. 

All of the programs are written in a 
level of BASIC which is common to al
most all current microprocessors and 
minicomputers. The modular nature of 
the ptograms and the accompanying 
documentation make it easy to revise 
the program to meet special user re· 
quirements. The price of the Standard 
Software Library is $49.95 . For further 
information, contact Creative Compu ter 
Consultants Inc, POB 2111, Norwalk CT 
06852. 

Circle 580 on inquiry card . 
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NCE COMPUMARTS 
PET WAREHOUSE ~'- ~J ... 

,..~ ·· 
We have more PET1 then onyone, call tor quick delivery. -· . .,,,,. -

Ou.r recondl1ioned paper tape Reader/Punches are reli· 
able performers and now for a limited time th ey're all on 
sale l The serial Read er/Punch which was $950 is sale 
priced at $850. The Reader/Punch alone Is marked down 
from $175 to $157. prices with interlace follow: 

c PET 

PET ACCESSORIES 
----..;;;;..::..:::..,tommodore Dual Floppy Disk Drive .... . . .. . $1295.00 

New I PET Terminal Package ...... . ........... $69.00 

4K - Keyboard C ........ . .. . ..... . . .. ..•..... $ 595 
SK - Keyboard C ... .. . ...... .. ... . . .. .. .... .. $ 795 

16K · Keyboard B . ..... ... , ............... . . . . S 995 
t6K • Keyboard N ......... . .. . . . ...... . ....... S 995 
32K · Keyboard C ......... . .. . ...... .. . ..... . . $1195 
32K - Keyboard B ........ . . .. . .......... . ..... $1195 
32K · Keyboard N . .............. . .... . .... .. .. $1195 

C - calculator keyboa rd (only ve rsion with tape deck) 
B - large business keyboard without graphics symbols 
N - la rge keyboard with graphics symbo ls 

apple II 
Buy a 48K Apple II, mention this ad and take $200 In 
accessories free (i i ordered together). This offer is good 
for $150 on 32K and $100 on 16K Apple ll's. Now you can 
enjoy more of the best for less. 

16K Apple II - $1195 (take $100 in lree accessories) 
32K Apple II - $1345 (take $150 in free accessories) 
48K Apple II - S1495 (lake $200 in free accessories) 

Appl• II Acce11orlea 
Centromcs Printer Interlace . . .. ..• .. . ..•.. . ... f225 
Disk and Cont roller .... .. .... ........... . .. . . .. $595 
Second Disk Drive ... .. . . ... ....... ........... . $495 
Parallel Prin ter Card .... . .. .... .. . ... ..... ..... $180 
Communications Card .. .... ..... . .. ........... $225 
Hi-Speed Seria l Card ............... . . . . ........ $195 
Flrmware Card .. ........ . ...................... $200 
Hobby/Proto Card .. ... .. . .. . ... .. . .. .. .. . ....... $24 
Microverter AF Mod .... .. ........ . ...... .. ... . .. $35 
Sanyo M2544 Recorder ........... . .. .. ....... . .. $55 

Second Cassella - from Commodore ........ . $95.00 
Commodore PET Service Kit . ... .. ... . ........ $30.00 
Beeper - Tells when tape is loaded . .. . ........ $24.95 
Petunia • Play music from PET . ... ... .. .. ... .. $29.95 
Video Buller · Attach another CAT ... .. . . ..... $29.95 
Combo • Petunia and Video Buller ... .. .. ... .. $49.95 
New Serial Printer Interlace for PET . .......... $79.95 
Integral Data Printer w/new Interface . ... . . . . . $676.95 
PET - Compatible Sotoctric In Desk ... .... .. • $895.00 
ITY KSA-33 Screen Printer for PET .. ·lll!D· $395.00 
Originate/Answerback Modem for PET . . . .. ... $320.00 
Bl-directional AS-232 Interlace .. . ... ... ...... $280.00 
Betsi 4-slot S-100 Motherboard .. . . . . . . ... ... $160.00 
S-100 PET Interface was S289.00 SALE . .. . .... $99.00 

OF THE 
MONTH 

~- NEW PET _ ____. 
TERMINAL OPTION 

• Get a PET & a termina l i n one 
~i. • Data rates to 2400 baud 

ft\~ • Full Duplex operation 
• Auto line wrap-around 
• With or without auto line-feed 

Buy any model PET & gel a free NCE PET 
terminal option, normally $69. Now your PET 
can handle two different jobs. You can use 
the PET for a powerful BASIC computer or 
you can load our machine-code program to 
use the PET as a dumb terminal (not both at 
once). Please specify this option with order. 
For those of you who already have a PET, you 
may order an NCE PET Terminal option sepa-

H azelti ne L.-ra_te-ly f_or_$_s9_. -~___.... -1400 LOW-COST PRINTER 

Now a 5th Generation 
in Terminals : 
Immediate Delivery 

Hazeltine 1410 with numeric keypad $835 
Hazeitine 1500 full of features - $999 
Hazeltine 1510 with buffer logic $1149 
Hazeltine 1520 with printer interface $1499 

call or write for more information 

Circle 283 on inquiry card . 

FOR PET 

INTRODUCTORY 

PRICE $395 

PROGRAMMER 
•1 • •u:io c•mM1 ocr11 !l•c •.rru1 
Ulk."\IU.100 COftfl"t'<l(!r ~ 

Reg. $59.95 ~0$49.95 

lnfer!oce Interlace fnler1ace Interlace, Power 
Model Added and Powor and Enclosure 
Serial S472 S6t6 S850 
Parallel S355 S598 S675 

r;j.\0'{ 

SORCERER 
for $895 

•'"1f· lllell fJC U••rti""'•d 
• Uutcht•111t1l• c Pt•r1C11•1 

•Up tu lHI Ort l"U•dlFl.111111 
• 1 .. 1ucu119'9dtl1lllOMPAC1 
•l-D•llcl,,"'117 

l np w•Uuto •fl ou• c a1•1og t1mp1 1 .ldd 
.. rn1;11'HIOt ind l1p c.> cl'&t • G lo (Qnl 
plelu 111-0 S'(1.1<'m Con bo uM!'d.'11.d 
1erm.inal l.il ct r ROM P-.c~ .. 111 on~ · 
l 90 AUurttbl,.- lan'()UOQC' ,r, pl 

• lll111f11n1UililoMaoROM 
~~~ :o~:,;~ ~r.io~~·o~~~~~ 

• c,n1Cu111111 o 
COa-Ol w11.01 a ''"~m r,,, 109~ 

• S 111.,1J 1ndlil'1 1&ll1 I I 0 

• Compt111 0:>1•110., Menull 
• an1, .. n 

.... 
11150 
IUH .... 

50% OFF 
CENTRONICS PRINTERS 

Refurbished . excellent work ing condi tion. 90 day war
ranty. 10 day return privilege of cou rse. While th ey last. 

Model Sjltcitlt •llon• Cenlron~u •c• 
l.nl P1lce 

CENTAON ICS 100 60 CP• 131 ti' $ • 1 cn111• 111t1or SI 510 • .,. .... 
CfNTROHICS 701 S•me 11s 700 t>1011ftclu:1 n•I 1 e1s 1,045 

CEHTRONICS 703 6 1d1 recl1M11I tlt!lcp" IJ?col &t 1 :_l90!i l ,tlt !i 
• 7 Cl'llll&ll•C IOI lll!'C!(f 

CE NTR OHICS 77!) 60 100 CP• fl0 t )2 col 6-IS • 7 '2 ~0 "' Ch•rs 

CENTJ\ONI C.l!I 710 fi0CP• GO cot 6' $ • ; C' n11r& .... l.09~ 

CENTRONI CS 71, '9:i01l(ICl1on•I 60COS 80col $.4 '"" •.115 
S ~ 7 ctt11•11• Cfor IHd 

Cl!NTRONIC S 761-1 K11ybo•rd tt1n 0 '1•cctl\IO OldlfGC• ''"' l ,02S 
tKSRI 1+ot111160cp•, 132column 6A 7, 7 

c nara lr.sC101 !Hd, 110 300 1200 
0.&ud 

CEHTRONlC S 761 ·5 5.lrrw? ., 761 ·1 ·~t.aOWllt (M\Jy " "' '" (RO] 

•Cf 
A•ig Prlco 

CE NTR.ONICS •01 HIS Cpl , 1J:1 col 64 s) 1 cl'IMll 11500 1.115 
t1;;i r;to r fff'd 

Ope111or·1 M1.n1.11r Included Fot Te-c:llnle1l M1l'llu• l •dd 11 ~00 
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Parallel/Serial 1/0 Card with Modem 

The 8P2SM Parallel/Serial 1/0 {Input/ 
output) card with modem is the latest 
product from MlcroDaSys, POB 36051, 
Los Angeles CA 90036. It combines 
eight parallel ports (Including full 
handshaking) with two serial input and 
output ports. It also enables the user 
to configure one set of serial ports for 
full RS-232 operation, and the other 
as a full duplex answer or originate 
modem. A complete documentation 
package is included with the board. 
The price is $149 In kit form and $199 
completely assembled and tested. 

Circle 598 on inquiry card. 

Self-Pace Logic Trainer 

The Model 100 Broder Logic Trainer 
trains students without previous elec· 
tronlc background for digital electronic 
related assignments. It improves and 
grades the ability of the user. The Model 
100 Includes all gates, flip flops , positive 
and negative edge triggered devices , 
master-slave clocking, preset and clear 
functions. Switch circuit and Venn 
diagram problems as well as BCD and 
binary counting modes are incl uded. 

Physical logic state manipulation 
and the visual · display make for fast 
and retained learning. In operation, 
the user manipulates component logic 
states using the eight logic switches. 
Solving a problem requires logic switch 
manipulation to force a logic 1 at the 
problem card output, which will turn 
on the designated bar Indicator. A 
manual, 40 digital problems, and a 9 V 
battery cell are Inc luded . The Model 
100 requires no wire or integrated circuit 
manipulation. It Is priced at $69.95 
and Is avallable from L J Broder Enter· 
prises Inc, 3192 Darvany Dr, Dallas 
TX 75220. 

Circle 699 on inquiry card . 
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MISCELLANEOUS 

Floppy Disk Read Amplifier System 
From Motorola 

Motorola has introduced Its MC3470 
Floppy Disk Read Amplifier System. 
Combining both linear and digital func
tions on one Integrated circuit, the 
MC34 70 provides all sign.al processing 
from the read head lhrough to the stand· 
ard logic level digital output. 

Contained In the circuit arc the re· 
quired gain stages, an active differ· 
entiator·comparator for peak detection 
and a time domain filter for wave shap· 
Ing and elimination of false outputs. 
External connections for the required 
filter n~twork, active differentiator and 
tim Ing control components allow the 
system designer optimum flexibility in 
meeting overall system performance 
requirements. 

This single monolithic device pro· 
vides a standard TTL (transistor·tran· 
sister logic) digital output which is free 

Apple II Software 

The MUSE Co, POB 13365, Balti· 
more MD 21203 has announced a com· 
plete line of software for the Apple 11 
computer. A full feature text editor 
($17.95) allows management of free 
form text . Multiple space compression 
and tape I /0 (i npu t/ou tpu t) are used 
for efficient file storage. U-Draw 
($17.95) is a high resolution program· 
mable graphics editor with tape 1/0 
for storing finished drawings. Docu
mentation includes instructions for link· 
ing figures to user programs. The Elec-

DC Motor Speed Control In a 
Dual-In-Line Package 

This monolithic Integrated circuit DC 
motor speed control , housed In a 14 
pin, low profile plastic dual-in·llne pack· 
age, Is available from Cherry Semicon· 
ductor Corp, 3600 Sunset Av, Waukegan 
IL 60085 . Designated the CS·l 75, the 
motor speed control is designed to pro· 
vlde maximum flexibility at a low cost . 
Requirements for adjustment and exter· 
nal components Jn multiple speed appll· 
cations have been reduced by giving 
accurate, pin-programmable speed ratios 
for slow, medi um, or fast motor veloc
ities. 

Whtie many other applications are 
possible, the CS·l 75 is p rimarily Intended 
for use with AC tachometer slgnals. 
The unit ls capable of providing such 
stability that errors are dominated by 
terms created by the fini te loop band· 
width made necessary to ensure stabil· 
lty with the dynamics of the specific 
motor and load. 

The price for the CS· 1 7 5 Is $1.68; 
$.79 in 1,000 piece quantities; and 
$.65 In 10,000 quantities. 

Clrclo 602 on Inquiry card . 

from amplitude and waveform variations 
present at the read head, with a guaran· 
teed maximum unadjusted peak shift 
of 5.0%. 

The MC34 70 Floppy Disk Read 
Amplifier is available in an 18 pin plas· 
tic dual·in·line package at the price of 
$5.95 for quantities of 100 and up. For 
more information, contact Motorola 
Semiconductors, POB 20912, Phoenix 
AZ 85036. 

Circle 600 on inquiry card. 

tric Crayon ( $1 7 .95) is a graphics 
editor similar to U-Draw but in low 
resolution color. The Music Box 
($12.95) gives lhree octaves of sound 
wilh no additional hardware. Type. in 
a song, and the Music Box will play 
it for you. Notation includes sharps, 
nats, note time, rests, dotted notes 
and tempo. It can be retuned easily 
for special sound effects. The Number 
Cruncher ($9.95) is a set of single 
precision math and ASCII to hcxa· 
decimal subroutines. Games which are 
priced at $12.95 each are also available. 

Circle 601 on inquiry card. 

New Module Solves TRS·80 Cassette 
Drive Hang-Up 

The TBUF F module is a simple lnex· 
pensive nonrepair shop solution for TRS-
80 cassette drive hang·up. The module 
simply plugs in series with the remote 
cable between the TRS-80 and the 
recorder. TBUFF reduces the current 
passed through the reed relay In the 
TRS·80. At the same time, TBUFF 
delivers full power to the recorder, 
thus maintaining proper tape speed 
and volume leve ls. TBUFF sells for 
$7.95 (California residents add 6%). 
For further Information, con tact Web 
Associates, POB 60, Monrovia CA 
91016. 

Clrclo 603 on Inquiry card . 



SOLID STATE SALES ... ~a gj~;,n rt~ f!T~ 

A PICTURE MAY BE TAKEN BY OUR CAMERA, 
STORED IN A COMPUTER IN REAL TIME AND THEN 
DISPLA YEO ON A CRT AT AN AFFORDABLE PRICE 

V·IDEO COMPUTER 
PROCESSING 

SYSTEM 
GRAY LEVELS 

OUR VP1 VIDEO SYSTEM CONSISTS 
OF THE FOLLOWING KITS: 

THE CAMERA WILL TAKE BETWEEN 

THIS REMARKABLE VP-1 COMPUTER/ 
INTERFACE KIT HAS THE FOLLOWING: 

15 AND 100 FRAMES/SECOND. 
THE CAMERA CONNECTS TO THE 
PROCESSOR WITH SEVEN LINES. THIS 
INCLUDES VIDEO AND TIM ING SIGNALS 

• CCD 202C SOLID STATE VIDEO CAMERA 
KIT ASSEMBLED & TESTED ... . $499" 

FEATURES APPLICATIONS 
VP-1 COMPUTER/VIDEO INTERFACE 
SYSTEM (3 BOARDS) ASSEMBLED & 

• IT PRODUCES COMPOSITE VIDEO 
OUTPUT IN A 12B x 12B MATRIX 
FP.OM A DIRECT MONITOR CONN EC· 
TION USING BK OF MEMORY 

• CONTINUOUS SURVEILLANCE TESTED ... ... . ..... . . . .. .. .. $99900 
• INSPECTION OF MOVING PARTS 

WITH PROPER STROBING 
• ASSEMBLED BK MEMORY BOARD 

• VISUAL GRAPH IC INPUT TO A 
COMPUTER 

(OPTIONAL) . . ......... ..... .. 523500 

• THE SYSTEM USES A STANDARD 
S 100 BUSS 

• WILL NOT TIE UP COMPUTER 
SOFTWARE WHEN NOT ADDRESSED 

• IT DISPLAYS CONTINUOUSLY 
WHEN NOT ADDRESSED 

• IT MAY PRODUCE PSEUDO COLOR 
AND/OR GRAPHICS (UP TO 16 GREY 
LEVELS, 4 BIT BINARY) 

• CHARACTER OR PATIERN 
RECOGNITION 

• PICTURES MAY BE TAKEN DIRECTLY 
FROM A TV WITHOUT ELECTRICAL 
CONNECTIONS 

• THE INTERFACE KIT MAY BE USED 
SEPARATELY AS A 12Bx 12B 

THIS VIDEO COMPUTER KIT 

CAN WORK WITH THE GE, 

REDICON, OR ANY OTHER 

128 x 128 SENSOR CAMERA 
16 LEVEL GRAPHIC DISPLAY 

REGULATED 
POWER SUPPLIES 

POWER SYSTE MS 11 PSl 111 

11 6·230V 50160 c:y. In 5'11 OC ait 35A ou t . llilitiillEmil!~!ilEtil!l~E!!!lll 6")1: 16%":ii 15%" 26 lbt. shipping W'3ight $55.00 

POWER SYSTEMS f PS1106 2N 38 20 P F"ET S .15 
11 5·2l0V 50160cy ,in 12Y0Cat15A out. ?rll54~7NFE1 S .s 5 
5" :ic 16K."":ic 5" 19 lbs. 1hippmg weight. $49.00 1N2646 UJT S '1S 

lOV PAOTECTl ER IJOO lHl()(.j H oioot:i. ·l S I 00 
:>N GO:!'B PROG UJl S SS 

c M s DIODE CLAMPED) MINIA TURE MULTI · TURN TR IM POTS 

:~~ - ·!: :g~ - . ;~ !~~ : · ~~ ;:g;~ : ~~ ~K~~~:~: ~~- 1 ."s~7~~~~h5~;<s2.oo 
.(. IJOEi - '!>S 4021 - 90 40!>! - U!I 14taEi - 40 ·---------------------------.. 4001 - t8 4021 - .90 4053 - LIO l 'IC9l - 75 CHARGED COUPLE DEVICES 
<1009 - 17 <1023 . 18 

4055 - 1 ·' 5 7<11 Cl 51 1,40 CCC 20\C 100.11. 100 lrn11go Sfl nW1r , • • . S95.00 
<1010 - .J7 <10:14 .75 4066 - .7o 14Cl60 1 05 CCO 202C 10011 100 l rn a~ St1 n"3r , • S 140.00 

:~~~ : ::: :~~ - ~~ ~ - · ~: ;:g :~! ~ g; VER IPA X PC BOAR D . • . . . ..••.• $4.00 

4013 - 29 40?S eo ~11~ - ; 1
1

1,c 11s 1 oo ~:!~d~0:x~. )1 1&~~· 6'~?~~E~°.,~~0E'r~~~i:~ :1~~ ~ 
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4101 '5- - 1!1 40l0 - Jl .t ~]O 10 l-4C19J I 2G DIP IC' ' wit h b u nct1 for p o w a1 iuPP IV co nn o-c 1o r 

:~ :~ = ,:;: :g;~ _ -~~ ;~g~ =- -~; ~:g:~ :: FP 100 PHOTO TRANS . . • • • . .S .50 
4018 - 'OD cl)M - us 7.llClO - .11 14<::0 14 1 70 RED . YELLOW. GREEN 
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LARGE LED's. 2" . . . • • • . 6/S!.00 
TIL· l 18 OPTO-ISOLATOR . • • . S .75 
MCT..S OPTO I SOL A TOA . • • • S .80 
1 WATT ZENERS: J.J, 4 .7, 5.1, 5.G. 9 .1 , 

10, 12, 15 . 18,ot22V , ... 6 /$1.00 
MCM 6S71A 7 )( 9 chnrac tu en .• S 10.75 

UNIVERSA L 4K:d MEMORY BOA RO KI T 
$69.95 

32·2102· l l ullv Uuffer•o. Hl llddr•u llnu , 01'1 
boaird d•eoi:til'IQ tor •nv 4 of 64 0•9M - nnndard 
44 p lr' buu. rnav b• u1•d w hh F 8 & KIM 

Slllcon Power Rectifiers 
PRV 1 ~' 3 _., 1 ]A SO..- 17~ .'\ 

100 06 14 lS 90 J IQ 

RIBOON CABLE 400 09 25 G Sil 
r LA Tw~'bDJ.9~~ CODE OJ GOO 11 JO 8 50 

26 co no ••. SO/ oer root 800 15 JS IO 50 

TRANSISTOR SPECIALS 
~N62lJ -NPN SWITCHING POWER $ l .95 
MRF·8004 111 CB RF Tra111istor NPN S . 75 
2N31]'] f'JPN 5, TO J S 1.00 
2Nl546 PNPGET0-3 . ... S ,75 
]N·1 !10CI 1•r.i11 !), 1 0 3 S I 00 
?NS.086 PNP 5, TO 9:? <t S 1 00 
2 N31 J7 NrN Si AF . 

:"N391cl NPN $ 1 TO J Ar 
2N1 410 NPN Si TO 5 , . .. .. .. 

S .S!li 

S I SO 
3 /S t.00 

s 70 
s·s 1 oo 

s .50 
6 15 1.00 
GIS 1.00 

s so 

1N31Gl Nf' N S• T066 
2Nnn NPN 5, TO 18 
:1N30~!i Nl'N S• TO J 
1N3!10•1 NPN 5, TO 9:' 
2NJ906 PNP So TO!)] 
?NS'9G Nl1N s. TO no 
:>NGIO'J PNP S• T O no 
~i1'J?~j~~Nss1:?. : . 
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0•1;il•O• " 1h 1ff reg1u•t $14 ,95 
4" dl.aflllaoter .4V u 1 AMP . . . . . . $10 .00 1N41"4-8 IN9 14t t5 St..00 
CTS 206.S alght poti t ion dip 1,,.,ii1eh . Sl .so.,._·•-•...,",.,•,.,v,., .. ,.,,",..."'-''-'-'"-'---'"-IS-'-·oo_._s_s ._00_1_10_0~• 
CTS 2004 fau1 pc1hjon dlp twhek ....... S1.4S RS232 08 "25P malP $2.95 
U OHT ACT IVATED SCR: '1 t o 19 . 200,V 1A •. S.70 CONNECTORS OB 25S fem:llt: $3.50 

SILICON SOLAA CELLS HOODS S 1 .50 

2 'Ki" d i•ni•ter .4V a1 soo ma S4.00 REGULATORS 

FND J59 C.C .. 4" $ .60 LED READOUTS 
FCS 90:24 4 d l; l1 DL-704 C.A .. J" S .7 5 
C.C. 8 " d1 1Cl•v S!i.95 OL 747 C.A. 6 ' " S 1. lS 
FNO ljO:J C.C 5•· $ 85 KP3400 .8"CC $1.95 
FN OS t OC A 5 ' " $ SS $ 

323K • 5V 3A .. $ 5.75 
309K •. S 1.1 0 
723 •.•..... . $ .so 
320T · 

s 

340K · 12. 15 
or 24 V .... S 1. 10 

340T • S, 6 . 8 , 12 
15, 1e at 2.1vs 1.10 

14 p1fl heodcn 3/$1.00 

MM 5J87AA ntJw elotk ch ip wh ich wll! dirtictly 
1.Jnve LE O"i 12/24 hrs ., 1 )l.l p11lv & alar m $5.95 

NO, 30 WIAE WRAP WIRE SIN GLE 
STRAND 100' S1 .40 

/\LCO Mt N IA TUAE TOGG LE SW IT CHES 
MT A 106 SPOT S .95 
MT A 206 DPOT S 1 "70 

~~~ ~: :·g;g~ ~~~::::: g== s 1.85 

DIP SOCKETS 
fl P•N . l 7 14 PIN .l5 

t~=-1--7-~ 1 4 PIN .20 29 P IN ,..10 

l 6 PIN .22 ~0 P IN .6 0 

I! PIN .25 

SANKEN AUDIO POW R AMPS 
StlOJOG IO WATTS . $7.80 
S• 1020 G 20W/\.TT S , SI S.70 
S1 1050 G SO WATTS . , . . $28.5 .. 
. 22U F 35V 5/$ 1.00 
.4 7U F 35V SIS 1.00 
.GBU F JSV SIS 1.00 
IUF 35V 5/$1.00 
2.2UF 20V 51$ 1 .00 
3.JUF 20V 4/S I .00 
'1.7U F 15V 5/$1.00 

6.BUF 35V 4/SI .00 
I OU F IOV S .25 
22UF 25V S .40 
15UF 35V 31$ 1.00 
JOU F GV 51$ I .00 
33U F 20V S .40 
47UF 20V $.35 
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LMlM - . lO 
L'1HO - 116 
uon - 160 
lM ll$0 - 9'!1 
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L.FJ!ioSH - 1."2G 

PAV 1A 10A 25A 1.5A 6A 35A 

100 40 , 70 1.JO 40 .5o i. a 
700 70 1 10 1 7S .60 70 1 
00 0 60 ? 60 00 

, I I • • t I t~t 

Tonn1 FOBCamMdgo,MHs Seml2St ln< n •u<>loloq l o ,,.0 ., 0 ., 6$, SQLID STATE SALES WESHIPOVER95% 
Send ChitcllorMori.yOrder T111 11m10" and R~1111..,, p O BOX 74 B OF OUR ORDERS THE 
Include Po11~ Mfnlmum t4S Ham1n h1rn St c imtmd qi: M.n~ • • DAY WE RECEIVE THEM 
D'llo•SSOO. 'SS2000 . SOMERVILLE . MASS 02143 TEL 16171 547 7053 

Circle 340 on inquiry card. BYlE. June 1979 265 



The EXPANDORAM is available 
in versions from 16K up to 64K, so 
for a minimum Investment you 
can have a memory system that 
will grow with your needs. This Is 
a dynamic memory with the In· 
vlsable on-board refresh, and IT 
WORKS ! 
• Bank Selectable 
•Phantom 
- Power 8VDC, ± 16VDC, 5 Watts 
• Lowest Cost Per Bit 
•Uses Popular 4116 RAMS 
• PC Board is doubled solder 

masked and has silk-screen 
parts layout. 

Sugart 801 
with altractive metal case 

$495.00 
Siemens FOO 200-8 8" 

double-sided 
double density 

1599.00 

SD "VERSAFLOPPY" Kit 

The Ve•~~~:i:~~oy Dlok Only ,15900 

FEATURES: IBM 37'0 Soll Soctoreel Compal! · 
~e . s-100 BUS Compatlble lor Z·80ot 8080. Con · 
tro ll up 10 4 [)(Ives {1tnglo Of double side-di. 
Olreclly controls the following drives: 
t. Shua •rt $AC00t4SO Mlnl Floppy 
2. Shugan SA.800t850 S11ne1ard Floppy. 
3. PERSCI 70 ll'ld 217. 
4 , MFE 70CV750. 

g: ce,ogl~=s FDD120·8. 
~c~c!: ~~"~!~~!~~ M~~p~~P'3'.;::!1:," <::m~ 
modllfed CPIM o~r·a tlng 1y11em 1nd C-Ba~lc 
Compllet . Tlitl n.aw "Veraaf foppy " from S.O. 
Computer PrOducls provlefos complele conl rol 

~.:;'~7~, ~~~"~u~"~:!:~1~0~~0f.~1~rn~1~~~ : 
s1~~e~~·r~~t::(f~1fn. ~1~1!~os tor Control Sofl · 

DM2700S DISK & 
CABINET with 

POWER SUPPLY 
DM2700S Includes Siemans 
FD120·8" Disk Drive with the 
following leatures: 
• Slng le or Double Density 
• Hard or Soft Sector 
• Door Interlock Cabinet Includes: 

• Extensive documentation clear· 
ly written 

• Complete Kit Includes 
Sockets for 64K 

• Memory access time: 375ns, 
Cycle time: 500ns. 

• No wait states required . 
• 16K boundrles and Protection 

via Dip Switches 
• Designed to work with Z·80, 

8080, 8085 CPU's. 

EXPANOO 64 KIT (4116) 
16K $245.00 
32K $310.00 
48K $375.00 
64K $440.00 

•Write Protect • 110V to 125V 60 Hz power supply 
• Hard Sector Detection • Data Cable 
• 500 KBIS Transfer • Fan 
• 800 KB unformated • Accepts per SCI , Shugart , Siemans 
• Bit density 6536 BP1 8 .. Drives 
• Sugar! 800 Serles Compatable 

DM2700S Disk Drive & Cabinet S6SQOO 
REG. $750 SALE PRICED 

CONTINENTAL sPEc1Ames cORPORA:ioN Logic Probes and Digital Pulsers 

C:$= ~~ ~ 
LOGIC PROBES s ~ 

CSC log lc probe! are tl\e ulllmato tool !Of breadbo•td do1lgn Ind IOslino. 
Tlu111e ri1nd-tleld uni111 p fovtde an ln.atant ov8'Vl1w o t c11eult cone1111on1. 
s rmplo 10 ua.e: Jult ellp pow1r lud1 lo cltcuu-a power 1up~y. tel logle 
ltmlly 1wllc.f'I to TIUOTL or CM0$/H T1,... To ueh PfobO to IHI node. T11ce 
SOQ£C: Ft'i'llS IJ\CI pulHS through dlgl11I clrcu1tt Even 1lr1leh Ind l1tef'l lor 
oaay pul1ed1teetlon , 1n111nt recognll lon or high, low or lnvalld level1. open 
clrcu•11 and node.t . Slmple, dual411vel detactor LEC>ll t ell II quickly, c.onect· 
ty. HI ILoolc " 1"'J; LO (Log ic " O"' ). Alao lnc.orporalea bl Inking pulse Oelec tor. 
e.g .• HI and LO LEDs blrnk on or olf , !racking " 1'" 01 "O" 11a1ea a l 11qu11re 
wuo lrequenclH up 10 1.5 MH.r. P\Jlse LED blinks on lor Y. aecond du1lng 
pulH 1r,.ntll4on , Chol.ce of lhUHI models to meet lnd l"Wldu.al requlremanta: 
ttudgot , project a.nd Jpeecl of !ogle clrcull!L 

MODEL LP· t 
H1nd.,.,old IQOle prob-9 provtdtl lnsl1.nl IHding Of IOOIC IOvtll lot n L, OTL. 
HlL. or CMOS. Input lmptd1net : tOO.OOOohmt. Minimum Dtltct1blt PulH: 
50 n1. Ma-.lmum Input Slgnt1 (F~1ney~ 10 MH:. Pultt Dtttcto1 (l.ED): 
Hlgn 1pHd train 01 11ng1e evtl'll. PulH Mtmatr- Pulse or lovol tr1n1lllon 

:~e~'!:,ri:,~!::~ Probe-Ntt Etch . . ... • .. .. . ~ - $42.70 

41<>1 
DEC LSl ·11. POPS. POP11. 

MOOel LP·2 
Eeonom~ vo11lon or MCKJel LP·1. S• ler !h11n • votlm11111c More accural11 man 
11 aco1>9. lnpul lmpedanco; 300.000 ohma, Minimum DltKlo.bla PulH : 300 
n5. MHlmum Input SJ9n1I tF'aquoncyl: 1 ~ MHL PulH 0.1..clor ILED): High 

~: .. :~~ ;;.:l~:ek:6=~~~~1 : c:ory: Nona. , ~ 523.70 
MOOELLP·:I 
High opoecl logic ()robe. Cllpluro.s pulHI •• 1hor1 IJ.S 10 ns , Input Im · 
~•net : 500,000ohme. Minimum Del•ct•blt PulH! 10 n1 . •h:dmum lnpul 
Slan•I (Fltqu-tncy): so MHz . Pul1t DettclOf (L.Eo r. High IPGOCI U•ln Ot 
alng1e evenl. Pultt Memory: Pi.llH CH lt"¥el !ran1JUon do!oelod and etOtOO. 
CSC Modtl LP·:lloQ1c Probt - N~I C:1c t1 . . . . • ~ S86.45 

The ulHmal• In apeed and Hiii ol operatlon. Slmply conn.act clip 1ucll ID 
po•ltlve and negative Power, then touch DP·1"s probl!ll lo a clrcull node; 
1i11,1tomallc polarity aen!iOf detects clrculr1 hlgn 01 low col')ljlllon , OopHIH 
the pushbutton and trigger an ODpollte pola.rily pli.lse lnlo Iha c lrc ull . Ful 
troubluhoollng Includes ln/Ktlng algnala a l key polntt ln nL. DTL. CMOS 
01 other popul1r c:lrcuilt. Te11 wllh tlngle Pulse or 100 pulses per aecond 
vi• bulll..,n du1J control puth·Outton . button setec:11 s ingle 5hOI or COi'· 
llnvout modot. LEO lndlc:11or monltora opo rJllng modes by fl11hlng once 
ror 11ingt1 pulH 0 1 ton11nuou11y IOI 1 oulH u1ln. Comolele ly 1u1omalle. 
peneU·tlze 11bllltlo pulH gonet•tor 101 1ny t1mily of 01gna1 c: l rcuU• . Oul· 
pul: T11.11a10. Polerlly: P'ulH·ttn1lng •uto·POl&tlly. Sync 1nd Sovtc:t : 100 
mA. Pultt Tr1 ln: 100 pp1 . LED lndl talor. Fluhu lor alnot• DulH; 111y1 Ill 
foipu ltt lraln. 
csc .. ~ DP·1 Of.oll•I PulH r - Nel Eaet'I ... . . -. ~ $71 .20 

510?, , PsZii!~RDS - -, =rr,._.•. ~ i ···-· 
~ 1 

• • I I 11 1 11bl" 
~ JI? ti ,1: li111iu.: .d 1Juv.1 ...,. -

Healh H· 11 , P Pattern Epo•y llOM 
Glass, P1ug Bcard8.• ·l "xs.1a7••. Plaln no el chea cheullry exceol con1ac1s. P,o-
DualJ&pl n OECIHEATH duces maximum llexlblllly. 

ll02·1 
e "'ANY DIP"" hn full power and ground planes back 

10 back.. Board aecommod1tea 3, 4, 6. 9" Dips . 
P1d per 2 holos.. Two-hotE p1da allow 1aclc solder· 
ing of socket, ptu:s aeoond hole 101 component 

t ·4 S.I 10-24 

:1 ~,~ 
Con noelo rs . '°" S.t 

,... S.8 10-24 14.&5 13.'6 
I t' .~ 17.96 15.96 

VECTOR·PAK ASSEMBLED 
MICROCOMPUTER CASES 

IOil<l&. 

1 .. 
21.95 

H 
19.78 

10-24 
17.56 

21.95 19.78 17.56 
: u 
I -- f 

la lotm anCI s l.re comp 11tlbte wil h tN
TEL SBL80 Serles and NATIONAL 
BLC 80 Sodes mlerocompu\u 
bOards . Power and Ground busH on 
bOth a/dos. 

1·• 
4500 

s.e 
40.50 

10-24 
3800 



.5%, 3'12 digit 19 
Range DVM. V2" LCD displays 

runs 200 hrs on 1 battery. 10 Meg 
Ohm Input. 1 yr. guarantee, made In 
U.S.A., test leads included. 

Av.ll1ble Acceaaorlu 
RC·3 115V AC Adapler ..... .... .. $7.50 
CC·3 Deluxe Padded Vinyl 

Carrying Case . . . . ___ $7.50 
VP·10 XlO DCV Probe Adapler/ 

Proleclor 10Kv ........ . . .. .. $14.95 
VP·40 40Kv DC Probe ........... $35.00 
CS·1 10 Amp Curren! Shun! ...... $14.95 

*FREE 
Just for Asking. 

FREE BATTERY with your meter. 

11.ut~•&J• 

• 15 megahertz ba.ndwldlh. 
• Ex1ernal and Internal Ulgger. 
• Time ~!ii - , I mlc1osec. 100.5 S•cldlv · 21 PROBE 1¢ • =~1t1;~'0r~l~~Oporallon • PROBE IC with lh~ 
• Automallc & Un• sync modH purchue ot SCOPE 
• Pow-•' con1umpllon < i~ w1111 and . l hfl MENT ION ol 
• Vll't tC ll Oaui- Ol lO!iOVIClt. •h• ll!f19• 1. l' lnis MAGAZINE 
• Vl••lflO.,N 11 • 131!1'• 
• C....tl 11 2FH o l•"W•1!1~0. JSIO<ilN! t 

::-;~;~~...:.:;...-···.. $11 . 
• l ....... C.0 ... "9U•• S4S. 

• MS-215 Dual Trace Version of MS-15 $435. 
UNGARmallc"' ~ 

Controlled Solderlng StaUon 
1'tHll.U~TOOnHEJll WOO\ILAJll DESIGN FOJll , 
OUICC, OH·LIH( HE.AT[lll OJll Tiii' CH AHQ( • 
• AYllt 1bt9 Jn :J P'•HI l9"'1Pfl•hlf•S, 

ti/RF , YOO"F OI' 800"F IC)f &l'l y a pallc;ahon 
• OoMd loop, Min tnagnatlc corl!IOI 
• Low woll•O-• •ws1.m, J • lrt crrovno.a 
• B.omacnanlcar dulcrn.o l'l.ll'tOle • •IPI c:.001Cl'•CI1or oo.er110• e-om1011 

Cotd IS • uP9f tlt11tlle J • • ,. ground.CS. Pl••! •HUlll'll 
• large CIOIC•I~ 11\IPO'I Il ly and 1pono•. iemouttt. IOf OPllOtlll pla:.-

ment 
• long Illa 1n1arc.hangHDl• 1las 11011 c•ao. chrOlt"oa p-1a1.a, pie o.nl\4Kf 
• Ot1Jcr ntc1 ror uH on 1tn1.tto•• comoon-"11 
COWPL.nE SUTIOH AHO lllEJIL.ACEAllE HUTU SElEC TIOM GUIDE 

"&.;~11.,. c-.-~,!u• tlftu-: 7~•"' •• 
7CIO'F SCH 111 
800"F 501'1 17& 

eac:;ti o! Iha •tloY• 111110,,s •1'<•1.10• • IOB Po•-•' Suacity • Uh onJoll . ... 11c.,, 
indk:a lOf llQl\1 , and J wua oo•er coto, 11 1 1111\4111 • Il l\ J wort tlt•l '•$11!11'11 
1econd•1~ coro . 119 Tia ; and Soong•. • 12 lfon Holoa1 C.On1roll9d HHte• 
wllfl •11 Sc1•wd11.,a1 Hp U16 
.. , TIP ADAPTEJI Tio AO•pf• f f9$ IOI' IDKll J m •c:tO IDOtictllOl\l ,,, •• 
"41:>19' 11 designed lor the UH ol 11'8 ' thrHd ~n Pt1"cH1 N1b1 

ConHonad Hu l10 : s u .. H £Kn. 1'101: 12.21 EM.ft At11 p111 lt ,JO b eh 

List 59.50 SALE PRICE 49.95 

'J/i!i11Ji Plugboards 

III 8800V 
Un1vers.1t M1crocon'Oulftl/ l)roctsso1 
p1ugtiowro use "N1Tn S· 1GO Dus CGm· 
etlere w11n ne.11 sink & narowa1e ~ .l • 
10 "1116 ... 

S19 95 
5.9 

111 95 

8801 -1 

10-1• 
11 596 

Same as 8800Y hceo1 01•m iess OC7i'o"er 
tu~ts & htal Slnl. 

1·4 M 10·1• 

3682 9.6" x 4.5" 
$10.97 

3682-2 6.5" x 4.5' ' 
$9.81 

H1·0ens11y OuaHn·Llne 
PlugllOard lor Wire Wrap 
w11h Power & Grd Bus 
Epoxy Glass 1/16 .. 44 
pin con spaced 156 

The EXPANDORAM Is ava ilable 
In vers ions from 16K up lo 64K, so 
lor a minimum lnveslment you 
can have a memory syslem lhal 
will grow wi th your needs. This Is 
a dynamic memory with the In· 
vlsable on·board refresh, and IT 
WORKS ! 

• Bank Selectable 
• Phantom 
- Power 6VDC, :t 16VDC, 5 Watts 
• Lowes! Cosl Per Bii 
• Uses Popular 4116 RAMS 
• PC Board Is doubled solder 

masked and has sllk·screen 
parts layout. 

3677 9 6" 14.5' 

$10 .90 
3677-2 6.5" "4.5" 

$9 .74 
Gen Purpose 0.1. P. 
Boards w1lh Bus· Patlern 
!or Solder or Wire Wrap. 
EpoJty Glass 1 /16" 44 

·~~"!'"------------~;..~';;;'ii· ._ __ ;o•o;;l;;. •o::.6 --'""''"'"'-----------p~1n ccn. spaced .156 

111s 1'i1m BOARD 
.042 dla holes on 

0.1 spacing for IC's 

SIZE 
4.5•6.5" 
4.5x I T' 

4.5•6.5" 
4,5x6.5'' 
4.5x17" 
6.5x17" 

PRICE 
1·9 10·19 

$1.56 $1.40 
$3.69 $3.32 

$1 .79 $1.61 
$2 .21 $1.99 
$4.52 $4 .07 
$8.03 $7.23 

TRS-80/APPLE 
MEMORY EXPANSION KITS 

4116's RAMS 
(16K~1 200ns) 

8 for $69.00 
~Vise 

'"" PANAYISE Tl~TS, TURNS, AND 'f!:;"-
ROTATES TO ANY POSITION. t • ·•··--"·-,"'•o_.,...,_-
IT HOLDS YOUR WORK 
EXACTLY WHERE YOU WANT IT. 

41~ ll Vt""'v- I 
WRAP. POST I 

lor .042 dla. ho les i\ 
(a11 beards on lhls page) 
T441C pkg UlO , , S 2.34 
T44/M pkg . 

1000 ' ' SU.35 I 
A·1l nand lns1at llno 

1001 '. . . s 2.94 

:~ 
PR ICE: ~13 .49 ~ 

PRICE . S1J.49 
VACUUM SASE 

~ 450ns Low Power RAMS 

$1.00 Ea. in lots of 25 

2102LHPC 

• Extensive documentat ion clear· 
ly written 

• Complele Kit Includes all 
Sockets for 64K 

• Memory access time: 375ns. 
Cycle l ime: 500ns . 

• No wait slates required . 
• 16K boundries and Protecllon 

via Dip Switches 
• Designed to work with Z·80, 

8080. 6065 CPU's. 

EXPANDO 64 KIT (4116) 
16K $245.00 
32K .... _ .... . $310.00 
48K ......•... 5375.00 
64K $440.00 

3890·1 2 
CARD EXTENDER 

Card Exlender has 100 con · 
1ac1s 50 per side on . 125 
cen1e rs-Atlached connec· 
1or·ls compat ible wiln 
5·100 Bus Systems . $25.83 
3690 6.5" 221« pin .156 
ctrs. Extenders ___ _ S13.17 

14 - G3 100 for 
$30.00 

16-G3 100 for 
$30 .00 



S100.WWG 50/100 Cont. .125 Cir$ . 3 
LEVEL W IRE WRA P .025 .. SQ. POSIS on 
.i50 spaced IQ'WS . GOLD PLATED. 

5100.STG 501100 Cont. .125 cHs. DIP 
SOLDER lAlL on 250 spacod fOWS for 
VECTOR and MASI moltie1boa1ds GOLD 

••• $-9 10-2• 
S<.00 S3. 75 13.50 

S100AL T 50'100 Cont .. 125 clrs. DIP 

tilated . 

1-• 
S3.50 

$-9 
13.25 

10-2• 
S3.00 

SOLDER TAIL o n • t40 spaced rows lor 51005£ SOl 100 Cont .. 125 ctrs. PIERCED 
ALTA.IA molherboards. GOLD 1=11atet:1. SOLDER EYELET !ails . GOLO 

1·4 5.9 10·24 , _, 5-9 10·2• 
SUD 13.75 13.50 15.00 S<.50 S<.25 

OTHER POPULAR EDGE CONNECTORS 
All Edg1 C1•d Connoc101' 11e GOlD PlATEO (nol Gold Fluht Bodies • re non brll tle. Solvent 
res .. G.E. ValoJC . Conlac.IS are BifurC: iiltod: Pl'10sl8ronzo: GOLD over Nickel, 

ABBREVIATIONS~ SE • Soldt>r Ey•l1I WW • 3 lH•I W1r• Wrap ST • Solder Till 

PART NO. 
0 13:ZS-ISE 
D2244-IWW 
D22S0.1SE 
D22SG- ! ST 
D2040.1SE 
D20-40•1Sl 
D2Q.t0.1WW 
D:J0e0.1WW 
D3t11MSE 
D3612·1ST 
D3'72·1WW 
D4041MSE 
D40IO-lST 
D4oao-tWW 
04316·1SE 
D4346·1ST 
04.3.&S.1WW 
050100-IWW 

PART NO. 
D3U~>2WW 
D40I0·2WW 
5100.STG 

S!OO-WWQ 
StOO-AlT 

PART Mri. 
S6X·5SE 
0812-SSE 
01:224-SSE 
0222-.SST 
D1S30-.SSE 
D1530·5ST 
D1530·5WW 
D16lB·5SE 
D2244·SSE 
D2244·5ST 
022U ·S.WW 
03&7:Z·5SE 
03672-SST 
03&72·5WW 
Of43'&-5SE 
D035-5ST 
043$8-SWW 

.100" Contact Center Connectors 

TYPICAL APPLICATION 
lmsa i M 10. SfO 
\l&c.lor Plugboard! 
lmsal P IO. ln letl MuUlbuss 
1m,al PIO, lnlel MullltlUH 
TRS·BO 
TRS·BQ 
TRS-80 
Intel Mu ll lbUSl5 
V&el or PlugbOards 
vc-c.101 Plugb011ds 
Vee.I o r Plugbo a1d :s 
PET 
PET 
PET 
Cos. ELF 
Cos . ELF 
Cos. Elf 

1-• 
2.60 
4,00 
3.70 
3.50 
3.20 
3.00 
3,30 
• .10 
5.00 
4.95 
4.90 
595 
5.00 
5.20 
5.60 
5.40 
5.50 
5.95 

.125" Contact Center Connectors 

TYPICAL APPLICATION I ·• 
5.25 

vec101 4350 5.95 
S..100, lmul, V1c1or, Cromnco, MotMf· 
bo1rd1 3.50 
S-100 Wlt1 Wt1p 4.00 
AU1lt •.so 

.1 56 Contact Centers Connectors 

TYPICAL APPLICAT ION I·• 
P1!!11 , NSC CLK Modules 1.40 
Pe1. NSC CLK ModulH 1.60 
Pe1 2.40 
Po1 2.30 
Vet: IOf Pfog boa1ds . GRl l<eybrd' 2 50 
Vo-el o r Plug board~. GAi K~yl:1o1ds 2.40 
Veclor PJugboards. GAi Keyt>rds 2.60 

3.00 
Ve<.l or. KJm. etc 3.00 
\J(!<C.lOr, t<im, e!c 3.00 
VCKlOI . !Um, otc . 3.95 
Vci c; t Dr Plugboauls 550 
Vector Plugbo111d1 5.45 

~~·~~Pn~~~~~ll lbuas . NSC pace1 
5.60 
6.00 

Mol 6800, Intel Mu1llb1J'5. NSC tiaeer 5.90 
MOI 6800. In.tel Mu lObus.s . NSC pace• 650 

PRICE •·• 2.-40 
3 .80 
3.50 
3 30 
3,05 
2 85 
3. 15 
3.90 
4.75 
.C , 70 
• .65 
5 70 
4,75 
4.95 
5.35 
5. 15 
5,25 
5.75 

PRICE •·• 5.00 
5 .~ 

3.25 
J.75 
4.25 

PRICE 
s.9 
I 30 
I.SO 
2.30 
2.20 
2.35 
2.25 
2.40 
2.BQ 
2.60 
2.80 
3.70 
5.30 
5.25 
5,40 
5.75 
5.65 
6.30 

10-24 
2.20 
3.60 
J .40 
3.10 
2.90 
2.70 
3.00 
3.10 
'50 us 
4.40 
5.45 
'50 
... 70 
5.05 
4.90 
5.00 
5.55 

10-24 
• .15 
S.35 

3.00 
3.40 
•.00 

10.24 
1 20 
1.40 
2.20 
2. 10 
2 .10 
2.05 
2.15 
260 
2.20 
2 50 
3 40 
5.00 
500 
510 
5 2S 
b. 15 
5.90 

C0· 1 tmsa1 S1yle Caird Gu lde.$ 511 .00 or 100l10.00 

PART NO. 
OE-9P 
0£.9S 
DBC 
OA15P 
0A1SS 
DA 1S.C 
DB·25P 
08·2SS 
0851212·1 
DB1 225-1A 
08110983-J 
OC37P 
OC37S 
DC31C 
ODSOP 
0050S 
DDSOC 
020415-S 

RS232 & " D" TYPE CONNECTORS 
P • Plug·M a1o S = Sockel ·Fem ale C = Cover·Hood 

DESC~UPTlON t ·4 
9 Pin Maire 1.50 
9 Pl" Female 1.95 
9 Pin Covar 1.50 
15 Pin Ml)IO 2.00 
15 Pin F&male 2.90 
115 P in Covor 1.80 
25 Pin M•h1 2.50 
25Pln~m•le 3~ 
1 l)C , <ir1y Hood 1.65 
2 pc . 81 •clt Hood 1.80 
2 pc. Gr1y Hood 1.70 
37 Pin M1.11te 3 .9!J 

31 Pl• F• m•'• m(;;~c:~·f ~ 5 50 37 Pln Co'fe r O o 2.00 
50 Pin Mat!I 5.00 
SO P in Fem a IC! 6 .50 
50 P in CoYer 2.50 
H111rdwa1e Set (2 pai r] I 00 

Conn1ctDr for CENTRON ICS 700 SERIES: 

PRICE 
5.9 
1.30 
1 . 7~ 
1,30 
I.BO 
V O 
1.60 
2.20 
3.10 
1.35 
1.50 
1.40 
3.75 
5.25 
1.BQ 
4 .75 
6 .00 
2.30 

,BO 

tD·24 
1.10 
1.45 
1. 10 
1.!15 
2.45 
1,30 
2.05 
2-95 
1.20 
1.35 
1.25 
3.50 
A.90 
1 60 
4.60 
5.75 
2.20 

70 

A.mprieno l 57-30350 lor bn ctc ol Cenuonies 700 Series printer5 1·•-$9.00 5-up - $7,50 

DIP PLUGS 
PRICE PRICE 

Part I No. or 1·24 2$-H 1CMH9t P1rt I No. ol 1·24 25·99 100-499 
Pini Pln1 

PO.!IP02 8 ·" .36 .29 P22P02 22 ,7S ,67 .63 
PUP02 ,. <8 .•2 .3• P2'P02 2' .79 ,71 .66 
P18P02 16 .55 .•7 .38 P29P02 28 1.10 93 .81 
P111P02 18 67 .57 ,46 P40P02 •D l .2S 1 07 .94 

GOLD SOLOERTAIL STANDARD 
1·24 2$-<f SOK 1·24 25-'9 SO.ff 

OSTO .30 .27 ·" :WlTO .70 .63 .57 
14SG .JS 32 .29 2'5TO .70 ,63 .S7 
10STO .38 JS .32 21STG 1.10 1.00 .90 
11STO .52 •7 .43 40STO us 1.55 1.45 
:!OS'l'O .60 5!i .52 

TIN SOLOERTAIL · LOW PROFILE 
1·2• 25-40 SOK ,,,, 25-.tSll SO·H 

ICS2 .25 18 .15 22CS2 .37 .36 .35 
14CS2 .25 11 16 24CS2 .38 .37 .36 
1l!iCS2 .25 20 .18 28CS2 .•S ... .43 
ll!ICS2 .29 .28 .27 <WCS2 63 .62 .61 
20CS2 .3• .32 .30 

mmr 3 LEVEL GOLD WIRE WRAP SOCKETS mmr 
Sockets purchased In multiples of 50 per type may be combined for 
best P!lce . 1·9 10·24 25·99 100·249 250·999 
8 pl n • .40 .36 .34 .31 .27 

14 pl n • .45 .39 .37 .34 .32 
16 pin* .50 .42 .40 .36 .34 

18 pin .70 .60 .55 .50 
20 pin .90 .80 .75 .65 
22 pin* .95 .85 .80 .70 

24 pin .95 .85 .80 
28 pin 1.25 1.15 1.00 
40 pin 1.65 1.45 1.35 

.70 

.95 
1.20 

.45 

.62 

.65 

.65 

.90 
1.10 

An soc\e1• 1 ro GOLD 3 teve1C10$8d1m trv • Et"d anct :su1e siscable. 2 level. Sokler Tail, Low 
P1ofi10. Tm SCICkelS 1nd Dip Plug:!I av1111abht 

Iii unbeatable 

FLAT RIBBON 
CABLE ASSEMBLIES 
AT AFFORDABLE PRICES 

• Choice of 3 types of end connecto rs molded 
on and factory 1ested. 

• Daisy chain and single -end also available . 

• 5 popular sizes to choose from : CARD· EOOE JUMPERS 

20. 26. 34. 40 and 50 contacts. each 
with line-by.fine probe access holes . 

OOUOLE END SINGLE ENO OAISV CHAIN 

No. fl•cu lc Pink R• lnbow 13 conne c1or1 I 

• Choice of 2 cable types and 5 leng1hs. 
FLAT RIBBON CABLE 

Suanded, 28 AWG wnh lammaled PVC msulauon. 
"'Elcctoc Pink" cable has 1ed s tr ipe on one edge fo1 o n· 

l!ntahon Usod ontv on doublc·cnd and d11isv chain as· 
sembhes 

" Rainbow" cable rs coded in srnndtird IO·co101 se· 
(lucnce on front Sc1penttne st11pmg on back atds 1n 1denti· 
fy1no wn c numl:.er 3nd w11 91oup <1u11n9 1ea1·dow n sepa· 
11:111on fn1 d1sct0tc v.1ro 1Cmlm.a11ons. Used only on single· 
cnd rumoers 

Pee JUMPERS 

Con1.1cu, ... 
20 

92-406106 R .... ,. 91~06R 
$6.C6 

34 
914()5.t 06 R 

096 

40 
9:!'4~!> 06 R 

S929 

50 
92~06;t 

SIO IG 

SOCKET JUMPERS 
DOUBLE END SINGLE ENO DOUBLE ENO J UMPER ASSEM8LllES 

No El.c tric Pink A•inbow 
Nu Electtic Pin\i.C•bl• 

Contoci. , .. JI" Con1.1c1' 
, .. 11·· ,. .. 

20 
g,4032 06 A 924042 J6 A 

"' 
91.&00'2·06·R 92A002-18 R 91400:2·36-R 

U~7 "5> SJ 10 s 4 16 I <88 ,. 92403.3 06 n 92,!J.43 Jli R 91.&00l06 R 92400J 18 R 92&00J.)5..R 
UJJ 'U JI 

,. 
14 18 SOlB $ 618 

34 92•034 06 n 9141);$4 36 A 
34 924004 06 R 924()04 IB R 92.cocM-)6 A 

SJ 91_, S-41] S-621j 
s "'" 

s 825 

"' 
•U40l'.> 06 R 9~ 

"' 
9J400S 06 R 924005 18 R 924'X'-> 36 R 

S-4 ~1 .... S7 JJ se n $9 61! 

50 
9J41JJ6 06 R 97-'04636 A 

50 
974006 06 R 974006 18 R :14Cai J6 R 

\lj62 S-5.91 S-9 ti) $10)1 S-t1CY-i 

El•culc Pink 
JI" r 

924062-)&·R 924002·06·R .. ,, 18 <l 
92406l·l6·R 924C93·05·R 

SABB 195' 
924004·J6·R 9.24C&H16·R 

$6. 15' 01 .1• 
924005 l6·R 91.co9'.>·06·R 

"20 113.70 

92o&t:66·ltio·R 924C1J6.05·R 
sa.11 $1486 

SINGLE ENO 
R.1lnbow ,. .. 

924012 ·l6 R 924072·06· R 
$312 IS" 

92'013 J6.R 924013·06-R 
MO& I 702 

9140."41 Jfl R 924014 06·R 
"30 '9 IR 

92401~ J6 fl 924075 oti R 
1622 11076 

9L40Hi J6 R 914016·06-FI 
$713 SIJ.\J 

double-row Ideal mates for 
JUMPER HEADERS "GREAT JUMPERS" 

ii • Solder 10 PC boards 
for ins1an1 plug ·in 
access via socket· 
connector jumpers 

• .025" square posu are 
molded into plastic 
header strip on a 

• Choi ce of straight 
or right angle con
figurations 

.10" • .10" matri• 

STRAIGHT 

~~·+ j 
100hf' - - 011 

~~;+ 
10011.(1 

RIGHT· ANGLE 

=Ill !(1) !11" - -
-- CD-.50 111' 

DIP JUMPERS 
FLAT RIBBON CABLE ASSEMBLIES 

WITH DIP CONNECTORS 

• Available with 14, 16. 24 and 40 contacts. 
• Mate with standard IC sockets. 
• Fully asaambled and tested . 
• Integral molded· on strain relief. 
• Llna-by·line probaabillty. 

No. 
Posts 

20 
26 
34 
40 

50 

No. 
Posts 

20 

26 
34 
40 

50 

Dim. Dim. Part Pric:e 
" A " " B " Number 2 sets 

1 0 09 923862 R $ .98 
1.3 1.2 923863 -R s 1.28 
I 7 1.6 923864·R s 1.64 
2.0 19 923865·R $ 1.94 

2.5 2.4 923866-A $ 2.36 

Dim . Dim . Part P1ice 
" A " " B " Number 2 sets 

I 0 0.9 923872-R $ 1.20 
1 3 t 2 923873 R $ 1.52 
1 7 16 923874 R s 1.96 
20 19 923875 R s 2.30 

A P DIP Jumpers are th~ low-cosl , high· 
quali1y solution for jumpering within a PC 

, :11A:1,:, 

board; intercon neciing between PC boards, 
backplanes and motherboards; interfacing In· 
put/Output signals; and more. 

' • . .1 •. :o:· Q'I' .:: . '1-l .-- • 
'l. ' ' ·.: . . ,,_. ','/\. . 

. ~<c,~ 
o~ ~~"{ ~'?>'?> 
~o &.ri,'?>·~~ ~ 

\•~\)~ ~ 

No. 
CDnt1cl1 .. 

18 

" 
'° 

All assemblies use rainbow cable. Stan· 
dard lengths are 6, 12, 18, 24 and 36 Inches. 

DOUBLE-ENDED 
DIP JUMPERS 

Length L•ng•h 
I" 12" 

924106·6 ·R 924106· 12·R 
S2. 41 $261 

92-41166-R 924116 12· R 
$2.65 S2.88 

924126·6 -R 9]411~H2 · R 

'4 15 '450 
924136-6 R 924136 12·R 

'6.93 U .52 

L•ng1P, 
18" 

924106· 19-R 
t282 

924116-18-A 
ll.11 

92oUl6- IQ.R 

u .es 
92Cll6- IQ. R 

•t.11 

0 
R 

L1n;1h L1ng1h 
2•· 36" 

9l4)06·24·A 924106·3&-R 
JJ.02 IHI 

914 11 6-24-R 9.2..C116·J&..A 
U.J.t '3.llll 

924126-24-R 924126-l&-R 
•S2o •5.90 

924 136·24-R 92'4136-36- R 
i 8.i'J •9 88 

ELECTRONICS© PRIORn-Y ONE 
167238 Roscoe Blvd. Sepulveda. CA 91343 

Term s: Visa, MC, BAC, Check , Money Order, C.O .D. U.S. Funds Only . CA residents add 6% sales tu. 
Minimum order $10.00. Prepaid U.S. orders less lhan $75.00 Include 5% shipping and handling , 
m inimum $2.50. Excess re funded. Jus l In case ... please include your phone no. 

Prices subject to change wilhoul notice. OEM and lnalltutlonal 
We will do our besl lo malnlain prices thru June 1979. Inquiries ln~lted. 

phone orders welcome (213) 894·8171, (800) 423·563-3 · 



TRS-80 Microcomputer Technical 
Reference Handbook 

Radio Shack has published a tech
nical refe rence handbook for their 
TRS-80 microcomputer system. The 
Ill ustrated 108 page book Is Intended 
primarily for technically oriented per· 
sons with a good working knowledge 
of digital logic circuits. Written in a 
straightforward, informal manner , the 
TRS-80 Microcomputer Technical Ref
erence Handbook includes technical 
information and schematic diagrams 
for both Level I and 11 T RS-80 systems. 
Topics covered in the book include: 
Theory of Operation , Adjustments and 
Troubleshooting, The Outside World 
(connections to control external devices), 
parts list and fold-out schematics. The 
handbook is priced at $9.95 and Is avail· 
ab le from Radio Shack stores and deal · 
ers . For further information, contact 
Rad io Shack, 1400 One Tandy Center, 
Fort Worth TX 76102. 

Circle 568 on inquiry card. 

Pascal: An Introduction to Methodical 
Programming 

This book, intended for use in a first 
course in programming, is based on the 
Pascal language. It assumes no prior 
knowledge o f computing and only ele
mentary mathematical ski ll. It empha· 
sizes programming principles, good style, 
and a methodical approach to program 
development. This introduction to Pascal 
includes a thorough treatment of both 
the fundamental language features and 
the few features which are not truly 
fundame ntal. The programmirig tech
nique of incremental refinement is Im· 
parted by consistent example through· 
out the book. In addition , two chapters 
are devoted exclusively to programming 
methodology. Each chapter is followed 
by a number of exercises, answers to 
some of which are provided . This 306 
page book is priced at $10.95. It is 
pub lished by Computer Science Press 
Inc, 9125 Fall River Ln, Potomac MD 
20854. 

Circle 569 on inquiry card. 

-circle 312 on Inquiry card. 

PUBLICATIONS 

Z-80 Inst ruction Handbook 

The Z80 Instruct/on Handbook by 
Nat Wadsworth is a handy, compact 
reference providing a clear detailed 
exp lanation of the Z-80 microprocessor 
instruction set. Standard Zilog mnemon
ics are used throughout and machine 
codes are presented In both octal and 
hexadecimal format. An index lists all 
instructions alphabetica ll y along with 
machine codes and t iming Information. 
This 128 page book is priced at $4 .95. 
.For furthe r information, con tact Scelbi 
Publications, POB 133 PP STN, Milford 
CT 06460. 

Circle 5 70 on Inquiry card . 

Connect Your Computer to an 
Automatic Musical Instrument 

i 
Vestal Press has recen tly announced 

the release of I ts 15th catalog. It con
tains all types of auto m atic m usical in· 
struments incl uding musi c boxes, ca r· 
ousel o rgans, orchestrions (mechanic al 
orchestras). reproduc ing pi anos (player 
pianos th at play with ful l art istic fidel
ity). violi n playing machines, and all 
sorts of unusual music devices. The cata
log is available for $2 from Vesta l Press, 
Dept B, POB 97, Ves tal NY 13850. 

Circle 5 71 on inquiry card. 

Free Catalogs from Hayden Book 
Company 

Two new catalogs that include per· 
sonJI comp utin g and professional com
puting books are avai lab le from Hayden 
Book Co Inc. They feature Hayden's 
new and forthcoming books on introduc
tory computing, program m ing, and appli· 
cati ons and advanced tech nol ogy. For 
free copies o f either the persona l or the 
professional computi ng catalog, write to 
Hayden Book Co Inc, 50 Essex St, Ro· 
ch el le Park NJ 07662. 

Circle 572 on inquiry card. 

TRS-80 Monthly Newsletter 

The TRS-80 Monthly Newsletter con· 
tains articles and programs (with com
plete program listings and instructions) 
re lated to business, personal finance, 
money management, games, p ractical 
applicat ions and gambling. The programs 
are also avai lab le on cassette or floppy 
disk. A summary of the latest TRS-80 
system develo pments and a list of 
TRS-80 related software a re published in 
every issue. A one yea r subscription to 
th is newsletter is $24. For more in forma· 
tion, contact Mathematical Applications 
Service, POB 149 RS, New City NY 
10956. 

Circle 5 7 3 on Inquiry card. 

Comprehensive Microprocessor Design 
Manual Announced by Tl 

This self-teaching microprocessor 
design manual, written for both begin
ners and experts, is available from Texas 
Ins tru ments Inc, Mail Station 54, POB 
2250 12, Dallas TX 75222 . 9900 Family 
Systems Design and Data Book offers 
more than 1,000 pages of educatio na l 
and applications information that can 
he lp users develop a deeper understand· 
ing o f the com plex technology and the 
potential in microprocessors . 

The first chapter discusses the semi
conductor technology advances on 
which today's microprocessors are based. 
It also provides guidelines for selection 
and application of microprocessors and 
microcomputers, and lists general and 
basic design decisions. The second 
chapter is a product selection guide, 
coverin g the complete Tl 9900 family 
of microprocessors, microcomputers, 
peri pheral support circuits, assembled 
m icrocomputer modules, software and 
development systems. Chapter Three 
moves step-by-step through a "first 
encounter" with a 9900, descri bing basic 
concepts in a n introductory app lication. 
Chapters Four, Five, and Six cover hard
ware and software design, architecture 
and interfacing techniques, programmin g 
methods and the Instruction set . 

Chapter Seven con tains re fe rence 
materials for development systems used 
by experie nced syste m designers to 
develop 9900 software programs, debug, 
and prototype final systems. It also 
inc ludes in-depth technical specifications 
on all currently availab le products in 
the 9900 family. 

Chapter Nine offers detailed examples 
of real world uses of Tl's 9900 product 
family in the design of a low cost data 
terminal, a floppy disk controller, and 
a simulated Industrial control applica· 
ti on. 

The 9900 Family Systems Design 
and Data Book is priced at $9 .95 (soft 
cover) . 

Circle 574 an inquiry card. 
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Microchess for the PET and Apple 
Computers 

Microchess 2.0, developed by Peter 
Jennings, has been designed for the 8 K 
PET and the 16 K Apple computers. 
In 6502 machine language, it offers 8 
levels of play to suit everyone from 
the beginner to the serious player. At 
its highest level the program pl ays a 
good game and will beat most average 
players and many other chess playing 
programs. It examines positions by as 
many as six moves ahead, and includes 
a chess clock for tournament play. 
Microchess checks every move for 
legality, handles castling and en passant 
pawn captures, and displays the curre nt 
position on a graph ic chessboard. You 
can play white or black, set up and 
play from special board positions, or 
watch the com pu ter play aga ins t itse lf. 
Microchess 2.0 is available for $19.95 
from Personal Software, POB 136, 
Cambridge MA 02138. 

Circle 609 on inquiry card. 

New Publication on Patch ing and Pro
gramming from Poly phony 

The Source is a compilation of analog 
music sy nthesizer patch charts wh ich 
have appeared in Polyphony magazine 
plus some extras. The magazine and this 
book adhere to two important concepts: 
to show the average sy nthesise how to do 
it, and to promote and publish informa
tion exchange between synthesists. The 
first of the six chapters in the handbook 
is spent familiarizing the reader with the 
standard symbology used to represent 
various synthesizer modules. Another 

270 June 1979 © BYTE Public,1tions In c 

MISCELLANEOUS 

On Screen Text Editors for 8080 
Systems 

Two Daisy text ed iting programs 
allow fully interactive visible text edit· 
ing and advanced wo rd process ing and 
formatting, using a serial video terminal. 
The editors provide extended file usage, 
and use dynamic screen imaging to 
minimi ze disruptive screen activity so 
that the editors can be used on a slow 
(2400 bps) video terminal. 

WPDaisy is the word processing 
version of this system which includes 
both space and proportional justifica· 
tion. WPDaisy al lows calling disk fi les 
wh ile formatting, and has 26 In-memory 
buffers. Also inc lu ded Is a mail merge 
program which is useful in producing 
form letters and labels. 

The TSA/os version is $125 for Daisy, 
and $300 for WPDaisy. The CP/M 
ve rsion is $175 for Daisy; $350 for 
WPDaisy . For further information, con· 
tact TSA Software Inc, 39 Wi lliams Dr, 
Monroe CT 06468. 

Circle 6 1 1 on inquiry card . 

Multi-Universal In tegrated Circuit 
Plug- In Adapter 

This multi-un iversal integrated circuit 
plug-in adapter accepts integrated circuit 
patterns of up to 40 leads, includ ing 
large scale integration, medium scale 
integration, and programmable memory 
devices. The adapter is used for mount· 
ing a variety of mixed devices which wi ll 
then plu g in to any standard universal 
integrated circuit packaging panel. 

The P/N 640-MU I adapter wil l accept 
the following packages: single-i n-line , 
dual-in-line, memory package, interface, 
and large scale devices. The adapters are 
fabricated of 0.062 inch (0.157 cm) 
thick epoxy with electro-tin-p lated cir
cuitry. The plug-in con tacts are brass, ti n 
plated, with a gold plated berrylium cop
per four-tine spring socket member. 

They are avai lable at prices ranging 
from $2 to $6 per unit. For more in
formation, contact Garry Man ufacturi ng 
Co, 1010 Jersey Av, New Brunswick 
NJ 08902. 

Circle 612 on inquiry card . 

ch apter contains patches which arc most 
useful for actua ll y playing tunes. In the 
techniq ues chapter is fo und a multitude 
of patches which provide insight into 
how to use modules efficiently and imag
inatively. The fina l chapter on software 
contai ns the basis for an understandi ng 
of a few of today's newest musical tools. 
Program listings for computer music are 
provided. This 124 page book costs $4 
and is ava il ab le from Po lyphon y Pub lish· 
ing Co, 1020 W Wilsh ire Blvd, Oklahoma 
City OK 73116. 

Circle 610 on inquiry card. 

New Family of RS-232 Switching Units 

A new family of low cost miniature 
switching units has been introduced by 
Giltronix Inc, 3156 Ava lon, Pa lo Alto 
CA 94306. The family, cal led RS232-X , 
switches serial RS-232 peripherals be
tween several driving sources. Model 
RS232-X3 allows three driving ~ou rces. 

By turning the three position swi tch 
mounted on the RS232-X3, the user 
can se lect the driving device that will 
exchange data with the peripheral unit. 
A unique arrangeme nt allows the cascad
ing of two or more RS232-X switches, 
thereby expand ing the selection from 
three devices to five or more. Model 
RS232-XF is similar to the RS232-X3 
but switches additional signals. Both 
come with 25 pi n female con nectors. 
The price of the RS232-X3 is $64.95 
assembled, and $47 .95 in kit form. The 
RS232-XF is $78 .95 assembled and 
$59 .95 in kit form . 

Circle 613 on inquiry card . 

Analog In terface Card 

The ADAK-1 board is a general pur· 
pose analog interface for 8 bit micro
computers. It includes a monolithic 
digital to analog converter, a 5 pole low 
pass filter for waveform ge neration, an 
a4dio amplifier, an eight channel analog 
input multiplexor, and a comparator to 
perform analog to digital conversions by 
successive approximation routines. This 
combination permits real time music 
generation by Fourier synthesis tech· 
niques and permits the outputs from up 
to eight joystick channels, thermometers, 
light se nsors, or other devices to be 
digitized. A modified version, ADAK-1 
PET, plugs direct ly into Commodore 
PET computers. The software cassette 
supplied with this version includes pro
grams for machine language cod ing, 
music generat ion , Fourier waveform 
synthesis, analog to digital conversion 
an d several paddle inpu L games. Both 
versions are complete ly tested and ·in
clude connectors and instructions. 
ADA K-1 is priced at $69 .50 and the 
ADAK-I PET version is $99.50. For 
further information, contact Technical 
Hardware Inc, POB 3609, Fu llerton CA 
92634. 

Circle 614 on Inquiry card . 



*MEMORY SALE! have it your way ... 
16K $295.00!! (4MHz)(Reg.$370.00) 32K $485.00!! (4MHz) (Reg.$620.00) 

ALL BOARDS ASSEMBLED AND TESTED ...... (KIT PRICING AVAILABLE) 

• Extended addressing allows board 
to exist anywhere in 256K memory 
on standard S-100 bus 

• LOW Power, 1.6 amp per 16K 
• 9 Regulators for perfect heat 

distribution 

• Static, of course 
• Phantom line 
• Each 4K block locateable 

anywhere 
• Fully tested and burned in 

for 48 hours 

ADD-ON MEMORY CHIPS - $4.95 EACH!! (TMS 4044 or MM 5257) - 8 Chips - Minimum Order 

*Sale extended one last month 

West: 

DELTA PRODUCTS 
1653 E. 28th Street 
Long Beach, Calif 90806 

Tel (213) 595-7505 

16K 

32K 

Z-80 CPU (one serial chip set, less eprom) $195.00 (Reg. $280.00) 

• 2 Parallel + 2 Serial Port 
• 2 MHz or 4 MHz Switch Selectable 
• Baud Rates 150-9600 
• Power on Jump to On/Board Eprom (2708 or 2716) 
• Memory Management on A 16 and A 17 

VIDEO TERMINAL SIMULATOR $295.00 (Reg. $400.00) 

• Plugs into S-100 Bus and simulates all functions of a 
Soroc or other RS-232 type terminal. A simple video 
monitor such as a Sanyo or Sony TV will perform as a 
smart terminal by writing into an 10 Port. 

• 2K Eprom, 4K Ram (2 video pages on 16 x 64) 
• Lower Case Descenders (16 x 64 or 24 x 80) 
• Tabs, protected fields, home/load cursor, blink, reverse 

video, underline, page erase, etc. (Intel 8275 CRT 
controller) 

DOUBLE DENSITY DISC CONTROLLER $385.00 

• CPM * Compatible, TARBELL Pin-out compatible 
• On/Board Boot 
• 2 or 4 MHz Jumper Selectable 
• 8 inch Single or Double sided (5.25 inch available) 
• 52 Sectors, runs CPM * , I BM Format 

ORDER NOW!! 

SALES 

- AND 
SERVICE 

*CPM is a t rademark of Digital Research, Inc. 

East: 

DELTA PRODUCTS 
1254 South Cedar Road 
New Lenox, Illinois 60451 

Tel (815) 485-9072 

Circ le 89 on Inqu iry card . Dealer inquiries invited. 
Personal checks must clear before shipment • 90 day unconditional wa"anty • B of A, M/C Okay 



J9 ..A.~JEJ Computer Products 

* DISK DRIVES * 
B51 5'!." $295.00 
Dy M lc•u Pe r ip h er als, tnc. Oper ates 
In eitheo sln9 le density (125KB, 
u n f orm atted) o r douDl e density 
(250K B. unf o rm atted) modes, up 
to 40 t rac k s, w lt n a t r ac k- to-track 
access t ime o f o n ly 5 m s. 

Vista UBO 
Mini DISll 

SYSTEM 

S-100 MOTHEll IOI.IDS 
JADE 6·SLOT 
Kot 
Assemh led & Tes ted 
Bare Boa1d 

$41 .95 
$56.95 
$24.95 

J--'LX»E 
MAINFRAMES 

,SA801 R $495.00 
Dy Sh u gart Sln91e-slded 8 " fl oppy 
d isk d rive. 

FOR TRS-80 
$395.00 

9- SLOT " LITTLE MOTHER" 

Kot $85.00 
Assembled & Tested $99.00 
Ba1e Boa•d $35.00 

272 

FDB· 1 00 $395.00 
G S I / Sieme n s. Runs cooler and 
Quiete r tha n BO! ( 8 ") 

SA400 $325.00 
Single den1tty 5•1., 35-Tr•ck drive. 
C•blnel •nd ower su I •v•ll•ble 

1791 B01 
Du•I Densi ty Controller Chip 

$49.95 
~~ 

Includes disk drive, power supply, 
regulator board, and compact case. 
The V-80 offers 23'/o more storage 
capacity. Simply lake It out of the box, 
plug In the cable, and It's ready to run. 
Requires 16K, Level II, expanalon 
Interface. . 
Signal Cable . . . . . . . . . . . . .. . . $24.95 

3-LEVEL &OLD 
WIRE WRAP SOCKETS 

14 PIN 
16 PIN 

)9t each 
4Jt each 

100 f o r $35 
Sm.: kets .1111 1•11d a11d s 1dP s1<u:k 

TRS -80 Interface Cable for Black Box Printer 
w1tt111 1a t 1nq 1 unrH-"l\01\ $48 .00 

(11111sl be usr:-d w1tl 1 f' :•q)JnS•o11 •no du le , • Ov 1 l 
,;unp PUW•!r supµ1y 11·qu11t•d , 

Power Supply for TRS-80/Black Box Printer $49.00 

TRENDCOM 100 
Intelligent Printer 

~ 
Interface & Cable 

for TRS-80 
$45.oo 

• 40 character per second rate 
• Low cost thermal paper 
• 96 character set 
• Microprocessor cont r olled 

Interface & Cable 
for Apple 

$60.00 • Bidlrect lonal look-ahead pr in ting 
• Quiet operation •No external power supplies •Only two 
driven pa r ts • H igh reliabll l ty • Clear S x 7 characters 
• Attractive metal and plutic case 2 rolls o f paper for $5.00 

13- SLOT " OUIE T MOTHER" 
Kot $95.00 
A ssm. & Tes ted $110.00 
Ba1e Boa< d $40.00 

22- SLOT " STREAKER" 
$149.00 

J.A.lD::EI 
VIDEO INT.ERFACE 

S- 100 Co mpa ti b le Ser ia l Inter
lace w i t h So c kets In c lud ed . 
K it $117 .95 
Assembled & Test ed $159.95 
Ba re B oa r d w/man ua l $ 35.00 

Z80A SPECIAL 
4 MHz CPU Ch ip * $14.95 * 

Integral Data Systems ... 
t) Check the Impressive 

features on Integral's 
IP-125 Impact Printer 

on ly $799 

... 

Accomod•tu •II S-100 
Mother Board•. Bulll-ln cerd 
cage wllh card guides. Lighted 
reset 1wltch. Rolron whisper l•n. 

Includes hHvy duly power 
1upply. (+ 8 volt10C @ 30AMPS, 
+ 16 volt1 DC @ 4 AMPS, -8 volll 
DC may be added. 

$389.00 
3M 

.._ or VERBATIM 
FLOPPY DISKS 

5 % in . Minidisk•tt•s 
So fl sec 101. 10 sector. or 16 \ttlor 

$4 .40 e~ch or 
bo• of 10 for $40 .00 

8 in . Sundard Floppy D•sk• 
Soft Sector 

$4 . 75 ucn- 10 !or $42. 50 

$195.00 
$250.00 

S.D. Computer Products 
VERSA-FLOPPY 

Kot S159 95 
A'sernhled II. Tested 5239 00 

• M1e1 001oc euo1 c.un 11 oll•1 • ~ e",. 1 AS.1Jl <... 1111e• •4c r • l'l.a1 • 1te1 r r 1.. 1e ... e1 11H••'•1..e • 1-- un 
uOQll .,, 0 10 .... r • (. .JU' AS CII cn•1 • C1er HI [9C. ctur.ac 1e1U . r ull • . , •• HIC PI ..... r;te p,l(lfl• . Llltl' 
1• n o1n 01 fie coh..11110'1 , •t 10 t,, 1r•c t1"' 0•1 1ncn • 1mcuc1 011n1111q • 1 . 1 1:1 111.n ,,1 11 • • CJ•O•r'I••.., 
PAOt'• u 111 . 1.tnlnld . 1u \heel • ~e .. • I D•uO o.U~ In 1:<'00 0 11\ pe1 \ll!'Cun ct • M u ll1ple line b u rl• • 
ot ~~6 cn.11 1 01'•\ • h ul.i1 nt fflll!' nu 1 p r ml ••tc h 1 100 cn ., •cll'I\ o-e1 U tuoH:I • Mull •p l ir: c.001r\ 
wotn ou t •011.1 1lm•nt • Re•n"1nq "tlDon m11ct1•n1 u n • I •uni 041nlll!I o peul tu cont11.1 h • Attr•cl•~• 
ua11: 100 c 11n 1n1 11 

IP·22S Integral Data System IP·225 Tractor Feed Printer 
•All standard features of IP- 125 
• Tract or feed paper dri ve 
• Form s Control Option (Pl250) 

tP-125 Integral Data System IP·12S Friction Feed Pri nter 
•96 u pper & l ower case ASC II characte r se t 
• E nh anced character con t ro l 
• Seri al RS232C Interface (std. fa c tory w i r in g) 
•Parallel T TL Inter face ( factory wired on reQ . ) 
• 80 c olumn line 
• 256 byte multll lne bu lie r 

$949 

$799 

Uiilf Plugboards 
8800V -1 Ill 

3690·12 
CARD EXTENDER 

C.,4 Ea1 .. n0r1 "' .. 100COl"llK l l so'"' ''°' 
on 115 ' '""'•n A H w hfod ~o,..nec: r0r i t com 
P• hbl• w••ti S-100 8u1 $.,. 11~m1 l~ .00 
lllO 1 .5" JJ/ 4 ...... 1IY Ct'll . 

t .......... ' . . ' . - .. - . ltl .QO 

OYl ~ Ju11 • 1979 

~n Purpow 0 I P llo•111 ~h 

w11" 9u1 Pa11•1n l o t $ol dit1 or 

W 111 W• • P Eoo • v ~IH t 1116"' 

44 P•" con w •nd 1~ 

JIH 1.1"' • U " .... $10.IO 
>1n2 u ·· • u ·· .... St.74 

J" '"'' ' •' M1ctoc:OIT\pu1•1/p1cx:11uor 
p lugbo_.ro UM W111\ S- 100 bu1 Con-o 
p lelr w 1ttl h.till ,, ,, ., & li.trawa1• . 
!t 3-· • ID .. • 1116 .. 

8801·1 
5.,..-illt' 4\ 8800V t • Cf'PI DI••"' IH' 
po- • t>u w t. & t1t11 t. •"' ~ 

1-C $-9 10-74 

i11111v·· IH S .l!JL_ts.H 
llOl ·I 14.H tl~4!~ 

- . 
~· '•• ' ' :;.I~ .. . 

', • ' • '~! 

P Piltlittn plu~rOi fOf 1c·1 
l:po1y Gl11u 1116'' « pin <Oo"I 
IP-KC'd 11)6 . 

JMZ U " • 4.5" ..... Sl.H 
llU-21.1·· • 4.S" ... 111.45 

M1 ·0i:M•IY O u .11 •M•l.1t!I!' Plu9 

bo,11d 101 W ot.e W111~ Wllh 

Power & Grtl e~' EPo~v 
GIH\ , f l6-- .... P •" con 'PK~ . .. 
JIU I .I" a 4.S" . . . . SI0.11 
JIU.21.S" • 4.5'" • ••• St.11 

Circle 195 on Inqu iry card. 



PLACE ORDERS TOLL FREE I001'21·510t Conttnene.i U.I. 
I00/212-1710 lnltde C.llfomla 

LEEDEX MONITOR 
• 12 " Black and White 

• 12MHZ Bandwidth 

•Handsome Plastic Case 

$139.00 

DE .... 
$179 

CASES - $29.95 

KJM-1 Module monll
or. programs stored In 
2048 ROM BylH. U•er 
Manual , Wall size 
schematic. Hardware 
manual , Programming 
manual. Programmers 
reference card.and 
Koyboard display. 

lfl-a $245 
6502 - oased single board 
computer with keyboard/dis
play, KIM· l hardware compa
tlt>le, complete documentation . 

SYM-1 CASE $39.95 
MICROPROCESSORS 

F8 

m~21~~ul) 
COP!802CD 
6502 
6800 
6802 
8008· 1 
8035 
8035·8 
8080A 
8085 
TMS9900TL 

BOllOA SUPPORT DEVICES 
8212 
8214 
8216 

m:.f~~~ll 
8226 
8228 
8238 
8243 
8251 
8253 
8255 
8257 
8259 
8275 
8279 

USRT 
52350 

UAR TS 
AY5 ·101JA 
AY5 -1014A 
TR l602B 
TMS601 I 
IM640J 

BAUD RATE GENE RA TORS 
MCJ4.JJ I 
14411 C1y\l.)I 

6800 PRODUCT 
6810P 
6820P 
6821P 
6828P 
6834P 
6850P 
6852P 
6860P 
6862P 
6871P 
6875P 
6880P 

CHARACTER GENERATORS 

~m ~~~~ \:\~·N, 
2513 Upp., (5 '1!111) 
2513 Lower (5 volt) 
MCM6~ 7 I up \c.an 
MCM6S7 1Adown\Cn 

PROMS 
1702A 
2708 
2716 !5•t2) Tt 
2716 5vl INTEL 
2158 5• 

DYNAMIC RAMS 
4 t6D/4 t t6 (200n•I 
2t04 /4096 
21078-4 
TMS4027 /4096 (300ns) 

STATIC RAMS t-t5 
2 t L02 (450nsj $ 1.50 
21L02 (250ns $ 1.75 
2tOl·t $ 2.95 
21 tl · I $ 3.25 
2112·1 $ 2.95 

FLOPPY DISK CONTROLLERS 
t77180t 
1791 

KEYBOARD CHIPS 
AYS-2376 
AYS-3600 
MM5740 

$16 9> 
$20.00 
$14 .95 
SI 7 95 
St ·l.95 
$16,95 
S25 .1l0 
$12 . ~5 
$20.00 
$21.00 
SIO 00 
$23.00 
S49.95 

s 2.90 
s 4.65 
s 2 75 
s 4.30 
s 9.95 
s 2.75 
S 6 40 
s 6.40 
s 8 00 
s 7 50 
S20.00 
s 6.45 
S20.00 
$20 00 
s1~ .oo 
SIB 50 

S!0.95 

s 5 2~ 
s 8.25 
s 5.25 
s 5 .95 
s 9 00 

SI0.00 
s 4 95 

s 4.00 
s 6.60 
s 6.60 
SI 1.25 
St6.95 
s 8.65 
st 1.00 
s 9 .25 
St2.00 
$28. 75 
s 8.75 
s 2.50 

s 6.75 
s 6.75 
s 9.75 
$10.95 
St0.95 
$t0,95 

$5.00 · 
$ 9.95 
$60.00 
$60,00 
$30.00 

St2 .50 
s 4.00 
s 3.95 
$ 4.00 

16- 100 
s 1.20 
s t .50 
$ 2.60 
s 3.00 
,. 2.65 

SJ9.95 
S-9.95 

$13.75 
St3.75 
$18.00 

Clrcle 195 on Inquiry card. 

JADE'S 
DOUBLE DENSITY 

Controller Board 

KIT: $249.00 
Assmb. & Tstd: $299.00 

•Single or Double Density Recording 

•Full Size or Mini Floppy 

•CP/M Compatable In either density 

•Programmed Data Transter. no OMA 

•Controls up to 8 drives 

•IBM formal In either density 

•Sollware Selectable Density 

,, NEW! 
JADE zao BOARD 

lllPROV•D D•SIQN AND 
F•ATUR•S 

•ON BOA RO 2708 or Ht& f PROM 

• VERY RELIABLE AT 4 MHl OR 

i MHZ 

•POWER ON JUMP ANO RE$E T 

• ON BOARO U$AR T rsi~ lJ 

K rl 
AuemlJled & Tested 

Kil 
LMJ:k 

A~scmbleo & Te ileCI 
Ba,e Boiard 

s 135.oo 
SllS .00 

s 149. 95 
S1H.95 
I lS .00 

) •APPLE • TRS-60 •APPLE • TRS-80• APPLE • TRS-60 

~ Jade 1111morv ! EIDanalOn 1111 tor ~ 
~ Tll-IO Ind IDDlll j 
"' 4116'1 "' 
& E verythlng a person need• to ;;; 
'!' ildd 16K of memory. Chip• "" 
~ come neatly packaged with ~ 
:'= easy to follow dlrectlon1. In l 
~ minutes your machine 11 '.3 
'!' ready for games and more ~ 
~ advanced software. g; 
~ ~ 

i $82.00 ! 
• 'f' 
li! ·>e·s1:11.3'\dd1:1.oo·s1:11. :ndd1:1 .oo·s1n.3'ldda. 

,::tr''''':': ;:::;:;.:;;~:~~;;:::~::::::::: '''''h 

• This controler utilizes !he proven 
reliablllty of the IBM standard format 
as welt as tho 1u1es1 phase-locked
loop tor dala seperatlon. • All clocks 
are genorated from an on-board 
cyrstal oscillator • Righi prec ompen· 
sallon Is used lo enhanced data 
recovery rellablllty In lhe double 
den sily modo • Density sctecllon is 
enillrety lr-ansparenl lo lhe user • 
Single and double density diskettes 
can be mbced on lhe same system. 

:f:I QUIH INCIAL: :t 

llP!!!!P.!~f!l ... ~~l!~"" ... [\11\11.,~~:;.:~~-;-.~.;~,.,~:;.,,~~- ;~::~,' .. , .J .. :: 

A KIM · l compallb le machine with 
on -board printer and a real keyboard! 

$375.00 w/1K RAM 
i450.00 w/4K RAM 

4K assembler/editor In ROM:$ 80.00 
8K BAS IC In ROM: $100.00 
Power supply: $ 59.95 
Case for Al M-65: S 49.95 

S-100 EDGE CONNECTORS 

*ZRRO 
INSERTION FORCR 

iiiiiiiiil :::;; 
soiac• t••' 53.25 each 

10 lor S35.00 
w11 e wrao $4 00 eac h 

t 0 '"' $40.00 

PRICES: 
16 pin Zip Dip 11 
24 pin Zip 0 1p 11 
40 pin Zip Dip 11 

J'..A.X>~ 
Computer Products 

Tete phone 
(213) 679-3313 

1ocket1 

$11.50 
$7.liO 

$10.:lfi 

4901 W ROSECRANS AVENUE 
Depatlmenl "F" 3 
HAWTHORNE. CALIFORNIA 90250 
U.S .A 

(800) •21 ·5809 Continent al U.S . 
(8001 262- 1710 Inside Californie 

Cash. checks. money orden, 1nd credit cards accepted. Add 
fre igh t charge of S2.50 fo, ordeo under 10 lbl . .and Sl .00 service 
cnarge tor orders under S 10.00. Add 6 %. s.ales tlx on all parts 
delive,ed In C1lltornt1 . Ol1eount1 IYlif•ble at OEM qu1ntltles. 

WAITE FOA OUA FREE CATALOG 
All prices subject to changa without notlca. 

DYNAMIC RAM BOARDS 
EXPANDABLE TO 64K 

32K VERSION• KITS 
Uses 4115(8Kx1, 250ns) Dynam ic 
RAM's, can oe expanded In SK 
increments up to 32K : 

BK $159.00 
16K $199 ,00 

24K $249 .00 
32K $299.00 

4115 SALE 
a for $39.95 , 

JADE SK 
Kits: 450ns $125.15 

250ns $141. 75 
Assembled & Tested: 

450ns $131.75 
2son1 SHl.71 

Bue Board: I 21,00 
16K - u- 2114'• (low powen 
Assembled & Tested: 

RAM 11 (250n1) 1371.00 
RAM 1 IB (450n1) SUS.OD 

16K with rMmorv mal\8gefMnt 
Assembled" Tested: 

RAM 15 (2SOn1) SJI0.00 
RAM llB (450n1) IH0.00 

32K St.tic 
Assembled• Tested: 

2son1 $711.00 
450n1 •1i1.oo 
ZIOn1 Kit $171.00 
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Full Standard PILOT on PET 

Commodore PET owners can get fu ll 
standard PILOT on a minimum size PET 
with the PETPI LOT language processor 
and editor which is suitable for preparing 
long programs of up to 80,000 char· 
acters. The product features full BASIC 
in compute statements as we ll as two 
new key words designed to make Pl LOT 
programming easier and faster. All lan
guage features of the most recent Pl LOT 
standard are implemented. Onl y the tape 
drive supplied with the PET is required 
to run any PI LOT program. While simple 
Pl LOT programs can be created on a 
single drive PET, authors writing long 

FORTRAN Compiler for 6800 Produces 
Relocatable Object Code 

A FORTRAN compiler for 6800 
microprocessors, which produces re· 
locatable object code in a Motorola 
compatible format , has been introduced 
by Smoke Signal Broadcasting, 3 1336 
Via Colinas, Westlake Village CA 91361. 
Programs are compiled to run under the 
company's DOS-68 disk operating system 
for scientific applicati ons, number 
crunching and multidimensional a rray 
processing. The compiler is also comple-

SOFTWARE 

programs will need the second cassette 
drive offered by Commodore. 

The package offered by the PET· 
Pl LOT project contains both programs, 
a sam pi e Pl LOT program, a teacher's 
manual, a quick refere nce card, and 
licenses to run the programs on a single 
PET. A tutorial course of 4 one hour 
lessons in effective use of PILOT is also 
avai lable. The basic package costs $12, 
and the tutorial is an ex tra $8 . Both 
products can be ordered by specify ing 
the PET serial number to be licensed . 
For further information contact Dave 
Gomberg, 7 Gateview Ct, San Francisco 
CA 94116. 

Circle 620 on inquiry card . 

mented by Smoke Signal's Linking 
Loader for loading the object li sti ng 
into any portion of memory specified. 

Requiring 24 K bytes of user pro· 
grammable mem ory , the compiler has a 
data initiali zation capabi li ty, features 
arithmetic and logical IF statements, and 
hand les sequential access files so that up 
to four files can be opened at any one 
tim e. FORTRAN library subroutines can 
also be built. 

The 6800 FORTRAN compiler is 
priced at $99 . 

Circle 621 on Inquiry card. 

KIM -1 Control System 

PCROS is a Process Control Rea l
time Operating System for the KIM-1 
microcomputer board. The operating 
system is designed to function in the 1 K 
byte KIM-1 programmable memory. 
PC ROS can control up to twelve switches 
and is driven by a real time clock routine 
that makes use of the KIM-1 timer and 
interrupt circuitr)'. 

A process control language inter· 
preter has been inc luded as an integral 
part of PCROS. The interpreter utilizes 
the on board K IM-1 key board and di
play. The process control language inter· 
preter provides nine commands for appli
cation p rogram devel opment: set swit· 
ches, hold full-second current settings 
(up to 255 ), hold quarter-second current 
setti ngs (up to 255), repeat command 
sequence, reset repeat loop, go to sub
routine, return from subroutine, load 
and execute next program (from cassette 
tape), and halt. Application programs 
can contain up to 56 commands. 

PCROS on KIM format cassettes with 
users manual is priced at $14.95. The 
assembly listing is available for $24.95. 
For furthe r information contact H Geller 
Computer Systems, POB 350, New York 
NY 10040. 

Circle 622 on inquiry card . 

TM 

PERSONAL COMPUTING SOFTWARE FOR APPLE®, PET®, AND TRS-80® 

APPLE• COMMODORE • POWERSOFT 
GRT • PERSONAL SOFTWARE • P.D.I. • SOFTAPE 

ExcLus1vEL v AT ALL PART1c1PATING ComputerLand® sroREs. 
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• 1iJK AOM Opera1ing sys tem 
• 8K RAM Memo,y 
• 9· Video M on11or 
• Bulll 1n Kc yboa1d 
• D1g1tall v cont rolled !ape 

Today·s best value m personal compu1e1s, along w11h lhe lalest 
10 peripherals arc always m SIOCk a1 lhe COMPUT ER FACTORY 

NEW! PET ]~f~iess 
The PEI 1s now a truly sq phisticated ri 
8u9iness System woth the Floppy i' . 
Disk and Prin ter which makes an · 
1dea1 cos t eH1c1ent busmess 
sys1em for mos1 proless1onal and 
spec1el1zed fields: medicine. 
law. research. engineering. 
educa1ion. etc 

PET 2001 -
16K$995 
32K$1295 

• :6or J2K 0yle!. 
Oynamrc AAM • taK ROM 

Ollt!fftllng Sysu:im 
• Upper/Lowor Cose 1Jnd 

Groph1cs 
• Full StrnCJ Busmen t< cyuon10 
• Fun Screen Ed1l 1ng 
• Ope r.i11ng systt!m w111 s.upport 

mu ltiple Langu11ges (BASIC 

DUAL DRIVE FLOPPY 
DISK 2040 $1295 

: ~,,\~~~: ~~~~"¥7ons re. SALE • Plugs into IEEE Pon 
• 6.504 M 1CfOptOCQSS01 
• SK ROM Ope1ating Svstem 
• BK ROM Encoding ::.no 

ooco••"P Come In Or Call For 
: ~~.~AS~n91e or Du OI ''""" Special Low Prices 

o ....... , WE'RE MOVING TO 
SINGLE DRIVE LARGER QUARTERS 
FLOPPY UNIT AND MUST SELL 
2041 $895 EVERYTHING IN OUR 
• 1n1r11ogen1 m,n, Hopp, INVENTORY 
• I 7l SK nc1 user s1ori:1ge 

276 nn1 '""'' r ~79 

,.,...,adttblc lor dll your needs 
PCS sc11cs include oual l!opp1es 
I 0 DOS BASIC 
• PCS-•2 i <OOKBI $3295 
• PCS·•·• 1780KB I $3995 
VOP-42 se 11es aods v • d~O 1crn11nal 
board and VIO 10 ano ... e 
• VDP-42 $4995 
• VDP 80. $7995 ------

BILLINGS MICROSYSTEM 
EXPANDABLE TO NEW.' 
2 MEGABYTES • 
features: 
• t2'' CRT 

• 320 K S1orage 
• Graph ics 

• 64K RAM • 94 Keys 
• Z·80 • 2 RS·232 porls 
• Dual mini floppy • 1 parallel port 

This supor adYoncod full tuncllon prOQram wlll allow 
you 10 crea1e tcbct from PET or lormlnal ko)lboard. 
• INSERT • DELETE • CENTER • UNDERLINE • 
fUll SCREEN EDITING • MOVE LINES OR 
BLOCKS • SAVE TEXT ON TAPE • AUTO PR INT 
FEA TURE .... $45 

This lentutlc program di1k allows mo a11t11ticlan. 
ma1hema1lcJan, lrader In stockt, money or 
commodillos. tho ablllty to maintain 30 database 
aorie.s or up lo 300vafue.s and pro13 dlHerenl moYlng 
avorege.s of a ae~os at lhe same limo. In 3 dllferent 
colors. Flies can be updated, deleted, changed, 
o:ir:tended, otc. 
A suro value diflk et onty $40! 
Word Proces.slng For Apple on dlik ... $50 

The COMPUTER FACTORY'S e•tans1ve CENTAONICS •..•.• 
IOYCnto1y ttnd w 1dQ SCICr.1 •0'1 OI compulN AXIOM (Pnrallftl) . ·- . . 
p rinters assures vou o f fi nding the p11 n1c r AXIOM (Soria!) . _ •.• ..• 
be$1 Su11 d lor your neeas ttno TRENOCOM __ _ ••. • 
spec1hcn11on:\ The lo llo wmg pn n1ers wo rk INTEGRAL DATA .•.•• 
w ell with ~II 1o. r1own p1usonal c:ompu1ors CUME or DIAB LO ._ . 



North Star 
Utilities Package 

With these programs the user can: 

Read a basic program directly from a 
disc and list all variables appearing in 
the program (Listings can be made 
of variables versus line numbers or 
line numbers versus variables.) 

Selectively print out any statement, 
function or command versus the line 
numbers that it appears in 

Print out a " flow chart" of the basic 
program 

This package is essential for examin· 
Ing end modifying basic programs . It 
Is provided on a North Star Diskette 
for $15 .00. 

Potter's Programs 
22444 Lakeland 

St. Clalr Shores, Ml 48081 
1313) 573-8000 

Circle 310 on Inquiry card. 

fsHORT CASSETIES 

C-10 0 CJ a F~~T 
. List U .00 10 forS7.50 50 for$32.50 

MICROSETIE CO. 
777 Palomor Ave. · Sunnyvale, CA 94086 

Duplication Services 

Mlcrosette also offer.; professional 
duplication services for Commo
dore PET and Radio Shack TRS-80 
Level I and Level II cassettes. Our 
seJV!ce provides mastering, quality 
control . all material Including two
piece box. afftxlng of your labels or 
supplying our blank labels and ship
ping. Prices start at S2.00 each in 
100 quantity. 

MICROSETIE CO. 
777 Palomar Ave. · Sunnyvale, CA 94086 

Circle 229 on Inquiry card. 

RECYCLE(D) 
COMPUTERS 

···-············································ 
BUY -/< SELL 1; SWAP 

Hardware & Software 
NEW P RODUCT ANNOUNCEM ENTS 

:U ll~t-('• 

Mailed 1st Class every 3 Weeks 

I yr. ( 18 issues) 'Cl $3.75 
1•n••••••-••••••••••••••••••••••••••••••••••••• 

ON LINE ···$-· 
0 .1J1 l h 11lr . &hohtlu r • · · •• 

24698 Sa.n ta Cr uz Hwy . • Los Gat.os. CA 9 5030 

Circle 288 on Inquiry card. 

SUPPLIES 

ta»~ . 
~,./ 

• FLOPPY DISKS, MINI OR 
STANDA RD MEMORE X OR 3M 

• JM DATA CA RlRIOG ES 
OCJDOA. OCIOOA 

·JM DIGI TAL CASSETIES 
• JM OR MEMO REX AUDI O 

CASSETTES, M O 
• JM DISK CARTRIDGES 

WE OFFER: 
• COMPETITI VE PRICING 
• IM MEDIATE DEL IVE RIES 

IAny Du1n1it•t) 
• UNCONDITIONAL GUAR ANTEE 

BET A BUSINESS SYSTEMS 
8J69 VICl(ERS ST •• • G 

~SAN DIE GO. Co\ 92 11 l raial 
liiiil 17141 S.65..., 505 ~ 

Circle 27 on Inquiry card. 

BASIC 
SUBROUTINE 

LIBRARY 
Volume 1 

• A RRAYS · m inimum , ma ximum , sums, 
St."arching, so rc ing. 

• M ATRI X ALGEDRA · addi1ion, >ub1rac-
1ion , mult iplica t io n . t ra ns p osi t io n , 
dete rm inan t, inversion. 

•SIMULT ANEOUS EQUATI ONS • non· 
S)'mm C'trk J I, symme11 ic al. ba nd ed. 
1h rce-d iago nal . 
Any ro uline yo u ' ll ever net:d, invol ving 
a rra )'S, m1urix algebra or simultancou 
equation . can be found in this l"Om · 
p rehens ivc co llec1ion o f subrou1 inc!- , 
compactiblc with ;-.ny versio n o f BAS IC 
having subs.criplt:d \';;lfi :tb les. 

Numero us example-s show ho"' 10 incor
pora1e rhm t:' ~ubrou 1 i nes in1 0 yo ur pro
grams or how to m e 1hcm 3s sl nnd 
alonr programs. 
Order now ;;Hnl save day~ of work. 

SU.00 U.S. plu s $2 .00 for h•ndllnK 
and p o)IU1t,t. 

VM Professional Application 
Software, Inc . 
2703 Bainbridge Avenue 
BURNABY, B.C. V5A 287 

Circle 379 on Inquiry card . 

~ TRS- 80 ) 
SPECIAL PROMOTION SALE 
SA VE 10%, 15% or more on ALL 

Computers, Peripherals, Software, 
and ALL .other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship· 
men ts. 

FREE Surface delivery in U.S. 
WARRANTIES will be honored 

by your local Radio Shack® store. 
Offered exclusively by 

Radio Shack® 
Authorized Sales Center 

1117 Conway 
Mission, Texas 78572 
(512) 585-2765 )..- -VISA' 

Circle 314 on Inquiry card. 

••CRT INTERFACES•• 
black• white/color 

Monitors • Combination Rcvr /monitor 1111 
• Modulator kits • B·W Cameru • Oolor 
Cameras • Audio Subc1rrler kill • Pam 

WRITE or PHONE IClf OETAILS & PRICIHO, 

DIAL: 402·981·3111 

Dealers welcomed, Well e11abll1hed propam. 

~ 
13·8 ATV Research D•kO!ll CllY, 

Broadway ~ HE. mar 

Circle 19 on Inquiry card. 

ADVERTISE YOUR 

PROGRAMS IN OUR NEW 

Co111puter 
Solt~are 
Directory 
FOR AS LITTLE AS $20/ YEAR! 

EVEN IF YOU ONLY HAVE ONE 

PROGRAM TO SELL , WRITE: 

CYBERTRON 
P.O. BOX 5056 
BETHLEHEM, PA.18015 

Circle 90 on inquiry card. 

FLOPPY DISK 
REPAIR 

•Per Sci and Shugart 
• Quick turnaround 
•Factory trained on 

Per Sci 

COMPUTER SERVICE CENTER 

7501 Sunset Blvd 

Hollywood CA 90046 

213 -851 -2226 

Circle 77 on inquiry card . 



TRS-BOE.s. 
SERIAL 1/0 
• Can input into basic 
• Can use LLIST and 
LPRINT to. output, or 
output continuously • 
RS-232 compatible • 
Can be used with or 
without the expansion 
bus • On board switch 
selectable baud rates 
of 11 0, 1 50, 300. 600, 
1200, 2400, parity or 
no pari ty odd or even, 
5 to B data bits , and 1 
or 2 stop bits. D.T.R. 
line • Requires +5, 
- 12 VDC • Board only 
$ 19.95 Part No. B010, 
wi th parts $59.95 Part 
No. B01 QA, assembled 
$79.95 Part No. B010 
C. No connectors pro
vided, see below. 

ElAIRS,..232 COl"I• 
l'\9C1 , or P1rt No . 
o~ssm.
B'". 8 CCll'Cl'-!Ctclf' 

ct1t:M 110..BS PW\ 
No De2SP9.. • 3" nllt!Otl cildl 

w1t.h 1ltac.hedcon
r'MICt.Of'ltOl1tTAS. 

80 llt1d Cll.lt' •lrill 
boWd 11 8 ~ P9l1 
No. 3CA840. 

RS-232/ TTLir. 
INTERFACE 

•Converts TTL to RS-
232. and converts AS-
232 to TTL• Two sep
arate circuits • Re
qu~es -1 2 and +12 
volts • All connections 
go to a 10 pin gold 
plated edge connector 
• Board only $4.50 
Pert No. 232, with 
parts $7.00 Pert No. 
232A 10 Pin edge 
connector $3.00 Part 
No. 10P 

MODEM{!-

• Type 103 •Full or 
half duplex• Works up 
to 300 baud • Origi
nate or Answer • No 
coi ls, only low cost 
components • TTL In
put and output-serial 
e Connect B n speak
er and crystal mic. 
directly to board • 
Uses XR FSK demod
ulator • Requires +5 
volts • Board only 
$7.60 Part No. 109. 
with parts $27.50 Part 
No. 109A 

MINIDISK 

• Box of 10 

$29.95 

RS-232/ TTY{r 
INTERFACE 

S-100 BUS~:
ACTIVE TERMINATOR 
Board only $14.95 Pert No. 900, with parts 
$24.95 Pert No. SODA 

-- -- -- - ..... 

'.·~~~,]~J ~i.- - ,-,-, , . 
1~hl1 I I H I 

APPLE IB1- · 
SERIAL 1/0 
INTERFACE 

' - . 

. . 
. i 

l j I I !ldlll · .~ 

Beud rate is continuously adjustable from 0 
to 30,000 • Plugs into any peripheral 
connector• Low current drain. RS-232 input 
and output • On board switch selectable 5 to 
8 data bits. 1 or 2 stop bits, and parity or no 
parity either odd or even eJumper selectable 
address • SOFTWARE • Input end Output 
routine from monitor or BASIC to teletype or 
other ser ial printer • Program for using an 
Apple II for e video or an intelligent terminal. 
Also can output in correspondence code to 
interface with some selectrics. • Also 
watches DTR • Board only $15.00 Part No. 
2, with parts $42.00 Part No. 2A. assembled 
$62.00 Part No. 2C 

T.V. 
TYPEWRITER 

• Stand alone TVT 
• 32 char /line, 16 
lines, modifications for 
64 char/line included 
e Parallel ASCII CTTU 
input • Video output 
• 1 K on board memory 

TAPE:;: . 
INTERFACE 

• Play and record Kan
sas Oty Standard tapes 
• Converts a low cost 
tape rec order to a 
dgitel recorder • Wcrls 
up to 1200 baud• Dig
ital in and out are TTL
serial • Output of 
board connects to mic. 
in of recorder • Ear
phone of recorder con
nects to input on board 
• No coils • Requires 
+5 volts, low power 
drain • Board only 
$7.60 Pert No. 111. 
with parts $27.50 Part 
No. 111A 

• Output for computer 
controlled curser • 
Auto scroll • Non
destructive curser • 
Curser inputs: up. down, 
left, right, home. EOL 
EDS • Scroll up. down 
• Requires +5 volts 
at 1.5 amps, and - 12 
volts et 30 mA • All 
7400. TTL chips • 
Cher. gen. 2513 • 
Upper case only • ... _________________ Board only $39 .00 

BK EPROM PllCEON 

Saves programs on PROM permanently!until 
erased via UV light! up to BK bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. • S-
100 bus compatible • Room for BK bytes of 
EPROM non-volatile memory C270B'sl. •On
boerd PROM programming • Address 
relocation of each 4K of memory to any 4K 
boundary within 64K • Power on jump and 
reset jump option for "turnkey" systems end 
computers without a front panel • Program 
saver software available • Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 270B EPROM 
$25, Bare board $35 including custom coll, 
board with parts but no EPROMS $139, with 
4 EPROMS $179. with B EPROMS $219. 

Part No. 1 06. with 
parts $145.00 Part 
No. 106A 

UART& 
BAUD RATE 

GENERATOR{!-

HEX ENCODED 
KEYBOARD 

E.S. 
This HEX keyboard 
has 19 keys, 16 encod
ed with 3 user defin
able. The encoded TTL 
outputs. B-4-2-1 end 
STROBE ere debounced 
and available in true 
end complement form. 
Four onboard LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Part No. 
HEX-3. with parts 
$49.95 Part No. HEX-
3A. 44 pin edge con
nector $4.00 Pert No. 
44P. 

DC POWER SUPPLY~!-
• Board supplies a regulated +5 
volts et 3 amps., +1 2. -12. and - 5 
volts at 1 amp. • Power required is 
B volts AC at 3 amps., end 24 volts 
AC C.T. at 1.5 amps. • Board only 
$12.50 Pert No. 6085, with perts 
excluding transformers $42 .50 
Pert No. 6085A 

ELECTRONIC SYSTEMS 
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'lbe 
A completely refurbished 
IBM Selectric Terminal with 
built-in ASCII Interface . 

.. 

Feattll'es: 

• 300 Baud 
• 14.9 characters per second 

printout 
• Reliable heavy duty Selectric 

mechanism 
• RS-232C Interface 
• Docwnentation included 
• 60 day warranty- parts and 

labor 
• High quality Selectric printing 

Off-line use as typewriter 
• Optional trnctor feed available 
• 15 inch carriage width 

HOW TO ORDER 
DATA-TRANS 1000 
1. We accept Visa, Master 
Charge. Make cashiers checks or 
personal check payable to: 
DATA-TRANS 
2. All orders are shipped 
EO.B. Sanjose, CA 
3. Deliveries are immediate 

ASCII KEYBOARD • • • • • • • • Mounted to DECWRITER Panel 

By Cherry Products . . . ASSEMBLED 89.95 

ASCII to Correspondence code converter 
This bidirectional board is a direct replacement for the board 
inside the Trendata 1 000 terminal. The on board connector 
provides RS-232 serial m and out. Sold only as an assembled and 
tested unit for $330.00. Part No. TA 1000C 

Circle 126 on inquiry card. 

-~II 
With 16K $1024.00 

S1000 

For orders and information 

DATA-TRANS 
2154 O'Toole St. 
UnitE 
Sanjose, CA 95131 
Phone: (408) 263-9246 

TIDMA·!:· 
•Tape Interface Direct 
Memory Access • Re· 
cord and play programs 
without bootstrap load
er Cno proml has FSK 
encoder/decoder for 
direct connections to 
low cost recorder at 
1200 baud rate , and 
direct connections for 
inputs and outputs to 
a digital recorder at 
any baud rate • S-1 00 
bus compatible• Board 
only $35.00 Part No. 
112. with parts $110 
Part No. 11 2A 

T.V. INTERFACE 

• Converts video to 
AM modulated RF. 
Channels 2 or 3. So 
powerful almost no 
tuning is required. On 
board regulated power 
supply makes this ex
tremely stable. Rated 
very highly in Doctor 
Dobbs' Journal. Recom
mended by Apple • 
Power required is 12 
volts AC C.T .. or +5 
volts DC • Board only 
$7.60 part No. 1 07, 
with parts $1 3.50 Pert 
No. 107A 

!Illegal where 
prohibited by law.J 
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Circle 115 on Inquiry card. 

8" Siemens FDD120-8 Drive 
All Siemon' • options Inclu ded 
In th is drive which can be con
f igured hard or soft and single 
or double density. (Others !l_ive 
only stripped uni t) S425.0U 

"Power One" Model CP206 
Floppy Power UniL For two 
drives go ing full·ou t, ond poss
ably m oro on less severe service. 
2.8A©>24V, 2.5A©>5V, 0.5A@-5V. 
Beautiful quali ty. $99.00 

• 

DISKETTES (Standard) 

8" Boxod 10 $39.00 
SW' Boxed 10 $34.95 

T arbell ("It Works" ) interface 
( I ncludes cab le sot for 2 drives) 
$265.00 BUT ON L Y $219.00 
with purchasa of two dr lvos. 

Cable Kits 1 o• w ith 50 cond. 
cable end connectors ond also 
Molex connectors and power 
cable: For one driv e: $27.50 
For two drives: $33.9~ end 
f or three drives: $38.:tS 

Electrolabs 
POB 6721, Stanford, CA 94305 
415-321 -5601 800-227-8266 
Vlsa .. A m er ican EM p ress 1 Master 

I 
I 

t:. 
I 
I 

SHRINKS 
your media 
RELIABLY II 

--

Low Profile SoCket S~ctacularl !! 
Featur ing a k ind of • M&xlcan Hand
shake" principle, these sockets will 
NOT let your JC's v ibrate outll In 
8, 14, 16, 1B,2C?,22,24,28 &40 lc!/ pin 
1000+: .75/ptn, 20,000+: .65/pm 

10 Megabyte 
SUPER DISK l!I 

I-~ 

t -

II 

NEW 
PRODUCT 
RELEASE !!I 

NEW Breakthrough 
In Size, Weight (391bs) 
Power (125W) Perform· 
ance (3600rpm) and 
cost effectiveness (10 
MBy ind controller 
for $6750.00) For 
PDP·11, LSl-11 
ANO ----

S-100 machines 

ESAT200B (Bi-Lingual) 80X24 

Used Sylvania 12" Video 
Monitors. Composite video 
lSmhz, I 15vac, S0/60hz 
New Tube. As shown $109 
OEM style without case : 
$99, Anti-glare tube option 
add $12. Specify p4 or p 39 

Communicating Terminal 
Scroll ing, Full Cursor, Bell, BXB 
matr ix, 2 56 oddret:sable characters 
11().1 9,200 baud, etc, etc ...... 
Th Is term lnal has been purchased 
by ma ny agencies, unlversitlm & 
companlOI. Fully stond-elone, It I• 
the only dual font terminal of any 
kind for less than $2500. 
Supplied complete end fully guoran- • 
teed: (many graphics oppllcatlons) 

a§: 
:I CALIFORNIA COMPUTER SYSTEMS 

11K RAM BOARD. Fully butlered addressable in 4K 
blocks. IEEE standard for bank addressing 2114's 
PCBD ...................................... ..... ............. ......... ... $26.95 
Kit 450 ..... .. ........ .................... ......... .......... $259.95 
PT-1 PROTO BOARD. Over 2,600 holes 4" regu· 
lators. All S-100 buss functions labeled, gold fingers. 
PCBD .... ... ...... ....................................... .... ..... ....... $29.95 
PT-2 PROTO BOARD. Similar to PT-t excepJ set· 
up to handle solder Jail sockets. 
PCBD . .. .. ...... ........... ..... ...... ... .......... ........ .... ......... $29.95 

SS1J 
'OlllllllLV CVllltCOll/BOLID ITATI llUllC. 

PB·1 2708 & 2716 Programming Board with provisions 
for 4K or BK EPROM. No external supplies require 
ta.tool sockets. Kit ......................... ................. $124.95 
CB-1 8080 Procefsor Board. 2K of PROM 256 BYTE . 
RAM power on/rest Vector Jump Paralle l port with 
statua Kit ................ $119.00 PCBD ................ $30.95 
MB-98 Basic 6KX8 ram uses 2102 type rams, S-100 
buss. Kit 450 NSEC ........ $139.9? PCBD .. ...... $26.95 
MB-7 16KX8. Static RAM uses 1LP410 ProJectlon, 
fully bullered Klt.. .............. $299.95 
MB·IA 2706 EROM Board. S-1 00, BKBX or 16Kx8 
kit wlJhout PROMS $75.00 ............... .. ... PCBD $28.95 
MB-I 4KX8 RAM/PROM Board uses 2112 RAMS or 
82S129 PROM kit without RAMS or PROMS $72.00 
10-2 S·100 8 bit parallel 110 port, ~ of boards Is for 
kludg ing. Kit .......... $46.00 PCBD ......... $26.95 
10·4 Two serial 1/0 ports wllh lull handshaking 
20/60 ma current loop : Two parallel 110 ports. 
Kit .......... ...... $130.00 PCBD ................ $26.95 
YB-18 64 x 16 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 
Klt ......... ...... . $125.00 PCBD ................ $26.95 
Altair CompaJlble Mo1her Board, 11x11Y: x ~·. 
Board only .. .... $39.95. With 15 connectora ...... $94.95 
Extended Board lull size. Board only ............ $ 9.49 
With connector ...... ............................................ . $13.45 
SP-1 Synthesizer Board S-100 
PCBO ............... $42.95 KIT .............. .. $135.95 

280 BYTE Juno 1979 

$349.00 

/Wml'/;n~. WAMECO INC. 
FDC.1 FLOPPY CONTROLLER BOARD will drive 
shugart,Jertek, remlc 5" & B" drives up Jo B drives , 
on boar PROM with power bool up, will operale 
with CPM (not Included). 
PCBO ....... ......... .. ...... ............... ....... ...................... $42.95 
FPB·1 Front Panel. IMSAJ size, hex displays. Byle, 
or Instruction slngte step. 
PCBO ... ...... ........................................................... $47.50 
MHll-1 BKXB fully buffered, S·100, uses 2102 type 
rams. PCBO ... .............. ............................... . ...... $25.95 
OM·12 MOTHER BOARD, 13 slot. terminated, S-100 
board only ...... ........... ................................ ........... $34.95 
CPU·1 80BOA Processor board S·100 with B level 
veclor Interrupt PCBO ....................................... $26.95 
RTC·1 Realllme clock board. Two Independent in-
terrupts. Software programmable. PCBO .. ..... $23.95 
EPM-1 1702A 4K Eprom card PCBD ................ $25.95 
EPM·2 2708/ 2716 1BK/ 32K 
EPROM CARO PCBO ................ ... .................... $25.95 
OM·t MOTHER BOARD, Short Version of QM·12. 
9 Slols PCBD .............. ........... ................ ........... .. $30.95 
MEM-2 16K x 8 Fully Buffered 
2114 Board PCBD ..... ...... ... ...... .............. ........... $26.95 

80BOA ........... ..... $9.95 
8212 ..... ... ..... ...... 2.49 

2114 (450 NS) lowpwr .. $7.25 
2114 (250 NS) low pwr .. . 7.99 

8214 .................... 4.49 2102A·2L ....................... 1.50 
8224 .... ... ..... ........ 3.49 2102A-4L ........... .. .......... 1.20 
8706 ....... .. ......... .. 9.49 1702A-B ..... ........... ...... .. . 4.50 
5101-1P .............. 6.90 1702A INTEL(nol prime}4.00 
5101 -SP .............. 8.40 4116 ............ ............. 8189.95 

(415) 592-1800 
P.O. Box 424 • San C1rlo1, California 94070 

Please send tor IC, Xlstor 
and Computer parts list 

JUNE SPECIAL SALE 
ON PREPAID ORDERS 

(ch•toe card• not Included on thla offer) 

5% OFF ON WAMECO PCBD'a 
MIKOS PARTS ASSORTMENT 

WITH BOARDS AND 
CCS COMPUTER PRODUCTS 

(aam not Included) 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM·2 with MIKOS •7 16K ram 
with L2114 450 NSEC ............. .................. ....... $235.95 
MEM-2 with MIKOS •13 16K ram 
with L2114 2SQ NSE9 ...... .... .... ..... ............. .. .... $269.95 
MEM-1 with MIKOS #1 450 NSEC 8K 
RAM ................... .. .. ...................... .. ... ................. $119.95 
CPU-1 with MIKOS #2 8080A CPU ....... ....... $94.95 
MEM-1 with MIKOS #3 250 NSEC BK 
RAM .............................................. ...... ............... $144.95 
QM-12 with MIKOS #4 13 slot mother 
board ... ... .. ..... ... .. .......................... .......... ....... ... .. $89.95 
RTC-1 with MIKOS #5 real time clock ........ $54.95 
YB·1 B with MIKOS #6 video board less 
molex conneclors .. ............................ ......... ..... $99.95 
EMP-1 with MIKOS #10 4K 1702 less 
EPROMS ........ ..... ..... ...... ...... ............. .. .. ... ... ....... $49.95 
EPM-2 with MIKOS #11 16-32K EPROMS 
less EPROMS .. ....... ........... ................................ $59.95 
QM-9 with MIKOS #12 9 slot mother 
board ..... ...... .. ...... .... .................. .. ..... ........ .......... $79.95 
FPB-1 with MIKOS • 14 all parJs 
tor front panel ....... ........................... .. ........ .. $134.95 

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PAIME 
PARTS. KITS INCLUDE ALL PARTS LISTEO AS AEQUIAED 
FOR THE COMPLETE KIT LESS PARTS L ISTED. ALL SOCKETS 
INCLUDED. 

VISA or MASTERCHARGE. Send accounl number, lnlerbanll 
numbet, expiration date and algn your order. Appro•. poet.a• 
wm bo add•d. Chetk or money ordtr wlll be Mnl poet p.1ld In 
U.S. If you •re nof 1 r.gut•r cuttomer. plelM uM charge , 
c11h ler'1 c:hec.k or S)09111 tnoMy order. OttterwlM lht,. wlll 
be a two-wHk d•t•r for check• 10 clHr. Ctllt. retld9nl• •dd 
&% lu:. Money back 30 day ou.,•nlH. We C&l'linol accept ,.. 
1urn1d IC'1 lh.al have been 1Glftrtd lo. Ptice1 aubfect to 
ch1nge without noUce. 110 .....,_ order. ft.II MtWIM ....,... 
on onlen .... ~ 110.00. 

Circle 230 on Inquiry card. 



RCA Cosmac Super Ell Computer S106 .95 
Compare lealutes before you decode 10 buy any feet . monitor select and single slep Larae . on 
olhor compuler. There is no olhcr com purer on b-Oard displays pro,,de ou1pu1 and ophonal high 
the marker today Thal has all I he des11able benc· and low address There is a 44 pin sran<l "d 
f11 sof 111e Super Elf for so hlt le money. The Super connec101 lo1 PC cards and a 50 pm con nec1o r for 
Ell is a small single board compuler 1ha1 does lhe Ouesl Super E1panslon Board . Power supply 
many big lh1ngs. 11 os an excellenl compu:er for and sockets for a11 1c·s are included 1n lhe prrcc 
lrai'lrng and for learning programming with 11S plus a detailed 127 pg , 1nst1uC1lon manual whrch 
machine language and yet 11 is easi ly expanded now includes over 40 1>gs of sof1wa1e mlo In· 
"1th addllionat memory, Tiny Basic . ASCII eluding a seroes ot lessons 10 help gel you s1ar1ed 
Keyboards. video character venerallon . elc. and a music program and graphics larger gam e 
The Super Ell includ es a ROM moMor for pro· 
gram loading . edi11ng and execution wilh SINGLE 
STEP for program debugging which is nol In· 
eluded on others at lhe same price. With SINGLE 
STEP you can see lhe microprocessor chip opera· 
!Ing w1lh lhc un ique Quest address and dala Dus 
d1Splays before . during and a"er execuling in· 
slruclions . Al so . CPU mode and instruc11on cycle 
are decoded and dospl;iyed on e1 ghl LEO mdicalor 
lamps . 
An RCA 186 1 video graph ics chip allows you 10 
connect to your own TVw1lh an inexpensive video 
modulalor 10 do graphics and gam es There rs a 
speaker syslem Included ror wr111ng your own 
rnusrc or using many music praorams already 
w1111en The speaker amphher may also be used 
10 dme relays lor control purposes 

Remember. Olhe r compurers only ofler Super Ell 
features al add1t1onal cosr 01 nor ar all Compare 
belore you buy. Super Ell Kit S106.95 . High 
add ress opllon S8 .95 . Low address opllon 
59.95. Custom Cabinet wrlh drilled and labelled 
plexig lass Iron! panel S24.95. NICad 8allery 
Memory Saver Kii 56.95 . All k11s and op ti ons 
also come completely assembled and leS!Cd 

Ou esldala. a 12 pag e murllhly sott• aro publ1ca· 
lion for 1802 compu1er use1s is availablu by sub· 
sr.ripllon lor S 12 00 per year . 

Attention Ell Owners 
New products In hardware and softw are 
coming soon . 

A 24 key HEX keyboard Includes 16 HEX keys nny Basic cassette St0.00. on ROM SJ8 .00 . 
plus load, reset. run , wait, lnpul . memory pro· original Ell k11 board Sl 4.95 . 

Super Expansion Board with Cassette Interlace $89.95 
Thrs 1s tr ~y an astounding value• Th is board has 
been designed to allow you to decide how you 
want 11 optioned . The Super Expansion Board 
comes with 4K al low power RAM tully address· 
able anywhere in 64K with bu11T·ln memory pro· 
tect and a cassette interlace. Provosions have 
been made tor all other opllons on lhe same 
board and 11 filS neally Into rhe hardwood cabinet 
alongside lhe Supe r Ell . The board includes slots 
tor up to 6K ol EPROM (270B. 2758 2716 or TI 
27 16) and is fullysockeled. EPROM can be used 
lor lbe monitor and Tiny Basic or other purposes 
A IK Super ROM Monllor $19.95 is available as 
an on board oplion in 2708 EPROM which has 
been preprogrammed with a program loader / 
ed~o r and error checking multi file casselle 
reM /write sol1ware . (rclocalible casselle til e! 
anolher exclusive from Ouesl. II includes regisler 
sa'e and readout. block move capability and 
video graph ics dri,.r w11h blinking cursor Steak 
points can be used with the regisler save feature 
10 lsolale program bugs quickly. lhcn follow with 
single s1ep. The Super Monitor 1s wnuen wnh 
subroullnos allowing users to take advantage ol 
monitor functions simply by calling lhem up 

A~lo Clock Kil S15. 95 
DC clock wtth 4'.50" displays. Uses National 
MA· l012 module wnh alarm option Includes 
i ghl dimmer , crystal timebase PC boards. Fully 
iegulated . comp. Instructs . Add S3.95for beau· 
tilul dark gray case. Besl va lue anywnere. 

RCA Cosmac VIP Kit $229.00 
Video computer witn games and graphics. 
Fu lly assem. and lest $249.00 

Not a Cheap Clock Kil $14.95 
Includes everylhing excep1 case. 2· PC Doards. 
&.so· LEO Displays. 5314 ciock chip. trans· 
former . all componenis and full lnslructions. 
Orang e displays also avail. Same tif w/.80" 
~!s p lays . Red only. $21.95 Case $11 .75 

60 Hz Crystal Time Base Kil S4 .40 
Convens d1g11al clocks from AC line frequency 
to crystal time base . Outstanding accuracy. Kil 
indudes: PC b-Oard . IC . crystal . resislors. ca
Pi1Clto rs and lrimmer 

lmprovemen lS and revrsons are easrly done with 
the monitor . II you have 1he Super Expansion 
Board and Super Monitor me monilor IS up and 
running ar rhe push or a bu11on. 
Other on board opllons include Parall el fnpul 
and Oufput Ports with lull handshake They 
allow easy connection of an ASCII keyboard 10 the 
input port . RS 232 and 20 ma Current Loll(l lor 
telely pe or olher device are on board and II you 
need mote memory there are lwo S·100 slots for 
static RAM or video boards A Godbout BK RAM 
board Is available tor SI 35 .00 Also a 1 K Super 
Monitor version 2 with video driver lor full c;apa· 
blhty display w11h Tiny Basic and a "deo 1n1er1ace 
board . Parallel 1/0 Ports $9 .85, RS 232 $4.50. 
TTY 20 ma l/ F $1.95 , S-100 $4 .50. A 50 pin 
connector set with ribbon cable Is availa ble al 
St2.50 tor easy connection between lhe Super 
Ell and lhe Super Expansion Board . 
The Power Supply Kii lor the Super E•pans 1on 
Board is a 5 amp supply w11h multiple pos111ve 
and nejjallve vottages 529 .95. Add 54 .00 101 
shipping Prepunched lrame 55.00 Case 
St0.00. Md Sl .50 tor sh1pp1n g 

Digital Temperature Meler Kii 
Indoor and ouldoor. Switches back and lonh . 
Beaulllul . 50" LEO rea douls Nolhmg hke 11 
aval!able Needs no add 111onal pans tor com· 
plete. lull operarlon. Wi ll measure - 100 10 
+ 200·f . renrhs ol a degree. air or li qu id 
Very accurate . S39 .95 
Beautiful woodgrarn case w.bczel $11 .75 

NiCad Battery Fixer/Charger Kit 
Opens shorted cells Thal won' I hold a charge 
and !h en cha rges rttem up, all in one tti l w1lul1 
pa11s and instructions. S7 .25 

PROM Eraser Will erase 25 PROMs In 
15 mmu1es . Ullla"olet . assembled $34 .50 

Rockwell AIM 65 Computer 
6502 based single board with lull ASCII keyboard 
and 20 column !hermal prinler 20 char al· 
phanumericdisplay. ROM monitor. fully e•pand· 
able. S375 .00. 4~ version S450.00 ~~ Assem
bler SB5.00 . BK Basic lnr erproror S !00.00. 
Power supply assembled In case S60 00 

Same da~ shipment. First line pans only. 
Factory lesled . Guaranrced money back . 
Qualify IC's and other components al lac· 
lory vriccs . 
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Mulli·voll Computer Power Supply 
Bv 5 amp. ~ 18v .5 amp, 5v 1.5 amp. - Sv 
5 amp. 12, .5 amp . - 12 option . - Sv. - t 2v 

are regulaled . Ki l $29 .95. Kit Wllh punched frame 
S34 .95 Woodgrain case S 10.00 
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Stopwatch Kit $26.95 
Full six digit ballery operated . 2-5 volts. 
3.2768 MHz cryslal accuracy . Tunes 10 59 
min .. 59 sec., 99 1/100 sec' Times sld .. spill 
and Tay lor. 7205 chip. all componenlS minus 
case . f ull instructions. 

SB.95 
Convert your TV set Into a hign quahly monitor 
with our atfecling norm at usage. Com pl et e krt 
with lull insuucllons. 

2.5 MHz Frequency Counter Kit 
Complele kit less case 537.50 
30 MHz Frequency Counter Kit 

Hickok 3V2 Digit LCD Multimeter 
Ba111AC oper. 0.1 mv-1000v. 5 ranges. 0.5% 
accur. Resistance 6 low power ranges 0. 1 
ohm·20M ohm. OC curr. .01 to IO()na. Hand 
held, I'>" LCD displays. au10 mo. polari!)I , over· 
range. $74 .95. 

Comple1e krl less case 547 . 75 
Prescaler k11 10 350 MHz 519.95 

79 IC Update Master Manual S3500 
Complete IC data selector , 2500 pg . masler ref
erence guide. Over 50,000 cross references. Free 
updale service lhrough 1979. Domestic poslage 
S3.50. Foreign SS.00 19 78 IC Masrer closeour 
$19 50 

S· 100 Computer Boards 
BK Stat ic RAM ~it Godboul 

16K Static RAM Kit 
24K Static RAM Kil 
32K Dynamic RAM Kil 
64K Dynamic RAM Kil 
BKl1 6K Eprom Krt (less PROMS! 

S135.00 
265 .00 
423.00 
310.00 
470.00 
$89 .00 

$139.00 Video Interlace K11 
Motherboard $39 Extender Board SB 99 

TERMS: SS.OD min . order U.S. Funds. Calll residents add 6°1. tax. FREE S d I I NEW 1979 BankAme11card and Master Charge accepted. : en or your ·copy o our 
Shipping charges will be added on charge cards. QUEST CATALOG. Include 28c stamp . 

Circle 311 on Inquiry card . UY.I I fun(• 1979 281 



C\rcle 384 on inquiry card. 

OTRS-80 Complete System 
Includes: CPU/ Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual , 
and Game Cassette. 

fJ Line Printer 
@Mini Disk System 
() C-10 Cassettes 
@Verbatum Diskettes 

corp. MORE DATA PER DOLLAR·----------·· 
Description 
TRS-80 Complete System 
Level ll-4K RAM 
TRS-80 Complete System 
Level ll-16K RAM 
Expansion Interface 
Pertee FD200 Disk Drive 
BASF 6106 

Each 

$ 628 .20 

$ 889 .20 
$ 269.1 0 
$ 385.00 
$ 495.00 

1 MEG+ 
OF DISK MEMORY 
on line for TRS-80 
$2195 

Centronics 779 Printer 
Centronics 101 Printer 
Anadex DP-8000 Printer 
Centronlcs P1 Printer 
560 (selectric) Printer 
Memory Unit (installed) 

$1299.00 Includes-Operating System (CP/M) 

(kit) 
Verbatum Diskettes 

Maxell Diskettes 

C-1 o Cassettes 

$1400.00 
$ 995.00 
$ 445.00 
$ 975.00 
$ 138.00 
$ 98.00 

ea. $ 4.95 
3 $ 12.00 

10 $ 37.00 
ea. $ 7.50 

HUH Electronic S-100 Interface 
to TRS-80 
Kit $280.00 Assembled $350.00 

Outlet Hours : Mon .-Fri. ; 9 am.-7 pm. 
Sat. 12-5 pm. 

Write or call for new innovations-
Printers, Disks, Etc. 

Wtfutarn~ 
3 $ 21.00 

10 $ SO.OO 777 Henderson Boulevard N-6 
Folcroft lndustrlol Parle 

5 $ 4.50 Folcroft PA 19032 -VISA -25 $ 18.75 (215) 461-5300 
C-30 Cassettes 12 $ 23·95 In Washington, DC area: 
Paper (91/2 11 x11" fanfold, (703) 93a-1o99 

3500 sheets) $ 29.95 

Classroom Instruction offered in Level II Basic-$49.95; and DOS/Disk Basic-$69.95 

P--------- • I BECK/AN ENTERPRISES T ---------A II Prime Quality - New Parts Only I 
Satisfaction Guaranteed 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EDGE CARD CONNECTORS: GOLD PLATED. !Not Gold Flash I 
BODY: Non brittle . Solvent res .. G.E. Valox . 
CONTACTS: Bilurca ted; Phosl Bronze: Gold ove1 Nickel. 
ABBREVIATIONS: SI T Solde1 Tail; SIE Sold . Eyelet : 

WIW Wuo Wrap 3: SWIW Short W/W1ari: 

PART# 
50 10 
5020 
5030 
5040 
5050 
14 50 

Descript ion 
501100 SIT ALTAIR 
5011 00 SIT IMSAI 
5011 00 WIW IMSAI 
50/ 100 S/E ALTl lMSAI 
5011 00 SIT CROMEMCO 
IMSAI CARD GUIDES 

.100 .. Contact Center Connectors. 
I 020 1312 6 SIE lmsai MIO: 
I 040 25/ 50 S/E 
I 050 25150 SIT 
I 060 3617 2 WIW Vector . 
1065 36172 SIT Vector. 
1070 40/80 S/E PET 
1075 40180 WIW PET 
I 080 40180 SIT PET 
1085 43185 S/E Cos.ELF 
1090 43186 SIT Cos .ELF 
1093 43186 SIT Cos .ELF 
l 095 4 3186 WIW Cos .ELF 
POLARIZING KEYS: For Above 

. 1 se·· Contact Center Connectors. 
I 550 61· SIE PET.Ere 
1560 6112 SIT PET:NSC. 
15 7 5 l 2/ 24 SI E PET 
l 580 1 2/ 24 S/T PET 
1590 1 5130 S/E GRI Keybd. 
1620 18136 SIE 
1650 22144 SIE KIM.VECTOR 
1660 22144 SIT KIM.VECTOR 
1670 22144 WIW KIM.VECTOR 
1690 36172 WIW 
1710 36172 SIE 
1720 36172SIT 
1730 43186 SIT Mor. 6800 
1740 43186 SIT Mot . 6BOO 
1750 43186 W/W Mor . 6800 
POLARIZING KEYS: For Above 

Row Sp. 
, 140 
.250 
.250 
. 140 
.250 

, 140 
. 140 
140 

.200 

.200 

. 140 

.200 

. 140 

. 140 

. 140 

.200 

.200 

. 140 

. 140 

. 140 

. 140 

. 140 

. 140 

. 140 

. 140 

.200 

.200 

. 140 

.200 

. 140 

.200 

.200 

1·4 
3.75 
3 .95 
4 10 
5.00 
6 .25 
0 . 16 

2 . 10 
2 .95 
3 .00 
4 .80 
4 .00 
4 .80 
5.00 
4 .90 
5.00 
5 . 10 
4 .95 
5.50 
0 . 10 

1.30 
1.35 
2 . 15 
2. 10 
2 .25 
2 .40 
2 .20 
2 .00 
2.40 
3 .90 
3 .50 
3 .30 
4 .40 
4 .35 
4 .45 
0 . 10 

5.9 
n o 
3 .75 
3 .90 
4 .50 
6 .00 
0 . 14 

1.85 
2. 75 
2 .80 
4 .60 
3 .75 
4 .50 
4 .65 
4 .60 
4 .75 
4 .85 
4.70 
5.20 
0 . 10 

1. 10 
1. 15 
1.95 
1.90 
2.05 
2.20 
2.00 
1.80 
2.20 
3.75 
3.30 
3. 10 
4 . 15 
4. 10 
4 .25 
0 . 10 

10-24 
3 .30 
3 .50 
3 .70 
4. 25 
5. 75 
0 . 12 

1. 75 
2.50 
2.60 
4 .30 
3 .50 
4 .30 
4 .35 
4 .25 
4 .50 
4 .60 
4.45 
4.90 
0 . 10 

0 .90 
0 .95 
1.75 
1.70 
1.85 
2.00 
1.80 
1.70 
2.00 
3 .50 
3. 10 
2.90 
3.90 
3.85 
4 . 10 
0 . 10 
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------------------------------------------... RS232 & "D" TYPE SUBMINIATURE CONNECTORS: 
QUANTITY 1 ·4 5·9 10·24 
DE9P Male 1:45 Ll5 1:25 
DE9S Female 1.93 1.80 1.70 
DE 11 0963· l 2pc . Grey Hood 1.20 1. 10 1.00 
DA15P Male 1.95 1.BO 1.70 
DAl 5S Fem ale 2 .80 2.60 2.40 
DA51 2 11 ·1 1pc. G1eyHood 1.25 1. 15 1. 10 
DAI 10963·2 2pc . Giey Hood 1.22 1. 10 1.05 
DB25P Male 2. 20 2. 10 1.90 
DB25S Female 3. 20 3 .00 2.70 
DB5121 2 · 1 lpc G1eyHood 130 1.20 1. 10 
DB512 26· 1A 2pc. Black Hood 1.40 1.30 1.20 
DBl 10963·3 2pc. Grey Hood 1. 35 1.25 1. 15 
DC37P Malo 3 .70 3 .50 3.35 
DC37S Fomolc 4 . 90 4 .70 4.40 
OC110963· 4 2pc. G•ev Hood 1.95 1.85 1. 75 
DD50P Male 4 .40 4 .30 4 . 10 
DD50S Female 4 .90 4 .70 4.50 
OD51 216· 1 lpc. G1ey Hood 2. 30 2. 10 1.90 
00110963· 5 2pc . Grey Hood. 2 .40 2 .20 2.00 
020418 2 Hardware Se1s 0 . 75 0 . 70 0 .65 

CONNECTORS FOR CENTRONICS 700 SERIES: 

l .C. SOCKETS. GOLD. I 
WIRE WRAP 3 TURN. 
14 pon $0.36 eo . 
16 pin 0 .38 ea . I 
l.C. SOCKETS. 
Dip Solder. Tin . I 
14pin $0 . 15ea. 
1 6 pin 0 . 1 7 ea. 

8080 PRIME 
SS .CO ea . 

I 
I 

2708 EPROMS PRIME I 
$14 .00 ea. 

Price : $9 .00ea . 5 pcs. $7 .SOea. 
Amnponol 57 -30360 Fo1 Back of Can1ronics ' 700 " Sorios: I 
WHISPER FANS: Excellent for Compute ' cabme1 cooling . Extremely quiet . 
Dim. 4 .314 - x \ · 112- th ick . U.L. Lisrod. 1 ·4 5·9 10· 24 

s 22.0o s 19."oo s l e.oo I 
WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE 
WELCOME. 

WE ARE CONNECTOR (EDGE CARDI SPECIAUSrs. IF YOU DO NOT SEEi 
WHAT YOU NEEO IN THIS ADVERTISEMENT. PLEASE WRITE US. WE WILL 
REPLY. 

TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All ord<Jn I 
Orler$25.00in USA an d Canada: WE PAY THE SHIPPING. 
NOTE: CA re•idenrs pl•as• add 6 '!6 sales rax. 

• NO C.0 .D. SHIPMENTS OR OROERS ACCEPTED. 

MAIL ORDERS ro:Beckian Enterprises I 
P.O. Box 3089 I 

Simi Valley, CA 93063 ..I ---------Circle 30 on inquiry card. 



computer 
products, inc. 

11542-1 KNOTT STREET 
GARDEN GROVE. CALIFORNIA 92641 

(714) 891-2663 

MICROBYTE Z80/l·O 
• A complete single bOard ZBOA 

• ~~1~y"n~.~~~a11C~~a11~i~;:~~~~ 
IMSAI, ALTAIR 

• ZSOA CPU (•MSs version ol the 
ZBO) 

• 158 Instructions - superaet ot 
and upward compellble from tha 
8080's 78 Instructions 

• 1K (2708), 2K 12716), or •K 12732) 
EPFIOM onboard with Z60 

• ~~n~~;r~re'!.'~oM can be hard· 
ware andfor aollware deselecled 

• 2MHs or •MHs operation Is 
switch seleclable 

• D or 1 wall state lor all cycles Is 
switch selectable 

• Full vectored Interrupt capability 
(7 bl1s) with NMI (1 bll) 

• 2 RS·232C serial ports wllh 8251 
USA Rh 

• Serial baud rates sw i tch 
selectable 

• t 6-blt parallel port wllh 2 conlrol 
lines with ZBOA-PIO 

• Gold Contacts lor higher re lla
blllly 

• Power requ l remenls: + BV @ 
800mA, + 16V, @ 86mA, - 16V 
@ HlOmA 

• Operating temperature 0"-55'C 
• Will operale wllh or wllhout 

IMSAllALTAIR !rant panel 
• Low power shotltky Ill-state buf

fers on al l address and dala lines 
• Fully warranted tor 120 days lrom 

date or shlpmen1 

$360. 00 

MICROBYTE 16K STATIC RAM BOARD 
• Fully S100 Bus Compa llble, 

IMSAI , SOL, ALTAIR, ALPHA 
MICRO 

• Uses National '• Low Power 5257 
4K x 1 Ste lle Rams 

• 2 MHz or• MHz operallon 
• On board single 5 amp regulalor 
• Thermally designed heat sink 

(board operating temperature o· 
- 70'Ci 

• lnpuls lully low power Shollky 

~g~~~1; :~~~:;. ~r~~~ed on all 
• Phantom Is Jumper selectable to 

pin 67 
• Eech •K bank addressable to any 

4K slol with In a a.K boundary. 
• .4K hardware or soflware select· 

able 
• Selectable port address 
• •K banks can be selected or dis

abled on power on clear or resel 

• Wiii operate with or wlthoul front 
pane l 

• Compatible with ALPHA MICRO, 
wHh exlended memory manage· 
menl for salecllon beyond a.K 

• No OMA restric tion 
• Low power consumption 1.3 amp 
• Fully wan anted !or 120 days from 

dale of shipmen! 

450 NS $340. 00 

300 NS $360. 00 

MICROBYTE 32K STATIC RAM BOARD 
• Fully S 100 Bus Compal ible, 

IMSAI, SOL, ALTAIR, ALPHA 
MICRO 

• Uses Nallonal's Low Power 5257 
4K x 1 Stelle Rams 

• 2 MHz or 4 MHz operation 
• On board single 5 amp regulalor 
• Thermally designed heal sink 

(board operating temperature o· 
- 70'Ci 

• lnpu ls lully low power Shollky 
Schmilt Trigger bullered on all 
address and data lines 

• Phantom Is lumper seleclable lo 
pin 67 

• Each •K bank addressable 10 any 
4K slot wllh In a a.K boundary. 

• •K hardware or sollware select· 
able 

• Ona on board S·bli oulput port 
enables or di sables the 32K In •K 
blocks 

• Selectable porl address 
• •K banks can be selected or ells· 

ab led on power on clear or reset 

• Wi ll operala with or wllhout front 
panel 

• Compat ible with ALPHA MICRO, 

~1!~t %~e~:1:~t~~~~i'o~aS:~e-
• No OMA restrlcllon 
• Low power consump llon 2.3 -

2.5 amps 
• Fully warranted for 120 days rrom 

date ol shipmen! 

I '(] m 
-~-.-

~ " 

450 NS $650." 
300 NS $680. DO 

I 
MICROBYTE DISK 

CONTROLLER 
• IBM 3740 Soll Sectored Compal· 

Ible 
• Z60 or 8080 compatible on S·HlO 

Bus 
• Single densllv run.s bolh mini and 

full size drives, runs CPM, on 
Shugart, Per.sci, Memorex etc. 

• Selectable portladdress 
• On bord 270812716 tor bootstrap 

Of monitor program 
• No hardware jumpers. uses plug 

In modu les for dltrerent drives 
• Uses 1771 e-01 conuol ler cnlp 
• Assembled and tested 

$250. 00 

MICROBYTE MOTHERBOARD 

• AcUva Diode termination 
• Slot for IMSAI fron1 panol 
• Termlnal block conneclion for 

easy hook·up 

• Exira wide ground plane 
• Silk screen and solder mask 
• Assembled and lesled 

9 SLOT $135.00 

20 SLOT $200.00 

Circle 11 on Inquiry card . 

8251 IMSAI CONN. 
PROGRAM MA BLE/U-ART 

TESTED @ 4 MHZ 
$6.00 each 

100 PIN-SOLDERTAIL 
GOLD CONTACTS 

$3.25 each or 10 / 2.75 ea. 

2708's 
LOW POWER 

450 NS. 

$9.00 each 
8 for $69.00 

SA400 
DISK DRIVE INCLUDES 
CABINET, NO PWR SUPPLY 
CUTOUTS FOR SWITCH, 
FUSE, & INTERFACE CABLE 

Mfg. By Lobo Drive 

$325. 00 

TRS · 80 2716 
FLOPPY DISK DRIVE WITH 
CABINET & PWR. SUPPLY 
COMPATIBLE WITH RADIO 
SHACK INTERFACE ASSEMBLED 
& TESTED WITH 1 YR. WARRANTY 

5VOLTONLY 
LOW POWER 
HIGH SPEED 

$45.oo 
ON PARTS & LABOR 

Mfg. By Lobo Drive $385.00 Limited Qty. 

REGULATORS MM 5257 
1-9 10-49 50 up 4K X 1 STATIC RAM 

320 T-5 .90 .85 .75 
320 T·12 .90 .85 .75 1-16 17·48 49up 
340 T5 .85 .80 .70 
340 T·12 .85 .80 .70 300 NS 6.50 6.05 5.65 
78 H05 6.50 6.00 5.50 450 NS 6.25 5.85 5.50 

SOCKETS-LO PROFILE SPECIAL (lln) 
1·24 25-99 100·499 500up 

14 PIN .18 .17 .15 .13 .1@ 12VOLTS 
16 PIN .19 .18 .16 .14 CERAMIC CAP 
18 PIN .24 .23 .20 .18 941: each 
20 PIN .29 .28 .26 .25 
24 PIN .34 .33 .32 .30 100 for $8. 00 

40 PIN .60 .59 .58 .56 

CALL FOR INFO 
ON OUR NEW 

PROM/ 
PROGRAMMER 

SHUGART 

801-Disk Drive 
WITH CABINET & POWER SUPPLY 

ASS EM BLED & TESTED 

PROGRAMS 2708 I 
2716 I 2732 

ORDERING INFORMATION: 
Name, Address, Phone 
Ship by: UPS or P.P. 
Shipping Charge: Add $2.50 up to 

5 lbs., all el<cess shipping 
charges will be refunded. Credi t 

cards will be charged appropriate 
fre ight. 

1 YR PARTS & LABOR 
Mfg . By Lobo Drive 

$585.00 

TERMS: 
We accept cash, check, money 
orders, Visa, and Master Charge 
cards. 
COD's: on approval only 
Open Acct's: compan ies may 

inquire for net terms. 
Tax: add 6% for Calif. residents only 
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Circle 387 on Inquiry card. 

WAMECO 
THE COMPLETE PC BOARD HOUSE 

EVERYTHING FOR THE S-100 BUSS 
* FPB-1 FRONT PANEL BOARD * EPM-2 16K or 32K BYTE EPROM 

Hex Displays, IMSAI Replaceable .... .. $54.95 2708 or 2176 interchangeable .......... .. $30.00 

* FDC·1 FLOPPY DISC CONTROLLER BOARD * QMB-9 9 SLOT MOTHER BOARD 
Controls up to 8 Discs .. .............. .. ....... . $45.00 Terminated ..... .. .... ................... .. .............. $35.00 

* MEM·1A SK BYTE 2102 RAM Board .. .. $31.95 * QMB-12 12 SLOT MOTHER BOARD 

* MEM-2 16K BYTE 2114 RAM Board .... $31 .95 Terminated .. ...... .................. .. ... ..... .... ...... $40.00 

* CPU-1 8080A CPU Board * RTC REAL TIME CLOCK 
With Vector Interrupt ..... ....... ......... ..... ... $31.95 Programmable Interrupts ... ..... ... ....... .... $27.95 

* EPM-1 4K BYTE 1702A EPROM ........ ... $29.95 

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD, 
10 BOARD WITH CASSETIE INTERFACE. 

DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE 
AT YOUR LOCAL DEALER 

(W me};nC. WAMEGO INC. 111 GLENN WAY #8, BELMONT, CA 94002 (415) 592-6141 

COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTER 

PRINTER 

TERMINALS 

~,,,.-- ~-· --· ---
.... t .. ' . • ~ ~ t . TAPE DRIVES 

t • t. 

MODEMS 
•ASCII SELECTRIC PRINTER/TYPEWRITER : Why settle for less than 

le tter-quali ty pr intout from your computer? Refu rbished IBM Model 725 
can be used as off·li nc typewriter or on-line printer. Complete with solenoid s, 
power supply, case and ASCII interface card (TTL to CPU parallel port . I 
Interlace includes p rogrammable ASCII translation tab le on EPROM with up to 
8 tables for use with various type sphe res. Feedback signals on completion ol 
each print cycle insures fastest p rinting speed 115 cps.I 
Price : programmed w/3 tran slation tables (one type sphere) : ... .. .... $695.00 

•SELECTRIC 1/0 TERMINALS (by GTE/ Informat ion Sy.iems). Both ASCII 
& I BM code versions wi th microcomputer interface software & hardware (RS· 
232 connector.) Cassette drive mode ls permit up to 2400 baud data transfer 
rate as \Nell as off -line data storage , use as memory typewr iter. & use as da ta 
entry device for office personnel familiar with Selectric 1ypewr1ters bu1 not 
compu1ers. W1de ·carriage , interchangeable type spheres; optional bullt ·in 
modem. All un its cleaned. adjusted & warranted . 

Model 5541 !IBM Corresponde nce code ) . .... .. . • . ..... $695.00 
Model 5550 (corres. code , built-in cassette drivel . . .. $1195.00 
Model ~560 !ASCII code , bu ilt ·in cassette dr ivel .. . ... . ... . S1295.00 

•IBM SELECTRIC 725 TYPEWRITER 1/0 w/solenoids swi tches & magnet 
driver PCB (from GTE/I S terminal) plus instructions for 8080 printer-driver 
inrndace hardware & softvvare. 

al Typewriter mechanism complete, c lea ned & adjusted .... $375.00 
b l Case from terminal & power supplyl +24V, ± 12V , +5V @SAi . . $ 75.00 

•DIABLO HVTVPE I Model 1200 PRINTER MECHANISM : us~d . complete 
and tested. RcQu ires power supply . case & mCPU interface. 1 5 day return 
privilege - no other warranties. LIMITED OUANTITYI . . . .... . . $750.00 

- 6" R ibbon cable & connec tor for printer Mam logic PCB · · · · · · · S 1 0 .00 
- 14-pin Winchester connec tor & 18" power supply cab I ~ . . . . $5.00 
- "As·is" spa re printer PCB's for parts (logic, Heat Sink, Control) : ea . $20.00 
- New Pin-feed Platen 114"1 : SSO if bought w/printer; separa tely ... $ 100.00 

•POS 103/202 "MIX or MATCH" MODEM: BEL L 103 and /or BELL 202 
FR EOUENCIES: Unique POS con t rol design permits use in one housing of 
bo th Be ll -compatible 103 10 - 300 baud) and 202 (0 - 1200 baud) modem 
modul es originally made by VADIC Corp. for a telephone company subsidiary . 
F EA TUR ES : R S-232 serial int erlace . auto-answer. auto-dial, LED d isplay , 
telephone hne interface via acoust ic coupler , manual DAA, or auto·answer 
DAA (sol d separately .I FULLY ADJUSTED; no special tools requ ired. 
3.000 mile range over standard d ial-up telephone lines . 

- POS 103 MODEM lwith Auto Answer. Auto Dia ll . ...... .. . $199.95 
.:. pas 202 MODEM I Hal f-Dupl ex with Reverse Channel) .. .. ... . $249.95 
- POS 202 MODEM (Half -Duplex w/Rcv. Ch ., Auto·Answer l . .. . .. $279.95 
- POS 1031202 MODEM (Auto-Answer. Auto·Dial) ....... .. .. $399.95 

•POS-100 NRZ1 TAPE DRIVE CONTROLLER/FORMATTER : Designed as 
in1crfacc be tween S ·100 bus m CPU and 9-track, 800 BPI, NRZ 1 tape drive. 
Allows microcompu1erist to read and write IBM-compatible 'h" mag tapes. 
Software provided for 8080 or Z-80 sys tems . Requires modification for drives 
o f variou s mrrs. 
Price : !Includes S-100 card, controller card, 10 ' cable, software list ing) . $750.00 

•NRZ1 TAPE DRIVE by WILLARD LABS. 9-track, 800 BPI , NRZ1 format, 
12"/s"c .. 1200 It. reels (10 megabyte capaci ty I Ful ly tested and warranted $599.00 

•CONVERT 15" IBM OFFICE SELECTRIC TO 1/0 TYPEWRITER : Kit 
incl udes asserrbled solenoids. switches. wire harness, magnet d river PCB plus 
instruct ions for installation and mCPU interface .•.•... .. ....... .. $200.00 

•DIGITAL CASSETTE DRIVE llrom GTE/IS Terminal) : 1800 baud , 6"/sec ; 
AC motor; lwd/rewnd circui try plus tape head, no read /write electronics $25. 

• FORMS TRACTORS, Moore Variable width "Form A·liner" for pr in t 1e rminals: 
a) Model 565P for 15" Carriage IBM Selectrics lnew) : .... . ........ $50.00 
bl Model K81 for OUME or DIABLO Hywpe I or II printers (newl : . ... $90.00 

•POWER SUPPLIES fo r Disk Drive, mCPU, tested under load shown: 
- No . 519 lw/fan & AC cord) : +5V reg .,± 12V reg., +24V. @4A (10 lb.I .. $29.95 
- LAMBDA No . LMEES w/OV protect : +5V reg.@ 25A (35 lb .I· . .. · . $59.95 

.. __________________ NO RISK! 15 DAV APPROVAL ON ALL MAIL-ORDERS------------------· 

Full documentation included PLUS interface instructions j/. PACIFIC OFFICE SYSTEMS INC. ·~ Call or wri t e for details , quantity prices, catalog. 15 duy 
where indicated. All equipment is shipped insured FOB ~~~ 2600 El Camino Real, Suite' 502 f- return privilege PLUS 90 day no charge re placement of 
Palo Alto within 14 days after check c lears or COD Palo Al to, Calif . 94306 r; defective parts. All orders shipped from stock. No back 
order is recei ved . Prices may change without notice. .I (415) 321-3866 orders. no substi tut io ns. M/C & VISA accepted . 
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POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

Circle 354 on inquiry card . 

ITEM USED IN PAI. WINDING SECONDARY WINDING OUTPUTS SIZE 
W x DxH 

UNIT 
PRICE NO. KIT NO. TAPS 2x 8 Vac 2x 14 Vac 2x 24 Vac 

T1 1 OV, 110V, 120V 2x 9A 2x 2.5A 
T2 2 OV, 110V, 120V 2x 12.5A 2x 3.5A 
T3 3 OV, 110V, 120V 2x 10A 2x 2.5A 2x2.5A 

3:Y4"X3%" x 3Ye" 
3:Y4"x 4:%"x3Va" 
3:Y4" X4%'' x3Va" 
3%" x 3%" x 3Ve" 

19.95 
25.95 
27.95 
19.95 T4 4 OV, 110V, 120V 2x4.5A 2x 4.5A 

POWER SUPPL y KITS (OPEN FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 
ITEM USEDFOR @+8Vdc @-8Vdc @+16Vdc @- 16Vdc @+ 28Vdc SIZEWxDxH UNITPAICE 

KIT 1 18 CARDS SOURCE 18A 2.5A 2.5A 12"x6"x 41'a" 46.95 
KIT2 SYSTEM SOURCE 25A 3A 3A 12"x6"x4W' 54.95 
KIT 3 DISC SYSTEM 18A 1A 2A 2A 4A 14"x6"x4W' 62.95 
KIT 4 DISC SOURCE SA 1A SA 10"x 6"x 4Ye" 44.95 
EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS., BRIDGE RECTIFIERS, FUSE & HOLDER, TERMINAL BLOCK, BASE 
PLATE, MOUNTING PARTS AND INSTRUCTIONS. 

REGULATED POWER SUPPL y "R1" ASSY. & TESTED, OPEN FRAME, SIZE: 9" (W) x 5" (D) x 5" (H) .. . . . . . . $49.95 
SPECS: +5V . .±.1%, @ SA. OVEACURRENT PROTECTION. 5% ADJ. FOR 5V. +24V UNREG. @ 5A FOR PRINTERS OR DISCS. 
REMARK: IDEAL FOR ROCKWELL AIM-65 MICROCOMPUTER. ALSO UNREG. - 8V @ 8A ATTAINABLE FOR USE IN S-100 BUS. 
SHIPPING FOR EACH TRANSFORMER: $4 .75. FOR EACH POWER SUPPLY: SS.DO IN CALIF. $7.00 IN OTHER STATES. CALIF. RESIDENTS ADD 6% SALES TAX. OEM WELCOME. 

COMPUCOLOR 11 
HERE IS A SURPRISINGLY 
AFFORDABLE COMPUTER 
THAT MAKES THE COMPE
TITION LOOK TWICE 11 

STANDARD FEATURES 
• 13" COLOR CRT 
• SPECIAL GRAPHICS PKG. 
• EXTENDED DISK BASIC 
• MINI DISK DRIVE 
• SK RAM MEMORY 
• 72 KEV KEYBOARD 

IS HEREll 

PRICE & OPTIONS 
MODEL 3 - SK USER RAM-1495 .oo 
MODEL 4- 16K USER RAM-1695.oo 
MODEL 5- 32K USER RAM-1995.oo 
2nd DISK DRIVE -400.oo 
EXPANDED KEYBOARD -135 .oo 
FORMATTED DISKETTE 5 .oo 
MANY PROGRAMS AVAILABLE * 

TO ORDER----------
SEND CHECK OR MONEY ORDER 
CALIF. RES. add 6°/o TAX 
shipping 1% all orders 

CATALOG - soe 

HOLLYWOOD 
SYSTEMS 

9100 SUNSET BLVD. 
SUITE 112 

. L.A. CALIF. 90069 

Circle 174 on Inquiry card. BYTE June 1979 28S 



MUST SE L L: SwTPC 6800 computer system, in· 
eludes 16 K programmable memory, two serial 
ports, PerCom Data CIS·30 plus cassette storage 
unit, software and manuals. $525 buy• everything ; 
shipped post pa id . Don Domek, 535 Burlington , 
Bil ling• MT 59101, 14061 248-3477. 

FOR SALE : One SD sales expandoram set up with 
integrated circuits for 16 K !for 11541 I ; has prob· 
1em. Data can be enterAd and rP•rieved but pro
gram• wi ll not run, $200. CF I add-on memory for 
ISM sy5tem Ill , mod 6 or 10, 16 K . Working con
dition, with cables, $2000 or best offer. Norm 
Doty, 53 Kau fman Ad, Cheektowaga NY 14225, 
(7161 892·8829. 

FOR SALE : KIM sy stem KIM·1 Computer. Enclo· 
&ures Group case. m iniature 4 K wire wrap memory 
'~1 L02s), TVT-6 video interlace, surplus video 
monitor. Radio Shack ASCII keyboard, oscillator/ 
driver board and speaker, 1/0 (input/ou tput! con · 
nectar block , 5 V, 1 A •upply, 5 V , 2 A +/12 V , 
1 A supply . All for S450. Ron Kushn ier. 3108 
Add i5on Ct , Cornwells Heights PA 19020, (215) 
757 -9057 . 

FOR SALE : IMSAI 4 K static, $80. MITS 4 K 
dynamic, $50. Tarbell ce5Sette board, $90. MITS 
ACR , $70. MITS disk drive with BASIC and 
FORTRAN, $1,300. MITS-Okideta printer with 
controller. $1,500. All boards fully socketed and 
factory checked out. Make offer. For trade : 8080 
FORTRAN MITS dis\< version for 8080 COBOL or 
MITS t imesharing BASIC. Manuals available. K A 
Roberts, 10560 Main St , Suite 515 , Fai rfax VA, 
22030, (703) 591-6008 or 378·7266. 

FOR SALE : SwTPC MF-68 min ifloppy disk sys
tem, $850. CT-64 terminal with two pages mam· 
ory, screen read board, etc. A lso CT-VM monitor, 
$450. Two MP.SM memory boards, $ 190 each. 
Expandor black box printer with base, cover and 
case cf paper, $390. Will make good price on TSC 
disk software to purchaser of minifloppy . All units 
are complete with documentation . were assembled 
by a professional and are 100 percent functional . 
John Gorman, 143 Cheneult Rd . Lexington KY 
40502. 

FOR SALE : Digital Group Z·80 26 K, dress cab
inet , 64 cha rac ter TV controller, two Ph i-Decks 
and controller. PH IMON , Busineu BASIC etc. 
Original cost over $3,000. Will sail for Sl ,995. 
William C Dewberry Jr, 314 lnterbay Av , 
Pensacola FL 32597, (904) 456 -1061. 

FOR SALE: A complet e computer sy stem consist 
ing of an A l tai r 8800·A with 36 K of stat ic pro
grammable memory, a North Star 5 inch floppy 
disk drive, VDM-1, 3P+S, Cherry Switch keyboard , 
ALS-8 , Sanyo video monitor, Bytesever, and e real 
time clock . Highest offer above $1700 accepted. 
Al•o, Sol motherboard computer for $500. Juan 
Rivera, 354 Marshall Dr , Wolnut Creek CA 94598, 
(4161 935 -3235. 

FOR SA LE: Used Selectric I /0 (input/output) 
printer Model 731 in working condition, $450. 
TVT II board assembled with full data $50. Core 
memory plane 4 K by 16 bits or 8 K by 8 with 
int'erface and drive informatCon SSO. Shipping 
ex tra. Ted Beckor, 317 15Bth St SE , Bothell WA 
98011, (2061 743·1321. 

WANTED : Back issues of BYTE, Interface Age, 
Popular Electronics. Popular Mechanics, Radio 
Electronics and Scient ific American in good 
condition. Send details of holdings and price. 
Al so, I have some duplicates of the above mago· 
zines to sell or swap. SASE would be appreciated. 
Michael Carter, 628 Escondido V illage, Stan ford 
CA 94305. 
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FOR SALE : AMD9511 ari thmetic integra ted cir· 
cuit on S-100 card with BASIC·E. Calculate SIN 
(X) in 2.8 ms in BASIC. $250. G Lyons, 280 
Henderson St , Jersey City NJ 07302 , (201) 451 -
2905. 

WANTED : Microcomputers : TRS·80, PET, 
Apple: any condition and quantity . Immediate 
cash available or trade for DEC PDP8e, f , m. 4 K 
PDP8m with teletypewriter interlace $1100. Port
acom briefcase ASCII terminals with modems 
~595 . K2DCY . Bo• 632, W Caldwell NJ 07006, 
12011 226·9185. 

FOR SA LE : Digital Group 10, K Z·BO system, 
assemb led , incl udos MINI-BASIC. MAXl·BASIC , 
L>.ssembler II, Editor, Op ·SY5, and all documenta
tion . Asking $ 1000. Will consider selling compo· 
nents separately ., A lso 8 K of 21 L02 integrated 
circuits, 450ns : unused, $65. J E Tucker, Box 
433B, APO NY 09223. 

FOR SA L. E: Surplus pipe c rgon parrs. Direct 
electric chests, keyboards, console, cable, and 
vario us nmlcs of pipes. Low pressure. good to 
excellent condi t ion with 1easoneble to ridicu· 
lously low prices. Also Friden Flexowriter. Potter 
high speed photo tape reader, 8 level punch and 
reader wi th power supply and interface electronics. 
Fetranti tape spoolers , other readers . Prefer pick· 
ups. Andy LaTcrre, 45 Ellis Av, Northport NY 
1176B, 1516) 757-1913. 

FOR SALE : V iSto 5 1 /4 inch floppy disk drive 
with S-100 controller and cables. Factory assem 
bled. mint condition . T~m small for my needs. In
cludes CP-M, BASIC-E compiler, VOS assembler, 
text editor, other utili: les, plus five diskeue s of 
sohware and games. Paid $750, asking $500. 
Also. new cabin e1 and power supply for above. 
Paid $80, ask ing $50. David Schwinck, 222 1 SW 
14th, Lincoln NE 68521. 

WANT TO TRADE : liave a Kenwood KT5300 
I Ur'\e r and KA7300 in1egra1ed ampli fier with 
CT-F91 91 Pioneer cassette and Infinity 2000 II 
speakers in e ~cellent condition . Worth $2600 
now. Would li ke a go1:>d computer system wit h 
m ini disk of slmilar value. Leroy A McDaniel, 
9 16 N 4th St, McAllen TX 78501 . 

FOR SALE : Completu assembled and running 
rnicrocomputer system. Includes 680b mother 
board with cabinet and power supply . 16 K stat ic 
memory, 680 KCACR ca1Sctt c interface, B K 
BASIC on casscuo, l1sscmbler and Edito r on 
poper tape, SwTPC. >:T-1024 terminal sy stem 
comple te wi th all options plus cabl ne1 for key. 
board. scrolling convers ion ki t, ond full y socketed 
with 74LS series integrntcd circuits. Asking $1000 
US. A Pieracci, 43 Mayf ield Ad, Regina 
Saskatchewan CANADA, S4V 067. 

.VANTED : Manuals fo , Wang BAS syuem . Also, 
•oftware sui table for Wang 2200C cassette based 
computer. J E Thompson, POB 128, Monee IL 
60449. 

FOR SALE : Four B K memory boards for Heath
ki t H8(WH8·8l ; assembled , tooted and burned in . 
Heathkit price, $250 each ; asking $195 each or 
four for $750. Hanr'I Fale, 2918 S 7th St, 
Sheboygan WI 53081, 1414) 452-4172. 

FOR SALE : Intel SDK-B5 deve lopment kit ; 
fully assembled. 3 K programmable memory. 
cassette interface (software in 2708}. Powermate 
PS 5 V/6 A . All in 1egrated circui ts socketed ; 
con1ain all connectors. Packaged inside attache 
case . Full documentation. First money order for 
5375 gets It; I pay shipping. L Stroll, 211-05 
85th Av, Hollis Hillt NY 11427, (2121464-7341 . 

NEW UNC/,ASS/FfEIJ POLIC Y 

Rr-adttn who ht1t1l' eq11rpmtnr. 1ol1w.Jn~ 01 ol/'111 m.•mJ 
ro tx.iv. J~U or sw•p slltNld tMd •n a c;l41dy rypdd flO tii:-1 
10 thal allK t. robe conmMfld 'or tJublr"r1on, .,, •dv•.r· 
1i'1eml'n t mus t be cl~•rlv noncommarct•f. rypad doublt 
spaced on plain whi re papt1, cont•in 15 wordJ 01 ltu, •nd 
i'11cJ1Jda complete n~e 1t1d •ddr~ss i11lorm•t/on. 

The11 notices .,, lttt of ch•'~ •nd w.11 ~ ponrtd ontt 
rimt only on , WllCI 1v1il1blt tusis. Noric.s c1n lH «· 
Cf!/Jtttd (tom i'ndivrdu•IS or ban• fide compu rar u11n c.tum 
only. WI!' Cfn enp.191 ;n no co11espondtnc1 on ll'r~se .fnd 
vo1u confirma1ron of pl~ttm1n r i'1 apfM11•net in •n 1uul' ol 
BYTE. 

P/f!as~ note Ur•t 1t m•y r•kf! rhrt!a "' four m onth' for 11n 
dd to iJPPt!•t 111 tilt! m•g.armt, • 

FOR SALE : SwTPC M6BOO with 8 K memory 
$300; MP·A processor board $100; AC·30 $65; 4 K 
memory boards $60: MSI 2708 erasable read only 
memory board $85; Digital Group Phi -Deck 
system, two drives, con1roller (not working). soft· 
ware, $250 : above Items fully socke ted . Phillips 
Digital cassette drives, si mple interface $125; 
Heathkit oscilloscope 1/0 (Input/output) 105 
15 MHz. dual trace $425; Sola constant volt· 
age xfmer, 750 W $150. Jim Georgculis, 504 Fort 
Drum Dr . Aust in TX 78745. (512) 44t -656B. 

FOR SALE : Two MITS Altair 4 K memory boards, 
model 88-4MCO, assembl ed and In service now, 
no bad bi ts . Includes original documen ta tion . I 
need the slots. Price $75 each, postpaid and in· 
sured. Money order or certified check, or allow 
three weeks for personal check to clear. Lewis 
Mosley Jr, 2576 Glendale Ct NE, Conyers GA 
30208. 

FOR SALE : IMSAI microcomputer with 2B K 
programmable memory, read only memory board. 
Tarbell cassette interface. poly video board, key· 
board, monitor. and cassette rnpe recorder. All 
documented and working, $1300. Leo Bre imen, 
905 Centinela Av, Santa Monica CA 90403, 
(213) 82B-2840 or 829·741 1. 

FOR SALE: Seattle Computer Products 16 K plus 
static memory, $350; Tarbell Electronics floppy 
disk controller, $225. Both hew, factory assembled 
and tested units. Glenn Nelson, 205 Meadows Ad, 
Whi tef ish MT 59937, (406) B62-3B54. 

FOR SALE OR TRADE : S D Sates. 16 K Expand· 
oram fhas sockets for 32 KI . Th is board will not 
work with OMA or an y application that requires 
wait uates. I prefer to trade for static memory. 
I wi ll sell for $200 ONO. Wayne Mi ller, 905 
Fairmount Blvd, Jefferson Ci ty MO 65101 . 

FOR SALE : One Processor Technology VDM -1 
board kit , $130; one Processor Technology 8 K 
programmable memory board ki t , $170. Both ki ts 
in original factory package - never opened . Best 
offer. Joe Haran, 607 Painters Xing, Chadds Ford 
PA 19317, (215) 358·3346. 

FOR SALE: Assembled Cromemco D+7A analog 
1/0 (input/output) board. Ribbon cable and edge 
connector included. I will Include all driving end 
app lication s software I hove written to date. Ex· 
cellen1 condition, only $112. John Peterson, 1820 
Camino Dr, Forest Grove OR 97116. 

FOR SALE : 8 K programmable memory board, 
S-100, fully buffered. Memory protected , 
NEC2102L450. Used over 50 hours; $129. 
J Grine , 1284 Fif ield Pl, St Paul MN 55108 . 

FOR SALE : Model 123P E•pandor/Mite printer. 
Complete with case and interface electronics. 
Ready to plug into any 8 bit paralle l port . Full 
documentation . $325 postpaid. A P Stumpf, 
Box 1603, Litchfield Park AZ 85340, (602) 
935·2053. 

FOR SALE : A limi ted number of BYTE, Volume 
1 itl , in m in t condition . N ever been opened. 
Highest bids ca n have 1hem while they last . Joe 
Haran, 607 Pain tors Xing , Chadds Ford PA 19317, 
1215) 35B-3346. 

FOR SALE : Digital Group Z·80 26 K system, 
keyboard, dual Phi-Decks, printer. All working, 
Jn dress cabinets; lots of software. No reasonable 
offer refused. Scott Bishop, 2221 Charlotte Dr, 
Maitland FL 32751 , {305) 869-4203. 
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and tested $339.95 

kit$) 95 
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OPTIONAL: •Sockets $10.00 • 2K Memory $30.00. 4K . . :.~11· - . 
Me_mory $60.00 • Video Driver Eprom $20.00 • Text 
Editor Eprom {Includes Video Driver $75.00) 

S-1 00 Plug-In • Parallel Keyboard Port 
On board 4K Screen Memory {Optional). On board 
Eprom {Optional) for Video Driver or Text Editor 
Software. 

Up and Down Scrolling through 
Video Memory 
Reverse Video, Blinking Characters. 

Display: 128 ASC 11 Characters 64 x 32 or 32 X 
16 Screen format {Jumper Selectable) . 7 by 11 Dot 
Matrix Characters. 

'8!~l2'llmtWHf41HhfU 
15 MHZ DUAL TRACE 

Portable 
Scope 

MODEL MS-215 

• B_attery or A.G. Operated • External and Internal Trigger 
• Time Base-.1 m Sec./Div. Into 21 Calibrated Ranges• 
3% Accuracy. Input lmpedence 1 M Ohms • Complete 
with Input Cables, Battery and Charger. 
OPTIONAL:• Leather Case $45.00 • 10:1 Probe $27.00 
(2 for $49.00) Prices Good through 6/30/79 

MS-15 Single Trace Scope $299. e 3% DIGIT DMM 
l\N _'() LCD Readout 

SIZE: 1.3" H 2.7" W 4.0" D 

• .5% Accuracy • AC-DC 
1-1000V • Ohms 1K-10M 

• Current I mA-1 Amp 
• 100% Overload Protection 
OPTIONAL:• Leather Case $20.00 
• NiCad Battery and Charger $16.00 

• 3.5 LED DIGITS 

Panel Meter 
• .5% Accuracy 
• Voltage Range 

0-1000V 

MODEL LM-350 

$ f 3995 

• Power: + 5V 200mA MODEL PM-349 

• Auto Zero • Update Rate: 3 Rdg. I Sec. 

American or European TV Compati
ble (CRT Controls Programable) 

Dealer Inquires Invited 

ASCII Keyboard Kit $ 7 7. 

-
Assembled and Tested $93.00 

• Single + 5V Supply• Full ASCII Set {Upper and Lower 
Case) • Parallel Output• Positive and Negetave Strobe• 
2 . Key Rollover • 3 User Definable Keys • P .C. Board 
Size: 17-3/ 16" X 5" •Control Characters Molded on Key 
Caps • Optional Provision For Serial Output 
OPTIONAL: Metal Enclosure $27 .50 • Edge Con. $2.00 • 
Sockets $4.00 • Upper Case Lock Switch $2.50 • Shift 
Register (For Serial Output) $2.00 

Dealer Inquiries Invited 

Apple II 1/0 Board Kit 
Plugs into Slot of Mother Board 

•1 8 Bit Parallel Output Port {Expands to 3Ports)•1 Input 
Port • 15mA Output Current Sink or Source • Can be 
used for peripheral equipment such as printers, floppy 
discs, cassettes, paper tapes, etc. • 1 free software listing 
for SWTP PR40 or IBM selectric. 
PRICE: 1 Input and 1 Output Port $49.00 

1 Input and 3 Output Ports $64.00 
Dealer Inquiries Invited 

SHIPPING $3.50 I California residents add 6% sales tax 

ELEClRONICS WAREHOUSE Inc. 
15820 Hawthorne Boulevard 

Lawndale, CA 90260 
{213) 370-5551 

-I ~ - I 
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March BOMB Results 

In the voting for the March 1979 BYTE, 
first prize and a $100 bonus check go to Ira 
Rampil for his article, "Preview of the 
Z-8000." Two articles shared second place, 
and will receive bonus checks of $50 each. 
These were the third installment of Joel 
Boney and Terry Ritter 's article on the de
sign and implementation of the Motorola 
6809 processor, "A Microprocessor for the 
Revolution," and the second part of Andrew 
Filo's article, "Designing a Robot from Na
ture." Remember, it is your votes which 
determine whether an author will receive 
this bonus each month, so be sure to send 
in the BOMB evaluations.• 



Now you can put your S-100 system solidly into 
a full -size, single/double density, 600K bytes/side 
disk memory for just $1149 complete. 

DISCUS/2D™ single/double density disk 
memory from Thinker Toys™ is fully equipped, fully 
assembled, and fully guaranteed to perform perfectly. 

DISCUS/2D™ is a second generation disk 
memory system that's compatible with the new IBM 
System 34 format. The disk drive is a full -size Shugart 
800R, the standard of reliability and performance in 
disk drives. It's delivered in a handsome cabinet with 
bu ilt-in power supply. 

DOS, and DISK-ATE™ assembler/editor. Patches for 
CP/M* are also included. CP/M: Microsoft Disk 
BASIC and FORTRAN are also available at extra cost. 

DISCUS/2D™ is the really solid single/double 
density disk system you've been waiting for. We can 
deliver it now for just $1149. And for just $795 apiece, 
you can add up to 3 additional Shugart drives to your 
system. Both the hardware and software are ready 
when vou are. 

Ask your local computer store to order the 
DISCUS/2D™ for you. Or, if unavailable locally, write 
Thinker Toys,™ 5221 Central Ave., Richmond, CA 
94804. Or call (415) 524-2101weekdays,10-5 Pacific 
Time. (FOB Berkeley. Cal. res. add tax.) 

·cPtM is a trademark of Digital Research. 

The S-100 controller utilizes the amazing Western 
Digital 1791 dual-density controller chip . .. plus 
power-on jump circuitry, 1K of RAM, 1K of ROM with 
built-in monitor, and a hardware UART to make 1/0 
interfacing a snap. GMorrow makes disk memory for 

The DISCUS/2D™ system is fully integrated with Th\¥ ToysTM 
innovations by designer/inventor George Morrow. I._.. 1 ... er 
Software includes BASIC-V™ virtual disk BASIC, .I.~ 

Circle 255 on Inquiry card . "See us in booths 98 and 99 at the NCC" 
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Ohio Scientific has taken its standard C3 computer and 
married it to the new Shugart 29 Megabyte Winchester 
Drive. The result is the C3-C. This new microcomputer 
now fills the vacuum that existed for computer users 
who need more mass storage capabi lity than floppies 
can offer-yet until now, could not justify the additional 
cost of a larger capacity hard disk computer such as 
our C3-B 74 Megabyte disk system . 

Winchester Technology 
Winchester hard disk drives offer small business and 
professional computer users the logical solution to 
mass storage problems that are beyond the capability 
of floppy disks. In addition , Winchester 
disksfeatureatrack seek- ---------
time that is much better 
than floppies and because 
they spin at eight times the 
rate of floppies , Winches
ters have a shorter latency. 
Both of these points reflect 
one remarkable speed 
advantage Winchester disks 
have over floppies. 

Coupled to the C3 Computer 
Ohio Scientific's award win
ning C3 computer is a classic . 
It is the only computer series 
that utilizes the three most 
popular microprocessors -
6502A. 68800 and Z-80. This 
tremendous processor versatil 
ity enables one to utilize a seem
ingly endless selection of quality 
programs available from Ohio 
Scientific 's software library as 
well as from many independent 
suppliers . 

And Advanced Software 
For instance, there are single user, 
multi-user and network operating 
systems. A complete turnkey small 
business package, OS-AMCAP pro
vides accounts receivable , accounts 
payable, disbursements, cash re
ceipts, general ledger, etc. OS-CP/M 
offe rs a complete FORTRAN and 
COBOL package. And there is WP-2, a 
complete word processing system. For 
information management, OS -OMS , 
features an advanced file handling system 
and program library that simplifies informa
tion storage and recall and routinely per
forms tasks which usually require special 
programming on other systems. 

Yields the Microcomputer of the Future 
With an eye toward the future, the C3-C , like all other 
C3'swasdesigned with provisions for future generation 
16 bit microprocessors via plug-in options. There are 
ten open slots for lots of 1;o·and multi-user operation. 
Tru ly, the Ohio Scientific C3-C is a computer with a 
future. 

The new ·ca-c computer 
with 29 Megabyte 
Winchester Hard Disk. 

$9340 with 48K static 
RAM and OS-65U 

operating system 

Easy to configure 
and service. 

___- Rack slide mounting 
------- on all subassemblies .. 

10 open slots for 
expansion. 

Shugart SA-4008 
29 Megabyte 
Winchester Disk 
(23 Megabytes of 
formatted user space 
under OS-65U). 

OEM pricing available 

Circle 290 on inquiry card . 
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