


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 
Circle 350 on inquiry card . 



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 kilobytes 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 this 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 reliability all Cromemco memory 
cards are burned in at the factory In these 

temperature-controlled ovens. 

Cromemco Multi-User System 
shown with 7 stations 

C3 CrotnetneO 
Inc ' 0 r p 0 rat e d 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 

Tomorrow's computers now 
Circle 87 on inquiry card. BYTE lune 1979 



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 
professional time-sharing system jn the 
microcomputer field. 

Naturally, it's from Cromemco. 
This new multi-user system will do 

all of 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 "h 
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 confidentiality between 
most stations 

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

2 BYT E June 1979 

PROGRAMMERS LOVE OUR BASIC 
This new system is based on Cro­

memco' s well-known System Three 
Computer and our new Multi-User 
BASIC software package. 

Programmers tell us that Cromemco 
Multi-User 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 helpful 
commands that simplify programs 
and execution - commands such as 
PROTECT, LIST VARIABLES, NO LIST, 
and many more. 

incorporated 

Microcomputer Systems 

• No round-off error in financial work 
(because opr BASIC uses binary­
coded decimal rather than binary 
operation). And we've still been able 
to make it FAST. 

• Terminals and printer are interrupt­
driven - no additional overhead 
until key is pressed. 

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

• A line editor 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. Evaluate 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 fully compu­
terized operation much quicker and for 
much less than you ever thought. 

[3 Crolllenaeo 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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This month's cover by Ken Lodding is 
called " The Turing Test," after the famous 
test defined by Alan Turing. It was Turing's 
contention that a computer could be judged 
as intelligent if a human questioner cou ld 
not differentia te between a computer in one 
room and a human being in another. 

The basi s for the cover painting is the 
Necker cube, an optical illusion where it is 
un c lea r which end of the cube is in front. 
The question here is: Is it the human or the 
co mputer c ir cuit co nnec ted to t he 
keyboard l 

19 T~is I3\,TE 
Before discussing the des ign of A Model 

of the Brain for Robot Control , it is 
necessa ry to define the notat ion that will be 
used in the model. James Albus discusses 
the overa ll mode l objectives and the no ta ­
tion used to describe it, draw ing on control 
systems theory . page 10 

The IEEE Micromouse contest req uires 
that a mechani ca I " mouse" find its way 
through a maze. The w inner is the mouse 
that mak es i t through the maze in the leas t 
amount of time. Sa ndra and Stephen A 
Allen discuss some of the Simple Maze 
Traversal Algorithms they and Tony Rossetti 
used for the Micromouse contes t. page 36 

The types of input ava ilable for your com­
puter are limited only by the imag in ation 
This month Steve Ciarcia uses Mind Over 
Matter to control his computer. Find out 
how to influence your computer using mus­
cle power. page 48 

Although the official documentat ion for 
the Apple II high resolution co lor graphi cs 
package states that the co lors v io let and 
green are the only co lors bes ides black and 
white which may be obtained, adjustment 
of the television controls allows any pair of 
complementary co lo rs to be displ ayed. It is 
al so possible to obtain four co lors and bl ack 
and white w i th appropri ate adju stments. 
Allen Watson III exp lains how in hi s art ic le 
More Colors for Your Apple. page 60 

Publishers Production Editors 

If you enjoy tak ing your computer sys tem 
to c lub meetings or other events, but don't 
look forward to the attendant w ire fidd ling 
and fu ss, read A Home for Your Co mputer 
by Joseph Dawes. Now you can have a com­
pact computer storage and trave l case that 
doubles as a desk . page 70 

O ne of the most interes ting app li ca tions 
of you r computer is the contro l of physical 
devices. Perhaps yo u've thought of hav ing a 
robot-like dev ice that your computer could 
co ntrol. James Gupton Jr desc ribes the fu n 
that he and two of his students had w hen 
they set out to do ju st that in Talk to a 
Turtle. page 74 

It's not hard to put a bit of art ific ial in­
telligence into you r com puter system . David 
Stanfield found a way to make hi s sys tem 
sea rch for "food" in a maze he set up. Find 
out how to do it in My Computer Runs 
Mazes. page 86 

William D Johnston develops a genera l 
purpose program with the capab ility to 
generate a w ide va riety of more advanced 
pe rspect ive pro jec tions. He includes a func­
tional program with grea t ve rsatility, as well 
as a number of maps generated by that pro­
gram. Mr Johnston shows how Computer 
Generated Maps ca n be used in sate llite 
communications and many other practica l 
appli cations. page 100 

William T Powers has a control theory 
approach to the simu lation of human 
behavior. However, befo re we can simulate 
human behavior in a robot, we must deter­
mine w hat behavior is. Wi lli am Powers 
takes a look at behavioral actions as he ex­
plores The Nature of Robots. page 732 

When hand-assembling a program it is 
usef ul to have a tabl e summarizing the op 
codes fo r the processor. Henry Melton su p­
plies us with a table for The 1802 Op 
Codes. page 746 

Ke ith S Reid-G reen co ntinu es hi s History 
of Computing disc ussion w ith a look at The 
IBM 7070, a seco nd generat ion computer 
announcedin1 959. page 148 

Some sc ientists over the yea rs have 
argued that a thinking ma chine can not be 
built because it would v io late the second 

Circulation M anager Comptroller 

law of thermodynamics . In Artificial In­
telligence and Entropy author R M Ki ehn 
discusses some recentl y comp leted work in 
chemistry that refutes this c laim and opens 
the door once more to the possibility of in­
te lligence in machines. page 752 

When performing a lot of manipu lat ions 
w i th text it is necessa ry to have the ab il ity to 
perfo rm ed iting fu ncti ons on the fi le that is 
be ing used. If you have a comp uter system 
th at runs BAS IC, you may find that Fred 
Ruckdesche l' s BASIC Text Editor is a very 
handy tool. page 156 

Bubble memori es are a fa irl y new fo rm o f 
mass storage med ium that is avai lab le to the 
general public. For a qu ick overview of 
Texas Instruments' bubb le memory product, 
see A I Halsema's arti c le Bubble Memories. 

page 766 

What is a stack? What does LIFO mea nl 

Stacks can be important too ls for the com­
puter programmer. Know ing w hat they are 
and how to use them w ill aid you in improv­
ing you r programming skills. Find out how 
stacks stack up in T Radhakrishnan and M V 
Bhat's article, Stacks in Microprocessors. 

page 768 

An input command language is often 
rega rded as the least important part of a 
system. Therefore. some exce ll ent systems 
are ignored du e to the inconveni ence en­
countered w hen trying to use them . Fi nite 
sta te machine theory is one so lu tion to this 
problem. For an exce ll ent introd uc tion to 
the worl d of finite state ma chin es read 
G A Va n den Bout 's artic le on Designing a 
Command Language. page 776 

Have you ever considered us ing you r 
computer sys tem in a t im esharing mode? To 
discover what is in vo lved in setting up such 
a system. read Timesharing: Squ eezing the 
Most from Your Micro by She ldon Link er. 

page 228 

Calculat ing randomness is a very dete r­
ministic propo si t ion, espec ia ll y w hen 
pseudorandom number seq uences are used. 
C Brian Honess in hi s art icle on Three Types 
of Pseudorandom Sequences gives some 
necessa ry background information on ran­
dom number calc ul ati ons and stat istica l 
tes ts of randomn ess. page 234 
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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, mailing, and 
communications software packages are bringing real 
computer power to hundreds of businesses right 
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 find 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 maintain a conversational 
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 running and working for you in a matter of hours. 
Without expensive reprogramming, technical staff addi­
tions, or costly trial-and-error. Our quality is high, our 
documentation practically self-instructive. The applica­
tions are flexible and extensive, designed to meet and 
exceed the requirements of most small to medium busi­
nesses. Real computer solutions 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 
NAD Mailing System 

QSORT Sorting System 
WHATSIT? Data/Query System 

Structured Systems Croup 
INCORPORATE[) 

5204 Claremont Oakland, California 94618 (415) 547-1567 

* Complete prices wi ll vary with equipment and software selected. Required : 
8080 or Z-80 based computer running a CP/M or, CP/M-compatible 
disk-based operating system. Your retailer or SSG can advise on specifics. 
(CP/M is a product of Digital Research .) 
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Altos Computer Systems 
2378-B Walsh Avenue 
Santa Clara, CA 95050 

Apple Computer 
10260 Bandley Dr. 
Cupertino, CA 95014 

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

Imsai Mfg. Corporation 
14860 Wicks Blvd . 
San Leandro, CA 94577 

Industrial Micro Systems 
633 West Katelia, Suite L 
Orange, CA 92667 

North Star Computer 
2547 9th Street 
Berkeley, CA 94710 

Percom Data 
318 Barnes 
Garland, TX 75042 

Polymorphic Systems 
460 Ward Dr. 
Santa Barbara, CA 93111 

Problem Solver Systems 
20834 Lassen Street 
Chatsworth, CA 91311 

Processor Applications Limited 
2801 E. Va lley View Avenue 
West Covina, CA 91792 

SO Sales 
3401 W. Kingsley 
Garland, TX 75040 

Smoke Signal ,Broadcasting 
6304 Yucca 
Hollywood , CA 90028 

Technico Inc. 
9130 Re d Branch Road 
Columbia, MD 21045 

Texas Electronic Instruments 
5636 Etheridge 
Houston, TX 77087 

Thinker Toys 
1201 10th Street 
Berke ley, CA 94710 

Vista Computer Company 
2807 Oregon Court 
Torrance, CA 90503 

~®Shugart 
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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 su bsystem, 
and communications via 
parallel ports to two other 
computers: an Altair and 
my ALF Products AD-8 
music synthesizer, As can 
be seen by the photo, th is 
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 Pascal oriented ma­
chine that is upstairs gives 
me a software deve lop­
ment facility which can 
support my hardware pro­
jects, something I did not 
previously have to such a 
degree, However, th e Pas­
cal mach ine does not yet 
tal k to the music synthe­
si ze r and the music key­
board, so I still have that 
problem , 

To solve th at problem, 
I have set out on a new 

Photo 7: This home brew personal computer 
system is an example of the kind ofpackag­
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 a system where the 
patches and ad hoc kluges tend to out­
number the original features of the design, 

project: building a general purpose computer for use as a local controller of 
the music peripherals. The communication with the mai n software source, the 
Pascal machine, will be via a high speed serial communications line when the 
music machin e is not used alone, as in a live performance situation , The pro­
cessor in this new local controller will be a Motorol a 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 mon itor, as 
well as a monitor oriented toward self contained operation . The communi­
cations monitor contains simple binary (not decoded ASCII) command func­
tions for load ing memory, examining memory, dumping memory, and jump­
ing to arbitrary locations. This sort of monitor might take 100 or 200 bytes 
of code in the 6809 's instruction set. The self-contai ned operations monitor 

Text continued on page 724 



"After working all day with the computer at 
work, it's a kick to get down to Basic at home. And 
one thing that makes it more fun is my Shugart 
minifloppy TM. 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 that 
Shugart is the leader in floppy design and has 
more drives in use than any other manufac turer. If 
Shugart drives are reliab le enough for hard-working 
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 little minidiskettes ™ store plenty of 
data and file easily too. 

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

If it isn't S~art, 
it isn't minifloppy. 
~~Shugart 
435 Oakmead Parkway. Sunnyvale. Califo rnia 94086 

See opposite page for lisl of manufacturers featuring Shugart's minifloppy in their systems. 
TM minilloppy is a registered trademark of Shugart Associates 
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DIGITIZING DATA BASES 

Recently I saw an advertisement for 
the new Bit Pad One and thought of the 
numerous uses it presented. One that is 
especially interesting is building a data 
base. 

The computer could be programmed 
to print a sentence or word in any form 
of lettering or type font, from script to 
01 d English by letting a string equal any 
modified letter of the programmer's 
choice. With 26 strings, you would have 
a complete 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 that variable (letter) . The outcome 
would range from a letter to a full para­
graph typed and printed in any font 
imaginable. 

The only way to store such data as 
these modified letters without investing 
hours of time in plotting coordinates 
and typing them in, would be to 
illustrate the letters on the new Bit Pad 
One. 

I hope all computer enthusiasts can 
derive as much e njoyment from this 
amazing device as I anticipate. 

Jeff Korn 
71 Hillary Ln 

Penfield NY 14526 

Any way you look at your proposed 
project, it is a major undertaking. The 
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 

In response to Don Stoner's letter, 
" Call ing all Computers" (December 
1978 BYTE, page 159), I thought you 
might be interested in some details of 
the new "packet radio license" avail­
able in Canada. 

The Amateur Digital Radio Opera­
tor 's Certificate is an Amateur Radio 
certificate, the holder of which is quali­
fied to operate in some amateur radio 
bands. Mr. Stoner refers to this as th e 
"Packet Radio Service" and implies 
that it is separate from the Amateur 
Rad io Service. This is not true . Neither 
is it true that some of the band will 
probably go to the GRS (CB) service. 
As a matter of fact, the DOC seems 
proud of the fact that Canadian amateurs 
are the first in the world to implement 
the technique of packet radio on the 
amateur bands . They have made liberal 
bandwidth allowances in several portions 
of the 220 MH z band specifically for this 
technique, and it seems unlikely that 

8 June 1979 © BYTE Publication, Inc 

they would start chopping off portions 
of this " show cllse" band to hand over 
to the G RS service. 

The Amateur Digital Certificate allows 
operation on all amateur frequency bands 
above 144 MHz. This includes 144 to 
148 MH z (2 meters) , 220 to 225 MHz, 
420 to 450 MHz, 1215 to 1300 MH z and 
five more bands from 2.3 to 24 GHz. It 
allows all current modes such as Morse 
code, single side band voice, FM voice, 
FSK or AFSK teletypewriter or data, 
and television, as well as several modes 
of pulse transmission . This is aimed 
primarily at the computer and elec­
tronics hobbyists who would like to 
part icipate in computer networking. The 
requirements (ie : examination) reflect 
this . 

There is no Morse code exam at all. 
Th e written exam has three parts: 

• multiple choice questions on 
Canadian amateur radio regula­
tions, 

• questions on radio communica­
tions theory and operation (on 
the Advanced Amateur level)' 

• the digital exam with questions 
on computing, analog and digital 
transmission, packet radio, queu­
ing theory, digital coding, error 
control and other topics. 

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

Those who already hold an amateur 
or advanced amateur certificate in Canada 
are allowed to do anything that this new 
certificate allows (in cluding packet radio) 
except for the pulse modes of transmis­
sion . (FSK is the current favorite for low 
speed networks and point to point con­
tacts, with some type of PCM for the 
higher speed networks .) This new license 
is ideal for those computerists who want 
to get on the air with their terminal or 
computer but could never stand Morse 
code. 

Personally , I can't wait to finish 
building my transmitter and get my Z-80 
system on the a ir, and I would like to 
hear from other Canadian readers who 
are doing the same. I certainly don't 
talk to many hams on the HF bands who 
are interested in computing. 

Ron Vanderhelm, VE7COR 
University of British Columbia 

Amateur Radio Club 
Box 7 SUB, University of Be 

Vancouver Be 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 with expanded 
memory, disk, and paper tape. 

Mrs G V Creaser 
4 Sunny Hill Rd 

Northboro MA 01532 
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If the truth is that you want a 
camputer ... then we want to be your 
computer store. 

We're ComputerLand, the #1 
computer store chain in the U.S. What's 
meaningful about that fact is, that 
ComputerLand has been chosen by more 
people as having what they 've been 
laaking for. And, since you're looking, let 
us tell you what you'll fi nd, when you visit 
a ComputerLand store. 

You'll find a product line that's 
continually evaluated to provide you with 
the widest and best selection in quality, 
brand name microcomputers anywhere. 
You 'll find an enthusiastic and 
knowledgeable staff able to Interpret all 
the equipment specifications, in terms of 
how they apply to you, and in a way 
you'll understand. You'll find demonstration 
areas where you can get a firsthand 
experience of running a computer yourself. 

CIIPITEIS 
Fli BUSIIESS 

You'll find educational materials to give 
you a total insight into the world of 
microcomputers. 

You'll find a fully equipped service 
department to provide whatever assistance 
is required to keep your computer running 
in top-notch condition. You ' ll find computer 
user 's clubs to join , where yo u can share 
ideas with people as enthu siastic as 
yourself. And, w ith each new visit, you 'll 
find excitement-from the people you dea l 
with, the equipment they offer, and from 
your own ever-growing personal 
invo lvement. 

Enough about us. How about what 
computers do. To attempt to describe all 
the things yau r computer might do, would 
be to describe your imagination. So 
instead , we'll briefly list same af the many 
things'far w hich small co mputers are 
already being used . 

In business, the adverit of the 
versatile and compact microcomputer has 
put th e benefits of computing within reach 
of small compani es. With systems starting 
at less than $6000, the businessman can 

CIMPUTEIS 
FIITHE HIIE 

VlSn1 
I 

computerize things 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, a computer can be used 
for personal budgeting , tracking the stock 
market, evaluating investment opportunities, 
controlling heating to conserve energy, 
running security alarm systems, automating 
the garden 's watering, storing recipes, 
designing challenging games, tutoring the 
children ... and the list goes on. 

In industry, the basic applications are 
in engineering development, process 
control, and scientific and analytical work. 
Users of microcomputers in industry 
have found them to be reliable, cost­
effective tools which provide computing 
capability to many who would otherwise 
have to wait for time on a big computer, 
or work with no computer at all. 

CllPUlElS 
FIIIIDUSIIY 

And now we come to you, which leads 
us right back to where we started: If you 

want a computer, then we want to be 
your computer store. 

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

ComputerLand Corp_ 
14400 Catalina 51. 
San Leandro, CA 94577 
(415) 895-9363 

ComputelLand® ComputerLand Europe 
Europa Terrassen 
8 Rue Jean Engling 
Dommeldange, Luxembourg 
Phone 43 29 05 Telex 2423 Franchise Opportunities Wortdwide. 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 
Nat ional 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 1978. We hope 
that nonmathematically 
oriented readers will 
persevere through the 
more technical sections 
in order to benefit from 
Dr Albus'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 
brai n is for (ie: its- prim ary function). If 
one examines what most brains do all of 
th e time, and what our own brai ns do most 
of the time, it is clear that the brain is not 
used primarily for thinking. 

Th e 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 fu nction s 
and behavior patterns that exist in insects, 
bi rds, mammals, and, in particular, primates. 
Only after these control systems are success­
fully modeled can we expect to understand 
the mechanisms that give rise to intel ligence 
and abstract thought in the human brain. 

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 mani pul ato r, since it 
rather closely resembles a limb, the most 
common type of device controlled by the 
brain. We shall therefore first develop a 
computer model of a basic neuro logical 
structure which can compute control fu nc­
tions for a robot manipul ator. 

We shall 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 ge neratin g sensory interactive, 
goal directed behavior. 

We will suggest how such a hierarchy 
might remember experiences, solve problems, 
pl an tasks, select goals, answer questions, 
structure knowledge of the world and events, 
an d understand and generate music or natural 
language. Finally, we will also suggest some 
possible experiments and lin es of research 
that might be pursued by one or more 
am bi tious personal com pu ter enth usiasts 
with limited resources. 

The Nature of Computation in the Brain 

Th e brain is, of course, not a single 
computer, but rather a network of billions 
of individu al computing devices intercon­
nected so as to produce coordinated and 
unifi ed ac tion . There are millions 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. Inertial 
sensors measu re 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 inform ation is analyzed and 
processed in innumerable computing centers 
which detect patterns, compare incoming 
data with stored expectations, and evaluate 
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the res ults. In many diffe rent ways and at 
many differe nt leve ls this sensory data 
stream in teracts with the behavior generat­
ing system to se lect goa ls, mod ify habits, 
and di rect the actions of mi ll ions of musc les 
and glands to produce what is observed as 
behavior. 

Pel·haps th e most obvious feat ure of the 
bra in is that many computations are go ing 
on in many different places simul taneously. 
The bra in does not execute sequential pro­
grams of instructions under contro l of a 

- program cou nter. There is no fetch/exec ute 
cycle. The mathematics of fin ite state auto· 
mata and Turing mach ines are not we ll­
suited fo r descr ibi ng the basic operations of 
the bra in. In fact, the fundamenta l compu­
tations pe rfor med in the brain are not even 
digital - they are analog. Each neuron in the 
bra in is essentia lly an analog computer per­
form ing comp lex additions, integrations, 
differentiations, and all sorts of no nlinear 
operations on inp ut var iab les that ca n num­
ber from one to several hundred thousand. 

The brain is a digita l device on ly in that 
in fo rmation is encoded for transm ission 
from one neuron to another over long trans­
mission lines (ca lled axoJ7s) by pu lse-fre­
quency or pulse-phase mod ulation . When 
these pu lse encoded signals reach the ir 
destinations, they are reconverted into 

ana log vo ltages for the compu tat ions whi ch 
take place in the dendrites and cell bodies 
of the receivi ng neurons (see "Designing a 
Robot fro m Natu re" February 1979 BYTE, 
page 28). 

The brain achieves its incredible precision 
and re li abi li ty through redundancy and 
stat istica l techn iques. Many axo ns carry 
information conce rn ing the value of the 
same variab le, each encoded sli ghtly differ­
ently. The statistica l summation of these 
many imprec ise and no isy information chan­
nels resu lts in the re li ab le transm iss ion of 
precise messages over long distances. In a 
simil ar way, a mu lt iplicity of neurons may 
compute on ro ugh ly th e same ·input vari­
ab les. Clusters of such computing dev ices 
provide statistica l prec ision and re liabi lity 
orders of magnitu de greater than that achiev­
ab le by any single neuron. Th e outp uts of 
such clusters of ne urons are transmitted and 
become inputs to other cluste rs, wh ich per­
fo rm ad di t ional analog compu tations. These 
are the vari ab les we have to deal with and 
the computations we have to simulate if we 
are to model the bra in in any meaningfu l 
way. 

To those fami li ar on ly with fetch/execute 
machi nes, this may seem an extreme ly diffi­
cu lt structure to model. I hope, in the course 
of these articles, that some of the difficu lties 
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will be cleared away and th e prospects for 
building such structures will seem less 
dubious. 

The Need for Notation 

In order to discuss an engineer ing design 
for a robot contro l system modeled after th e 
brain, we must first devise a mathematical 
convent ion and notation to bridge the gap 
between the structure of the brain and the 
structure of currently avai lable computers . 
This is essential if we are to describe 
behavior precisely and to translate that 
description in to a design for circuits and pro­
gram statements to generate behavior in a 
computationally concise manner. 

Vectors 

One way to describe many variab les and 
deal with many simultaneous multivariant 
computations is to use vector notation. A 
vector is simp ly an ordered set, or li st of 
variab les. A vector can specify magn itu de 
and dir,ection. The vector V in figure 1 b has 
two components Vx along the X axis and Vy 

along the Y axis. The ordered set, or I ist of 
components define the vector so that we can 
write V = (vx, vy ). 

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

4 
(d) 

3 

2 

I , 

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 representing 
7, 2, 3, and 4 dimensions, 
respectively. The number 
of dimensions in the space 
is equal to the number o f 
variables in the list. (The 
illustration in (d) is meant 
only to be symbolic of a 
four-dim ensional vector, 
which cannot be visualized 
in three dil17 el7Sions.) 
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Now, a book 
for the practicing 

professional ... 

" This is til e best handbook of riMa 
COll1l11l1l1iw tiollS system teciJllology 
tiJat this reviewer has yet 
ell collntered," -Arvid G. Larson in 
ACM Computing Reviews, 
February 1978 

Digital Press announces the 
publication of TECHNICAL 
ASPECTS OF DATA COMMUNI­
CATION by John McNamara. 

Written for the practicing pro­
fessional, TECHNICAL ASPECTS 
OF DATA COMMUNICATION 
details the nuts-and-bolts prob­
lems and solutions in configuring 
communications systems, It 
features: • comparison of protocols 
(DDCMP, BISYNC, SDLC) • exten­
sive explanation of interface stand­
ards (CCITT/V24, RS232C, RS422, 
RS423) • six comprehensive 
appendices (how far/how fast?, 
modem options, codes, UART, 
fonnat and speed table for asyn­
chronous communication, chan­
nel conditioning) • 20 milliampere 
loop' telephone switching 
systems· error detection 

• 382 pages • 125 figures· 70 
pages of tables' index' hardcover 

r----------, 
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o Check enclosed 0 Money order enclosed I ' Plus $1 for postage and handling I 

I ~~ I 
I Address -- -- I 
I City State ___ Zip -- I 
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Figure 2: If, as time progresses, one or more of the componen ts of a vector W 
change, the vector will move through space, tracing out a trajectory T W' 

( a ) 

( b ) w~ 
w2 

--2 - __ _ 

r-~~~--------~--------~------------- T I ME 

Figure 3: If the ordered list of variables which de fin e a vector includes time, 
the space defined by the vector will have time as one of its axes. As time 
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
tory will be some curve with a component along the time axis as in (b). 
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components. A vector wi th three com­
ponents defines a vo lu me (figu re 1 c), and a 
vector with fo ur or more components 
defin es a hyperspace (figure 1 d) . A hyper­
space is impossible to vis uali ze, but is a very 
useful concept for our di scussion. 

A vecto r in a higher dimensional space 
can usuall y be visuali zed as a projection onto 
a lower dimensional space. For example, 
ty pi cal mechancial drawings portray fro nt, 
sid e, and to p views of a three-d imensional 
form projec ted onto a two-dimensi onal sheet 
of paper. Each projection can either 
illustra te a cut through th e object at a part ic­
ul ar pl ane along th e projection ax is, or a 
superposi t ion of all the sa li ent features of 
the object co ll apsed into the pl ane of the 
illu stration. In the co ll apsed ve rsion, the fac t 
that two poin ts or lines in te rsec t in the pro­
jected im age does not necessaril y mean that 
th ey coincide or intersect in the higher 
di mensional space - they may simp ly lie 
behind eac h other along the projection ax is. 
Th e projection operator ignores var iab le 
diffe rences which correspond to di stance 
along th e projection ax is. 

It is not necessary to make th e projection 
axis co incid ent wi th any of the coordinate 
axes. For exampl e, in the obliqu e projection 
(perspect ive drawing) of figure 1 c, the pro­
jection ax is (the normal lin e to th e paper 
through the origin of the coordinate system) 
is not aligned with any of the coord inate 
axes . The lines in the draw ing represen t the 
projec tions of lines in a th ree-dimensional 
space onto th e two-dimensional surface of 
the paper . In a similar way we can project 
higher dimensional vectors and hyperspaces 
of any dimension onto a two-d imensional 
draw ing. Figure 1 d illu strates a fou r-dim en­
sional vec tor projected onto a two-dimen­
sional draw ing. 

States anp Trajectories 

A vector can specify a state. Th is is th e 
prim ary use we shall make of vectors in this 
discuss ion . A state is defin ed by an ord ered 
se t of vari ables. For exampl e, the state of 
the weather might be characterized by a 
state vecto r W = (wl' w2, w3, w4 ) where: 

w1 = temperatu re, 
w2 = humidity, 
w3 = wind speed, 
w4 = rate of precipi tation. 

Now the weather, I ike many th in gs, is 
not constant. It varies with t im e. Each of the 
state vari abl es (temperature, humidity, wi nd 
speed, and rate of precipi tation) is time de­
pend ent. Thus, as time passes, the poin t 
defin ed by wt will 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 
eas il y do th is by simp ly adding one more 
variable, time (t), to our state vector, thus 
increasin g by one the number of dimen­
sions in the space defined by th e state 
vector. ForexampleW = (w" 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 with time will now trace out a 
straight line trajectory, parall el to the time 
ax is as shown in figure 3a. If, however, any 
of the Wi components is time dependent, 
the state trajectory wi ll contain velocity 
components that are orthogonal, as well as 
para ll el to the time axis, as shown in figure 
3b. 

If we project the state space of all the 
variab les except time onto a two-dimensional 
surface, we can represent the passage of time 
by the motion of this two-dimensional plane 
along the time ax is normal to it, as in figure 
4. The state trajectory Ts is the locus of 
points traced out by th e state vector as time 
passes. 

A large variety of th ings can be repre­
sented as vecto rs. For exampl e, we can 
represent an ASCII character as a vector 
(figure 5). The ordered set of binary digits 
in the ASC II representation corresponds to 
the components of a binary vector. Each 
symbol in the ASCII alph abet is uniquely 
paired with a vector in an eight-dimensional 
hyperspace. Each symbol thus corresponds 
to a point in the hyperspace. 

This is an important concept, because it 
all ows us to define any set of symbols as 
vectors or points in hyperspace. Any string 
of symbols then becomes a trajectory 
through the hyperspace. For example, the 
string of symbols, "the cat chased the rat," 
can be described as a trajectory through a 
hyperspace defined by any set of variables 
defining the English alphabet (plus a blank 
character). This also app lies to the string 
WXYZ when: 

W is the command: Reach to Position A' , 
X is 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 symbo ls. If the hyperspace 
is continuous, then each point which cor­
responds to a symbol has some neighbor-
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=-::jl-.-+-+-I----_ TIME 

1 = 0 1= 1 1=2 1 =:3 

Figure 4: If the vec tor 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. 

a = (1,0,0 ,0 ,0,1,1 , 1) 

-~~---------------b5 

A = (1,0,0 ,0,0 ,0.1,0) 

Figure 5: A vector cr;m 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. (b

8 
is the even parity 

bit.) 
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Figure 6: Each point in 
hyperspace, corresponding 
to a particular 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 
functional relationship be­
tween Y and X is ex­
pressed as an equation and 
a graph. 
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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. Th e difference between the neighbor­
hood points and th e exact symbol 
point derives from noise on th e ch an­
nel transmitting vari ables denoting 
the vector comp onents. This is use­
ful in si gnal detection theor"y, where 
the detection of a vector within some 
neighborhood of a symbol vec tor cor­
responds to the recognition of that 
symbol against a noisy background . 

2. The difference from th e exact symbol 
derives from distortions or variations 
in th e symbol itsel f. This makes th e 
best sense if the compon ents of th e 
symbol 's vector are values of attributes 
or features of the symbol, rather th an 
arbitrary digits as in the ASCII con­
vention. In this case, a neighborhood 
of points corres ponds to a cluster of 
feature vectors from a symbol set 
which are not id entical, but very 
nearly so. 

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

21 

y = 2 x2 +3x+6 

3 

-4 -3 -2 -I 0 2 3 4 

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 clusters in feature space. 

Functions and Operators 

In the physical world, functions are usual­
ly defined as relationsh ips between physical 
variables. 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 
time of day as indicated by internal biolog­
ical rhythms, and so on. 

I n 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 function usually implies a 
directional relationship (eg : the relationship 
between cause and effect has a direction 
which flows from cause to effect). In tra­
d itional 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 = 2x2 + 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 function 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 R N, 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 stri ng 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 = (s1' s2, s3, . .. sN) onto the output 
scalar variable p. We can write this as: 

p = h (S) 
or 
p = h (s1' s2, . . . SN) 

o o o 

o o z = x· y 

o o 

(a) (b) ( e ) 

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. 

SE T OF CA USES SET OF EFFE CTS 

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 couse 
to have the some effect (ie: more than one point in C can mop onto the 
some point in E). 

Figure 70: We will define 
the operator h as a func­
tion which maps the input 
vector S into the output 
scalar variable p. 

5, 

52 

S 53 

5N 

hi 

h P 

hL PL 

h 2 P 

Figure 77: We will define the set of operators H = (h l' h2 .. . h) as a func­
tion which maps the input vector S into the output vector P. 
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Figure 72: The operator H maps every input vector S in input space into an 
output vector P in output space. H thus maps the trajectory Ts into the 
trajectory Tp' 

Figure 73: A multivariable 
servomechanism. The ref­
erence, or command input 
is the vector C consisting 
of the variables s7 thru si' 
The feedback is the vector 
F consisting of sensory 
variables si+ 7 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 workings of the 
process remain hidden in a black box.) 

If we assume that we have L such oper­
ators, h" 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" 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 j p 

S H 

{ 

~i + 1 
F • 

SN 

FEEDBACK 

however. Of course, if any of the variables 
in S are time dependent, S will trace out a 
trajectory Ts through input 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 simpl est 
form of goal seeking device is the servo­
mechanism. The setpoi nt, or reference 
input to the servomechanism, is a simple 
form of command. Feedback from a sensing 
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 results, 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 follows 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 output. Our vector notation 
will allow us to generalize from this one­
dimensional case to the multidimensional 
case with little difficulty. 

Assume we have the multi variable servo­
mechanism shown in figure 13. Th e function 
H operates on the input variables in Sand 
computes an output P = H(S) . Note that we 
have partitioned the input vector S into 
two vectors: C = (s" s2 ... , si' 0 ... , 0) and 
F = (0, ... 0, si+', ... 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. 

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

ACTUATOR S 

SENSORS 



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 
have discovered that the era of the 
personal computer has already 
begun-with Apple. 

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. 

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

Circle 15 on inquiry 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 store has several different brands 

to show you. So the salesman 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 limit to the things you can do. Most important, 
Apple's the one with more expansion capability. That 
means a lot. Because the more you use your Apple, the 
more uses you'll discover. So your best bet is a personal 
computer that can grow with you as your skill 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. 
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Figure 14: A stationary C vector establishes a setpoint, and as time progresses 
the feedback vector varies from FI to F2 to F3, The S vector thus traces out a 
trajectory Ts' The H operator computes an output P for each input S and so 
produces an output trajectory T p- The result is that the input command Cis 
decomposed into a sequence of output subcommands pi, p2, p3, 
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p5 

Figure 15: If the command vector C also changes from time to time, it will 
trace out a trajectory T C' 
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bolie command. The feedback vector may 
contain information of many different types, 
It may simp ly 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 inertia l 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 
Ts ' 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. I n 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 T p' 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 pl, p2, p3 represents 
a sequence of subtasks, subgoals, or subplans, 
respectively. 

Whether figure 14 is a servomechanism 
or a task decomposition operator, there are 
many practical problems concerned with 
stability, speed, gain, delay, phase shift, etc. 
I n 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, only 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 bio logical systems. However, when con­
nected together in a nested (or hierarchical) 
structure, the complexity of behavior 
in feedback control systems increases 
dramatical ly. 



Hierarchical Control 

Assume that -:the command vector C in 
figure 14 changes such that it steps along 
the trajectory Tc as shown in figure 15. The 
result is that the sequence of input com­
mands C1 , C2, C3 , followed by the sequence 
C4, C5 produces the sequence of output 
vectors p1, p2, p3, p4, p5. In this case the 
subsequence p1, p2, p3, is called by the 
commands C1, C2, C3 and driven by the 
feedback F1, F2, F3. The subsequence 
p4, p5 is called by C4, C5 and driven by 
F4, F5, etc. 

If we now represent time explicitly, the 
C, F, and P vectors and trajectories of 
figure 15 appear as shown in figure 16. The 
fact that C remains constant wh ile the feed­
back changes from F1 to F2 to F3 means 
that the trajectory Tc is parallel to the time 
axis over that interval. The jump from C1, 
C2, C3 to C4, C5 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 axis. Each plane con­
tains a point from each trajectory and rep­
resents a snapshot of all the vectors simul­
taneously 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 kth 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 
only at the beginning and end of the tra­
jectory segment labeled (ASSEMBLE AB) . 
C2 is shown only at the transition points 
between (REACH to A), (GRASP), (MOVE 
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 computes Pl ' 

The feedback F 4 may contain highly 
processed visual scene analysis data wh ich 
identifies the general layout of the work 
space, and thereby determ ines wh ich output 
vectors P 4 (and hence wh ich simple task 
commands C3) should be selected and in 
which order. F 4 may also contain data from 
P 4 and P3 which indicates the state of com­
pletion of the decomposition of C4· F 4 
combines with C4 to define the complete 
input vector 54' The H4 operator produces 
an output vector P 4 = H4 (54)' 

Tex t continued on page 24 
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Figure 76: When time is represented explicitly, the vectors and trajectories of 
figure 75 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 for t = 4 and 
t= 5. 
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microcomputers since day one. 
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We've worked like mad to 



cook up all your favorites. 
Now, we 're cooking . Our boys in the lab have turned 

circuit chefs these past three months to create a smorgas­
bord of deliciously assembled boards to support your 
APPLE II~ TRS-80t or S-100 bus systems. Feast your eyes 
on our monstrous selection in the menu below. Then, order 
enough to satisfy your hunger for experimentation for 
months to come. Contact your local computer store, or call 
us direct . Bon appetit! IE 

California Computer Systems -
309 Laurelwood Road -Santa Clara, CA I , 

(408) 988-1620 -95050 
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Tex t continued from page 27 ,' 
At least part of the output P4 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 vector S4' 
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 position 
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 
drives the input S3 (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 F2 may contain information 
from proximity sensors indicating the fine 
positioning error between the fingers and the 
objects to be manipulated, together with 
state sequencing information derived from 
P 2 and P,. The operator H2 produces P 2' 
wh ich denotes the proper velocity vectors 
C, 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, 
C, to the servomechanism operator H,. 
F, provides position, velocity, and force 
information for the traditional servocom­
putations. The output P, 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 
Pj will be of the same order of magnitude as 
the feedback vector F j , and considerably 
more rapid than the command vector Cj • 

The result is that each stage of the behavior 
generating hierarchy effectively decomposes 
an input task represented by a slowly chang­
ing Cj into a string of subtasks represented 
by a more rapidly changing Pj' 

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 
At at all levels of the hierarchy. That is: 

at every level. The slower time rate of 
change of P vectors at the higher levels 
stems from the fact that the F vectors driv­
ing the 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 T e trajectories as tasks and 
subtasks. Transitions between the subtasks 
in a sequence correspond to abrupt changes 
in Te ' 

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 
Cj vectors correspond to OR nodes and 
the rapidly changing sequences of Pj 

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 intentional , 
or purposive. The top level input 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 
drive 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, 

Tex t continued on page 28 
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Figure 78: 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. 

ERR OR IN 5 I 

Figure 79: 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. 

_-----~~------------ T S3 

_ ERR OR I N 52 

--- - ERROR IN 51 

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 wh ich 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, mayor 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 environment 
cause Ts trajectories to vary from one task 
performance to the next. This implies that 
wh ile there may exist a set of ideal trajec­
tories through Sand 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 Ts 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. 

Small 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. 

]0 June 1979 © BYT E Public ations Inc 

HORMONES 

BLOOD 
CHEMISTRY 

WARM 
SHALLOW 
WATER 

BUILD 
NEST 

MATE 

I MIGRATION I 
II, 

I I \ 
I I , 

/I~ ' /~/ I \" 'I' / ," I " / 1', RED MALE IN 
TERRITOR Y 

STRANGER 
THREATE NS 

,/ I \ " ,,/,' I \', I I \ 

~~ ~ ~~~~ ~ ~ ~~~ ~~~ 
I \ I \ I \ I \ I \ I \ I \ I \ I \ I \ I \ I \ I I ,\ 1\ 
I \ I \ , \ I \ f \ I \ I \ I \ I \ I \ I \ I \ I \ I \ I \ 

I \ I \ I \ I \ I \ I \ I , I \ I \ I \ I \ I \ I \, \ I \ 

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 failure 
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 terminal trajectory well 
within regions of stability and success with­
out requiring intervention by the higher 
levels for strategy modification. Thus, a 
highly skilled 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 min i­
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 

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 h is responses are late and 
often misdirected. His performance is erratic 
and hard Iy ever near the ideal . 

However, practice makes perfect, at 
least in creatures with the capacity to 
learn. Each time 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 wh ich they are com­
puted, determine the rate of convergence 
(if any) of the learning process to a stable 
and efficient 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 only a 
singl e specific performance of a particular 
task . None of the alternative trajectories 
which might have occurred under different 
circumstances with a different set of 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 stickleback fish. This figure 
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represents a snapshot, o r single cut through 
space orth ogo nal to the tim e ax is. C4 , the 
hi ghest leve l goal, is survival. Th e feedback 
F 4 co nsists of va ri ab les in dicating water 
temperature and depth, blood chemistry, 
and hormone levels ge nerated by length of 
day detec tors. When the horm one leve ls 
indicate the proper ti me of year and the 
blood chemistry does not call fo r feed ing 
behavior, then migratory behavior will be 
selected un ti l warm, shall ow water is de­
tected. The F 4 vector wi ll then tri gger the 
reproduction subgoa l. 

When C3 in dicates (R EPRODUCTI ON) , 
an F3 vector indicating a red male in the 
terr itory wi ll cause the (FIGHT) command 
to be selected to C2. When C2 indicates 
(FIGHT) and t he in truder threate ns, a C, 
will be · se lected, and so on. At each level, 
a di ffe rent feedback vecto r would se lect a 
d iffe rent lower level subgoal. For exam pl e, 
if F3 indicates a fe male in the ter ri tory, 
C2 will beco me (MATE), and the type of 
mating behav ior selected wi ll de pend on F2. 

In simple creatures li ke the sti ck leback 
fish, the se nso ry stimuli that prod uce F2 
and F3 vecto rs which tr igge r specific be­
hav ioral t rajecto ri es are ca ll ed innate re­
leasing mechanisms. Inn ate releas in g mech­
ani sms and their associated behav ioral 
patterns have been studied extensively in 

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

In these relatively simple creatures, be­
hav ior is sufficientl y ste reotyped that it can 
be desc ribed in term s of a small set of be­
hav ioral patterns tr igge red by an equall y 
small set of sensory stimul i. This suggests 
th at insects, fish, and birds have onl y a few 
leve ls in their control hi erarchies and a small 
set of behav ior patte rns stored as H fu nc­
ti ons at each level. It further im pli es that 
there are fe w extern all y driven co mponents 
in the F vectors at each level. Behavior t ra­
jectories are in tern all y dr iven, with onl y a 
few branch poin ts controll ed by sensory 
data processed through simpl e pattern recog­
ni ze rs. The trajectory segments dri ve n en­
tirely by internal variab les are call ed fixed 
action patte rns , or tropisms. The external 
vari abl es which control the relatively few 
branch points are the inn ate releasing mech­
ani sms. 

In hi gher animals, behav ior is more co m­
pl ex and much less stereo typed. Thi s im­
plies more levels in the hi erarchy, more 
ex tern al sensory v.a ri abl es in the F vectors at 
each leve l, and hence many more poss ibil it ies 
fo r branching of the res ul t ing trajector ies. 

Figure 22 illustrates a set of trajectori es 
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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 for branching 
at several different levels at every step along 
each trajectory. At each instant in time the 
C vector to any particular level depends 
upon what the C and F vectol's were to the 
next higher level at the previous instant. 
Thus, a change in the F vector' at any level 
causes an al ternative C vectol' to be sent to 
the level below. Behavior is continuously 
modified at all levels by exte rnal variables, 
and hence does not appear stereotyped at 
all. 

Many degrees of freedom pi ace great 
demands on the H functions for maintaining 
stability and precision of control in such a 
large space of possibilities. Since successful 
behavior is only a tiny subset of all possible 
behaviors, it is cleal' that most of the poten­
tial branches will lead to disaster unless the 
H functions produce actions which steer 
the Sand P vectOl's back into the narrow 
regions surrounding success trajectories. For 
a multilevel hierarchy with sensory interac­
tion at many different levels, this is ex­
tremely complex. However, if the H func­
tions are trainable, then performance can 
improve through pl'actice . Complex tasks 
can be learned, imitated, and communicated 
from one individual to another. 

Conclusion 

We have now completed the first step in 
our development. We have described a hier­
archical computing structure which can 
execute goals, or intended tasks, in an un­
predictabl e environment. We have also 

1\t'-I\\it--------- T Pi _I 

------TPi _2 

defined a notation by which the behavior of 
such a hierarchy can be described cleady and 
concisely. We have asserted that the com­
plexity of behavior resulting from such a 
control hierarchy depends on four things: 

• the number of levels in the control 
hierarchy; 

• thenumber offeedback variables which 
enter each level; 

• the sophistication of the H fu nctions 
which reside at each level; 

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

I n part 2 we will descri be a com pu tel' 
model of a neurophysiological structure in 
the brain which computes multivariant H 
functions. We will then suggest how the 
brain might use such structures to learn skills, 
remember events, select goals, and pl an 
future actions.-
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Simple Maze Traversal Algorithms 

Sandra and Stephen A Allen 
2543 Luciernaga St 
Carlsbad CA 92008 

This article is a discussion of some solu­
tions to the problem of traversing a maze . 
The algorithms here represent neither an ex ­
haustive nor a hi gh -powered study of the 
problem, bu t rather an intu itive approach. 
The ideas reflect our thought processes and 
those of Tony Rossetti in our efforts to com­
pete in IEEE Spectrum magazine's ongoing 
Micromouse contest. 

RIGHT 
ANGLE 

LEFT 
ANGLE 

IF U-TURN 

MOUSETRAP 

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

The IEEE Spectrum's Micromouse Maze 
contest began time trials last June 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. Each 
mouse is given three tries through the maze, 
with a time limit on each attempt. The 
mouse with the shortest logged time wins 
the contest. The solution to the problem, 
then, is to find the path through the maze 
that yields the shortest time. 

An important consideration in finding a 
solu tion is th e characteristics of the maze. 
The corridors are of uniform width. There 
are only five types of intersections : right 
angle; left angle; T; U turn; and mouse­
trap. Th ese are shown in figure 1. There are 
no cross-intersections, nor are there any 
king's chambers, which are large vacant areas 
in the maze. This simplifies the traversal 
algorithms somewhat. Finally, there are 
exactly one entrance and one ex it on the 
perimeter of the maze, but not necessarily 
on opposite sides. 

Characteristics of the mouse should also 
be taken into consideration. It must be com­
pletely self-contained, having an on board 
computer and any required memory . Since 
the mouse must carry its own battery, avail­
able power is a limiting factor. 

Easy Algorithms 

The criteria used in looking for a solution 
were primarily based on the considerations 
discussed above. The limited power, pro­
gram space, memory and processor power 
were perhaps the most important aspects. 
Simplicity was also an important element 
in order to provide easy modification and 
enhancement of the robot. 



The traversal algorithm th at 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 wal k (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 
requi rement of simplicity, and the program 
is small and uses little memory. It also guar­
antees a solution, but unfortunately in using 
this algorithm there only exists one solution, 
so there is no way to take advantage of the 
second and third runs through the maze to 
significantly improve the traversal time. 

The resulting path may be a very long, 
roundabout path through the maze. This, of 
course, depends on the configuration of the 
particular maze. Indeed, the possibility 
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. Again, this is an easy and short pro­
gram to implement. It has the important 
advantage that a different path is pic ked 
every time through the maze, so th at there is 
the chance of picking a fairly short path. A 
definite drawback, though, is thatnosolution 
is guaranteed. The robot may come out the 
entrance instead of the exit, or may wander 
arou nd in the maze unti l the allotted time 
has run out. 

Another slight variation on the leftmost/ 
rightmost algorithm 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). Like the 
former algorithm, this one is short and 
si mpl e, yielding a uniqu e path; however, this 
path may not be a solution. This algorithm 
can have certa in advantages, though . When a 
maze has cross intersections and the entrance 
and exit are on opposite sides of the maze, 
the robot gets close to the exit faster. Also, 
fo r robots which are mech anically faster at 
going straight .than at turning, this algorithm 
can minimize the required turns. 

All of the solutions discussed above are 
very simple and, except for the random path 
algorithm, give only one possible solution 
for each maze configuration. Since the 
mouse gets three tries through the maze, a 
logical next step is to use a different algo­
rithm on each run. For example, choose the 
ri ghtmost 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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Figure 3: Representing a 
maze path by coordinate 
pairs. In general, horizon­
tal movement wil/ add or 
subtract the distance from 
the X coordinate,' vertical 
movement will add or 
subtract from the Y coor­
dinate. 

(10,20) 

( 10,10) 

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 al/ the 
intersections visited during 
a maze walk, Two short 
samples of the leftmost 
and rightmost path lists 
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 allowed 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 
recogn ize corridors and intersections, but 
are built to blindly follow the right or left 
wall) are heavily penalized. This means that 
the maze probably has a fair ly short and 
direct path from the entrance to the exit, 
but that this path 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. This aspect makes 
it not such a good idea to use only a right­
most or leftmost algorithm. Rather, it argues 
for using an algorithm 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 remem bered 
path can be optimized. This attack gives the 
potential for significant time improvement. 

Remembering 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 
conceptually 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 all intersections of corridors are at 
right angles, any movement will be either 
parallel 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 intersections. 

As the mouse visits intersections 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 
(0,0) which uniquely describes the parti­
cu lar path taken . Figure 5 shows the coor­
dinate lists representing the leftmost and 
rightmost paths through the label ed 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 backtracked 
corridors, a shorter path is 
taken, 
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Figure 7: Leftmost versus rightmost maze traversal, in which the robot keeps 
its right 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, 
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LEFTMOST PATH 
AFTER OPTIMIZATION 

(0,0) 

(10,0) 

(20,0 ) 

(20, -10) 

Optimization 

Now that the mouse has a way of remem­
bering the path it takes on the first attempt 
through the maze, the next problem is, how 
can it find a better (shorter) path for the 
second attempt? The main motivation be­
hind optimizing 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 illustrates this 
kind of backtrack ' optimization: every 
coordinate pair along the backtracked path 
can be deleted from the list. Notice that 
this same method works no matter how 
long the dead end corridor is (ie : how many 
intersections it has). 

A second kind of backtracking occurs 
when the maze contai ns a loop or cycle. 
The presence of a loop is indicated when the 
mouse returns to an intersection that it has 
prev iously visited. The whole traversal of 
the loop can be cut out of the maze walk 
since that part of the maze is useless and 
cannot lead to the exit. 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 already 
tried and found to be fruitless (oth erwise 
the mouse would not have returned to the 
loop entrance) . And since the exit is along 
the perimeter of the maze, no corridor 
lead ing to the inside of the loop could 



NOW YOU CAN AFFORD 
THE WORLD FAMOUS 
Diablo Printer Terminal 

IPSI PROUDLY ANNOUNCES A PRICE 
BREAKTHROUGH ON DAISY WHEEL 

PRINTER TERMINALS 

Featuring: RS 232 compatibility at 110, 
150,300, and 1200 baud: Print speed of 45 
char/sec: Graphics capability: Over 30 print 
wheels from 10 to 15 char/inch: 5 ribbons 
in color, cloth, film or two color: Form 
length adjustable: Spacing adjustable from 
120 pitch to .1 pitch: Line spacing adjus­
table from 48 lines/in. to .4 line/in.: Identi­
cal in every respect to it's high priced 
sister the Diablo HyTerm 11* model 1620. 

Price: $2,595.00 each in single units, quan­
tity discounts available. 

Service: Major cities in the U.S. and Canada. 

You have probably waited a long time to purchase your computer printer at a reasonable 
price. Waitno longer! The Diablo 1620 lists for $3,240.00 we sell the IPSI1622for $2,595.00; 
save well over $600.00. For immediate action phone in your order collect and we will ship 
your terminal the same day. 

We also Stock Diablo 1345A (Hytype 11*) mechanisms for immediate shipment at the low 
price of $1 ,150.00. Order one now and build your own terminal using your own CPU, ordo­
it-yourself by buying our 1622 kit and assemble your own terminal within 10 hours 
for $2,295.00 

If you've always wanted to turn your computer onto word processing, this is the only way to 
go. Ask for our free word processing software. 

IPSI 
INTERNATIONAL PERIPHERAL SYSTEMS, INC. 

1849 N. HELM 
FRESNO, CALIFORNIA 93727 

CALL (209) 252-3635 

°Hytarm and HyType are registered trademarks of Xerox Corp. 
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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 wal k 
path had already been generated from the 
start to the finish . However, it can be 
much more efficient if the mouse can per­
form these optimizations whi le 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 au tomatically "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 list). Furthermore, assume 
that there is a pointer into 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 
coord inates as the N EXT 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 
backtrac ked 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 looking for another 
intersection. Figure 8 shows this diagramati­
cally. 

Incidentally, if the mouse has re latively 
low accuracy motors and sensors, it is pos­
sible to obtain slightly 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. This is easily accomplished 
by checking to see if X[NEXT] is within 
plus or minus de lta of X[I], 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[NEXT] = 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 hard ly noticeable. Another factor which 
makes doing the optimization during the run 
even more desirable is that the exit of the 
maze is not always well 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 "fall of the edge 
of the world." This makes it difficult 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 



THE DIAGNOSIS: 
MEDICAL OFFICE MALAISE 

Between insurance 
forms, Medicare and 
Medicaid forms, bills, and 
patient records, the typical 
medical office today is 
swamped with paperwork. 
If the sheer volume isn't 
enough of a problem, it is 
also essential that all this be 

done with speed and 
accuracy. It has been 
estimated that Doctors and 
office staff spend nearly a 
quarter of their time 
handling paperwork. Until 
now, the only alternatives 
were either hiring more per­
sonnel or subcontracting 

with an outside firm. 
Obviously, a medical data 
base management system 
has great potential for 
significantly increasing 
office efficiency and freeing 
staff for more valuable 
duties. 

THEe E: 
MED2 FROM OIDO MICRO SYSTEMS 

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 OP's, 
specialists, dentists, and 
medical laboratories. 
MED2 requires a ZSO/SOSO 
microcomputer system that 
supports CP 1M and it is 
available on Micropolis 
5.25 in. and IBM 3740 Sin. 
diskettes. 

FREEUSERSSENITNAR 
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 wltb 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 tbe large 
new marketplace of medical 
offices. Tbere Is no question 
tbat tbe 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 
yield the red path and a 
rightmost path were to 
yield the gray path, the 
common intersections 
would be A, B, C, and D. 
By taking 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 (since 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 70: Turning time considerations. Due to the time it takes for the 
mouse to turn in an intersection, evaluations regarding this difference in the 
average length traveled per unit time must be made. For example, the mouse 
moves one unit of length in one unit of time and it takes two units of time to 
turn in an intersection. Then with the mouse starting in position A in each 
course, after 72 units of time the mouse has progressed 70 units of length on 
the left and a full 72 units on the right. 
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for the mouse to take the rightmost path, 
optim izing and reco rdi ng as it went on the 
first attempt, and simil arly take the left­
most path on the second try. Now the 
mouse has recorded in its memory two 
different optimized paths. At the beginning 
of the third attempt, each of the two paths 
can be measured by a strai ghtforward , length 
of corridors sum, and the shorter of the two 
optimized paths can be taken on this fina l 
run. 

A logical extension of this shorter total 
path ph il osophy is to compare the leftmost 
path list to the rightmost path li st, finding 
all the common intersections. A short total 
path can then be composed by joining the 
shorter of the path segments between each 
common intersection pairs. For example, 
each complete path might go through the 
origin, intersection A, intersection B, and 
the exit point (perhaps along with many 
other different intersections). Then an 
optimal path cou ld be made by combining 
the shorter path between the origin and 
A, the shorter path between A and B, and 
shorter path between B and the exit. Con­
ceptuall y, this is li ke breakin g the maze 
down into "common denom inator" sections 
and pic king the shortest path through each 
individual section . And, in fact, this path is 
the shortest one which has been traversed 
through the maze so far (see figure 9) . 

However, time is critical, not distance, 
and most li ke ly the robot corners more 
slowly than it goes straight (see figure 
10). So if the shorter path has many turns in 
it, and the longer run has few turns, th e 
shorter path may not necessari ly yie ld the 
shorter tim e for the run. Therefore, a slight­
ly more sophisticated scheme could measure 
th e paths usin g a weighted sum (a larger value 
for turns than for stra ightaways), and yie ld 
values which more closely reflect how fast 
the robot can negotiate the maze by the 
different paths. 

Conclusions 

The algorithms presented here are by no 
means high-powered or devious, but are 
more the results of a natural, intuitive ap­
proach to the maze traversal problem. They 
are all straightforward and relatively easy to 
impl ement. But even so, they are reliabl e 
and produce solutions which are reasonably 
good, especia ll y when compared with the 
commo n wall -hugging tactics. 

Clearly, there are sti ll many ways to im­
prove the performance of these algorithms. 
More contests like the IEEE Spectrum's 
Micromouse contest will perhaps encourage 
investigation in this area and will produce 
much more sophisticated approaches and 
solutions to the maze probl em.-



Horizon Disk Capacity 
Keeps Growing 
The Horizon is now capable of 72!l< 
bytes on-line! The Horizon can connect 
to four double density 5%" 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
troller board is designed so that two­
sided disk drives may be added as 
soon as they become available 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-si ded drive wi II 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 disk drives are 
now available with the same high 
quality wood cover as the Horizon 
computer! The Additional 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 kit 
form. Assembled, with one drive the 
ADC is $599, with two drives $999. 
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Pascal Now Available 
for Horizon 
The much-heralded Pasca l language 
is now being offered for use with the 
North Star Horizon computer. North 

Inside view of Horizon with processor 
board, RAM board, disk 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 compilation. 
North Star Pascal is available on 5%" 
diskettes for use with the Horizon or 
Micro Disk System. North Star Pascal 
wi II operate with either the Z80 or 8080 
microprocessor. 
Pascal, including documentation, is 
avai lable in either single or double 
density versions for $49. 
An auxiliary Pascal diskette, contain­
ing an 8080/ Z80 assembler and some 
additional Pascal utilities, is available 
for $29. Complete information is avail­
able at your loca l retail 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-l 00 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). Addressability 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 can be con­
figured by using one North Star 16K 
RAM board and a RAM-32. Need 
more memory? 56K can be configured 
by using two RAM-32 boards with one 
8K region switched off. 

NORTH STAR MDS, 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 5%" floppy disk system, Z80 
Processor Board , or the Hardware 
Floating Point Board. 

Horizon and RAM board prices are: 

Horizon - 1-16K 
Horizon - 1-32K 
Horizon - 2-32K 
RAM-32 
RAM-16 

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

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

~1f 
Computers 

2547 Ninth Street 
Berkeley, Califomia 94710 
(415) 549-0858 
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PROVIDES 
POWERFUL 

With A New Concept In Documentation 

PRSMAKESA 
BREAK-THROUGH 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 HAS A 
POWERFUL 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 BEAUTIFUL 
CASSETTE 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 SUPPORTS YOUR 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 
o 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
tion. 

PRS gives clear tutorial instructions on 
the whole matter of I/O patches. In ad­
dition, you will always find a complete 
source listing of the I/O 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 f rom 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 

o 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 test. 
Cassette $38_95 
Floppy Disk $64.95 

o 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 cu rves. Super­
imposes plots. Offers many plotting 
modes. 
Cassette $34.95 

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

TIPM 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 relocated 
just once to run on the TRS-80. If a 
program is written for the TRS-80 us­
ing T/PM or other CP/M * like DOS, 
you can now run that program simply, 
without patches. 
Floppy Disk $149.95 
*Trademark of Digital Research 
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PROGRAMS 
---------=--PRS=T-HEPROG-.MM-OF-TH-~-------------! 
~ MONTH CORPORATION I I,&JIJj,I 257 Central Park West, New York, N.Y. 10024 

SOFTWARE PRICE QTY. TOTAL 

1. MICROFILE: A new Data File 
Management System 

0 Cassette $ 49.95 

0 Floppy Disk $ 64.95 

0 Documentation only $ 10.00 

2. DDS II The Famous Dynamic 
Debugging System 

0 Cassette $ 49.95 

0 Floppy Disk $ 64.95 

0 Documentation only $ 10.00 

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

0 Cassette $ 38.95 

0 Floppy Disk $ 64.95 

0 Documentation only $ 10.00 

4. A2FP The APPLE II Function 
Plotter 

0 Cassette $ 34.95 

0 Documentation only $ 10.00 

5. T/PM: The TRS·80 Transient 
Progam Manager 

0 Floppy Disk $149.95 

0 Documentation only $ 50.00 

0 Send me list of dealers in my area Sub Total 
c Check enclosed Less 5% 
0 VISA 0 Master Charge 0 U.P.S. COD with order 

Account II Exp. Date N.Y.State 
sales tax 

Bank II Total 

Signature ____ _______ ____ _ 

My Computer configuration (specifying disk system) 

Name _____________________ _____ _ 

Corporation _____________ Telephone. _________ _ 

Address (no P.O. Box) ___________ __________ _ 

0-City _____________ _ State _____ Zip _____ ~ 
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Here it is! 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 andlor 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 CPIM interfaced printer and terminal of your choice. 

SPECIFICATIONS: status line showing page; line, column of cursor; variable 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); multiple 
file/disk edits in a session; CP/M file compatible - also useful for data entry, editing programs, etc. Commands Include: cursor 
upfdown/left/rlght; scroll IIne/screenful, up/qown, once/variable rate; Insert/overtype; delete character/wordlllne left/right/entire; variable 
margin set/release; set/clear tab stops; justify/ragged right; block move/copy/delete; search/replace once/n times/globallselectlve/whole 
words only; write to/read from additional files; set/go to any of 10 place markers. Additional support provided for CRT's with Inverse 
video/dual Intensity, line Insert/delete, and erase to end of line. Dialog Interface for easy Installation. AND MOREl 

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 CPIM * operating system, 32K, and either a memory mapped 
video board or any CRT TERMINAL with cursor control and clear screen (Hazeltine, Lear-Siegler, 
So roc, Microterm, Hewlett Packard, Infoton, Beehive, Processor Tech VDM, IMSAI VIO, SO 
Systems, Altos, Dynabyte, GNAT, etc). We ship on 8" IBM, Micropolis II, or Northstar diskette. 



The circuit described 
is intended only for ex­
perimentation with a 
unique form of input. 
It should not 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 telling fortunes. Just 
consider the photo as a slightly dramatized 
introduction to a topic we've all heard of, 
but know so little about: biofeedback. In 
lay man's terms, this simply means having 
the capability to monitor (in this case 
electronically) physiological processes. 

There are a variety of devices on the 
market referred to as brain wave monitors. 
Brain waves are but one of the many sources 
of energy categorized under biofeedback. 
Their common relatio nship 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 that in a battery. 

When we want to lift an arm, the brain 
sends an electrical pulse to the muscles in 
the arm. Proper magnitude and duration of 
the signal result in coordinated activity . 
The actual energy that is transmitted from 
the brain is very small: on the order of a few 
hundred 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 triceps. A recording of these 
voltages is called an electromyograph or 
EMG. Occurring only when the muscles 

contract, not periodically like the heart, 
the frequencies are very low, but the volt­
age is higher: about 5 to 10 mY. Because 
of their magn itude, these signals are the 
easiest to monitor . 

The last important biomedical signal is 
composed of very low amplitude voltages 
within the brain itself. These are recorded by 
the EEG (el ectroencephalograph). They ex­
hibit both periodic and pulse mode. The 50 
Ji-Y 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 frequency bands. Differences 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 associatIOn are the keys. EKG, 
EMG, and EEG readings must be carefully 
interpreted. 

Figure 7: 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 will 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 will not load 
the signal being sensed, nor have such a 
low signal to noise ratio that one cannot 
discern intelligible information. The unique 
device which satisfies these requirements is 
called an instrumentation amplifier. Any 
product which is sold to monitor brain 
waves, EKGs, etc will contain an instrumen­
tation ampl ifier. 

I nstrumentation amplifiers are often called 
differential or data amplifiers. They are 
closed loop gain blocks with accurately 
predictab le input to output response. They 
are especially configured to have extremely 
high input impedances and common mode 
rejection which makes them ideal for ampli­
fying low level signals in the presence of 
large common mode voltages. Figure 1 
shows the schematic of a typical instrumen­
tation amplifier built from such standard 
operational amp lifiers as LM301 s or 741 s. 

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

Monitoring I nternal 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 cells involved 
in simi lar activities, the result is fairly 
significant. The situation can be compared 
to that of a football 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 noise 
coming from a particular section of the 
stadium during the game signifies approval. 
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 + 2R 1 /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 vol tage gain of an amp­
lifier to its common mode gain is enhanced 

Table 7: Comparison chart of three different amplification elements. 

Symbol 

Feedback 
Conflguretlon 

Basic 
Applications 

1. 

2 . 

1. 

2 . 
3 . 
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Operetional 
Amplifier 

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

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

Instrumentation Isolation 
Amplifier Amplifier 

~ ~>-
Committed feedback . 1. Committed feedback . 

Gain adjustable 2. Gain adjustable 
within fi xed 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 
the effects of input offsets. A problem arises 
when 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 amplifier's internal design is necessary. 
The special device is called an isolation 
amplifier. Transformers or optical couplers 
inside the amplifier block isolate the sense 
inputs of the amplifier from the output 
circuitry. This means that a 2/lV signal 
could be monitored on a 2000 V transmis­
sion line 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 ampl ifiers. 

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 /lA can be fatal. Table 1 sum· 
marizes the differences between the ampli­
fiers 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 
fash ion, woul dn 't have a chance of working 
on 50 /lV 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 amplifier used in this article. 

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

Photo 4: Pregel/ed American Optical electrodes of the type used in this 
article. They are available from medical supply outlets. 
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standard power supply is substitu ted fo r 
the batteries, or a loose ly wired component 
falls agai nst a live wire on another circuit. 

F ortu nately we can get both safety and 
performance if we don't assume that every­
thing has to be constructed from scratch . 
It is a much better idea to take advantage 
of co mm erciall y avai lable iso lation amp li­
fi ers. (You wouldn't build a 4 bit digital 
counter from transistors, would you?) A 
perfect choice for this ap plication is the 
Und erwriters Laborato ry approved Analog 
Devices 284J isolatio n amplifier shown in 
photo 2. It provides plus or min us 2500 V 
iso lation, 110 dB common mode rejection, 
and a gain of 10 V per vo lt. For the ex­
perimenter this eliminates building the only 
tricky section of the interface . An added 
ben efit is that the isolation is now an in­
ternal function of the 284J and not a 
function of installation. Since the ultimate 
ai m of this articl e is to produce a biofeed­
back intel'face for a computer, I do n't 
want anyone getting injured in th e process. 

Biofeedback Computer Interface 

Figure 2 is the schematic of a circuit 
which is capable of sensing th e minute 
voltages we've been discussing, and signify­
ing to the computer when a prese nt leve l has 
been attained. This is a bare bones, basic 
inte rface designed specificall y for signal 
acqu isition . It would seem to me that this 
is the area which would give most people 
probl ems. The circuit consists of an isola­
tion amplifier module, two ga in stages, and 
a comparator to sense peak level. The com­
pl eted ci rcuit is shown in photo 3. 

All connections to the body are done 
through M1. The high and low input ter­
min als are attached ac ross the area to be 
mon itored. If it is an EKG output, you 
should attach the terminals as shown. For 
biceps input, these two probes would go 
on the upper arm and the guard conn ected 
to th e wrist. All leads between the body 
and the board must be shielded or 60 Hz 
will be all that is seen on the outpu t. Gain 
on the 284J amplifier is set by connecting 
a resisto r between pins 1 and 2. When they 
are shorted as shown , the result is a gain 
of 10. 

ICs 1 and 2 are configured as common 
inverti ng amplifiers, each havi ng a gai n of 
10. Since the signals we want to ampli fy 
are relatively low frequency AC, a capacitor 
is attached at the input of the first amp li fie r 
to filter out the DC component of M1 's 
output. In most cases of muscle moni tori ng, 
this total ga in of 1000 is sufficient. Picking 
up brain waves will require additional 
amplification . Changing the 100 kD resistor 



- v 

RI 
+v 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 Park, POB 280, 
Norwood MA 02062. + V is anywhere from 9 
to 75 V and - V is from -9 to - 75 V. A /I 
capacitors are 700 V ceramic unless other­
wise noted. All circuitry should be mounted 
on a ground plane to reduce AC pickup. 
Connecting wires should be as short as pos­
sible. The electrode cable must be shielded 
to obtain proper operation. 

on IC2 to 1 MSl wi ll increase it anoth er 
order of magnitude to 10,000. Be aware 
that raising th e ampl ification also raises 
the noise on the outpu t. Capacitors in the 
feedback loops are used in an atte mpt to 
keep this noise to a minimum . Th e am plified 
analog signal is ava il able at pin 6 of IC2. 
It can be attached to an osc ill oscope if you 
care to watch yourse lf in ac ti on. 

IC3 and IC4 are th e interface to the com­
puter. IC3 is a comparato r with normall y 
high output. Wh en the signal leve l f rom IC2 
exceeds the trigger vo ltage se t on R2, IC3 
pin 6 goes low, firing the one shot IC4. Thi s 
signal is in turn connected to a parall el 
input bit of th e computer. Offset potenti ­
ometer R 1 is ad justed to give 0 V on IC2 
pin 6 when M1 is removed and Ml pin 10 
is grou nded. 

Using the Muscle Monitor 

Monitoring mu sc le voltages is much 
easier than monitoring brai n waves. To ade­
quately accomplish the latte r, sharp band­
pass fi lte rs which can separate brai n waves 
from other signal sources must be added to 

1M 

47K 

ANALOG OUTPUT 

470K 

0.001 

6 10 K 

IK 

47K 33pF 

0.1 

T O COMPUTER PARALLEL 
INPUT PORT BIT 0 

lOOK 

0.001 

10K 
33pF 

Q 
IC4 

6 

II 

IK 

0.1 

+5 V 
22K 

3 

3.3K 

115 74121 4 

470 
+5V 

LED 

Number Type +5V GND 

IC1 LM301A - -

IC2 LM301A - -

IC3 LM741 7 4 

IC4 74121 1:4 7 

Table 2: Power pin connections for figure 2 schematic. 

figure 1. As it stands, it cannot d ifferentiate 
between al pha or theta waves and is opti ­
mized fo r mu sc le pick up. 

To sense the electrica l activ ity of a 
muscle such as the biceps, three electrodes 
are necessa ry. I t is not enough to mere ly 
wrap three wires aro und your arm. Special 
electrodes such as the type shown in photo 4 
are necessary . These are referred to as pre­
ge ll ed silver- si lver ch loride disposab le elec­
trodes and they are ava il ab le through medical 
suppl y outlets. The electrodes (shown 
in photo 5) have a spongy center section sat­
urated with a gel to reduce skin contact 
resistance. The best results wi ll be obta ined 
by using these or simil ar attachm ents. 

I n the case of the forearm mu sc les, th e 
Text continued on page 56 

+5V 

R2 
20K 
TRIGGER 
LEVEL 
ADJUST 

3 .3 K 

6 

+5V 

10K 

+V - V 
7 4 

7 4 

- -

- -
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If you've written software 
in Altair Basic, you've written 

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

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 8K Basic. So our 

contest is open to programs ~iii=!!~:~~~ 
- 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 Homel 
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 EIIDY 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: 
1) Entries, including documentation, must 
be printed by computer or typed double 
spaced on 8th 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 all entries . 
3) Enter at any participating Exidy Sorcerer 
dealer, or mail 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-addressed, stamped envelope marked 
"Winners List" to the coupon address. 
5) You warrant, by your signature on this 
coupon, that all program and documen­
tation material included in your entry is 
entirely your own original creation, and that 

Circle 133 on inquiry card. 

no rights to it have been given or sold to any 
other party, and you agree to allow Exidy to 
use, publish, distribute, modify, and edit it 
as it sees fit. 
6) All entries become the property of Exidy, 
Inc. No entries will be returned, nor any ques­
tions answered regarding individual entries. 
No royalties, payments or consideration 
beyond the items set forth in this advertise­
ment will be given to any entrant. 
7) Judging will be by a panel of experts cho­
sen by, and including representatives of, 
Exidy, Inc. Judges may assign programs to 
whichever entry category they consider ap­
propriate. Decision of the Judges is final. 
8) Employees of Exidy, Inc ., its dealers, dis­
tributors, advertising agencies and media 
not eligible . Void where prohibited, taxed or 
restricted by law. 

NAME __________________________________ ___ 

ADDRESS ________________________________ ___ 

CITY ___________________ STATE ________ ZIP __ _ 

DAYTIME PHONe-F ____________________________ __ 

TITLE OF PROGRAM __________________________ ___ 

CATEGORY 0 Busine'ss 0 Fun & Games 
o Education 0 HomelPersonal Management 

SIGNATURE _____________________ DATE ___ _ 

Copyright 1979. Exidy. 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. 

Tex t continued from page 53: 

high 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 
ana log output terminal of the interface. It 
is best seen with an osci ll oscope. Every 
movement produces some noticeable devi­
ation in the trace. If the trigger adjustment 
R2 is set above the ambient noise at the 
peak of this large pulse, it will fire the on e 
shot every time the muscle is fl exed. Ac­
tually, adjustment can be much finer. With 
the electrodes placed as in figure 1 (the 
guard is on my chest again) , th ey can pick 
up something as insignificant as moving 
your eyebrows or gritting your teeth . The 
setting 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. 
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be used as a suitable control input to the 
computer. 

Biofeedback Computer Control 

Control is the name of the game. Con ­
sider someone who is almost totally 
paralyzed . This system could be used (per­
haps by sensing eyebrow movement) as an 
on/off switch to a more sophisticated con­
troller. I've seen one computer aid for the 
handicapped which consisted of an alpha­
numeric sequencing display. Letters could 
be individually chosen and eventual ly com­
bined to produce whole written messages. 
A lot can be accomplished with a singl e 
bit of input if the software is written with 
time as a pertinent consideration. A singl e 
switch could signify a particular choice if 
each was presented in sequence with time 
allotted to answer. That is the premise of 
the BASIC program in listing 1. 

This is a simple program written in 
Micro Com 8 K Zapple BASIC. It presents 
the operator with a series of seven choices, 
and branches to special subroutines as a 
result of these choices. I t presumes that the 
user can see and signify positive response 
by a high logic level on bit 0 of input port 3. 
This bit is tied to the output of our eye­
brow twitch monitor. Output port 17 has 
seven li ghts attached to bits 1 through 7 
(bit 0 not used). The program lights the 
first light, and the user decides whether or 
not the computer should perform the 
activity signified by bit 1. If so, the user 
merely furrows h is or her brow and the 
program jumps to the designated activity . 
In this simple illustration, 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 
available for all existing C2's. When 
coupled with the C2's demonstrated 
high resolution graphics, the new 
color display is striking. 

The relatively easy add-on of color 
and other options discussed 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 sector of the 
computer to be modified 
affecting other sectors. 

Circle 290 on inquiry card. 

The sound option 
further enhances enjoyment 
of the C2' 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 analog) converter that takes ad­
vantage of the power and ultra high 
speed of the C2's 6502 micropro­
cessor to enable 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. 

~"'~~ The AC-12 has a special 
Home Control OS·65D 

V 3.0 Mini-Floppy 
DiskOperating System 

that provides a wide 
range of capabili:ties 
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-IIB 540B color video board for 
system upgrades (does not include 542B 
sound keyboard) . ......... . . $225 

CA-l1C 540B color video board and 
542B sound keyboard. (For upgrades) 
.. . ....... . .............. $299 

AC-12 Remote AC control system, in­
cluding console, four remotes and 
software. For use on any system with a 
540B video board . . .... . ... ' .. $175 

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

1IIIIIIEmlRI 
1333 S. Chillicothe Road. Aurora, Ohio 44202 

(216) 562·3101 



100 REM Thi s pro~ra ffi delhOr) s tT'ates how tIle COITIPuter can be 
110 REM u s ed to provide corrtol output from a n EMG digita l input 
1 20 REM EMG input is on port 3, bit O. No s timulus is logic 0 
130 REM wllil e musc le activitw is si~nified b~ lo~ic 1. 
140 REM Te s t a pparatus us es 7 lights attached to bits 1 thru 7 of 
150 REM output POT't 17. The COlhPute r s e Guences 'thru ttle li~hts until "the 
160 REM operator s i ~nifies a ctloi c e bw -- ·THINI(ING· -- about it !!! 

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. 

170 REM 
180 REM Copw ri g ht 1979 
190 REM 
200 REM 
2 10 FOR 0 =0 TO 300 :NEXT D 
220 REM 

STEVE CIARCIA 

2 30 REM Thi s routine seauenti a ll~ fl ashes bits 1 thsous h 7 of port 17 
2 40 REM It onlw ex its when an input fl ag h as been set bw the EHG monitor 
250 a = 1. 
260 X-2-a lOUT 17,X 
270 GOSUB 440 
280 IF F= l THEN OUT 17.1 :GOTO 3 2 0 
290 B- atl :IF a : 7 THEN GO TO 21.0 
300 GO TO 2 60 
310 REM 
320 If' a = 1 THEN 
330 IF a =2 THEN 
340 IF a =3 THEN 
350 IF a =4 THEN 
360 IF a =5 THEN 
370 IF a =6 THEN 
380 IF B=7 THEN 
:l90 IF B>7 THEN 
400 REM 
410 REM 

GOSqB 
GOSUa 
GOSUa 
GOSUB 
GOSUa 
GOSUa 
GOSUa 
STOP 

6 70 
670 
670 
670 
670 
670 
670 

:GOTO 
:GOTO 
:GOTO 
:GOTO 
:GOTO 
:GOTO 
:GOTO 

5'70 
580 
590 
600 
610 
620 
630 

420 REM Thi s rout i ne reads the EMG Ihonitor on port 3 bi "t 0 
430 REM If signal is present it sets flag F= 1 
440 A=O IF =O 
45 0 I = INP(3) - 254 
460 IF 1>0 THEN 490 
470 A- Atl :IF A>200 THEN RETURN :REM give operator time to respond 
480 GO TO 450 
490 F= l 
5 00 0 = INP(3) 
510 I F 0 >254 THEN 500 
520 RETURN 
5 30 REM 
540 REM 
550 REM Ttlese 7 routines can be replaced with outputs to 
5 60 REM individual control programs. 
570 PRINT'b= I':GOTO 210 
580 PRINT'b=2':GOTO 210 
590 PRINT'b =3':GOTO 210 
600 PRINT'b=4 ' :GOTO 210 
610 PRINT'b=5':GOTO 210 
620 PRINT'b=6'lGOTO 210 
630 PRINT'b=7':GOTO 210 
640 REM 
650 REM 
660 REM This routine flashes individual light to indicate ~election 
670 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 lNEXT T1 
720 NE XT T 
7 30 RETURN 

PET PRINTER 
GET HARD COpy FROM YOUR 
COMMODORE PET USING A 
STANDARD RS-232 PRINTER 

58 June 1979 © BYT E Publica tions Inc 

The emC ADA 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, needle­
point patterns, etc., using a 
standard RS-232 printer or 
terminal. 

up, the program can 
the muscle monitor 
taching a normally 
switch on port 3 bit O. 

Conclusion 

be easily tested with 
by temporarily at­
closed, pushbutton 

All of this effort for a single bit of data 
acquisition may appear unjustified, but it 
can prove to be exceedingly significant in 
situations where no other means of com­
puter interaction is available. At the least, 
the interface should provide a substantial 
base for biofeedback experiments. With 
additional amplification and filtering to 
monitor brain waves, a whole series of 
challenging experiments come to mind. 
Personal computing need not be relegated 
to the level of canned amusements and 
commercial presentations. A refinement of 
this interface could be the one critical 
design feature which would open the field 
of personal computing to individuals who 
are otherwise physically unable to take 
advantage of it. 

If you have any questions on this or 
any other "Ciarcia's Circuit Cellar" article, 
or just a good idea, please don't hesitate 
to write. While it may take some time, I 
do eventually answer all inquiries. Please 
enclose a self-addressed stamped envelope. 
Next month the "Circuit Cellar" topic will 
be sound generators.-

ADAPTER 
$98.50 ADA 1200B 
Assem bled and tested 

$169.00 ADA 1200C 
With 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 microCOMPUTER 
150 POCONO RD. BROOKFIELD. CT 06B04 
(203) 775-9659 TLX: 7104560052 
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It's already a big success! 
The party's over for all dumb ter­

minals and a lot of smart ones 
too. But, at $798 (quantity 25), the 
party's just beginning for Intertec's 
I nterTube 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 I nterTube 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, InterTube's rugged modular 
design combined with its built-in 
self-test mode insures quick and 
reliable servicing. 

InterTube's price/performance ra­
tio can satisfy your requirements 
whether they be a sophisticated 
data entry application or a simple 

Circle 182 on inq uiry card . 

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

Joi n the thousa nds of I nterTube 
celebrations going on around the 
country at this very moment. Call 
us at the number below and start 
your own celebration (BYOB-we'li 
bri ng the I nterTube). 

2300 Broad River Road, Columbia, S. C. 29210 
(803) 798-9100 TWX: 810-666-2115 
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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, violet, 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 II high resolution 
graphics can be red and green, or blue and 
yellow, 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 III 
430 Lakeview Way 
Redwood City CA 94062 
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The classic approach to computer gen­
erated color is to generate separate signals 
for 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 simultaneous 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 regular television channel by 
means of a radio frequency modulator ; al­
though that's certainly necessary, there 's a 
lot more to it. Since all the fascinating fea­
tures of the Apple II high resolution color 
graphics are the results of the way the Apple 
II designers solved this problem, let's take a 
look at just what they did . 

The Color Signal 

The stan,dards 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-

tem adds color information 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 M Hz. The fact that human vision 
does not resolve image details in color allows 
us to limit the resolution of the color com­
ponent of the signal to a maximum of 1.5 
M Hz. I n fact, only part of the color signal 
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 ;"odulation 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 
frequency 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 
frequencies. Interference is further reduced 
by the fact that the subcarrier frequency is 
an odd multiple of half the picture scanning 
rates, both horizontal and vertical. 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 II deviates radically from the standard 
signal. First of all, the Apple II signal omits a 
technique called interlacing, thus reducing 
the number of horizontal scanning lines by 
half and likewise the amount of informa­
tion needed to fill the screen. Noninterlacing 
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-



abies 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 II 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. 

I n 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 interfe rence were minimized, the tele­
vision set's receiving circuits limit the hori­
zontal resolution to about 300. Incidentally, 
this is why the Apple II displays only 40 
characters in each line of text; the more 
popul ar 64 or 80 characters cannot be re­
solved by a standard color television. 

Bits and Resolution 

As we have seen, the Apple II 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 frequ ency, or something over 7 MHz. 
Let's see how many of these dots will fit on 
one horizontal line. There is one horizontal 
scan every 63.5 ps, but part of this time is 
needed to get the electron beam into posi­
tion to start the next line, and to keep the 
lines in synchronization . The picture signal 
is shut off, or blanked, during this time. 
That leaves about 45 ps, but just to play it 

Photo 7: Apple /I 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 Shifted black 

0 1 White 

1 1 Shifted white 

0 0 0 0 0 

~ 
Green 

1 0 1 0 0 0 o 1 0 1 010 Orange 

0 0 0 0 ~ Violet 

0 0 0 ~ Blue 

(Note phase shifts indicated 
by arrows) 

safe and to make sure that none of our valu­
ab le 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), Apple II 
uses only about 40 J.lS of each line 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 J.ls, which corre­
sponds to the Apple II's system clock. Each 
character takes seven dot times, five for the 
character and two for spacing between 
characters. 

The question is, exactly what does hori­
zontal resolution of 280 refer to? Well, we 
can put a single dot at any of 280 different 
positions across the screen, but our dot will 
be colored, since it is a half cycle at the 
color subcarrier frequency . And if we put 
two dots too close together, they merge. 
Obviously, if the two dots are actually 
touching, no set could resolve them - this 
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 only one dot, in 
color, because the dot spacing matches the 
color subcarrier frequency. Only by putting 
two or more black dots between our white 
dots will we be able to see a clear separation . 

These relationships are diagramed 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 di s­
played as colored. Theoretically, a double 
width dot contains no color frequency com­
ponent, and hence will be displayed as 
white. 

Apple" 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 
onto the screen. Let's ignore the resolution 

problem for a while and investigate the 
colors. 

If we fill the screen memory with ones, 
the display will be all white; all zeroes 
paints it black. If we alternate ones and 
zeroes horizontally, 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 
blanking interval. So our question becomes, 
"How can we control the relative phase of 
these two signals?" 

First of all, our computer bits are output 
every half cycle of the color reference 
frequency. This means we can change the 
phase by 180 degrees by simply inverting the 
bit pattern so that alternating ones and 
zeroes become alternating zeroes and ones. 
Interestingly 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. This 
determines the two colors Apple II specifies 
in addition 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 II video circuit and the color tele­
vision set so as to change the phase of the 
color reference signal itself. The Apple II 
control is labeled color trim; the television 
set's control for this is usually called tint or 



The Computer 

The Only Computer Reference Book You Need. 

The Only Reference Book You'll Ever Need. 
The only book that gives you all 

the ingredients for a successful 
computer system. Interested in 
the Apple II?TM You'll need an 
FCC-approved RF modulator to 
connect it to your color television 
set. We tell what they are, where 
to get one, and how to hook it up. 

Thinking of USi~ Radio 
Shack's TRS-BOT for a low-cost 
word processing system? You'll 
need an upper-case/lower case 
modification for the keyboard. 

We'll tell you what it involves, 
where to get it done, or how to do 
it yourself. 

Software? We've sampled 
canned software and will tell you 
what suits our taste. Rather do it 
yourself? We have algorithms in 
our machine-independent 
"Cookbook" language for 
everything from fast sorts to 
phototypesetter hyphenat ion. 
Plus a crash course in BASIC for 
those who know FORTRAN. And 

much, much more. 
Last but not least: The 

Cookbook Yellow Pages, a 
complete guide to small computer 
services and products. We update 
The Yellow Pages every two 
months-and send them to you 
free with the latest additions, 
corrections, and improvements of 
our white pages. You just plug ' 
them into our loose-leaf binder. 

Get with The Cookbook. The 
Best is Yet to Come. 

Send me The Cookbook. I enclose $15 plus $1.50 for shipping, which will be by UPS unless I've marked this form U.S. 
mail ( __ check here). California residents add $.98 sales tax. Allow up to four weeks for possible out-of-stock 
conditions. Make checks payable to "The Computer Cookbook". Mastercharge and VISA accepted with 13-diglt card 
number and 4-digit expiration date. 

Name 

Street 

City ___________________ State _______ J-Zip _______ _ 

Mall to: The Computer Cookbook I P.O. Box 4084 I Berkeley, CA 94704 
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RED 

ORANGE 

hue. The combined range of adjustment of 
these two controls is usually enough to go at 
least halfway around the color circle of fig­
ure 2, putting one or the other of our com­
plementary pairs of colors at any point on 
the circle. Thus we can adjust for any pair 
of complementary colors we want: blue and 
yellow, green-blue and orange, cyan and red, 
green and magenta, or yellow-green and 
violet. So long as we don't require the ulti­
mate in horizontal resolution, we can have 
any two complementary co lors plus black 
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 large ly 
because of the broad range of hues to 
which we carelessly app ly the nam e blue. 
If we let the television picture-tu be 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 = wh ite. Since com­
plementary pairs also add together to give 
white, it follows that the su m of any two of 
the three primar~s gives the complement 
of the third : for example, the complement 
of red is actually green + blue, or cyan. 

Extra Colors 

Studying the Apple II specifications in 
the light of the National Television Systems 

BLUE ­
RED 

VIOLET 

oO------------~~~~~--------------- 1800 

YELLOW­
GREEN 

BLUE­
GREEN 270 0 CYAN 

GREEN ­
BLU E 

Figure 2: Arrangement of possible colors versus signal phase. The Apple /I 
high resolution graphics outputs two complementary colors (colors that are 
separated by 780 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 II, as 
I was casually 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, 
which 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 normally , that 
is, with the fine tuning just backed off from 
the setting that first produces sound bars in 
the picture. But if I back the fine tuning 
farther away from this setting (any auto­
matic fine tuning or tint controls should be 
switched off), just before the color signal 
drops out, the weak colors on the double 
dot patterns brighten 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 first pair, so if the single dot pat­
terns give red and green, for example, the 
double dot patterns appear as orange and 
blue. 

It 's hard to figure out how the double 
dot patterns get displayed 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 maximum phase distortion . I tried 
this out on the more expensive television set 
at the store where I bought my Apple II, and 
although it's more difficult to get the adjust­
ments just right, the extra colors are there . 
Ironically enough, this trick seems to work 
better on cheap sets. 

So there you have it. Whether you prefer 
colors or resolution, the Apple II high reso­
lution graphics will put out all you can get 
through the antenna terminals of a color 
television set with just different patterns of 
ones and zeroes. To find out what your set 
will do, you need to display vertical lines 
with the single dot and double dot patterns. 
An easy way to do this is to load the Apple 
II 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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You chose the best. 
Now, make it better! 

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

• Full ASCII character set 
(lower case) 

• 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 I nterface Program -Superchip 

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

mini-word processing system . 
(Requi res Disk Interface Program ,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 $ _______ _ 

Or, charge my: D VISA D Master Charge 
BankCard 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 limi ts of your particular 
television set, you'll know how to make high 
resolution pictures on your Apple II in just 
about any colors you want. 
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Addendum 

The following 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 1/ 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 1/ 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" 

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

(a) Remove the ten screws securing t he plastic 
top piece to the metal 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. All are removed with 
a Phillips head screwdriver. Do not remove 
the screws securing the power supply or 
nylon insulating standoffs . 

(b) Lift the plastic top piece from the bot­
tom plate while taking care not to damage 
the ribbon cable connecting the keyboard 
to the printed circu it board. This cable 
will have to be disconnected from one or 
the other. 



At Last! After Two Years and $250,000 ... 
Software Programs for the Multi-Billion Dollar 

Real Estate Market. 
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 represented 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 enabling 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. Inquire 
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. 

Circle 323 on inquiry card . 

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. 1 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 (shipping & in­
surance included I CA residents add sales tax). 

D Check enclosed Bill my D Master Charge 0 VISA 
Acct . # ___ _ _ 

Exp. date ____ _ Signature _ _ ___ _ 

Name __________ _____ _ 

Address _ _____________ _ 

City ____ __ State, ___ _ Zip _ _ _ 

Telephone (include area code) 

DEALERS!.. Check here 0 and attach business card to 
coupon for complete details on all REALTY SOFTWARE 
CO. Software and merchandising 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 (B8-74) to (A8-6) which is out of its socket, and (B8-7) to 
(A8-73) which has also been removed from its socket. The power connections 
to the 74L502 are +5 V to pin 74 and ground connected to pin 7. 

(c) Disconnect the power supply from the 
printed circuit board . 

(d) Remove the #8 nut and lockwasher secur­
ing the center of the printed circuit board. 
These will not be found on the earlier 
Apple II computers . 

(e) Carefully disengage each of si x nylon in­
su lating standoffs from the printed circu it 
board (seven on earl ier versions). 

(f) Lift the printed circuit board from the 
bottom plate. 

2. Above the board wiring method. 

(a) L ift the following IC (integrated circuit) 
pins from their sockets . 

Pin 
IC Number 

A8 1 
A8 6 
A8 13 
A9 1 
A9 2 
A9 9 

(b) Mount a 74LS74 (dual C-D flip-flop) and 
a 74LS02 (quad NOR gate) in the Apple 
II breadboard area (All to A14 region). 

(c) Wire the circuit in figure 3 . 

3. Below the board wiring method. 

(a) Desolder all pins of socket ' A8 . Lift the 
socket and its 74 LS257 integrated circuit 
off the printed circuit board taking care 
not to destroy it. Cut the trace between 
pins 6 and 13 of A8 on the top side of the 
board. Also cut the trace between pins 13 
and 15 on the top. Reinsert socket A8 and 
the 74LS257. Be careful. 

(b) Cut traces going to the fo llowing pins on 
the bottom of the Apple II board. Each 

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

IC 

A8 
A8 
A8 

Pin 
Number 

1 
6 
13 

IC 

A9 
A9 
A9 

Pin 
Number 

1 
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 . 

(e) Wire the circuit of the above the board 
wiring method, step (c) . All wires are on 
the bottom of the Apple II 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, chl\ck all wiring 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 line from location (10,20) to (200,140) . 
It is assumed that the high reso lution routines are 
already in memory locations hexadecimal 800 
thru BFF. 

o XO = YO = COLR 
5 INIT = 2048 : PLOT = 2830 : LINE = 2836 
7 ORANGE = 170: CALL INIT 

10 XO = 10 : YO = 20 : COLR = ORANGE : 
CALL PLOT 

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



Look how soft you can have 
itwitha II® 
personal 
computer. 

( 'SA) 
Biorhythms. Concentration, 
One-Armed Bandit . 3 more. 

PERSONAL DATA BASE 
(PO) Personal Data Base. 
File and dam management 
system , $29.9S 

,\SSI:''1I:11J3f 

OTHELLO ('OT) 
Othelloi& , Math Dice . Z 
morc . "Othello" is rhe regis­
te red trademark ofeBS Inc. 
for its strategy disc game. 

FORMAITEO SOF·DISK 
('FD) 
I-pack So(· Disks (or your 
own BASIC programs. 

noXT 13)ITC1~ 

TEXT EDITOR (TE) 
Text Editor. Facilitates pro­
gram writ ing and correct ing. 

$24.95 

PERSONAL FINANCE, 
VOL.I( ' PI) 
Rate of Rcturn. Interest 
Conversions, 2 more. 

EQUITY ( . EQ) 
Deprecia tion . Deplerion. 
Capitalized Cosr. 

PERSONAL FINANCE. 
VOL. II ( ' PII) 
Loans: Sinking Fund, Declin­
ing interest, Constant Ratio. 

When you have a Compucolor II - the exciting color personal 
computer with a built-in mini-disk drive - you really have it 
soft . $19.95 is all you pay for most Compucolor Sof-Disk™ al­
bums. * They're formatted to run only on the Compucolor II, 
and each contains at least three programs. That's far better 
value and variety than you get with programmed cassette tapes. 
And the Sof-Disks you see here are just a sampling. New in­
troductions are added each month. 

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

First things first! If you'd like 
more information, simply check 
the coupon for a free brochure 
about the Compucolor II . 

Circle 51 on inquiry card. 

CompucOIOr 
".COrporallon 

STAR TREK ( 'ST) 
Star Trek. Lunar Lander. 
Shoot, and Tic-Tac-Toe. 

CUBIC TlC·TAC·TOE ( ' CU) 
Cubic Tic-T:lc-Toe. Swarms. 2 
mmt! 16K programs. 

CHESS ( ' CH) 
Chess. Accy-Deucey. Line 
Five, Biorhythms. 

BONDS & SECURITIES 
('BO) 
Bond Price & Yie ld. Amorti ­
zation Schedule. 2 more. 

r-----~b* T:::::~~~~::::::--
I ~ enter the album{s) of your choice, by let· 
I Cl' ~ ter{s), in the spaces provided. If you want 
: . ~ to order more than one copy, please enter the 

I 
~ 8- number of copies desired beside the letter. 

" Add $.50 for each album ordered to cover 
,~ ~ costs of mailing and shipping. Georgia residents add 

~ 
sa les tax . Mail with check or money order to address 

below. 
'See ad for varying prices on Assembler, Text Edi tor, and 

Personal Data Base Sof·Disks. 

Name ____________________________________________ _ 

Street ____________________________________________ __ 

C ity ____________ State _______ Zip ___ _ 

D Sen'd me the name of my neares t Compucolor Dealer. 
D Please (ell me more about the Compucolor II! 
D I'd like additional software information! 
Mail to: Compucolor Corporat ion 

Dept. B 
P.O . Box 569 
Norcross, Georgia 3007 1 

A llow 3 weeks 
for delivery. 
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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
verted into a desk. 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 woodwo rking, here's 
a project that will save you a lot of t ime and 
trouble: build a cabinet for your comp uter ! 
A carefull y pl anned cabinet, as any ham or 
hi fi buff knows, se rves to increase the uti­
li ty and enjoyability of the eq ui pment inside 
it. 

I started planning my compu ter system 
cabinet as soon as I scattered my compo­
nents around th e cab inet I had made fo r my 
amateur radi o gear. First of all, the cassette 
unit had to be faste ned down: I qui ck ly 
t ired of holding it in pl ace with one hand 
while unplugging something or changing 
a cassette . The power sup ply was consta nt ly 
runn ing warm and I knew it should be on 
stilts to increase heat loss . My separate video 
monitor could have ended up either beside 
the processor- keyboard cabi net or on top 
of it, but I qu ick ly dec ided to reserve the 
top of the processor cabinet fo r a des k. 
The monitor would be beside the processor 
but angled toward the operati ng posit ion 
fo r improved visibili ty. The keyboard had 
to be at a comforta ble typ ing height, some­
where fro m 28 to 30 inches fro m the floor. 

Wi th these parameters in mind, I had to 
decide on cabi net style. The sty les that f irst 
came to mind were the livi ng room furniture 
piece ·wi th finely grained wood and the 
hobby roo m piece with modest wood grain 
or painted wood. However, circumstances 
led me to deve lop a somewhat di ffere nt 

cabinet sty le. I hope my f inal design wi ll 
pro mpt readers to fo rge ahead with their 
own cab i net ideas. 

The need to transport the system out­
side my home, combined with my d isli ke 
for con necti ng and d iscon necti ng wi res, 
dictated the cabinet design shown in f igure 
1 and photos 1 through 3. If I wanted to 
de monstrate it at the school where I teac h 
or elsewhere, it wo uld have to be operab le 
as soo n as it was ope ned and plugged in . 
Nothing kill s interest more than 30 minutes 
of wire f idd ling. 

The cabinet shown is sturdy enough to 
take some li cks in a truck or car. Whi le it 
is closed and bolted, a bicycle chain can 
be run through the two U-bolts and around 
th e nearest oak tree, mak ing it very incon­
ve nient to move or to open without some 
commotion. When the lid is taken off the 
equip ment base, it can be turned up on one 
side to become a pedestal upon which the 
eq uipment base can be set. The whole affa ir 
is qui te stable when set upo n a reasonably 
level surface, and the lid interior provides 
knee room and space for keep ing notebooks 
and de mo li shed programs. When closed 
it can be sat up on, and , alth ough the re's 
absolu te ly no way to lug it aro und in a 
VW bee tl e, it will fit in the back (not the 
trun k) of my 2 door Falcon with a litt le 
imag inative stevedoring. In short it does 
what I req uire very nice ly, 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. 

0 0 ~ 0 0 

I 14·--- -------- 40 IN.-------------.!ol 

EQUIPMENT BASE 

141.-----------41 1/4 IN . ------------1°1 1f4.0 ----26 1/4 IN. -----+1°1 

CABINET SIDE 

build 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 living room. What more could one 
ask? 

Some comments on construction details 
might be helpful . The size of the equipment 
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 all 
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 cutting 
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 lid together while the glue 
sets. Bar or pipe clamps must be used to 
provide the necessary pressure. A cabi net-

1 
12 5 / 8 IN. 

~~J 
=:j ____ 1 1/ 2 IN 

RADI US 
16 IN 

CABINET END 

making friend or a school shop might be 
a good source for these if you have none. 
The only permanent meta l fasteners used 
are the two screws through the base into 
each runner, and they serve primarily as 
gluing clamps as well. 

The bolt rails are glued around the inside 
edge of the lid (Be certain to recess them a 

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

June 1979 © BYTE Pu blica t ions Inc 71 



ANNOUNCING 

• 110 or 300 baud, RS 232C serial 
ASCII 

• Friction feed, paper width to 15" 

New 
from DEC 

lA34 DECwriter IV 

$1, 199.00 

• Upper/lower case, 9 x 7 dot matrix 
• 10, 12,13.2,16.5 characters linch 
• 2, 3, 4, 6, 8, or 12 lines/ inch 
• 22"W x 7"H x 15 V,'O, 25 Ibs. 

, ~ Teletype 43 $ 999.00 

New 
from DIABLO 

DIABLO 1640 $ 2.690.00 
Receive-only $ 2.331.00 
High-quality daisywheel printing at 
45 cps. 

DIABLO 1650 S 2.779.00 

Receive-only $ 2.419. 00 
Metal daisywheel printing at 40 cps. 

SORoe 10120 $ 795. 00 
• RS 232C, upper/lower case full 

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

cursor 
• Auxiliary extension port 

• RS 232C, 110 or 300 baud 
• Upper/ lower case full ASCII 
• Pin feed, 12" x 8 Y2" paper 

T.I. 810 printer $1.695.00 
• 150 characters per second 
• RS 232C serial interface 
• Adjustable forms tractor 
• Upper/lower case option $90.00 

SORoe 10 140 $1.250.00 
• RS 232C and 20mA current loop 
• Extensive editing features 
• 25th line terminal status display 
• 16 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 1 %. Everything 
shipped freight collect in factory cartons with manufacturer's warranty. 
Visit MICROMAIL at the National Computer Conference - Personal Com­
puting Festival, New York City, June 5-7, Booth 128. 

MICROMAIL. BOX 3297 • SANTA ANA, CA 92703 
(714) 731-4338 
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distance equal to the thickness of the 
equipment 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 round head which will set into 
the wood when pulled up tight and will not 
require further fastening to the bolt rails. 

Trim the equipment base so it fits easily 
inside the lid, and drill the holes through 
which the carriage bolts will pass 1/16 or 
1/8 inch larger in diameter than the bolts 
to save trouble when you first try to se't the 
lid down over the base. Cut out the slot 
through which the U-bolts will pass with a 
jigsaw or coping saw, and provide 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 holes will 
be drilled to fasten the components to the 
base. Wouldn't it be a shame for one of the 
equipment mounting screws to have to come 
up from the underside right where a runner 
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
thing cleared. 

You will note that edges of plywood tend 
to have unsightly gaps, and the surface will 
have dents and dings. Before sanding the 
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 job. 
When you sand, these fillings w.ill level off, 
corners and edges will get smoothed and 
slightly rounded, and you'll get a smoothly 
painted surface. I avoid painting whenever I 
can, but when painting raw plywood I have 
to admit that the final results are well worth 
the trouble of first putting on a primer coat ' 
and then a finish coat with a light sanding 
between coats. The only thing worse than 
painting once is painting twice, but when it's 
all over you have a surface you don't mind 
showing off. 

As a finishing touch, some acorn nuts 
look good on the ends of the carriage bolts 
since they protrude toward the operator 
when the cabi net is set up. 

For icing 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 pulls a topological 
trick or is the owner of a more compact 
system than mine, you'll need a whole 
sheet and a scrap from the lumber com­
pany's cutoff pile for one of the ends. Sorry 
about that, but everything doesn't always 
work out for the best. 

Happy woodworking!-



Tinker, Tailor, Soldier, Sailor . .. 
Doctor, Lawyer . .. the Chieftain's here. 

No matter whether you're a serious 
hobbyjst or a serious businessman , the 
Chieftain 6800 microcomputer with ca­
pabilities that surpass the Z-80 is made 
for you. 

Smoke Signa l 's quality-packed 
Chieftain I features two 5.25-inch mInI­
floppy drives and Chieftain II fea-
tures two 8-inch floppy drives. 

Both microcomputers 
provide 32K static memory, 
t wo serial I/ O ports, a 2 
MHz.processor·board, a2K 
RAM monitor, a nine-slot 
motherboard with built­
in baud rate generator 
and gold connectors for 
h igh reliability. The 
Chieftain's stylish leath­
er-grained cabinet houses 
the above with its own 
cooling fan and regulated 
power supply. 

Every Chieftain is complete with 
system software and is totally burned-in 
as well as tested to further insure high 
reliability. 

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. 

o Send information on your Chieftain 
m icrocom pu ter 

o Send name of nearest dealer 

Name ________________ _ 

Add ress, _____________ __ 

Company ____________ _ 

City ________________ _ 

State/ Zip ___________ _ 

#A SIDII SIGNIL 
~ BRDlDcasTiNG 

31336 Via Colinas. Westlake Vi llage. 
Califom ia 91361. (213) 889-9340 

Dealer inqu iries invited. 

Hail to t he Chieftain 
Smoke Signal 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 

ABOUT THE 
AUTHOR: 

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 their microcomputers when 
computer games lose their appeal and they 
tire of programming things like, 1/140 FOR 
X = 1 to 500: PRINT X: NEXT X " ? The 
exciting idea of adding a computer con­
trolled robot suggests building your own R2-
D2 robot from Star Wars. It might 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 experimenters can fully 
assemble in four hours. It runs forward, 
backward, turns left or right, blinks light 
emitting diode eyes, and can talk in a two 
tone beep. Its shell is mounted on a spindle 
that engages one of four microswitches. 
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 th e Turtle has run into something 
from either front, ri ght, 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 Turtl e can actually draw a map 
of its path using an internal ball point pen. 

The Terrap in Turtle illustrated in this 
ar ticl e was assembled by high sch ool stu­
dents at the Union County Career Center in 
North Carolina. Th e total assembly time was 
four hours fro m start to initial test. Th is 
art icl e is not intended for use as a con­
struction project, but rather to introduce 
you to computer controlled robots. 

Assembling the Terrapin Turtle 

The cardinal rul e for assemb.ling any 
elec tronic kit is to begin by checking 'off 
eac h component on th e parts list. Ph oto 1 
shows Jeffrey Dunn and Rich ard Voss 
checking the components of the Turtl e kit 

510 ohm Y. W: R9, Rl0 
100 ohm Y. W: R21, R30 

Resistors 

15 K ohm Y. W: R5, R6, R7, R8, R29 , R22 
50 K ohm Y. W: R19, R20 
1 K ohm potentiometers: P1, P2 , P3, P4 
1 K ohm 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 .lmF35V 
500mF35V 

Diodes 

lN4000 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 08,09,010,011,012,013,014,015,019 

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

Photo 2: Th e 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. 

against the parts list. Once assured that 
everything was included in the kit, th e 
printed circuit board was examined for 
possible scratches. Photo 2 shows th e etch 
side of the 5 inch diameter printed circuit 
board . Photo 3 shows the component side. It 
was quickly noted that not all 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. Figure 1 is a supplemental instruc­
tion that identifies each component cor­
responding to the schematic diagram. 

Richard Voss was in charge of assembling 
the printed circuit board for the Union 
County Career Center's Turtle. Photo 4 
shows the soldering of the Darlington tran­
sistors 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 being used. All too fre­
quently electronic kits are damaged during 
assembly by the use of high wattage solder­
ing .tools which damage the heat sensitive 
foil and apply too much solder. An excess of 
solder can short out both the closely spaced 
component pads and the circuit paths with 
solder bridges. Once the soldering has been 

Photo 4: Soldering the installed components. Photo 5: Inspecting the assembled components. 
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finished, it is wise to rechec k the placemen t 
of the components, just to be doubly sure. 

Care must be exerc ised to keep the tabs 
on the Darlington transistors from touch in g 
one another. A sma ll piece of plastic tape on 
each tab will save the transistor should the 
tabs accidentally be brought together while 
under power. Photo 5 shows the final in­
spection of the assembly of components 
onto the printed circuit board. Photo 6 
shows the completed circuit board. 

Figure 2 provides the circuit schematic 
for the control of the Turtle '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 schematic for shell touch sensors, 
lights, and sound control. The figure also 
shows the power attachment points for the 
operation of the Turtle's electronics and 
motors. A 12 V, 3 A power source is re­
quired for the best performance. The Turtle 
can operate, however, with a power source 
of 1 A capacity if the 3 A source is not 
available . The Turtle illustrated in this 
article was powered by a 4 A regu lated 
power supply. , 

Photo 7 shows the final assembly of the 
printed circuit board onto the motor hous­
ing. The most difficult part of the entire 
assembly was forcing the rubber tires onto 
the wheels. It is almost impossible to do this 

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



Photo 7: The printed 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 rubber tire onto the 

wheel. Photo 8 shows the assembled 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 
problems for parallel interfaces that fu nction 
between 0 V and +5 V. The higher voltages 
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 p.en control circuitry. 
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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 

Austin, Texas 
(512) 451-0217 

Barnhill Three, Inc. 
'Denver, Colorado 
(303) 750-1222 

Scottsdale, Arizona 
(602) 947-7841 

Albuquerque, New Mexico 
(505) 299-7658 

Salt Lake City, Utah 
(801) 484-4496 
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San Diego, Cali fornia 
(714) 279-9641 

Carter, McCormic & Perice, Inc. 
Farminglon, Michigan 
(313) 477-7700 

Dayton, Ohio 
(513) 222-7700 

Cleveland, Ohio 
(216) 779-51 00 

Monroeville, Pennsylvania 
(412)372-4415 

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

Huntsville, Alabama 
(205) 536-5650 

Greensboro, North Carolina 
(919) 273-3040 

Rush S. Drake Associates , Inc. 
Seattle, Washington 
(206) 763-2755 

Portland, Oregon . 
(503) 224-3145 

Electron ic Marketing Associates 
Rockvi lle, Maryland 
(301)881-5300 

King of Prussia, Pennsylvania 
(215)265-1 600 

Pat Jenks Associates 
Hamden, Connecticut 
(203)281-0810 

Wakefie ld, Massachusetts 
(617) 246-1590 

Ossman Instruments, Inc. 
East Syracuse, New York 
(315)437·6666 

Rochester, New York 
(7 16)473·5720 

Vesla l , New York 
(607) 785·9947 

Pivan Engineering Company 
Chicago, Ill inois 
(312) 539-4838 

Saint Lou is, Missouri 
(314)567-3636 

Shawnee Mission , Kansas 
(913)722·1030 

Indianapolis, Indiana 
(317) 253·1681 

Minneapolis, Minnesota 
(612) 835-3060 

Brookfield, Wisconsin 
(4 14)786·1940 

Cedar Rapids , Iowa 
(319) 377·9434 

Jay Stone & Associates 
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Technical Marketing Associates 
Fort Lee, New Jersey 
(201) 224-6911 

Ci rcle 7 on inqui ry card . 



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. 

o Check Performance 
The DP-8000 features a 

precision engineered, heavy 
duty printing mechanism that 
can print the complete 
96 ASCII character set, bi­
directionally, at84 LPM. 

o Check the Interface 
Included at no extra cost, 

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

serial character synchronous 
Centronics compatible 
interface . 

The DP-8000 includes 12 
lines of internal FI FO 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. 

o Check Printer Quality 
A 9 x 7 character font 

provides virtually 
half-dot resolution 
for clean crisp print 

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

... '. 

quality on the 
original plus 
three copies . 

_,I ,,~ 
Precise paper 
positioning is 
ensured by a 

" .~ 

and modems; the 20/60 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 . 

o 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. 

o 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 . • Dorna House. Guildford Road· West End, Waking, Surrey GU24 9PW, England. Tel: Chobham (09905) 6333 • Telex: 858762 ANADEX G 
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Photo 9: The Turtle with shell attached as a final assembly step. 

Text continued from page 79: 

sistor driver. Photo 9 shows the attachment 
of the plastic Turtle shell. 

Does the Turtle work? Yes it does, even 
with a makeshift computer keyboard tempo­
rarily substituting for the parallel interface 
of our computer. The students studied the 
keyboard's ASCII code and developed a list 
of keys necessary to command the Turtl e's 
movements, li ghts, and horn. The Turtl e 
will go under full computer control as 
soon as an expansion interface can be 
acquired for our TRS-80 microcomputer. 

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

full details by writing to: 

Terrapin Inc 
33 Edinborough St Sixth Floor 
Boston MA 02111 
Attention: David L McClees, President 

In addition, the following address is fur­
nish ed for those wishing additional informa­
tion on the application of robots: 

United States Robotics Society 
Box 26484 
Albuquerque NM 87125 
Attention: Glenn R Norris, President-



Color. VP-590 add-on Color Board allows program 
control of 8brilliantcolors forgraphics, 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 enve lope (voice) independently in each 
channel. Program directly from sheet music! Sync provision 
for controlling multiple VIPs, multitrack record ing or other 
synthesizers. $49~ 

Memory. VP-570 RAM Expansion 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 
verify 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 ASCII 
encoded alpha-numeric keyboard. 58 light touch keys 
inc luding 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~ 

iliary Keypads. Program 
your VI P 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 VI P 
(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 VI P 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 CH I P-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. 
·Suggested retai l p rice. CDP1 8S711 does not inc lude video monitor o r cassette recorder. 
" Avail able 1st 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. nell 
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David E Stanfield 
3408 Catalina Dr 

Atlanta GA 30341 

86 June 1979 © BYTE Publicat ions Inc 

Few peopl e have ever had the experience 
of attempting to trace their way through 
a real maze, so I'm goi ng to ask you to 
settle back and allow 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 will 
eventually come to a dead end, but it" 
may have any number of similar corridors 
branching off it. The overall 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 
with in 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 coils 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 ex it. 

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 complex­
ity of the project were greater than the 
potential satisfaction. After I purchased 
my personal computer, these obstacles 
disappeared. If I was wi lling 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 felt that this would be an 
easier task than designing and building 

My Computer 

What follows is the story of how I created 
a program that would all ow my computer 
to run through mazes similar to the one 

·I've just described . I've included a gene ral 
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 complex 
as I wish on the screen of my video 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 cursor 
will dodge up and down, back and forth 
until it eventually finds its goal. The sight 
of this mad little cursor zooming around 
the walls of the maze is abso lutely fascinat­
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 found 
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 simulation 
would be superior to the real th in g. One 
important 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 cou ld be prepared. 
Watching repeated runs through the same 
maze would eventually get monotonous. 
The choice between shifting and aligning 
plywood panels or pushing a few keys 
was no contest. Finally, my enti re com­
puter system f its neatly on a sma ll desk. 
The maze I had visualized making was 
about the size of my li ving 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 
programming. Gradually, I evolved a straight­
forward set of goals that I felt would pro­
vide an interesti ng simulation, 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 simp le flowchart 
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 wi ll run the maze 
until it reaches its goal. 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 
coordinates for its moves seemed to be fair ly 
simple. Th is would mean, however, that the 
user would have to manually move a marker 
around on a diagram of the maze. My deci­
sion to disp lay 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 7: Flowchart of 
three phases of the maze 
running program. 

SET UP 

COMPUTER 
AND USER 
SET UP 
MAZE 

COMPUTER 
RUNS THE 
MAZE 

~ _____ Y~E~S< >~N~O ______ ~ 

Runs Mazes 

Program 

If you wil l 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 computer 
and the user in order to set up the maze. 

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

Once 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 allows the user 
to use a few one letter commands (such as 
U for up and L for left) to modify the 
maze. As each command is issued, the 

program coordinates the maki ng 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 fina l command to signal 
th is fact to the computer. The program 
wi ll respond by beginning to run the maze. 

Maze Creation 

The fo llowing additional information 
should help to clarify the above remarks. 
Once I decided to have the maze disp layed 
on the screen, I needed to select a method 
of getting the maze onto the screen. One 
method wou ld have been to allow the user 
to draw the maze on a blan k screen. By 
properly positioning the cursor, the user 
could 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 selected another method. 

Figure 2: . Flowchart ex­
pansion of setup block 
from figure 7. 
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MAZE AND 
STORE IN 
MEMORY 

I 
ALL OW USER 
TO MO DI FY 
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June 1979 © BYTE Publicat ions Inc 87 



Figure 3: Ho rizontal paths of maze. 
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Figure 4: Vertical paths of 
maz e. 
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Figure 3 shows a box with alternating 
rows of Xs and spaces. These represent 
the horizontal paths and walls of the raw 
maze. Note that there is no way to get 
from one horizontal path to another. To 
create such a pathway, the user wou ld 
simply erase any X on the I ine of Xs sepa­
rating them. 

Figure 4 represents the vertical paths 
and walls of the maze. Again, the paths are 
totally separate, but the user could 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 initial maze that I've been 
referring to. Another way of look in g at 
it is to think of it as an aeria l view of a 
grid of streets running north-south and 
east-west. Imagine that roadblocks have 
been estab lished at every intersection. 
To get from point A to point B, it is nec­
essary on ly to remove the specific road­
blocks blocking your route . For the pur­
poses of this program, the user performs 
a simi lar operation by removing those 
Xs which block the paths he desires through 
his maze. 

This concept is illustrated in figure 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. 
I n practice, we can onl y erase an X if there 
is a space either above and below it, or to 
the right and left of it. 

The above can be a little confusing, even 
after you are used to it. Because of this, I 
built a routine into the program which 
automaticall y checks every X you try to 
erase and determines whether or not that 
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 noth ing happens, 
that the program is designed to do this. 

Among the Xs which cannot be erased 
are those which form the borders of the 
initial maze, meaning that there is no escape 
from this maze. It doesn't really matter. 
Unlike other mazes (in wh ich 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 print out a list 
of all the valid user commands, I fee l it is 
worth wh ile to elaborate. One of the basic 
principles involved in setting up the maze 
is the fact that the cursor is not allowed 
to pass beyond any boundary of the maze. 
This means that when the cursor reaches 
the right side of the maze, it will not be 
able to "wrap-around" and reappear on 
the left side of the screen. It doesn't matter 
in wh ich direction you are moving: when 
you reach a boundary line, you will be 
stopped from going any further. Should 
you try to go further, the command wil l 
be ignored. 

I chose this approach to facilitate coor­
dinatioQ of the on-screen maze and its 
counterpart stored in memory. Coordina­
tion of the cursor on the screen and the 
block of reserved memory is critical to the 
successful operation of this program. It 
is important that I included a routine 
designed to abort the program if certain 
commands are detected. 

Because it is so much easier to remember 
the letter R for right rather than Control-I 
for right, I decided to a ll ow the user to use 
U, D, Land 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 
contro l character used by the termina l 





Figure 5: Complete maze grid, containing all 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 followed this approach because it was 
relatively easy to program and made things 
easier for the user. However, should the 
user input one of the actual control char­
acters recognized by the terminal system, 
synchronization between the on-screen maze 
and the special block of memory would 
probably be lost. Rather than permit this 
to happen, I chose the simple alternative 
of having the program check each command 
input by the user. If it detects any control 
character, it will immediately erase every­
thing on the screen and return to MI/<BUG 
control. The program itself will not be 
affected, but you will need to reenter the 
program at its starting 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 will stop its search 
as soon as it finds the first one. When you 
are ready to allow 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 
everyth ing over to the computer. As soon 
as it takes control, 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 will move it to the 
space in the upper lefthand corner. Either 
procedure gives the computer a valid point 
from which to start, and as soon as one has 
been taken, the computer prepares to make 
its first move. 

Strategy 

I now need to discuss, in general terms, 
the strategy used by the program to move 
around 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 solving certain types of problems, 
such trees can make it much easier to 
visualize relationships 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 rule is that after a dead end is 
reached, special signals are stored in the 
reserved block of memory until the com­
puter must either change direction or reach 
a new corridor. These signals mean that 
it is not necessary to explore that particular 
corridor, as it is already known that the goal 
is elsewhere. In effect, the program will later 
react to these signs in the same way that 



~e data from this ~eriment 
could affect national defense. That's why 
we use ScotcH Brnnd Disk Cartridges." 

Circle 368 on inquiry card. 

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: SOO-32S-1300. (In 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 

3 

4 
'-' 

2) 

GOAL 
5 6 7 

Figure 8 : Typical search undertaken by computer. Starting at poin t 7, the 
cursor moves right to the dead end at point 2. Mar/?ing this position with a 
special code in m emory, the cursor moves left, finding the unexplored cor­
ridor at point 3. The cursor changes direc tion to explore this, until stopped at 
point 4. Leaving a dead end code, the cursor again reverses, and discovers the 
new passage at point 5. Changing direction and moving towards poin t 7, the 
cursor reaches the "food" at point 6 and stops the search. 
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it wou ld react to a wa ll. A third rul e is 
that wh en th e program is retracing pre­
vious steps, it will begin exploring new 
territory as soon as possible. 

Search Detai ls 

To make these rul es clearer, refe r to 
figure 8. Assum e that the computer begins 
its run at pos ition 1. It wi ll move to the 
ri ght unt il it reaches the dead end at position 
2. Leaving special signals behind itse lf in 
memory , the computer wi ll move back to 
the left unti l it encounters the new corrid or 
at pos it ion 3. As this is an unex plored passage, 
it wi ll stop retracin g its steps toward pos i­
ti on 1 and change direction toward position 
4. Once it alTives at position 4, it reverses 
itself and, again leav ing the special dead 
end signs in memory, backs up until it 
reaches position 5. Here, the computer 
dec ides that it has fo und another unex­
pl ored ave nu e and beg ins movi ng toward 
pos iti on 7. Halfwa y down thi s cOIT idor 
it finds th e food at pos ition 6 and, having 
achi eved its goa l, stops th e search. 

In addi.tion to th e dead end signs, the 
computer also marks each path it exp lores 
with anoth er signal to indicate that it has 
been th ere. Both of these signals are stored 
in the resel'ved block of memory to serve 
as guid es in choosing th e next move. Th ey 
do not appea r on th e video di sp lay screen 
(wh el"e th ey wou ld only cause clu tter). 

If you refe r back to figure 7, you wi ll 
now be ab le to understand th e strategy that 
I have emp loyed in this program. Th e pro­
cedure is to start at the top and, afte l' 
arbitrari ly choosing one of the branches, 
descend along it as far as possib le. In this 
instance, we go from A to O. Un ab le to 
continue at 0, we back up the minimum 
possib le d istance to (, where we encounter 
three unexplored branch es. One at a tim e, 
we desce nd from ( to E, F, and G. When 
explorat ion of these three branch es is 
comp lete, we have eliminated every thing 
descending from C. Again, we back up 
the leas t possib le distance. In this case, 
we move from ( back to B. At B we will 
descend to ex plore the path s lead ing to 
H, I, and J. Once th is sequence has been 
comp leted, we back up to A. We have, 
at this point, thorough ly exam ined one 
limb of the tree, and use of the same rul es 
over and over will eventuall y lead us to 
the goa l. 

One las t point concerning strategy must 
be covered. Figure 9 illu strates a normal 
tree with some abnormal additions : closed 
circu lar paths, or loops. These may actuall y 
be a true representation of a particu lar 
probl em. They are not, however, used in 



classic tree diagrams. Experts in th e field of 
artificial intelligence tend to disapprove of 
such loops for they can raise havoc with 
simple search strategies like the one I've bee n 
ex pl aining. It is entirely poss ibl e to enter 
one of these loops and, following th e rules 
exactly, I'emain in the loop indefinitely. 
This can all be summ ed up in the fo ll owi ng 
ru Ie: do not create loops in the mazes YOLI 

set Lip for this program to rLin through. 
Finall y, on th e matter of loops, fi gures 

10 and 11 are examples of var iou s mazes, 
Those shown in figure 10 are incorrect 
because of loops. Those shown in figure 11 
are correct. 

Run Completion 

Now I am go in g to briefly describe what 
happens once the computer compl etes its 
ru n. If it was unable to find the goa l (because 
you fo rgot to include it or placed it out of 
reach) , th e program will tell yo u th at it has 
no va lid moves and will ask if you wish to 
rerun th e same maze. 

If you indicate that you would like to 
rerun the same maze, the computer will 
clean out all th e signs it placed in its spe.cial 
block of memory and jump back to that part 
of th e program which allows the user to 
modify the maze. It will print out a new 
maze or change the one on th e screen. If 
you desire to start the next run from a new 
location or furth er modify th e maze, use th e 
same commands you ol'iginall 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 ge neral routin e as 
when it has no more moves, with one major 
diffe rence: instead of I'eportin g th at it has 
no more moves, it states th at it has found 
the goal. Beyond this, every thing 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 pr int out a new initial maze. 

Minor Points 

A few minor details remain of which you 
should be aware, Foremost among these is 
the cursor. I decided to use the cursor to 
exp lore the maze because it was the eas iest 
way to do th e jo b. The simul ation is very 
effective wh en the cursor is operated in th e 
solid mode (as opposed to the norm al blink­
ing mode) . The program will function per­
fectly with a blinking cursor, but the visual 
effect is not as pleasing. 

Tex t continued on page 96 

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

Figure 70: Mazes containing loops. Creation of such mazes is to be avoided. 

XII1Xl1111111111111111111111111 
1 1 
l111Xl11Xllll XXI III l111Xl1 1 
1 1 III Xliii X X X X X 1 
XXXI111XXllll XXI l1X l11XIXI X 
XII X X 1 XliII XII X X 
l1XI111XXI1XX XXX XII lXI1XXI 1 
1 1 1 1 1 1 
lXI111111XIXI XII XIX XXXXXXXXX 
X X X X 1 X X 1 X X XII X X X 
XXXXXXXXXXXXI XXX lXX l1XXl1111 
1 X X lXl 1111 
XXXXI1111XXXI XIX III rXI11XXli 
III 1 Xliii X 1 X XII 1 
l11XXII111XI11XIIIIIXIIXXX11111 

l11XXXXXXXXXXIXXIXIXI1XXXXXl111 
X XII X X 1 XII XlIII 1 
XIXXXXIIXXXI1XX XII XXXXXXX lXl 
X XII X 1 XII 
lXIXI11XIIXXXl1 lXX l1XIXXX lXX 
X X X X X X X 1 X X X X XII X 
IIIIIIXIIIXll11 I1X llXIXXI III 
X X 
I I X X X 1 X X 1 X 1 X X X I 1 X 1 X X 1 X X 1 X X I I X 
X X X 1 I XII X X X X 1 X I X 
XIXIXXIXI lXXXI XIXXI11XXlll111 
X 1 
XIIXXXIIIXIXXXX XXXXIXXXIX'1111 
X X X I X XII X 1 X 1 X XII 
XXXIXXIIIXIIXXXXXXIXXXXXIXXXXXX 
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Figure 77 : Properly constructed mazes containing no loops. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
X X X X X X X X X X X X X X 
X XXXXXXXXXXXXX XXXXX1XXX XXXXX 
X X X X X X X X X X .X X X X X X 
X XXXXXXXXXXXXX XXXXXXXXX XXXXX 
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 
XXXXXXI XXXXXXXXXXXXX XXXXXXXXX 
X X X X X X X X X X X X 
IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

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 
XXXXXXIXXXXXX XXXXX IXX XXXXX X 
X X X X X X X X X X X X 
XXXXX XXXXXXX XXXXX XXX XXXXX 1 
X X X X X X X X X 1 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 XIXXXXX XXXXX XXX XXXXX X 
X X I X X X X X 1 X X X X X X X 
xxxxxrxxxxIXXXXXXXXXXXXXXXXXXXX 

Photo 7: Time lapse exposure of a complete search of 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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SeeSol® 
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) 475-0566. Modesto: 
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 Systems. (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. 10: Boise: Byte 
Shop Computer Store. (208) 345-3811 . IA: 
Davenport: Memory Bank. (319) 386-3330. KY: 
Louisville: Martronix Associates. (502) 459-0500. 
MD: Silver Springs: Computers Etc .. 
(301) 588-3748. Towson : Computers Etc .. 
(301) 296-0520. MA: Waltham: Computer Power. 
Inc .. (617) 890-4440. MO: Florissant: 
Computer Country. (314) 921-4434. NJ: Cherry 
Hill : Computer Emporium. (609) 667-7555. 
Iselin: Computer Mart of 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. (216) 
867-0808. OR: Beaverton : ByteShopComputer 
Store. (503) 644-2686. Portland: Byte Shop 
Computer Store. (503) 223-3496. PA: King of 
Prussia: Computer Mart of Pennsylvania. (215) 
265-2580. RI: Warwick: Computer Power. Inc .. 
(401) 738-4477. TN: Kingsport : Microproducts 
& Systems. (615) 245-8081 . TX: Arlington: 
Computer Port . (817) 469-1502. Houston: 
Interactive Computers. (713) 772-5257. Houston : 
I nteractive Computers. (713) 486-0291 . 
Lubbock: Neighborhood 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) 
746-0651 . Lynnwood: Byte Shop Computer Store. 
(206) 775-7436. Seattle: Byte Shop of Seattle. 
(206) 622-7196. WI : Madison: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. 
Ontario: Computer Circuit Ltd .. (519) 
672-9370. Toronto. Ontario: Computer 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. Ply. Ltd .. 
2691244. Sydney: AutOmation Statham Ply. Ltd .. 
(02) 709.4144. BELGIUM: Brussels: 
Computerland. 02/ 511-34-45. COLOMBIA: 
Bogota: Video National . 326650. DENMARK: 
Copenhagen : Peter W. Holm Trading Aps. 
01 -54366. PHILIPPINES: Sanjuan : Integrated 
Computer Systems. Inc .: 78-40-71 . SPAIN: 
Barcelona: Interface SA. (93) 301 7851 . 
UNITED KINGDOM: Essex: The Byte Shop Ltd .. 
01 5542177. 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 
being tossed around by some of the 
makers of so-called "personal" 
computers. To hear them tell it, an 
investment of a few hundred 
dollars will give you a computer 
to run your small business, do 
financial 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. 
The rest of the claims should be 
taken with a grain of salt. Only 
a few personal computers have the 
capacity to grow and handle 
meaningful work in a very real 
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 with your 
ability 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. They stand up to the 
capabilities of mini systems 
costing four times 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 scientific problems. Use it for 
word processing. Program it 
for computer aided instruction. 
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 assembler and other 
packages to suit the wide 
capabilities of our hardware. 

Our exclusive Extended BASIC 
is a fine example. This BASIC 
features complete matrix functions. 
It comes on cassette or in a 
disk version which has random as 
well as sequential files. 

Processor Technology FORTRAN 
is similar to FORTRAN IV and 

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

Our PILOT is an excellent text 
oriented language for 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 write 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. 
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Author's Not .: 

The program shown in listing 1 uses several routines from the MIK­
BUG monitor. Other monitors (SWTBUG, Smartbug) designed to be 
compatible with MIKBUG should work with the program. However, 
the program wl/l 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 003D. 

Table 7: Control codes used with the Southwest Technical Products Corpora­
tion CT-64 video terminal system. 

Control Character Hexadecimal Code Function 

H 08 Back Space 

I 09 Forward Space 

J OA Line Feed 

K OB Move Up 
p 10 Home Up 

U 15 E rase End of Line 

V 16 Erase End of Frame 

M 00 Carriage Return 

Listing 7: Since the original Maze program was hand assembled over several 
hand written pages, the machine generated object code shown here in MI 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. 

Sl13 0000 6580 6904 6420 2420 AS2S 6501 4DOO 9580 40 
Sl13 0010 2126 6131 63A4 69AC 2D24 2734 £F94 2D2C 5F 
S113 0020 FrcA 27" 92DP 93" D9'F 9AS, QAF6 DAr, 60 
Sl13 0030 975E 52F8 99D' DAEB D2EB 5ADB DABD 0100 83 
S113 0040 8D02 008D 020A BD02 188D 022C BD03 DC8D 09 
S113 0050 02E3 -BD02 8CBO 0480 8D04 9A8D OSOO 7£00 90 
Sl13 0060 58BO B'OE 09CO SASP 92" 9ACF 90EA 15D2 CO 
Sl13 0070 9ACA CADB lAC3 D907 12C' 9AlA 9AB8 9157 34 
S113 0080 7386 64C0 4635 65A3 6CA5 6724 6537 4401 4P 
Sl13 0090 6131 6127 6720 2C2F 6086 6785 2520 27AS 33 
Sl13 OOAO 9,5B B24B 8ADA 9203 C85A BAt8 OOOB D8DE 37 
S113 OOBO 8819 985B 90EA 10EA DOEE 984A 181B COS7 9A 
S113 OOCO 5136 4085 61'S, 653r 6DA4 2537 652C 7EAC IE 
S113 0000 8585 7523 6737 6525 9025 7588 2P35 25F9 11 
5113 OOEO 8708 0202 1"4 A859 9050 8001 19C9 800A 18 
S113 0010 82CA SA4P 98DS 1859 82CO lA46 828D 0200 13 
S113 0100 CIOl OA8O 1071 '8011 AC39 10164341 4D40 22 
S113 0110 414E 4453 OAOA 0052 2D40 4P56 4520 5249 23 
S113 0120 4748 540A OD4C 2040 4P56 4520 4C45 4654 D6 

Listing 7 continued on page 98 
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Text continued from page 93: 
Whi le I was developing the program, I 

found it desirable to include a delay routine 
to slow the speed at which the cursor runs 
through the maze. This 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 final important topic is the config­
uration of my system. This program is 
designed around that configuration, and 
any other cou ld 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 M I 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 
M I KBUG will catch it and cause the terminal 
to print a question mark. In order to pro­
ceed, again enter an L command and retype 
the line in question. 



PROGRAM 

Wi ,v~ 00 -,I..X<-I: . ", .. XOE .. au .... ou.>" ",.,.,...s:r-IE 
L-1 .... , w& c.P\lt.Q,,"'{ ~opt'WP-ft.E 'PRo"" PaJl.SON"\,. 80P'f\,.J""1i, 
" ...... u. .... STli '" lO1'Tl..>"<l.1i ~o - uS, cc.~""T:LVI> COMPUTr"C" 
M'1c..a.O'bPT ,-rtU-80 'OJ=TL,~e:E PtHAN" I coFlA.P_, 
C:r.It.Clfi ~1!.1'!t%&IO~ "'''0 """"" atll51t. ~U~CUi PlJl!>lxSI-\!!IU . 

DESCRIPTION TRS-8O LJ/2 PRICE 

GALACTIC BLOCKADE RUNNER • AN EXCITING SPACE WAR GAME WITH GRAPHICS • • $ 995 fi) 
SCI-FI GAME SAMPLER • 3 GAMES-LUNAR LANDER-STAR MONSTER-SPACE BATTLE • • $ 7:95 
R/ T LUNAR LANDER • A REAL TIME LUNAR LANDER WITH GRAPHICS • $ 7.95 
MICRO-TEXT EDITOR • FORMAT TEXT-SAVE & LOAD TO TAPE-OUTPUT TO PRINTER • $ 9.95 
OTHELLO III • A STRATEGY BOARD GAME-PLAY AGAINST COMPUTER OR OTHERS. •• $ 795EJ 
AIR RAID • A REAL TIME, ARCADE TYPE SHOOTING GAME IN MACH. LANG. . $ 14:95 
MICRO-CHESS • PLAY CHESS WITH YOUR COMPUTER-VARIOUS LEVELS OF DIFF. • •• $ 19.95 • 
BRIDGE CHALLENGER • DON'T WAIT FOR OTHERS TO PLAY-YOUR COMPUTER'S READY •• • $ 14.95 
APPLE 21 • BLACKJACK WITH HIRES GRAPHICS • $ 9.95 
STAR WARS/ SPACE MAZE • SCI-FI GAMES FOR THE APPLE • $ 12.95 
RENUMBER • RENUMBER YOUR BASIC PROGRAMS-RENUMBERS EVERYTHING •• $ 14.95 
DISK RENUMBER • SAME AS ABOVE, BUT ON DISK • S 19.95 
PILOT 2.0 • THE EDUCATIONAL LANGUAGE. IN MACH. LANG.-INC. EDITOR • S 14.95 
PILOT 3.0 • THE DISK VERSION OF THE ABOVE • S 24 95 G) 
APPLE TALKER • YOUR APPLE SPEAKSI NO NEW HARDWARE REQUIRED • $ 15:95 
APPLE LIS'NER • SPEECH RECOGNITION THE EASY WAY-GREAT WITH THE TALKER • $ 19.95 
TIC-TAC-TALKER • TIC-TAC-TOE USINq SPEECH SYNTHESIS AND RECOGNITION • $ 19.95 
FORTRAN • FOR THE TRS-80-SEE MICROSOFT'S ADS • $325 00 
SYSCOP • MAKE BACKUP TRS-SO SYSTEM TAPES THE EASY WAY • $ 9'95 G 
ANDROID NIM-2 • GAME OF NIM WITH ANIMATEIJ ROBOTS AND SOUND • S 14:95 • 
SNAKE EGO • A BETTING GAME WITH ANIMATED SNAKES AND SOUND • $ 14.95 
LIFE 2 • 100 GEN. PER MIN. LIFE & BATTLE OF LIFE W/ANIMATION & SOUND. $ 14.95 
DCV-I • PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS • S 9.95 
MUSIC MASTER • ENTER SHEET MUSIC-THE TRS-SO THEN COMPILES & PLAYS IT • $ 14.95 ~ 
DISK MUSIC MASTER • SAME AS ABOVE BUT ON DISK W/MANY SELECTIONS • S 24.95 
TRS-SO 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 • $ 14.95 
PERSONAL FINANCE PKG. • KEEPS TRACK OF CHECKS. BUDGET, COMPUTES INTEREST •• • $ 995 <J 
TRS-SO 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-SO. APPLE & SORCERER COMPUTERS S 94.95 
C-IO HIGH QUALITY DATA CASSETTES W/SCREW HOUSINGS 10/ $ 10.00 
VERBATUM 5-112 INCH BLANK DISKETTES 10/$ 34.95 B 

10"10 OFF IF YOU ORDER 3 SOnwARE PACKAGES OR MORE SEND FOR FREE CATALOG-GIVE TYPE OF COMPUTER 

AVAILABLE FROM mESE FINE MICRO COMPUTER DEALERS 
1&.1 ELECTl.ONICS LTD HOBBY WORLD ELEcnONICS 
11 COlLiNOTON AVE. 19}" BUSINESS C£NTEa 0... 116 
BEXHILL~.sEA, E. SUSSEX, ENe. NORTHalDOE CA 91114 

COMPUTER YILLAGE 
931 SW 11TH AVE. 
MIAMI PL )]114 

AUOUST AUTOMATION 
lIMIU ST. 
WESTBORO MA 01511 l:) 

CAPITOL COMPUTEIC SYSTEMS COMPUTER CABLEYISION. INC. 
))96 EL CAMINO AVE. 16114lND ST. NW.2 
$ACUMEH1'O CA MIll WASHINOTON DC DIJ'7 

TRS-IO SOfTW AJ.E EXCHANGE KENNEDY SYSTEMS 
11 aRIARCLIFF Da. 14 BROAD ST. 
MllRlaD NH OlOSS lYNDONVilLE VT MIS) 

L. C. SALES THE CPU SHOP OP AMP TECH BOCI«S ADVANCED COMPUTER PRODUCTS EJ 
1m HINCHEY AVE. I'7OS 19 PLEASANT ST. 10)) N. SYCAMOIlE AVE. IlIOB E. EDINGER 

L-_____________ arr __ A_w_A_, O_~ __ .. _CA_N_. _K'_~_L_. ____ rn __ A_.~ ___ W __ N_MA __ m_'~ ______ LOO __ ~ __ L_~ __ CA __ ~_~ _______ M_~_A __ AN_A_C_A_~ _______________ ~----~ • 

fi';;il TO ORDER BY PHONE OR FOR DEALER INFO-CALL-(617) 682-8131 .... 

~ ~~~~=~~~~~L'::;~;~:::Ig~~~:I~~LESTAX • fi) 
Circle 202 on inquiry card. 
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Listing 1 continued from page 96: 

5113 0130 OAOD 552D 404' 5645 2055 500A 0044 204D 51 
5113 0140 4'56 4520 444' 5741 OAOA 0045 2045 5241 'E 
5113 0150 5345 2041 4120 580D OA43 2043 4152 5249 E4 
5113 0160 4147 4520 5245 5455 524£ OAOD 482D 484' 91 
5113 0170 4045 2055 500D 0A46 2D52 45SO 4C41 4345 91 
5113 0180 2041 4£20 5820 5749 5448 2041 4£20 460D C6 
5113 0190 OA53 2D53 5441 5254 ODOA OA55 5345 2041 04 
5113 01AO 424' 5645 2043 4'4D 4041 4£44 5320 544' EA 
5113 0180 2050 5245 5041 5245 ODOA 4041 5A4S 2041 67 
5113 OlCO 4144 2053 5441 5254 2052 554£ 2E20 5748 E9 
5113 01DO 454E 2052 4541 4459 ODOA 544' 2050 524, 28 
5113 OlEO 4345 4544 2C20 5459 5045 2041 4£59 204C '8 
5113 01,0 4554 5445 522£ 2004 0000 0000 0000 0000 25 
5113 0200 CE02 068D E071 3910 1604 CE08 008C OAOO 2A 
5113 0210 2705 6POO 0820 '639 CE02 28BD E07E C£08 " 
5113 0220 2086 0817 0227 3900 1016 OA04 lD02 467A SO 
5113 0230 0227 7D02 2727 051D 0261 20PO CE02 438D 85 
5113 0240 E07£ 3910 OA04 861E 8702 6A86 58A7 oolD IC 
5113 0250 E1Dl 7002 6A27 0608 7A02 6A20 EE08 0886 40 
5113 0260 OABD E1Dl 860D IDEl D139 0086 1017 026A lD 
5113 0270 8658 A700 BDEl D108 8620 A700 BDEl D108 SA 
5113 0280 7A02 6A7D 026A 2702 20E6 0139 BD02 £781 01 
5113 0290 5527 2581 4427 2481 4C27 2381 5227 2281 '5 
5113 02A0 4827 2181 4327 2081 4527 1'81 4627 lE81 16 
5113 0210 5327 lDBD 02D3 20D4 7£03 8,7E 035C 7E03 AF 
5113 02CO 257E 0308 7E02 'C7E 0342 7E04 087E 03C2 70 
5113 02DO 7E02 P886 0880 E1Dl A600 IOEl D186 081D 45 
5113 02EO 11Dl 39CE 0820 39BD E1AC 85EO 2701 39BD 23 
5113 02PO 0200 BD02 OA7E EOE3 BD02 D339 BD02 D3BD D4 
5113 0300 023C BD02 E37E 028C BD02 D3P' 0323 7C03 C7 
5113 0310 24B6 0324 841' 881' 2706 8609 IDEl Dl08 5B 
5113 0320 7E02 8COO 0080 0203 FP03 407A 0341 B603 72 
5113 0330 4184 1'88 lP27 0686 0810 E1Dl 097£ 028C E' 
5113 0340 0000 8002 D3" 035A 8603 5B85 1'27 0309 DO 
5113 03SO 20P3 8600 IOEl 017£ 028C 0000 BD02 D3P' E7 
5113 0360 038C 1603 8C81 0927 1886 20B7 038E 7D03 7E 
5113 0370 8E27 0608 7A03 8E20 P586 OABO E1D1 7E02 17 
5113 0380 8CI6 0380 84£0 88EO 27P4 2000 0000 oolD '6 
5113 0390 0203 PP03 BF86 03BP 8108 2718 8620 1703 23 
5113 03AO C17D 03Cl 2706 097A 03Cl 20P5 8601 BOEI 8P 
5113 03BO D17E 028C B603 C084 E088 2027 P420 0000 BF 
5113 03CO 0000 ID02 D3A6 0081 5827 037E 028C 8646 16 
5113 03DO A700 BDEl D186 08BO £101 20£' 86" 1708 B3 
5113 03EO 7'B7 08BP B708 FPB7 093P B709 7'B7 09B' 91 
5113 03FO 8611 B708 5PB7 089' B708 DPB7 091' B709 A9 
5113 0400 5'B7 099P B709 D,39 BD02 D3A6 0081 5827 lA 
5113 0410 037E 028C PF04 347C 0435 B604 3584 lP88 C3 
5113 0420 lP27 EEFF 0434 7A04 35B6 0435 841P 881P 71 
5113 0430 270' 2002 0000 FP04 34B6 0434 8108 270B BO 
5113 0440 B604 3584 £088 E027 C820 09B6 0435 84EO 82 
5113 0450 8820 27BO PP04 34A6 0081 1127 0781 PP27 C8 
5113 0460 1308 20P3 PE04 3486 20A7 OOBO 1101 1D02 A9 
5113 0470 D37E 028C PE04 34B6 0435 8401 2713 20E7 CE 
5113 0480 A600 8120 270C 0101 OlCE 0495 BDEO 7ECE 9B 
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I've never seen documentation covering 
the types of errors the M I KBUG error 
detection feature will catch, so I purposely 
made a number of different errors and can 
report that all were detected. I entered 
incorrect digits, tried nonhexadecimal char­
acters, rearranged the placement of correct 
digits and entered the address incorrectly. 
While I can't guarantee absolute reliability 
in error detection, I can say that I've entered 
many programs by hand using th is method, 
and to the best of my knowledge every 
entry error that I made was caught. 

As you successfully enter each line, it 
is stored in memory. Should you be unable 
to complete the loading of the entire pro­
gram in one sitting you may use the tape 
dump feature of M I KBUG to store what 
you have entered on cassette or paper 
tape. At the beginning of your next session, 
load the tape back into memory and begin 
hand loading at the point you left off 
previously. 

Eventually you will have the entire pro­
gram in memory. Before you do anything 
else, I suggest that you generate a tape of the 
program. Once that is done, prepare your 
terminal system to use the program. Set it 
in the page mode, for upper case operation, 
with the cursor in a nonblinking mode. The 
hexadecimal starting address is 003D. Once 
you have this loaded into addresses A048 
and A049, you will be ready to issue the go 
command . 

Because I have entered this entire pro­
gram by hand on three separate occasions, I 
can appreciate the feelings of those who 
think that it's just too big a job. To assist 
those who are lacking the time or inclina­
tion to hand load this program, I will be 
happy to supply a Kansas City standard 
cassette tape of the program for a $5 fee. 

Conclusion 

This program is serious fun. As written, it 
provides quite a bit of excitement but, 
human nature being what it is, the urge to 
improve things may strike one or more of 
you. Ideas for improvement could include 
adding land mines, a limited range requiring 
stops for fuel, magic spots that transport to 
another location, and even little Klingons . If 
these or other ideas excite you, I hope you'll 
get busy and write the program to contain 
them. I'd like to run it.-



Listing 7 continued: 

5113 0490 0841 3900 0010 OAOA 0904 A620 8120 2735 £2 
5113 04A0 A601 8120 2735 B004 EArE 04E7 8120 2721 19 
5113 04BO 09A6 0008 8120 272B 017E 067B BOEO 7E7£ F5 
5113 04CO 0773 1015 4E4F 204D 4F56 4553 2£04 0000 10 
5113 0400 0000 0000 4086 44B7 0404 3986 5220 F886 00 
5113 04EO 5520 F486 4C20 FOOO 0000 FF04 E786 20B7 76 
5113 04FO 04£9 7004 E927 0609 7A04 £920 F5A6 0039 10 
5113 0500 B006 CE86 52B1 0404 2715 864C BI04 0427 37 
5113 0510 2786 55Bl 0404 2756 8644 BI04 0427 3486 9B 
5113 0520 09BO £101 BD06 BD86 01A7 0008 BD06 CEA6 62 
5113 0530 0181 2027 EA7£ 0597 8608 BOEI 01BD 06BD 60 
5113 0540 8601 A700 09BD 06CE 09A6 0008 8120 27E8 78 
5113 0550 7E05 9786 OABD E101 B006 BD86 01A7 OOBO 13 
5113 0560 0580 B006 CEA6 2081 2027 E87E 0597 860B 43 
SU3 0570 BDEI 01BD 06BD 8601 A700 BD04 £ABO 06C£ 1£ 
5113 0580 B004 EAFE 04E7 8120 27E4 7E05 9786 2040 lA 
5113 0590 2704 084A 20F9 3939 8652 8104 0427 IB86 26 
5113 05AO 4CB1 0404 2747 8655 B104 D427 6986 44Bl 95 
5113 05BO 0404 275F CE04 C27E 04BC BD06 6527 IlBD EA 
5113 05CO 0660 2713 BD06 5427 15BO 0659 2717 20E4 06 
5113 0500 B004 OFBD 0697 39BD 04D5 BD06 AA39 BD04 E7 
5113 05EO OBBD 0681 3986 04A7 OOBO 0690 39BD 0665 CA 
5113 05lO 270£ BD06 6027 EOBD 0659 2708 BD06 5427 3r 
5113 0600 OA7E 05CE B004 E3BO 068C 3986 04A7 OOBO 71 
5113 0610 0685 397£ 0635 BD06 5427 C3BD 0659 27E4 31 
5113 0620 B006 6527 ABBO 0660 2703 7£05 CE86 04A7 PO 
5113 0630 OOBO 06AE 39BO 0654 27A4 B006 5927 C5BD 65 
5113 0640 0660 2793 BD06 6527 037E 05CE 8604 A700 B2 
5113 06>0 B006 9B39 A601 8101 3909 A600 0881 0139 2B 
5113 0660 A620 8101 39FF 0679 8620 4027 0409 4A20 F6 
5113 0670 F9A6 OOFE 0679 8101 3900 OOBO 0598 7E04 C3 
5113 0680 9A86 01A7 0086 09BD £101 0839 8601 A700 31 
5113 0690 8608 BOE1 0109 3986 01A7 0086 OBBD EI01 E9 
5113 06AO 8620 4027 0409 4A20 F939 8601 A700 860A C5 
5113 06BO BOE1 0186 2040 2704 084A 20F9 39C6 1086 A9 
5113 06CO FF4D 2703 4A20 FA5A 5027 0220 F239 FF07 1B 
5113 0600 0086 2140 2704 094A 20F9 8646 Aloo 2722 05 
5113 06EO AI01 271E AI02 27lA A120 2716 A122 2712 41 
5113 06FO A140 270£ A141 270A A142 2706 FE07 0039 7F 
5113 0700 0000 CE07 OBBD E07£ 7£07 2CI0 1546 4F55 2A 
5113 0710 4£44 2049 542£ 2052 4552 554£ 2053 414D A8 
5113 0720 4520 4041 5A45 3F20 592F 4E04 BOEI AC81 2F 
5113 0730 5927 1381 4£27 OC86 08BO EI01 8615 BOEI EA 
5113 0740 0120 £97£ 077F CE08 20A6 0081 0127 OC81 F5 
5113 0750 0427 088C 09FF 2709 0820 IE86 20A7 0020 IB 
5113 0760 F286 0080 EID1 8615 BOEI 0186 OABD EI01 88 
5113 0770 7E07 79CE 0716 7£07 058£ A042 7EOO 4F8£ 37 
5113 0780 A042 7EOO 4043 BF58 97A9 AE19 FF6C 8F51 19 
5113 0790 OF55 BF3D 9739 A44B AF39 9A79 8AIB A76C B3 
5113 07AO 2092 4806 4887 5802 4106 40A2 40C2 4086 2B 
5113 07BO 5897 SOCS 60E7 6808 6100 5086 5C86 68A2 87 
5113 07CO FE3F 9F79 AF80 BFFC FF5D OF75 FF7D DE30 62 
5113 0700 FF59 9FS9 9F7F 8F7F BF6D B731 A671 A77B 4C 
5113 07EO 0184 lC82 5082 40C7 10B6 4147 50AB 6806 52 
5113 07FO 5086 2041 6182 1882 4186 7003 7003 0083 11 

Circle 152 on inquiry card. 

. th~..... ... 
""';ri"n· .. ,,honC!i,/Oi· users manual;··c ' 

. 4~~. your TRS:SO ~ys~~~to·\ts .·-
: fullest with these ".' . ' .. '. .. '. 
, $ophistiC!ilted programs: : ~ 

;. l):t~ento'ry P,ackage ~ ~a~ t?e .­
connected with cash reglster.for 

. po.inf of sale. inventory control. -
.' Number oron-line items limited . 

: ..... :o'1lyby disk space a\iai.labl~ . . co, . 

t' ,-CashRealster Pacl<ag& -:- .' 
,·,;.i Creates 'oaily sal~sreports " . 
>,': containing information on gift 
.:, . certificates; paidouts, overrings. 

refunds,.and how much' in each 
category a salesperson sold. . 

• Payroll Package - Handle's100% 
of all necessary payroll function's 
' including state income tax tables 
for your state. Ideally suited for 

, both large and small comp~nies. 
• Apartment Package - Said one 

user. " Obviously. tliis was 
d.e.lieloped by <;Ipartment owners." 
The package fills virtually all the . 

· needs of apartment owners and 
" ' managers, Ideal for proje~ts with 

75 units' or more, ' 
$695.00 for any package listed 
-abQve. Any single package order 
includes free CBASIC-2. 
CBASIC-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 agreement. . 

G"a DE ~~~t:~gharge accepted. 

Graham-Dorian Software Systems 
A Division of Graham-Dorian Enterprises 

. 211 N. Broadway I Wichita, KS 67202 
(316) 265-8633 
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Computer Generated Maps, 
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Part 2 

William 0 Johnston 
1808 Pomona Dr 

Las Cruces NM 88001 

In part 1 (May 1979 BYTE, page 10) we 
discussed the fundamental techniques in­
volved in the production of computer gener­
ated maps and how to apply those tech­
niques to some common map projections. 
We also presented several simple programs in 
BASIC which could be easily implemented 
in your own system to create maps for a 
variety of purposes. Nevertheless, these 
simple programs do have their limitations. In 
this installment we will develop a map pro­
jection program which is only slightly more 
complex, but far more versatile in what it 
can accomplish. 

One of the most interesting projections 
mentioned in part 1 was the perspective pro­
jection, whereby the Earth is shown exactly 
as it appears to an observer at some specified 
height above the surface. Several perspective 
projections were illustrated, but all of these 
were simplified examples where the observer 
(or point of projection) was at infinity. It 
would be much more useful to have a pro­
gram which would generate maps of the 
Earth as it appears from any chosen altitude 
and over any desired location . Such a pro­
gram would give enormous flexibility to dis­
plays for space war games and other such 
practical applications as creating map over­
lays for weather satellite photographs . 

Although details of a program to produce 
this type of projection were not discussed, 
the reader was encouraged to investigate the 
subject of perspective (or projective) ge­
ometry to see how the task ' could be accom­
plished. By this time many of you have, no 
doubt, learned that the solution is really 
quite simple. 

Development of Perspective Projection 

The key element of the solution can be 
explained in the following manner : if a line 
is extended from the center of the Earth to 
an observer in space, the point on the sur­
face of the Earth that the line passes through 
is called the observer's 5ubpoint. In other 
words, the observer is directly over this 
point with respect to the center of the Earth. 
Now, extend a sight line from the observer 
to any visible point 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 circle 
bearing from the observer's subpoint to the 
distant surface point. 

Knowing this, you should have been struck 
by the reali zation that you might be able to 
use the same program that was used to gen­
erate azimuthal equidistant maps in part 1, 
to also generate perspective maps. Can it 
be used? Almost. 

The portion of the program which com­
putes the angular component of the polar 
form of the map coordinates is ind eed the 
same, and the computation of that angle 
constitutes the major part of the program. 
As its name implies, however, the azimuthal 
equidistant projection portrays radial dis­
tances uniformly. In a perspective view, dis­
tances are not uniform, but become increas­
ingly compressed toward the Earth's limb 
(ie: edge of visible disk). All we have to do is 
replace a single statement in the program to 
correctly compute the radial distance . We 
will then have the means to produce a per­
spective projection of the Earth as viewed 
from any desired altitude over any desired 
point. By using a simple logic flag, we can 
choose between either of the two projec­
tions and use the same program to generate 
both types of maps. 

You will also recall from part 1 that polar 
equidistant maps are simply special cases of 
the azimuthal equidistant map, while the 
orthographic equatorial and orthographic 
polar maps are nothing more than special 
cases of the perspective projection. We can 



Wondering which memory 
is best for you? 

bale 2- offers the following products 
to the 5-100 market at the industry's 
lowest prices: 

16K Static Memory Board 

BK Static Memory Board 
This BK board is available in two versions. The BKS-B operates at 450ns for use with 
BOBO and BOBOA microprocessor systems and Z-BO systems operating at 2M Hz. The 
BKS-Z operates at 250ns and is suitable for use with Z-BO systems ope rating at 4MHz. 
Both kits feature factory fresh 2102's (low power on BKS-B) and includes sockets for 
aIlIC'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 Protecl/Unprotect, 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 . . . BKS-B $125 (assembled and tested add $25.00) 

BKS-Z $145 (assembled and tested add $25.00) 

Base 2 can now offerthe same price/performance in a 16K static RAM as in its popular 
BK RAM. This kit includes BK 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-BO CPU Board 
Our Z-BO 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 270B 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 orthe on·board 270B. An On-board 
run-stop flip· flop and optional generation of Memory Write allows the board to run with 
or without a front panel. The board can be selected to run in either the BOBO mode, to 
take advantage of existing software, or in the Z-BO 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. DMA grant tri-states all 
signals from the processor board. All this and more on tOD 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 DigitalGroup mainframe. Once installed, upto four S-1 00 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-1 00 
board and a power wiring harness. The DGS-1 00 is designed to fit in the 5-3/4" x 12" 
empty areain the standard D.G. cabinet. It may seem expensive butthere's a lot here! 
End your frustration! DGS·100 $250.00 

) 
~ 

Circle 22 on inquiry card. 

Send for more details on these products. Get on our mailing list for 
information on more soon to be announced products 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.SJ-destination 
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Listing 7.' BASIC subroutine for generating general purpose, perspective 
projection maps. 

1000 
1005 
1010 
1015 
1020 
1025 
1030 
1035 
10 40 
1045 
1050 
1055 
1060 
1065 
1070 
1075 
1080 
10S5 
1090 
1095 
1100 
1105 
1110 
1115 
1120 
1125 
1130 
1135 
1140 
11 .. 5 
1150 
1155 
1160 
1165 
1170 
1175 
1180 
1185 
1190 
1195 
1200 
1205 
1210 
1215 
1220 
1225 
1230 
1235 
1240 
1245 
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 
REM 
REM 
RE~, 

RE~l 

REM 
RE I~ 

RE M 
RE~I 
REM 
RE M 
REM 
RE M 
RE M 
REM 
REM 
REM 
REM 
RE r.'1 
RE~I 

REM 
REM 
REM 
REM 
REM 
REM 
RE M 
REM 
REM 
RE M 
REM 
REM 
RE~I 

REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REii'I 
REM 
REM 
REM 
REM 
REM 
RE JvI 
REM 
REM 
RE.M 
REM 
REM 
REM 
REM 
REM 
REM 
RElvi 
REM 
RE~i 
REM 
REM 
REM 
REM 
REM 

SUBROUTINE TO COMPUTE MAP COORDINATES 
FOR PERSPECTIVE, MODIFIED PERSPECTIVE, 
A~D AZIMUTHAL EQUIDISTANT PROJECTIONS. 

THE FOLLOWING FUNCTION MUST BE DEFI NED 
BEFuRE THIS SU~ROUTINE IS CALLED : 

FNC( ) COMPUTES THE ARC COSINE OF THE 
ARGUMENT. THE FUNCTION MUST BE 
NON-AMBIGUOUS; THAT IS, IT MUST 
ATTACH THE CORRECT ALGEBRAIC 
SIGN TO THE RESULT. A GOSUB TO 
AN ARC COSINE 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 = 1.0 

K2 ;; 1.5707963. THE VALUE OF PI/2. 

K3 = 3.1415927, THE VALUE OF PI. 

K6 = 6.2831853, THE VALUE OF 2*PI. 

T ; 0.00015, USED AS A TEST VALUE. 

Z ;; 0.0 

THE FOLLOWING VARIA~LES MUST BE DEFINED 
BEFORE THIS SUBROUTINE IS CALLED THE 
FIRST TIME FOR ANY GIVEN MAP. EACH 
TIME A NE W MAP IS To BE STARTED, THESE 
VARLABLES MUST BE REDEFINED BEFORE 
CAL~ING THE SUBROUTlNE THE FIRST TIME 
FOR THAT MAP, AND ARE NOT CHANGED UNTIL 
THE MAP IS FINISHED: 

A IS THE GEOGRAPHIC LATITUDE OF THE 
~OCATION ON WHICH THE MAP IS 
CENTERED . 

Al IS EQUAL TO SIN(A). 

A2 IS EQUAL TO COS(A). 

F IS THE MAP SCALE FACTOR TO CONVERT 
TRUE PROJECTED RADIAL DISTANCE TO 
TH~ MAP RADIAL DISTANCE. 
F = R/(E*SIN(M)), WHERE R IS THE 
kADIUS OF THE FINISHED MAP, IN CM OR 
INCHES; E IS AS uEFINED ABOVE; M IS 
AS DEFINED BELOW. 
F IS USED ONLY FOR PERSPECTIVE AND 
~ODIFIED PERSPECTIVE PROJECTIONS. 

Fl IS THE MAP SCALE FACTOR TO C0NVERT 
TRUE ARC DISTANCE TO THE MAP RADIAL 
uISTANCE. Fl IS USED FOR AZIMUTHAL 
~QUIDISTANT PROJECTIONS ONLY. 
F1 = RIM, WH~RE R IS THE RADIUS OF 
THE FINISHED MAP, IN CM OR I NCHES; 
~ND M IS AS DEFINED BELOW. 

G IS A PRECOMPUTED FACTOR USED IN THE 
~OMPUTATION OF ThE RADIAL COMPONENT 

Listing 7 continued on page 704 
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see that by this very simple modification of 
the azimuth al equidistant map program, we 
can use a single sub ro utine to genera te any 
desired perspective map, as well as all of th e 
orthographic, polar equidistant, and az i­
muth al equidistant maps illustrated in the 
earlier articl e! We will add a fe w frills th at 
will make the program still more ve rsat ile. 

Modified Perspective Projection 

The azi muthal equidis tant map portrays 
radial distances in a lin ear fashi on. On the 
oth er hand, radial distances in a perspective 
map are computed from an involved trigono­
metric formula in ord er to show them as 
they actuall y appear when vi ewed from 
some point in space. Each of these maps has 
its own special applications, but also has (as 
do all maps) certain distortions. 

A projection which is a compromise be­
tween the kinds of di stortions inherent in 
the azimuth al equidistant and the pure per­
spective maps can be easil y developed. This 
is done by using the same angul ar compo­
nent, but presenting the radial dis ta nce in 
direct proportion to th e sine of th e arc di s­
tance. For the sake of simplicity, I will call 
th is a modified perspective proj ec tion. I t has 
bee n included as an option in the accom­
panying program. This projection is quite 
useful , especi all y when used in conjunction 
with the pu re perspec tive projection, as we 
will see in some later examples. As an added 
bonus, t he sine of the arc distance has to be 
computed anyway to come up with th e 
angul ar component of th e map coordinates, 
so we don't have to do any ex tra wor k to 
include this projection in the program. 

General Purpose Perspective Projection 
Program 

The program in li sting 1 is in th e fo rm 
of a subroutine, and is to be used in the 
same manner as the subroutines presented 
in part 1. The subroutine is full y docu­
mented by the re marks contained within it, 
so there is littl e need to elaborate. In fac t, 
of the 300 lines in the listing, fewer th an 
60 are executabl e state ments ; th e oth er 240 
or so are all remarks concernin g the use 
and operati on of the program. 

As in the case of th e earli er programs, 
certain paramete rs are initiali zed, then the 
subroutine is call ed once for each pai r of 
coord in ates to be co nve rted. A geograph ic 
latitude and longitude from the data base 
(see part 1 for a description of the data base) 
are suppli ed to th e subroutine each tim e it 

Text con tinued on page 708 



Waiting for the right 16 bit computer~ 

• If you've been waiting for the right small computer, your wait 
is over. 

• Th e Marinchip Systems M9900 System-1 combines a 16 bit 
processor, powerful system software and the most wanted 
applications into a ready-to-use desktop computing system-a 
system that delivers the flexibility, performan ce and convenience 
made possible only by the combination of a third generation 
16 bit processor and the industry compatible S-100 bus. 

• If you 've been waiting for a 16 bit computer, wait no more. 
The M9900 gives you the TI 9900-not an expanded micro­
processor, but a mini-computer on a chip, complete with 
hardware multiply and divide and multiple register sets. And 
unlike other 16 bit microprocessors, the 9900 is a member of a 
complete, compatible, minicomputer famil y, so if you outgrow 
the M9900, you don't have to start allover. 

• If you've been waiting for a more powerful operating system, 
your wait is over. The M9900's Network Operating System is a 
system without limits-designed to grow as computer hardware 
evolves, without forcing you to change programs every time 
you change the hardware. The system provides byte addressable 
fil es up to four billion bytes in length, complete dynamic 
allocation and release, random/sequential access and linked 
directories for complex file structures. The system automatically 
pages fil e data to memory to optimize performance. All 1/ 0 
devices are treated as files, eliminating device-dependent code 
in applications. 

• If you've been waiting for a better BASIC, the M9900's 
Extended Commercial Basic gives you 16 digit accuracy, PRINT 
USING, random and sequential files , CHAIN with common 
variables and a choice of interpretive execution for debugging 

Complete system $7500 

Marinchi p Systems 
Circle 206 on inquiry card . 

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 Commercial BASIC 

PASCAL 
Word Processor 

- APPLICATIONS 
Payroll 

Accounts 
Payablel Receivable 

General Ledger 

or compilation for production. If you already have applications 
in BASIC, you'll be glad to know that the M9900's BASIC is 
similar enough to the most popular 8 bit BASIC that conversion 
won't be a chore. 

• If you've been waiting for applications you can really use, 
you'll find our Word Processor, Payroll, Accounts Payable and 
Receivable and General Ledger to be flexible , easily maintained 
and ready to use when you plug the s,stem in. 

• If you've been waiting for a computer you can expand when 
you need to, the M99OO's optional 165 CPS line printer ($2500) 
and 40 Megabyte removable cartridge disc system ($14,000) 
will make you happy. And since the M9900 uses the 5-100 
bus, you can choose accessory boards from the thousands 
available for 5-100 systems-we don't tie you to our products. 

• Finally, the M9900 gives you one advantage no other computer 
can-it's made by Marinchip Systems. We're a computer 
company, not just a hardware company, software company or 
applications house. We designed the M9900 from the chips to the 
applications to bring you a product that advances the state 
of the art in small computers. Our 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 want to go your own way with 
the system, we also sell boards and kits that you can put into your 
own package. 

• The wait for the third generation is over, so don't wait any 
longer. Call or write today for more detailed 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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Of course 
our Floppys 

arerrt cneap. 

FD2. 
-

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 ag reeing that 
your data is worth our perfection . 

Our f10ppys 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 will work best with their 
hardware. So although we obviously don't know which 
drive system you are using , it makes no difference. 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 card. 

means no peak shift, complete freedom from dropouts, total 
absence of particle orientation . Plus longer life, greater 
overall durability, and significantly less oxide build-up and 
head abrasion. 

So when you have to depend on full data retrieval, a 
few cents can make a big difference. Depend on Maxell 
Floppy Disks. They can really save you . 

Maxell offers the full range of Floppy Disks from 
standard 8-inch to 5 Y4 -inch plus Data Cassettes. 
Dealer inquiries invited. 

maxBII® 
DATA PRODUCTS 
The Quality Alternative 

Maxell Corporation of America, Data Products Group 
60 Oxford Drive, Moonachie. NJ 07074 Tel. (20 1) 440-8020 
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THE SEARCH FOR A 
SMALL COMPUTER SYSTEM 

STARTS HERE 

It's the 3rd Annual 
National Small Computer Show, 
presenting the state-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 all 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 
know 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. 

Plan now to attend. There will be about JO,OOO 
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, N.J. 07632. 

" THIRD ANNUAL NATIONAL SMALL COMPUTER SHOW, 
. New York Coliseum, August 23-26, 1979. 

\ 
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VIEWED FROM INFINITY. OVER 32:185 I05.56E. FACING 0 DEG AZIMUTH 
PERSPECTIVE PROJECTION PREPARED BY WllLlA" D. JOHNSTON 

Figure 7: A view of the Earth as seen from a point over the southeastern 
Indian Ocean. 
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Text continued from page 702: 

is called. It retu rns the rectangular (X,Y ) 
map coordinates (in inches or centimeters) 
corresponding to that point for the selected 
projection. The units (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 7T and 0, have been 
given variable names because most BASIC 
interpreters can operate faster on variabl es 
than on numeri.c constants. 

Remember that all angu lar parameters 
are in radians. The program uses spherical 
trigonometry to arrive at the solution, 
and some tests have been included to pre­
vent the trigonometric functions from 
"blowing up" when the map center and 
the distant point both li e on the same 
meridian. 

The trigonometric functions can also 
blow up if you attempt to generate an 
azimuthal equidistant map centered on 
either of the two poles (ie : a polar equi­
distant map) . This can be avoided by simp ly 
specifying the latitude of the map center 
as slightly less than 90'. (perh aps 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 able to see the difference on 
the finished maps. Incidentally, the longi ­
tude that you specify for th is kind of map 
will determine its orientation. This capa­
bility was not avai lable 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 azim uth 
that the observer in space is facing (ie : 
to specify the orientation of the map). While 
this option has li ttle value for a printed 
map (which the user can turn in any direc­
tion), it comes in handy on a video display 
which is simulating 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 will be no detect­
ab le difference between the resulting map 
and a truly orthographic map. 

Grid lines generally enhance the appear­
ance of perspective maps. Th ese can be 
included by generating the geographic coor­
dinates within loops in your main (driver) 
program, then calling the subroutine to 
obtain the map coordinates. Keep the 
number of generated points down to the 
minimum required to obtain the desired 
resolution, as it is not difficult to expend 
more processor time creating the grid 
than 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 illustrated 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 applications of this program 
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 Austral­
asia, as well as Antarctica. You can create 
a similar view of any part of the Earth by 
simply providing 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 

available 
CALL * for prices 

Decwriter /I . . . $1595.00 
Qume Sprint 5/45 44 Column Printer .... $295.00 

RO ..... . ...... 2795.00 Livermore Accoustic 
Persci 277 Dble C I 249 00 

D . 39 00 oup er . . . . . . . . . . . 
enslty ... . ..... 1 5. Javelin 9" Monitor .... 159.95 

Imsai PCS 80/ 15 . . .599.00 
Anadex DP8000 Centronics 

Printer ... 995.00 Micro p. , Printer ... 495.00 

We have a full staff Programmers puter 
Consultants to design, configure and del iver a Turnkey 
Computer System to meet your specific requirements. 

&I~e~HRO-SOUND ENTERPRISES, INC. 
and Saturday 

Visit our new showroom 
Working units on display 

193·25 Jamaica Avenue, Jamaica, New York 11423 
212/468·7067 TWX 710·582·5886 

Circle 355 on inquiry card. 

BankAmericard Master Charge 
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Figure 2: The Earth as seen by a geosyn­
chronous weather satel/ite. 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 this one, find widespread 
use in scientific applications and are also 
quite attractive when used in games. 

Anyone who watches television weather 
reports regularly should recognize 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 
orthographic projections; the field of view 
extends only about 80· from the central 
point). Sequences of pictures from these 
satellites are frequently made into film 
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 not. 

A number of enterprising amateur radio 
operators and ex perimenters around the 
world have built equipment to receive the 
signals directly from the satellites and 
print out up-to-the-minute weather pictures 
in th eir own homes. Through the use of 
the perspective projection program, one can 
generate map overlays in the same scale as 
the received pictures. This is particularly 
easy if the weather pictures are being dis­
played on a video screen where the map 
can be overlaid electronically. 

Th e same principle is applicable to 
pictures received from some of the lower 
altitude polar orbiting weather satellites. 
Many of the early 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 snapping another 
one. By entering into the computer the 
altitude of the satellite and the coordinates 
of its subpoint, one could generate a map 
overlay to fit the photograph snapped 
by the satellite at that particular point. 

When the next picture was snapped a 
few minutes later, the satellite would have 
traveled several hundred miles, but by 
entering the new coordinates a correct 
map overlay would be created for each 
picture. In actual practice, a tracking sub­
routine is usually incorporated to compute 
the coordinates of the satellite subpoint. 
(As exotic as this sounds, it requires only 
a few simple calculations.) 



32K Board Pictured Above 

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 reliability 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 
it. The price of the 250ns board is 
$10 per 16K additional. 

Circ le 45 on inquiry card . 

All of our features remain. 
Our boards didn't become great 

sellers OfllY 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-1 00 and Z-80 
compatability and totally invisible 
refresh - no wait 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, 
+ 1 6V @ 1 50ma and -1 6V @ 

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, 1207 
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 
satellites, such as TIROS-N, use a slightly 
different transmission system which greatly 
improves the picture quality, the ease of 
reception, and the amount of data received. 
It makes the generation of map overlays 
more difficult, however, and the program 
presented here cannot be used. (Once you 
are familiar with the transmission system, it 
is not difficult 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 
worth the effort to obtain them. 

Figure 3 represents the scene below the 
Oscar 7 amateur radio communications 
relay satellite as it passes over Atlanta GA. 
Anyone engaged in satellite communications 
would 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 satellite and, hence, 
the area with which communications 
through the satellite are possible at any 
particular time. Any two or more stations 
can tal k to one another as long as they are 
located within the mapped area. As the 
satell ite moves in its orbit, the mapped area 
changes, but as long as your own location is 
within the map you can talk to all other 
points 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 inherent in the pure per­
spective version. Note the differences 
between the figures, especially in the west 
coast areas of the US, the northern coast 
of South America, and the 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 mOl FOR 
INTERACTIVE SOFTWARE 

CIS COBOL is more than an efficient COBOL Compiler, it is a complete 
software development tool for business and office automation systems. 
II enables the programmer to write applications in a powerful subset of 
ANSI 74 standard COBOL and to take advan tage of CIS COBOL language 
extensions such as interactive screen handling which are designed to fully 
exploit the special features of the microcomputer environment. Version 3 of 
CIS COBOL has many language additions but the compi ler stil l requires on ly 
20K bytes of memory and runs on 8080 and Z80 based microcomputers 
with 32K to 64K under the popular CP/M' operating system . 
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CIS COBOL is designed to support interactive applications . Areas of 
a CRT screen are mapped onto record descriptions in your CIS COBOL 
program and data is transferred using the ACCEPT and DISPLAY verbs 
providing full cursor manipulation and data entry facilities to the CRT 
operator. CIS COBOL language extensions enable the screen position 
at which the transfer is to start to be specified, protected fields to be 
defined and the CURSOR position to be detected and set by the program. 

CIS COBOL is able to exploit features of the microcomputer. Language 
extensions in CIS COBOL enable programs to define fil e names at run time, 
to read and write text files of variable record length and to access free 
memory in varying machine configurations. CIS COBOL supports run time 
subroutines written in assembler and accessed from COBOL by means of 
the CALL USING verb. Built in subrou tines implement facilities to CHAIN 
programs together,.PEEK and POKE memory locations outs ide your COBOL 
program and GET and PUT data to specia l periphera l devices via your 
microcomputer's I/O ports. 

CIS COBOL is orientated toward rapid program devetopment. The 
compi ler accepts input of your source program direct from keyboard as 
well as from source and library fi les on disk and generates an object fi le 
which the CIS COBOL run time system immediately loads and executes or 
optionally links and saves as a self loading program. The run time system 
has bu ilt-in indexed and relative I/O packages and contains an interactive 
debug package to help find errors quickly by stepping through the execution 
of you r CIS COBOL program. 

CIS COBOL is supported by intelligent utility programs. When you take 
delivery of CIS COBOL Version 3 on 8 inch or 5 inch diskette you will 
receive in add ition to the compiler and run time system the CON FIG 
program which enables you to configure CIS COBOL run time systems to 
drive many different types of "dumb" CRT terminal such as Lear Siegler 
ADM3A and Hazeltine 1500, plus the time saving FORMS program which 
allows you to create and edit screen images of business forms and then 
automatica lly generate the corresponding COBOL record descriptions to 
COpy into your CIS COBOL program. 

n MICRO FOCUS 
MICRO FOCUS LTD. 58 Acacia Rd, St. Johns Wood, London NW8 6AG 
Telephone: 01-722 8843 Telex: 28536 MICROF G 
·CP/M is a trademark of 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 5c, 5d, 5e and 5f are 
shown on pages 7 78 and 7 79.) 

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. 

Incidentally, all of the Oscar satellites 
are at altitudes 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 satellite, 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 S are orthographic; that is, the pointof 
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 
4So turn to the right (assuming the observer 

Text continued on page 722 



compUTER SOFTWARE 
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 qualify product at nominal prices - NOT 
what the traffic will bear. Our software Is: 

• Versatile - as most programs a llow for multiple modes of 
operation. 

• Tutorial - as each program Is self prompting and leads you 
through the program (most have very detailed Instructions 
contained right In their source code). 

• Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also Includes FFT's, 
Inverse-transforms, Windowing, Sliding Windows, simulta­
neous FFT's variable data sizes, etc. and as a last word our 
software Is: 

• Readable - as all of our programs are reproduced full size 
for ease In reading. 

• Virtually Machine Independent - these programs are writ­
ten In a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just In case your Basic might not use 
one of our functions we have Included an appendix In Vol­
ume V which gives conversion algortthms for 19 different 
Basic's; thafs right, just look It up and make the substitution 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 Basic'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 8K of user RAM. 
For those that have specific needs, we can tailor any of our 
programs for you or we can write one to fit your specific needs. 

Vol. I Vol. II Vol. III Vol. IV Vol. V Vol. VI 
Business &. Games &. Binomial Beam 
Personal Plc1ures Ch~Sq . Con~ 
Bookkeeping 

Animals Four 
Coafl Fmer 

Programs Conndencel FH 
Astronaut Conndence 2 Integrollon 1 

Bond Bagel COrT9lo11ons Integrollon 2 
Building Blo Cycle CUlVe InlensHy 
Compound Cannons Dlflerences lola 
Cyclic Checkers Duol Plot Macro 
Decision 1 Craps EXI>Dlstri Max. Mln. 
Decision 2 ~ghl l eost Squares Navald 
Depreclollon Paired Opffcal 
Emclent Judy Plot Planet 
Flow lineUp PlotpIs PSD 
Installment Pony Polynomial FH Rand 1 
Inlerest Rouleffe R;;yresslon Rand 2 
Investments Sky Diver St 1 Solve 
Mortgage Tank Stot 2 ~reTrtan Opltmlze Teoch Me l-Distribliton ars 
Order 

PIc1ures Unpaired Track 
Pert Tree 

A Newman \/a~ancel Trta~e Rote \/a~ance 2 \/arta Ie 
Retum l J.F.K. 
Retum 2 linus XV Vecfor 

Sc hedule 1 Ms. Sonia APPl:NDlX A 
Nixon 
Noel Noel 
Nude 
Peoce 
Policeman 
Sanla's Sleigh 
Snoopy 
Virgin 

1k>1. 1- $24.95 Ik>I. II - $24.95 Ik>I. 111- $39.95 
Advanced Business Bookkeeping ~=~E7g~csng BIII~nventory Games 

Boslc ~otement Del. 
Inv ents 

Plc1ures Payroll 

AVAILABLE AT MOST COMPUTER STORES 
Moster Charge and Bank Amerlcard accepted. 

Billing 
Inventory 
Payroll 
Risk 
Schedule 2 

~~~~ng 
SwHch 

1k>1. IV - $9.95 
General Purpose 

Bingo Andy Cap ledger Malnlalns Company accounts and generates 
Bonds Baseball nnanclal reports. Includes routines for. Py~ . Im( 
Bull Compare Dep~ AI R. Al P. 
Enterprise Conndlo 
Football Desc~p Vol. VII 
Funds 1 Diller chess DesIgned 10 challenge the average ~ayel 
Funds 2 Engine lal~y comprehensive. Great fUn for al . oilers a 
Go-Moku Fou~er unique opportunHy for beginners In need 01 an 
Jack Horse opponent. 
lite Integers 
Loons Logic Medbll For Doctors and DentIsts alike, a complete 

Mazes Playboy poIIent b illing system which also permHs the 
Poker PrImes malnlalnlng or a poIIent hIstOry record. 

Popul Probal Word processing for lawyers. publishers, wr1lers, 
Profits Quodrac 

Wdproc 

Qublc Red Baron 
etc. 'M1te, store. and change from rough droft 

Roles Regression 2 
10 nnal copy In a va~ety or formats. 

UffIHy Disk ufflHy program wHh memory tes11ng. Reffre Rood Runner 
Savings RouleHe 
SBA Sanla 
TIc-Toc-Toe stotl0 

stotft 
Steel 
Top 
\/ary 
Xmas 

APPl:NDlX B 

Ik>I. V - $9.95 
Expartmenter's Program 

Vol. VIII 
100o.Tax Toxpayers retum. llemlzed deducffons or 

standard 

Balance Reconciles bank statements 

Checkbook Balances your checkbook 

Insfl078 Computes real cost on bank nnanced 1Iems; 
cars. boots, etc. 

Deprec 2 Computes depreclollon, 4 methods, any ffme 
partod 

APPl:NDlX C - FAVORITE PROGRAM CONVERSIONS 

Ik>I. VI - $49.95 1k>1. VlI- $39.95 Ik>I. VIII - $19.95 
Mlnl-ledger Professional Homeowner's 

Programs Programs 

Add $1.50 per volume hondllng. al l domestic shipments sent u.p.s. except APO 
and 1'0. Box which go parc el post foreign orders add Sa.OO / volume tor air 
shipment ond make payable In U.S. d ol lors only 

Our Software Is copyrighted and may not be reproduced or sold. 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B 

Phone orders call 800-327-6543 
Key Biscayne, FL 33149 

Information - (305) 361-1153 
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For your SWTP 6800 Computer ... 

PERCOM'sTM 
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-PLUSX™, the 
remarkable disk operating system on EPROM. 
Expandable to either two or three drives. 
Outstanding operating, util ity and appl ication 
programs. 

fully assembled and tested 
shipping paid 

To order 
or request 
literature 

[ ~E~(][)Mr 
PERCOM DATA COMPANY, INC. 

Dept. B 211 N. Kirby Garland, TX 75042 
(214) 272-3421 
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For the low $599.95 price, you not only get the disk drive, drive power 
supply, SS-50 bus controller/ 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 instructions, schematics, service procedures and a complete list­
ing of MINIDOS'· • 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 operating and fi le management 
system available for the 6800. INterrupt Driven EXecutive operating 
system features fil e-and-device-independent, queue-buffered 
character stream I/O. Linked-file disk architecture, with automatic file 
creation and allocation for ASCII and binary files, supports sequential 
and semi-random access disk files. Multi-level file name directory 
includes name, extension, version, protection and date. Requires 8K 
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 6800. 
Faster than SWTP BASIC. Handles data files. Programs may be 
prepared using a text editor described below . ... . . . .. .. . . . $49.95 
BASIC BANDAID'· Turn SWTP 8K BASIC into a random access data 
fil e disk BASIC. Includes many speed improvements, and program 
disk CHAINing . .. .. . . . . . . ... . . . . .. ................ .. . . $17.95 
STRUBAL+'· A STRUctured BAsic Language compi ler 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 following text 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 fi les 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 time of assembly with this symbolic assembler. Source listing on 
diskette .. . . .. . ......... . .. .. . .. . .. . ... . . . . . ..... . .. . . $29.95 
MACRO-RELOCATING ASSEMBLER Hemenway Associates ' 
assembler for the programming professional. Generates re locatable 
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 file ....... . . ... $29.95 

Business Applications 
GENERAL LEDGER SYSTEM Accommodates up to 250 accounts. 
Financial information immediately available - no sorting required. 
Audit trail information permits tracking from GL record data back to 
source document. User defines account numbers . . . . . . .. $199.95 
FULL FUNCTION MAILING LIST 700 addresses perdiskette . Power-
ful search, sort, create and update capability . . . . . . . . . .. . . . $99.95 
PERCOM FINDER'· General purpose information retrieval system 
and data base manager ... . . . .. . . . . . ... . . . . . ..... . ..... $99.95 

TM Irademark 01 PERCOM Dala Company. Inc. 

Ordering information 
To order, call toll 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 res idents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 

Circle 301 on in quiry card . 



o 

W()m ~EfUJUM 
One-Drive System: 

$399_ (40-track) & $675_ (77-track) 
Two-Drive System: 

$795_ (40-track drives) & $1350. (77-track drives) 
Three-Drive System: 

$1195. (40-track drives) & 52025. (77-track drives) 
Requires Expansion Interface. 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-100TM lirives 

or 77-track TFD-200TM drives. 

• One-, two- and three-drive systems im­
mediately available. 

• Systems include Percom PATCH PAK 
#FM, on disk, at no extra charge. PATCH 
PAK #1'M de-glitches and upgrades 
TRSDOS' for 40- and 77-track operation. 

.. TFD-100TM drives accommodate "flippy 
disks." Store 205K bytes per mini-disk. 

• Low prices. A single-drive TFD-1 OO~ M 
costs just $399. Price includes PATCH 
PAK #1™ disk. 

• Enclosures are finished in system ­
compatible "Tandy-silver" enamel. 

Whether you need a single, 40-
track TFO-1 OOTM add-on or a three-drive 
add-on with 77-track TFO-200™S, you 
get more data storage for less money 
from Percom. 

Our TFO-100TM drive, for example, 
lets you store 102.4K bytes of data on 
one side of a disk - compared to 80K 
bytes on a TRS-80 ' 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 TFO-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 TM, our upgrade 
program for your TRSOOS *, not only 
extends TRSOOS " to accommodate 40-
and 77-track drives , it enhances 
TRSOOS ' 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-SO' with any 
serial printer, and .. . theE/eetrie Crayon™ to map your computer memory onto your color TV 
screen - for games, animated shows, business displays, graphs, etc. Coming PDQ! 

T. TFD-IOO. TFD-200 . PATCH PAK and Eleclric Crayon are trademarks of PERCOM DATA COMPANY. 
'TRS-SO and TRSOOS are Irademarks 01 Tandy Corporal ion and Radio Shack whiCh have no relationship 10 PERCOM DATA COMPANY 

[~EfUl()M] 
To order add·on mlnl·dlsk storage for your TRS·80· , 

or request additional literature, call Percom's toll·free 
number: 1·800·527·1592. For detailed Technlcallnfor· 
matlon call (214) 272·3421. 

Orders may be paid by check or money order, or 
charged to Visa or Master Charge credit accounts. Texas 

PERCOM DATA COMPANY. INcr. residents must add 5% sales tax. 

DEPT. B • 211 N. KIRBY • GARLAND, TX.75042 Percom 'peripherals for personal computing' 
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Circle 83 on inquiry card . 

~ ~ AHOUNT HETH OF PAY DESCR IPlION 

1 A 3.33 CASH PENNZOIL 

2 2 35.98 HCHG CRITTERS 

3 C 28B.11 B OF A WOOL SUIT 

4 2 1.29 CASH TOOTHBRUSH 

5 E 9.95 CHKUB1 BOOK 

6 F 68.47 CASH 2 WEEK ' S FOOD 

7 G 13.44 HCHG GIFT FOR WIFE 

8 B 316 CHK"1B1 HORTGAGE 

9 I 2.75 CASH PAY FOR 1 HOUR 

18 2 5.B1 CASH SU IT CLEANED 

To go on, press any key 

Household Finance Part 1 

Household 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 ... . ... . $15.0 0 

uAlso Available« 

SPACE WAR .. $10.00 

Household Utility 1 
[3 Programs] ... $12 .00 

Dual ",",oystick 
Interface .. .. $45.00 

SEAWOLF ... $10.00 

BREAKOUT..510 .00 

LIFE .. .. .. .... . .. 520.00 

ORDERS : Se nd c hec k, mon ey o rd e r , 

or VISA / Mas te rcharge (i nc lud e ex pi · 

ra tion da te ) a nd add $1.50 shipp ing . 

Ca lif. res id en ts a dd 6% sal es tax . 

INFORMATION : Mo re info rmation 

on th ese and m any other currently 

ava il a ble program s is availab le on a 

fre e fly e r. Write directly to Creative 

Softwa re. 

Creative Soflwa re 
P.O. BOX 4030, MOUNTAIN VIEW, CA 94040 
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VIEWED FROM 1000 KM OVER ~2153N 71157W. FRCING 0 DEG RZIMUTH 
'U8PHTIW£ '~OJHTION '~£'A.£D II WILLIA" D. JOHNSTON 

VIEwED FROM 5000 KM OVER 42:53N 71 :57W. FAC ING 0 OEG AZIMUTH 
PERSPHTIYE PROJECTION PREPARED BY WILLlA" D. JOHNSTON 



VIEWED FROM INFINITY. OVER 42153N 71157W. FACING D DEG AZIMUTH 
PE~6PECTIYE PROJECTION P~EPA~£D IT MllllA" D. JO"N6TON 

VIEWED FROM INFINITY. OVER 42153N 71 :57W. FACING 45 DEG AZIMUTH 
PU6PECT lYE P~OJECT ION P~EPA~£D BY MllllA" D. JOHN6.TON 

Circle 382 on inquiry card. 

$799.00 
All the Features of the 

Hazeltine 1400 & LSI ADM-3A 
Plus 

Upper/ Lower Case 
7 x 10 Char. Matrix 
White or Black Char. 
Transparent Mode 

Tab Function 
Backspace Key 
Shiftlock Key 
Print Key 
Integrated Numeric 

Pad 

with RS232 

TELETYPE 
MODEL 43 

KSR 
10 or 30 CHAR/ SEC 

132 COLUMNS 
UPPER/LOWER CASE 

USR-310 
Originate 
Acoustic 

$149.00 Coupler 
Stand Alone 

RS232 
USR-330 
Originate 
Auto-Answer 

324.00 Modem 
FCC Certified for Direct Connection 

to Phone Lines 
USR-320 Auto-Answer 
Only Modem $299.00 

All Units include a 120 day warranty. 
Optional Maintenance package available. 

Any Product may be returned 
within 10 da for a full refund. 

U.S. t(ut:Su I I Li::i, INC. 
1035 W. LAKE ST. 

CHICAGO. ILL. 60607 

Sales 
General Offices 
Service 

(312) 733-0497 
(312) 733-0498 
(312) 733-0499 
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I( Heat\> HB~;I~ 
(fIod\lIed 

a~ai\a\:l\e 

I ::;'TALRESEARCH 'i? :=h:..~' 
o CP/M' FDOS - Diskette Operating System complete with 

Text Editor, Assembler, Debugger, File Manager and system 

I 
utilities. Available for wide variety of disk systems including 
North Star, Helios II , Micropolis, iCOM (all systems) and Altair. 
Supports computers such as Sorcerer, Horizon, Sol System III , 
Versatile. Altair BBOO, COMPAL-BO, DYNABYTE DBB/2, and 
iCOM Attache. Specify desired configuration .... . $145/$25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

o SID - BOBO symbolic debugger. Full trace, pass count and 
break-point program testing system with back-trace and histo­
gram utilities. When used with MAC, provides full symbolic 
display of memory labels and equated values .. .. . . $85/$15 

o TEX - Text formatter to create paginated, page-numbered 
and justified copy from source text files, directable to disk or 
printer .. . . ..... . $85/$15 

o DESPOOL - Program to permit simultaneous printing of 
data from disk while user executes another program from the 
console ........ . .... ... ............ . $50/$1 

MICROSOFT 

o Disk Extended BASIC - New version, ANSI compatible 
with long variable names, WHILE/WEND, chaining, variable 
length file records ......... .... ..... . ......... . $300/$25 

o FORTRAN· SO - ANSI '66 (except for COMPLEX) plus 
many extensions. Includes relocatable object com~li er, linking 

~~~~i library ~ith . m.an~~er.. ~ISO . i.ncludes .. MA.C .$<?ig~/~:~ 

o COBOL·SO - ANSI '74 Pseudo-compiler with relocatable 
object runtime package. Format same as FORTRAN-BO and 
MACRO-BO modules. Complete ISAM, interactive ACCEPT/ 
DISPLAY, COPY, EXTEND .... . $625/$25 

o MACRO-SO - BOBO/ZBO Macro Assembler. Intel and Zilog 
mnemonics supported. Relocatable linkable output. Loader, 
Library Manager and Cross Reference List utilities included 

.... .. ............. . . . .. . ....... . $149/$15 

o MACRO-SO plus FORTRAN subroutine library available. li­
brary includes ABS, SIGN, EXP, DLOG, SORT, DSORT, 
ATAN, DATAN etc. etc. . . . . . $219/$15 

DEDIT ·SO - 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·SO CPU) 

o Disk BASIC - Fast powerful interactive interpreter. PRI­
VACY password security. Can dynamically open a large 
number of fi les simultaneously for random or sequential I/O 

............... . . . $159/$20 

o 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 

o ASM Macro Assembler - Mnemonics per Intel with Z-BO ex­
tensions. Macro capabilities with absolute Intel hex or relocat-
able linkable output modules .. .. . . ....... . ...... . $69/$20 

o LINKER - Link-edits and loads ASM modules . . . $69/$20 

o Z·BUG debugger - Trace, break-point tester. Supports dec­
imal, octal and hex modes. Dissassembler to ASM mnemonic 
set. Emulation technique permits full tracing and break-point 
support through ROM ....... . ..... .. .. . ... . .... . $89/$20 

-CP/M is a trade name of Digitat Research 
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• 
I , 

• 
software / 

with Manual 
Manual Alone 

tJ TOP Text Output Processor - Creates page-numbered, jus-
tified documents from source text files .......... . . $69/$20 

o Super BASIC - Sub-set of Xitan Disk BASIC with extensive 
aritnmetic and string features but without random access data 
file support. Available optionally with features to support VDB 
Xitan video output board . . .. .... . ..... . ........ . $99/$20 

o A3 . pa.~ka~e. i.ncl~des. Z: T~~, . T~P: ~S~ .a~~ .su$i~:~~~ 
o A3+ package includes Disk BASIC, Z-TEL, TOP, ASM, 

Z-BUG and LII'IKER ..... . . ........ . ...... . $409/$40 

MICRO PRO 

o Super Sort I - Sort, merge, extract utility as absolute 
executable program or linkable module in Microsoft format. 
Sorts fi xed or variable records with data in binary, BCD, 
Packed Decimal, EBCDIC, ASCII , floating , fi xed point, expo­
nential, fi eld justified, etc. etc. Even variable number of fields 
per record! .......... .. . . $250/$25 

o Super Sort II - Above available as absolute program only 
....... .... . ........ .. $200/$25 

o Super Sort 111- As II without SELECT/EXCLUDE 
... . ...... . . . ....... .... . . $150/$25 

o 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 full 
screen editor for users with serial addressable-cursor terminal 

............. ...... .. . . . . ..... . $150/$25 

Corresponder - Mail list system, supporting torm letter 
generation with personalized greetings. Reference fields per­
mit sorting and extraction by name, address fields or reference 
data using Super Sort. Requires CBASIC ..... . $95/$25 

SOFTWARE SYSTEMS 

o CBASIC·2 Disk Extended BASIC - Non-interactive BASIC 
with pseudo-code compiler and runtime interpreter. Supports 
full file control, chaining, integer and extended precision var­
iables etc. Version 1 users can receive Version 2 and new 
manual for $45 with return of original diskette. Standard CP/M 
and TRS-BO CP/M versions available .... . $90/$15 

STRUCTURED SYSTEMS GROUP 

o General Ledger - Interactive and flexible system providing 
proof and report outputs. Customization of COA created inter­
actively. 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 automatically 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 Service and Credit departments. Interface to General 
Ledger provided if both systems used. Requires CBASIC 

.. . . $699/$20 

o 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 NAD. Re-
quires CBASIC . . . . .. .. . . $699/$20 

o NAD 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 files. Requires CBASIC . .. . . $79/$20 

o QSORT - Fast sorVmerge program for files with fixed record 
length, variable field length information. Up to five ascending or 
descending keys. Full back-up of input files created. Parameter 
file created, optionally with interactive program which requires 
CBASIC. Parameter file may be generated with CP/M assem-
bler utility .. . . . . . . . . . . . . ....... . $95/$20 

E 



Software for most popular BOBO/ZBO computer disk systems, including 
NORTH STAR, MICROPOLIS, iCOM, SO SYSTEMS, OYNABYTE OB8/2, 
HELlOS, ALTAIR, TRS-80, 8" IBM and OHIO SCIENTIFIC formats . 

software/ 
with Manual 

Manual Alone 

GRAHAM·DORIAN SOFTWARE SYSTEMS 

o PAYROLL SYSTEM - Maintains employee master file. 
Computes payroll withholding 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 mail labels. Requires CBASIC. Supplied in source code. 

. . . . .. .. . . .... ..... . . .... . . . . $605/$35 

o 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 lost through 
vacancies, etc. Requires CBASIC. Supplied in source code. 

........ $605/$35 

o 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 of sale, etc. Reports avai lable both for accounting 
and decision making . Requires CBASIC. Supplied in source 
code. .$605/$35 

OTHER 

o zao Development Package - Consists of: (1) disk file 
line editor, with global inter and intra-line facilities; (2) Z80 
relocating assembler, Zilog/Mostek mnemonics, conditional 
assembly and cross reference table capabilities; (3) linking 
loader producing absolute Intel hex disk file for CP/M LOAD, 
DDT or SID facilities. Standard CP/M and TRS-80 CP/M ver-
sions available ... . ........ . ... $95/$15 

o TEXTWRITER II - Text formatter to justify and paginate 
letters and other documents. Special features include insertion 
of text during execution from other disk files or console, permit­
ting recipe documents to be created from linked fragments on 
other files. Ideal for contracts, manuals, etc .. .. .. . . . . $75/$5 

o DlSINTEL - Disk based disassembler to Intel 8080 or TDLJ 
Xitan Z80 source code, listing and cross reference files . Intel or 
TDLJXitan pseudo ops optional. Runs on 8080. Standard CP/M 
and TRS-80 CP/M versions available ........... .. $65/$10 

o DISZILOG - As DISINTEL to Zilog/Mostek mnemonic files. 
Runs on Z80 only. Standard CP/M and TRS-80 CP/M versions 
available .... . ....... .. . . .. . .... . .......... . .. . $65/$10 _. • • 

software/ 
with Manual 

Manual Alone 

o 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 

........................ . . $125/$25 

o 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 ROM able versions. 
Integer Disk or Integer ROMabie ........ .. . ..... $295/$25 
Extended Disk or Extended ROMabie ...... . .. $395/$25 

o SMALJ80 Structured Macro Assembled Language - Pack­
age of powerful general purpose text macro processor and 
SMAL structured language compiler. SMAL is an assembler 
language with IF-THEN-ELSE, LOOP-REPEAT-WHILE, DO-
END, BEGIN-END constructs ......... . . . ..... . .. $75/$15 

o Selector II - Data Base Processor to create and maintain 
single Key data bases. Prints formatted , sorted reports with 
numerical summaries. Available for Microsoft and CBASIC 
(state which). Supplied in source code .. . .. $195/$20 

o Selector 111- Multi (i.e. , up to 24) Key version of Selector II. 
Comes with applications programs including Sales Activity, In­
ventory, Payables, Receivables, Check Register, Expenses, 
Appointments, and Client/Patient. Requires CBASIC Supplied 
in source code ..... . . . ... . .. . . . ......... . . . . . . $295/$20 
Enhanced version for CBASIC-2 .... .. . $345/$20 

o CPM/374X Utility Package - has full range of functions 
to create or re-name an IBM 3741 volume, display directory 
information and edit the data set contents. Provides full file 
transfer facilities between 3741 volume data sets and CP/M 
files . ............ . . . .. $195/$10 

o Flippy Disk Kit - Template and instructions to modify sin­
gle sided 5W' diskettes for use of second side in singled sided 
drives ... . . .. . . . . .. . . . . . .. . $9.75 

o BASIC Comparison - A comprehensive features and per­
formance analysis of five 8080 disk BASIC languages -
CBASIC, BASIC-E , XYBASIC, Microsoft Disk Extended 
BASIC, and Xitan's Disk BASIC. Itemizes results of 21 different 
benchmark tests for speed and accuracy and lists instructions 
and features of each BASIC ...... (send 20¢ SAS.E.) FREE 

I I In. 
o TRS-80 FORTRAN PACKAGE - Professional 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 

Lifeboat Associates, 2248 Broadway, New York, N. Y. 10024 (212) 580·0082 

Software Price 

o manual alone 

o manual alone 

o Check Du.p.s. COD o Visa 0 Master Charge Shipping 

Account # Exp. Date $1 .00 for COD . 

Signature 
Total 

My computer configuration (specifying disk system): 

Name 

Address (No P.O. Box) 

City State Zip 

EFFECTIVE APRIL 15, 1979 TMIThe Software Supermarket is a trademark of Lifeboat Associates 

Disk systems and lor­
mats: North Star single or 
double density , IBM 
single or 201256, Altair, 
Helios II , Micropolis Mod 
I or II , 5V4" solt sector 
(Micro iCOMISo Sales l 
oynabyte), etc. 

Add $1 litem shipping ($2 
min.). Add $1 additional 
lor UPS C.OD . 

Manual cost applicable 
against price 01 subse­
quent soft ware pur­
chase. 

The sale 01 each p ro­
prietary soltware pack­
age conveys a license 
lor use on one system 
only. 

boat Associates 
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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 that we have added a grid of 
meridians and parallels to figure 6 to give 
more meaning to geographic distribution. 
This map projection is extremely useful 
when applied to such fields as navigation 
and radio communication, but you must 
not forget the inherent distortions. The 
grid system on this map helps dramatize 
where these distortions lie. 

AII"UTHAL EQUIDISTANT PROJECTION PREPARED 8' NILLlA" O. JOHN6TON 

Another az imuthal equidistant projec­
tion is presented in figure 7, but the cover­
age is limited to 900 of arc (half that of the 
map in figure 6). This not only expands 
the scale of the map, but it eliminates the 
portion with the greatest distortion . The 
example is of an Oscar satellite communica­
tions coverage map centered on a location 
near Geneva, Switzerland. By taking ad­
vantage 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 central location (Geneva, in this case) 
can then communicate to any location 
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 
ill us tra ted in part 7. We 
have added a grid of me­
ridians and parallels to 
emphasize geographic dis­
tribution. 
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was facing north to begin with). The pro­
gram permits the view to be rotated by any 
amount and for any map, regardless of 
altitude. As mentioned earlier, this feature 
is particularly useful when the map is 
being ge nerated on a video terminal. 

The map, in this example, has been over­
laid with three different circles to show 
the maximum range for all of the currently 
operational satellites (Oscar 7, Oscar 8, and 
RS:1 - 2, starting with the inner circle 
and moving outward). Note the difference 

~ODY PERIPHERALS 
Silk Screen Printed Sepia on Quality White Cotton/ Poly T-Shirts 

TO ORDER: PRINT Your Name. Address, Zip, Styles and Sizes Desired 
(S,M,L,XL) on a Sheel of Paper. Include $6.95 Per Shirl. 
(Three for $ 18.00) Out of U.S.A. Send $8.00 US Currency 
International Money Order for Each Shirt. 

Our Shirts are Made in America and Do Not Shrink! 
Custom Designs Available for Your Club - Dealer Inquiries Welcomed . 

BODY PERIPHERALS P . O. Box 945 Chanute, Kansas 66720 
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between this map and those in figures 3 
and 4. The map in figure 7 shows all loca­
tions with which communication is possibl e, 
irrespective of satellite pos ition, whereas 
the maps of figures 3 and 4 show where 
communication is possible at some particu­
lar moment in time wh en the satellite is 
over a given point. 

Summary 

In part 1 we discussed the fundamental 
methods and resources required to produce 
any kind of map on a computer. We also 
presented several si mple programs in BASIC, 
each contain ing onl y about a dozen execut­
ab le statements, but 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 th e 
f lexib ility to produce a variety of perspec­
t ive and az imuthal equ idistant maps. Th e 
subrouti ne given in listing 1 is an efficient, 
funct ional program which does just that, 
yet it onl y contain s about 60 executable 
sta tements. All of th e maps illustrated 
in this art icle were produced by th at pro­
gram, and they are only a sampling of its 
total capab il ity. Whether you plan to gen­
erate maps for use with communications 
sate llites, maps fo r the captain's console 
of a spacecraft, or maps for the sake of 
having maps, the program presented here 
can enhance your system's capab ility enor­
mously and give you many hours of enjoy­
ment.-

4S112N SI09E 
All"UTHAl EaUIOI6IA~1 P.OJfClION P.fPA.fO IY NllllA" O. JOHN6TON 

Figure 7: Another azimuthal equidistant projection is presented here, but we 
have limited the coverage to 900 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). 

TEI.ETYPES® 
MODEL 40300 LPM PRINTERS MODEL 43 TERMINALS 

• Mechanism or complete assembly 
• 80-column friction feed 
• BO-column tractor feed 
• 132-column tractor feed 

FEDERALCommun!cations 
Corporation 

INTERFACES 
• EIA-RS232 
• Simplified EIA-like interface 
• Standard serial interface 
• Parallel device interface 

11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644, 
TELEX 732211 TWX 910-860-5529 
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• 4310 RO (Receive Only) 
·4320 KSR (Keyboard Send-Receive) 
·4340 BSR (Buffered Send-Receive) 

INTERFACES 
• TTL 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 job better. Yes, you really can get flaw less code 
faster, using the Sti rlinglBekdorf™ sys tem of software dev elopment tool s with 
structured programming concepts. Tile 78F2, 78P4, and 78Cl are human·engineered 
to reduce initial errors, improve de·bugging speed, and aid co ncept communication. 

First, use the 78F2 Flowchartrix™to layout your origin il l concep t blo cks. Th en 
use it to write a finely detailed flowchart. 

54% more logic cells than other flowchart forms, put far more of Jour program 
on each page. Each Flowchartrix has a fu ll 77 logic cells, not ju st 50 . Thi s saves 
paper, and makes your finished flowcharts easier to und erstand. By seeing up to 
27 extra steps of a program on each page, you comprehend program flo w more 
clearly. You save money and storage space, too. 

Every matrix cell in the 7 x 11 matrix has a specific label to help you track 
branch points. When you wr ite program documentation, having a separate referenc e 
point for each cell makes your program much easier to describe clear ly. 

With Flowchartrix, you don' t need a shape template to draw remarkably regular 
logic symbols. Guides for the most·used logi c sy mbol s are right in each matrix 
cell, to help you draw most standard flow chart symbols entirely fr ee· hand . 

78P4 Print· Out Designers are next. When you finish flow charting, layout th e 
printed reports your program wi ll generate. Th en when you write co de you blaze 
through th e report generation segments right along wi th th e rest of your program. 

Unique 70 x 160 matrix accommodates even proportional· spacing word processor 
formats. Th e 160·co lumn width can handl e practically any printer format. Th e 
78P4 is big, 14 Y, x 22 inches, because we've scaled th e cell size to human writing 
comfort, not machine print. giving nearly twi ce th e charac ter·writing area of oth er 
printout design sheets. 

Special 5·column area records the program line number of the code which 
creates each printed line. It shows, at a glance, exac tly which line of code creates 
each line of your reporl, saving hours of needl ess search tim e when you must 
change th e report format (and don' t you always have to, sooner or later?) 

Every sheet of 78C1 gives you 2 form uses for the price of one. Use 78Crs 
full 28 line x 80 column grid area to code regular program steps. Th en for inter· 
ac ti ve or instructional sec tion s, simply keep your charac ters within th e appropr iate 
CRT indicator lines, and you' ll automatica lly kno w where every charac ter will show 
on your CRT screen. 

28 line x 80 column coding capacity saves you 14 sheets out of every 100, 
compared to 24 ·lin e forms. 86 sheets hold more program steps th an 100 sheets 
of any 24 ·line form, yet we offer full ·size 6mm x 3mm grid blocks to giv e you 
co mfortab le Wri ting room and visua l space between lin es. 

Works with your CRT display, no matt er what brand you own. Equipped for 
both 16 li ne x 64 co lu mn and 24 line x 80 co lumn display formats. 

Available in th ree versions (one for BASIC languages, one fo r FORTRAN, another 
for COBOL), the 78CI is so powerful we include a 7- page instruction manual with 
every order. 

Every tool in the StirlinglBekdorf system is surface-engineered to take both 
pen & pencil without blotching. Our tough, ex tr a· heavy, 22 t paper is pure enough 
to use with critical magnetic ink character readers, and giv es you crisp, sharp char· 
acters with penci l or plasti c· tip pen. 

Every part of our system uses eye-comfortable soft blue grids. All grid rulings, 
tints. and division rul es are reproduced in a specia l shade of blu e, easy on your 
eyes even <lf ter haUl S of co ntinuous programming. If you're a professional pro· 
grammer, you 'll particularly appreciate our improvement over th e green lin es you've 
been writ ing on. 

A lring binder is one more of our secrets for your success. All your notes, 
logic concep ts, flowchart s, code, CR T layouts, print·out designs, and documentation 
can be kept togeth er, in order, in one plac e. When everything you creat e stays 
together, debugging and modification is mu ch simp ler. 

Order your supply of the world's most advanced software development tools, 
(ght now, before you hatch even one more bug. 

78F2 Flowtharlfil 
o 2padsof 50 - $190 · \ 285pkng & shPI 
o 10 pads of SO - \3~ 35 • $6 4S pkng & shpg 

78 P4 Pri nt·Oul Design Sheets 
o I pad 0150 - V 45 '" U 15 p~ng & Shpg 
o 5 pads of SO - $32 10 ·16 75 p~ng 8. Shpg 

78Cl Combination Cod ing/CRT layouts 
All ale the samepf lce, but please (heck which language 
10rmat YIJu l'I all! 
o lor BASIC 0 lor fOR TRAN O laf COBOL 

o l padso t 50 - $&35 ... SI95 pkng & Shpl! 
o 10 padsa l 50 - ~?6 85.,. S3 35 pkng & shpg 

J.hole punched vinyl pockets lOf 78P4 Design Sheets UPS 1(1 PO 801 addr m mUlt l ife p~o o e number PJl tu \IIo",n 
o set 01 5 lar S265.,. SI 35 pkng& shpg 1(11 pu' ,nK ' \II lpp,o& . !eU5 A 001'; 10te!OIhooal Ihlpplnl l~ l fS 

o sel a l Il lar S500 -f- Sl 85 pkng& shpg a!t l'l'i her "'"t e tordeU'h 

o Sample 01 aile sheel 01 each 101111 , Chalge 10 0 Masler Charge 0 Visa expo dale _ 
assoClaled labels & iii era I II " $2.,0 Card : __________ _ 

Enclosed IS my check lor $ Sig nalure _____ _____ _ 
Name ______________________ _ 
Address __________ _ _ Phone _______ _ 

C, ly _ ________ Slal e _ _ _ _ _ _ Z,p _ ___ _ 

Slirling/Bekdoif 
4407 Porkwood 0 San Antonio, TX 78218 0 (512) 824-5643 

• b 6 @, I Igl8 SIIIhnlIBt l dOII Oil ol81ul mln MIl l Go , In , -----------------------------------------
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will be a more elaborate set of read only 
memory code which interacts with the music 
keyboard and a special function keyboard to 
be defined. Limited timbre setups of the 
synthesizer can then be made when it is 
played and isolated from the data base facili­
ties of the Pascal machine. 

As for main software, capacity will be 
needed to execute some form of inter­
pretive real time control software, possibly 
through the use of a threaded interpretive 
language somewhat like Forth. Impl emen­
tations of th is sort of language abou nd: 
Forth, Urth, IPS, and numerous unnamed 
homebrew versions. Such interpreters, wh ich 
are fairly simple to code in machine language 
without an assembler, provide an exce ll ent 
path to more significant software in a 
homebrew situation with a new processor. 
Everyone I know who uses them becomes a 
fanatic, so there are obviously some strong 
emotional argu ments for flexibility and 
power that get people addicted. Why not 
try one? 

Hardware reflecting this requirement wi ll 
perhaps be 4 K bytes of read only memory 
for the kernel of the interpreter design. 
Software design and development will, of 
course, be done in machine language usin g 
the Pascal machine as a fi ling and program 
development tool. 

In addition to the 6809 processor, the 
hardware of the new machine will probably 
include 32 K bytes of programmable mem­
ory in the low end of address space, 16 K 
bytes of 2708 read only memory sockets 
for the various segments of the detail low 
level software, a serial port for the com­
munications interface, a parallel port for the 
synthesizer interface, a parallel port for the 
music keyboard and miscellaneous key­
switch inputs, several uncomm itted parallel 
ports, and a parallel port for the Sykes flop­
py, borrowed from the older system to be 
used as a mass storage subsystem. 

This new processor will refl ect a number 
of the improvements that have been made in 
the experimenter'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 I intend to use and I will pay 
attention to packaging, as I want to be able 
to carry the results around . It will be en­
tirely fabricated with convenient Vector 
Slit-N-Wrap intercon nection, although I now 
use the motorized tool to minimize the 
chance of open connections which occurred 
when I used that method by hand. And, of 
course, there is the thrill of experim enting 
with a new processor , the 6809 design de­
scribed by Terry Ritter and Joel Boney in 
recent issues of BYTE.-
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THE BYTE BOOK OF COMPOTERMOSIC 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. F orthe 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 

SOPERWOMPOS 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 
PAPERBYTETM 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 May 1977 
issues of BYTE magazine, 
and later in the PAPERBYTETM 
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 PAPERBYTpM 
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 0-931718-08-2 
Author: Jack Emmerichs 
Pages: 80 
Price: $9.00 

A. wa!k 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),ProgramYourNextEROM 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. 

usa ISBN 0-931718-074 
Author: Steve Ciarcia 
Pages: approx. 128 
Price: $8.00 
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is right now! 
BASEX, 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 PAPERBYTpM 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. 

usa 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: $6.00 

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 0-931718-13-9 
Editor: Blaise W. Liffick 
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 ICOM 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 L1NK68. (Refer to 
PAPERBYTpM publication L1NK68: 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 PAPERBYTpM 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: $25.00 
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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. [t produces a load map 
a nd a load module in Motorola M[ KBU G 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 M[KBUG 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. [n addition to the 
source code and PAPERBYTpM 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: Robert D. Grappel 

& 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 PAPERBYTETM 
bar codes of the object code. 

ISBN 0-931718-02-3 
Authors: Robert D. Grappel 

& Jack E. Hemenway 
Pages: 24 
Price: $6.00 

MONDEB: AN ADVANCED M6800 MONITOR­
DEBUGGER has all the general features of Motorola's 
M[KBUG 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 MONDEB 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 PAPERBYTpM 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, [nc., for the PAPER­
BYTpM 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. [ndividuals with 
computers based on these processors can use the 
software directly. [ndividuals with other processors can 
use the provided functional specifications and detail 
examples to create equivalent programs. 
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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 1,700 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 TI has said, "TI 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 TI 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 M Hz can, at best , synthesize clean sine waves at about 1 to 2 k Hz , 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 I/O (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 M Hz). Actually, the 8088 is an 8086 split into two 8 bit microprocessors on one integrated circuit, one handling 
I/O 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 since 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!~ 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. 1 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/O (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 Z6132, 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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Part 1: Defining Behavior 

A scientific revolutio n 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 will 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 revolutionary concept. It has not been 
easy, however, to see just how control 
theory can be made part of ex isting scien­
tific approaches although many people have 
tried. Most of these attempts have tri ed to 
wedge control theory into existing 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 scientists who have tried to use 
control theory have tried to imitate the 
engineering approach, dealing with human 
beings as part of a man-machine system 
instead of complete control systems in their 
own right. Others have used control theory 
directly to make model s of human and 
animal behavior, but have concentrated 
on minor subsystems, failing to see that the 
organism as a whole can be dealt with in 
terms of the same principles. The result has 
often been a strange mi x ture of concepts -
a patchwork instead of a system . 

Strangely enough, many engineers who 
do understand control th eory haven 't done 
much better . Here the problem is that these 

engineers tend to accept the basic concepts 
developed by biologists and psychologists, 
and to use control theory to explain cause­
effect relationships they are told exist - but 
which in fact do not exist. We will start this 
development by looking at someth ing called 
behavior, wh ich biologists and psychologists 
have assured engineers is very important, 
thereby leading the engineers astray . 

What is all th is supposed to mean? A lot 
is meant, though in different ways. Robotic­
ists, for example, are trying to develop 
machines which will imitate human organ­
ization, and so are the artificial intelligence 
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 working at their own tables. 
Control theory opens up an entirely new 
field of experimentation, a kind that has 
never been done before in psychology or any 
other life science . 

All 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 equipment, and curiosity 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 hear about behavioral science, behavior 
modification, behavior therapy. For example, 
Science News now has a "Behavior Column"; 



A Negative Sine 

The arcsine and arccosine routines 
discussed in "Inverse Trig Functions" by 
Alan Miller (March 1979 BYTE, page 
92) will not work for negative values of 
X. For arcsine, I recommend (in Mr 
Miller's notation) : 

DEF FNSN(X) = ATN(X/SQR(1-X*X)) 

and for cosine: 

DEF FNCS(X) = 
1.570796327-A TN (X/SQR(1 - X*X)) . 

The constant 1.570796327 is, of 
course, n12. These routines give the cor­
rect principal value for any value of X 
with an absolute value of less than 1. 
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Robot Information 

James A Gupton Jr, author of "Talk 
to a Turtle" which -appears in this issue 
of BYTE, has offered the following addi­
tional sources for robot information: 

Inter.national Institute for Robotics 
POB 615 
Pelahatchie MI 39145 
Attention: Dale Cowsert, Director 

Offers a comp lete robot correspond­
ence course including a microcom­
puter and a 2)1, foot working robot. 
Costs range from Mentor II at $890 
to Om nidex I at $3100. 

Gallaher Research Inc 
POB 10767 Salem Station 
Winston-Salem NC 27108 

Offers catalog on robot components 
to build any size robot from one to 
ten feet tall. Catalog cost is $10.-

Get a 

Not just a IIUlchine 
that elllUlates 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) 

• Floppy disc CONTROLL-ER with direct 
memory access (DMA) 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 compiler 
-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 _ c: CUTTING EDGE OF 
TECHNOLlJGX,lnc. 
19th floor, 61 Broadway, New York, N.Y 10006 
212-480-0480 
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it was formerly the pu bl ication 's "Psychol­
ogy Column". An innoce~t bystander 
might conclude that any word th is 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 alternately tensing and relaxing 
muscles in his arms? Yes. Is he moving his 
fingers up and down? Yes . Is he typing 
strings of symbols? 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 I ittle extra money for 
a vacation? Yes. Is he justifying his hobby 
to his family? Yes. 

Clearly, each description of what Chip is 
doing is, in fact, an accurate description of 
the very same collection of actions. Which 
one, then, is Chip's behavior? Obviously, 
they all are expressions of behavior. 

Suppose Chip decides that he really 
doesn't need a subroutine, and substitutes 
a jump instruction for the return . Now, he 
is writing the program - obviously the same 
program - by using a different beh avior. 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 could he be doing the 
same thing by means of doing something 
different? 

Or consider Ch ip driving a car along a 
straight road. He is consciously steering. 
This happens to be a gusty March day, and 
every five minutes the wind changes speed 
and direction. Chip is an experienced driver, 
and continues to steer the car dow n the 
road in a straight line. If we look at what his 
arms are doing, however, we find that 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 
steering-the-car behavior by means of a be­
havior that is widely varying. The path of 
the car doesn't correlate with the position 
of the steering wheel at all. 

Scientists have always thought of be­
havior as the final product of activity inside 
the organism . The brain sends commands to 
the muscles, which create forces, which 
produce movements, which generate the 
stable and repeatable pattern s 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 scientists would say 

that in the example with Chip at the compu­
ter keyboard, we were simply attending to 
various stages in that chain. 

How does that picture fit 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 steering wheel, and is 
farther 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 driving the car in a straight line 
as Chip's behavior, we have to revise that 
idea : the direction of the car depends just 
as much on the wind as on Chip. 

It may seem that we have simply moved 
our definition of behavior closer to Chip. 
But consider how he moves the steering 
wheel. The wheel moves when the forces re­
fl ected from the front wheels do not exactly 
balance the forces created by h is muscles. As 
the car goes along, the roadbed til ts and 
various bumps and dips cause changes in the 
reflected forces. The wheel may be turned 
far to the right, into the crosswind, on the 
average, but maintaining the wheel in that 
position requires that his muscles be con­
stantly changing tension, as the reflected 
steering wheel forces fluctuate. We have 
the same problem as before: Chip produces 
a varying output that affects the steering 
wheel, but the steering wheel is also being 
affected by forces that are independent of 
what Chip is · doing with hi s muscles. Yet 
the sum of the muscle forces and those 
extraneous forces is zero, except when the 
steering wheel is changing position. 

Even if we back up another step and call 
Chip's muscle tensions his 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 interfere with them; joint 
angles change so that a given muscle tension 
can produce different amounts and direc­
tions of force . The only behavior that 
Chip produces which can be attributed 
entirely to Chip and not in part to his en­
vironment consists of the nerve signals that 
leave his nervous system and enter his 
mu scles. 

If we want to be completely accurate 
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 problem of all. 

A scientist studying a behavior hopes to 
learn enough about its rules 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 directly into 
your IMSAI or 
ALTAIR and handles 
up to 4 standard sin­
gle drives in daisy­
chain. 

• Operates at standard 
250K per second 
on normal disk for­
mat capacity of 256K 
bytes. 

• Works with modified 
CP/M Operating Sys­
tem and BASIC-E 
Compiler. 

Tarbell Disk BASIC 
• Runs on BOBO , BOB5 or ZBO 
• Searches a file quickly for a string. 
• Up to 64 files open at once. 
• Random Access. 
• Assignment of I/O. 
• Alphanumeric line labels allowed. 
• Read and Write string or numeric 

data. 
• Unlimited length of variable names 

and strings. 
• Procedures with independent varia­

bles. 
• Number system 10 digits BCD inte­

ger or floating point. 
• Chain to another' program. 
• Cause programs to be appended on­

to programs already in memory. 
• Cause interpreter to enter edit mode 

using 15 single character edit com­
mands. 

• Hardware includes 4 extra IC slots, 
built-in phantom bootstrap and on­
board crystal clock. Uses WD 1771 
LSI chip. 

• Full 6-month warranty and extensive 
documentation. 

.Kit $190 ....... Assembled $265. 

Specify drive for assembled units. 
Complete disk subsystems with opera­
ting software available. Please inquire 
for details. 

Occupies 24K of RAM. Tarbell BASIC 
on CP/M Disk .. .. ... . ... . . . $4B. 
Source on paper or CP/M Disk ... $25. 
CP/M and BASIC-E on disk with 

Tarbell 32K RAM Memory 
• 3 2K Static Memory 
• S-100 Bus Connector 
• 9 regulators provide excellent heat distribution . 
• Extended addressing (bank switching.) 
• Phantom line. 
• Low power requirement. 
• 20-Page operating manual. 
• Full 1-year warranty. 
• Assembled and tested full price only $625 
• 16K version also available, assembled and tested only $390. 

Tarbell Cassette Interface 

• Plugs directly into your IMSAI or ALTAIR. 
• Fastest transfer rate : 1B7 (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 
Includes most features of ALTAIR Extended BASIC, plus 
these added features: 
• Assignment of I/O. 
• Alphanumeric 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 string data. 
• Multi-file capability. 
Full price with complete documentation . ... ....... . $4B . 

Prepaid, COD, or cash only. California residents please add 
6% sales tax. 
ALTAIR is a trademark/ tradename of Pertec Computer Corporation 
CP/M is a trademark/tradename of Digital Research 

• No modification required on audio cassette recorder. 
• Complete kit $120 . .. ............. Assembled $175. 
• Manual may be purchased separately . . . . . . . . . . . . . $B. 
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CARSON, CALIFORNIA 90746 

• 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. Under 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 fina l product of an 
organism's inner activities. As we see how 
this difficulty gets resolved, we will be 
forced into control th eory 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 physical laws of 
cause and effect. That is why people design 
robots in the same way, and why those 
robots have yet to behave in a way that is 
convincingly alive. In order to so lve this 

CONTROL FORCES 
MUSCLE WHEEL 

FATIGUE BUMPS , DIPS 
ENERGY SUPPLY WHEEL FRICTION 
JOINT ANGLE TIRE PRESSURE 
OTHER MUSCLES (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 Chip'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 regu larities 
in Chip's output signals would be lost (ie: 
that 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 relationship of the car to 
its lane, can remain constant within 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 Ch ip 's nervous system, the random­
looking variations get larger and larger. At 
the beginning of the chain the variations 
become totally unpred ictable. 

Consider figure 2; we added the effects of 
external events on a nervous system. Accord­
ing to the old picture still fundamental to 
most life sciences, external events act on the 
physical structure of the nervous system 
(along 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 

t--
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 the 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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sional arrays including 
string arrays. The disk 
versions for FLEXTM 1.0 and 
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data files (the mini FLEXTM 
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EXTER NA L 
E VENT S 
( STIMULI) 

CH IP'S 
NER VOU S 
SYSTE M 

I-..;;N:..=E.:;.U.:.:.R:.:;A L::...:;.S.;..:I G:...;.N:.:;A;.::L.::.S--4oj IN TE R ME DIATE 
PROCESSES 

FINAL 
BEHAVIOR 
PATTERN 

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 afte r the last phy sical 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 
di sturbances . The onl y way to get away 
from them is to make sure that the environ­
ment remains abso lu tely stab le (ie: that 
nothing happens whi ch can in terfere with 
behavior). The standard approach req uires 
eliminati ng th ose distu rbances, fo r the 
simpl e reason th at if they are not elim inated, 
the experi mental res ul ts d isappear in to the 
background no ise. Th us by el iminat ing dis­
turbances as complete ly as poss ible, under 
the gui se of estab lish ing standard (i e: contro l) 
ex perim ental cond itions, some scient ists 
have swept thi s bas ic pro blem under the 
rug. Th ey have also do ne away with the 
principa l too l we have fo r und erstanding 
how these systems reall y work. If there are 
no di sturbances, then the idea of a cause­
effect chain run ning from external events 
through the o rga ni sm to behav ior seems to 
hold up, more or less . As soon as natu ral 
di sturbances are all owed to occur, we fi nd 
that the overall connection from external 
event to f ina l behavior remains as clear as 
ever; bu t, th e model of what happens in 
between fa ll s to pieces with a loud crash. 

Clos ing the Loop 

There seems to be nothing wro ng with 
figure 2; nothin g, that is, except that it 
canno t acco un t for the regularities of 
behav ior. There is something wro ng; some­
th ing has been left out. Let's focus on the 
fi nal variable in the chai n, the pos it ion of 
the car relat ive to the lane. What var iable 
that co uld affect Chip's senses, do you 
suppose, woul d have the most to do with 
hi s mani pulat ions of the steeri ng whee l? 
The pos it ion of the car relative to the 
lane. Thi s vari ab le is both the conseq uence 

of Chi p's actions, and the main source of 
sensory in formation that could cause him 
to act (see figure 3). 

Psychologists have gone th is way before. 
They have tri ed to make sense of this situa­
tion by suppos ing that th e behaviora l vari ­
able is somehow d ifferent from the stimulus 
va riable. If the position of the car relat ive 
to its lane is the behavioral variable, then per­
haps the onset of a change in the visual 
image of the road is th e stimulu s vari abl e. 
That leads to the idea of a chain of st imul i 
and responses. The car drifts in its la ne; 
th at st imul ates Chip 's nervo us system to 
make a response, which affects the physica l 
pos ition of the car in its lane , which causes 
a new change in the st imulus, and so on 
aro und and around . 

There are several severe diffi cul ties with 
this explanation. In the f irst place, there is 
no way to separate the visual image fro m the 
pos it ion of the car; these are just two ways 
of ta lking about one whole physical situa­
t ion in which a certai n co ll ection of inter­
dependent variables changes simul taneously. 
The altern ation between stimulu s and re­
sponse is completely imaginary, as anyone 
who drives knows. If causes and effects 
reall y were sequent ial, and chased them­
se lves around and around th e loop, it is 
unlikely that Chip wo uld keep the car on 
the road fo r more than ten seconds. I n part 
2 we 'll do a proper simulation in BASIC, 
and you wi ll see that when the system is 
designed to behave sequent iall y, the resul t 
is most likely to be violent oscill ations. 

There is no reason at all to make an 
artif icial di stinct ion between the pos it ion 
of the car on the road as a behav iora l re­
sponse and as the st imulus whi ch causes 
th e response. Only one ph ysica l situat ion 
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POSITION 
OF CAR IN 
ITS LANE 

CHIP'S 
NERVOUS 
SYSTEM 

NEURAL SIGNALS INTERMEDIATE POSITION 
OF CAR IN 
ITS LANE PROCESSES 

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. Th e position of the car on 
the road is both an effect of Chip's actions 
and the sensory situation wh ich 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 control system. I n figure 4, three 
physical quantities are shown, an output 
quantity, an input quantity, and a dis­
turbing quantity . 

The output quantity corresponds to an 

CHIP'S 
NERVOUS 
SYSTEM 

FEEOBACK 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 i'n 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 variable that is 
stabilized by the variations in Chip's output. 
Thus we call the input quantity, here, the 
posi tion 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 . 
This 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 controlled 
quantity, then the effect of the wheel angle 
would be a continual change of car posi­
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 wh ich give 
each magnitude 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 all 
effects wh ich contribute to it. We have 
shown only 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 disturbances, 
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. 

Chip himself can be represented by a 
function, a function that converts the sensed 
position of the car into a steering wheel 
angle. This system function (system, being 
short for behaving 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 
the input quantity, not around Chip as 
a whole; therefore the "Chip box" does 
not wholly represent 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 quite as simple as it seems 
even after being simplified a great deal. 

The functions connecting the variables in 
this 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 simple 
conclusion. I'll drop some hints along the 
way about how the simplified model is gen­
erated and why it works, but if you really 
want to get into this, study a text on servo­
mechanism design. 

Simulating Chip 

Let us conclude by building a working 
simu lator of Ch ip driving the car. Th is is 
just a hint of what th is 4 part series of articles 
will develop. Building the simulator requires 
building some special numbers into the pro­
gram without any explanation at present. 
The point is to enjoy the simulation, and get 
used to the idea that everyth ing 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 quantity 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 crosswind veloc­
ity as W, if W were the only influence acting, 
the car would drift sideways at a rate pro­
portional to W (in this somewhat over­
simplified universe) . In the BASIC program 
we will assume that each iteration corres­
ponds to a fixed amou nt of elapsed time, so 
the distance D that the car will drift during 
anyone iteration is simply the sum of the 
two influences acting on it (line numbers 
correlate with listing 1) : 

7 D = Kl * 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 proportionally to the de­
viation of car position, we would have to 
make his muscles so flabby that hardly any 
response would occur, unless we wanted to 
demonstrate self-immolating oscillations. We 
have to take care of two destab il izing factors. 
First, the feedback function is essentially 
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COMPUTER LAND SAN DIEGO EAST COMPUTER LAND COMPUTER WORKSHOP New York, NY 10036 COMPUTER PATCH Of SANTA FE Toronto, Onta"o M3K IE 7 
EI Caion, CA 92020 Boca Raton, fL 33432 Rockville, MD 20852 AUTOMATIC SYSTEMS Odessa TX 79762 HOME COMPUTER CENTRE 
CDMPUTERLAND Of El CERRITO THE COMPUTER STORE COMPUTERS ETC PoughkeepSie, NY 12603 COMPUSHOP Toronlo, Onta"o M2M 3W2 
EI Cerrito, CA 94530 Bradenlon, fL 33505 Towson, MD 21204 COMPUTER HOUSE Richardson, TX 75080 HOUSE Of COMPUTERS 
BUSINESS ENHANCEMENT THE COMPUTER STORE COMPUTERS UNLIMITED Rochester, NY 14609 THE COMPU TER SHOP Toronto. Onta"o 
COMPUSERVICE Clearwater, FL 335 16 Towson MD 21204 THE COMPUTER STORE SAt . TX 782 16 MARKETRON 
Escondido, CA 92027 UCATAN MASSACHUSETIS Rochester, NY 14618 C~~p~~~~oSOLUTIONS Toronto, Ontario 
CHANNEL DATA SYSTEMS Destin, FL 32541 THE COMPUTER STORE HOME COMPUTER CENTER San Antonio, TX 78229 MICRO-WARE . 
Golela, CA 93017 BYTE SHOP Burlington MA 01803 Rochester, NY 14607 WICHITA COMPUTER SYSTEMS Toronto, Onta"o M4E 2L2 
RAINBOW COMPUTING fort Lauderdale, fL 33334 THE COMPUTER STORE THE COMPU TER CORNER W'ch'ta F II TX 76301 COMPUCENTRE 
Granada Hills, CA 91344 COMPUTERLAND Cambridge MA 02139 White PlainS, NY 10601 U~~H a s, Montreal, Quebec HIJ IZ4 
JAOE COMPUTER PRODUCTS Fort Lauderdale, FL 33308 ' READOUT COMPUTER STORE fUTUR BYTE 
Hawthorne, CA 90250 COMPUTERS fOR YOU ~~~rl;~~:n MA 02129 Williamsville, NY 14221 ~DP SY~iE~~21 Montreal, Quebec H3B 3C9 
BYTE SHOP OF HAYWARD fort Lauderdale, fL 33312 MAD HATTER SOfTWARE NORTH CAROLINA c~g~~iJTER CONCEPTS GROUP CUSTOM COMPUTING SERVICES 
Hayward, CA 94541 DATA MOVERS Dracut MA 01826 BYTE SHOP -Sail Lake Cit UT 84 109 Saskaloon, Saskatchewan S7K 2B5 
COMPUTERLAND OF HAYWARD fort Meyers, fL 33901 NEW ENGLAND ELECTRONICS Charlotte, NC 28212 THE HI-fi S~OP DIGITAL SERVICE 
Hayward, CA 94541 f OCUS SCIENTifiC ENTERPRI SES Needham MA 02194 COMPU TERLAND SallLak C't UT 841 17 Saskatoon, Saskatchewan S7J 3A9 
COMPUTERLAND OF WEST l.A. M"mi, fL 33132 NEW ENGLAND ElECTRONICS Charlotte, NC 28205 VERM~N?' PUERTO RICO 
Inglewood, CA 90302 GRICE ELECTRONICS Sp"ngfield MA 01103 f UTUREWORLD COMPUTERMART MICROCOMPUTER STORE 
COMPUTER COMPONENTS Pensacola, fL 32589 MICHIGA'N Durham, NC 27707 Essex J ncfo VT 05452 RIO Piedras, PR 00921 
Of SOUTH BAY COMPUTER AGE BYTE SHOP u I n, ENGLAND 
Lawodale CA 90260 Pompano Beach FL 33062 NEWMAN COMPUTER EXCHANGE Greensboro NC 27401 VIRGINIA BYTE SHOP 
COMPUTERLAND Of SOUTH BAY PAPERBACK BOOKSMITH Ann Arbor, MI 48104 MICROCOMPUTER SERVICES COMPUTER HARDWARE STORE Illard, Essex 
Lawndale CA 90260 Sarasola fL 33581 NEW DIMENSIONS IN COMPU TING Hickory NC 28601 Alexand"a, VA 223 14 INfOGUIDE 
A-VIDD ELECTRONI CS AMf ElECTRONICS EaslLanslOg, MI 48823 BYTE SHOP Of RALEIGH COMPUTERS PLUS London 
Long Beach, CA 90815 Tampa, FL 33612 COMPUTER HOUSE DIV. Raleigh, NC 27605 Alexand"a, VA 22304 CYTEK 
COMPUTERLAND MICRO COMPUTER SYSTEMS Jackson, MI 49202 OHIO COW, INC. Manchesler M4 3E4 
Los Alios, CA 94022 Tampa, fL 33609 COMPUTERLAND Of BASIC COMPU TER SHOP Blacksburg, VA 24060 PETSOFT 
BYTE SHOP COMPU TER CENTER Of GRAND RAPIDS Akron, OH 44314 HOME COMPUTER CENTER Newbury, Berkshire RGI3 IP8 
Mountain View, CA 94040 PALM BEACHES Kentwood, MI 49508 CINCINNATI COMPU TER STORE Newporl News, VA 23606 KEEN COMPUTERS 
HOBBY WORLO ELECTRONICS Wesl Palm Beach, fL33409 COMPUTRONIX Cincinnah, OH 45246 COMPUTER TECHNIQUES Noilingham NG7 IfN 
Northr idge CA 91324 GEORGIA Midland, MI 48640 21ST CENTURY SHOP RIChmond, VA 23235 T & V JOHNSON 
COMPUTERS'MADE-EASY ADVANCE COMPUTER TECHNOLOGIES COMPUTER MART Of ROYAL OAK Cincinnal i OH 45202 THE COMPUTER PLACE MICROCOMPUTERS 
Palmdale CA 93550 Allanla GA 30328 Royal Oak, MI 48073 DIGITAL D'ESIGN Roanoke, VA 24015 Camberly, Surrey 
BYTE SHelP OF PLACENTIA CO MPUSHOP TRI CITY COMPUTER MART CinCinnali OH 45202 CdMP~IER WORKSHOP PETALECT 
Placenlia, CA 92670 Allanla, GA 30342 SaglOaw, MI 486D3 CYBER SHOP Sp"ng,leld , VA 22151 Waking, Surrey 
COMPUTER CENTER DATAMART CO MPUTERLAND Co lumbus OH 43227 COMPUTERLAND J&J ELECTRONICS 
Riverside, CA 92503 Allanla , GA 30305 Soulhfleld, MI 48034 MICRO MiNI COMPUTER WORLD Vienna, VA 22180 Bexhill-on-Sea , East Sussex 
CAPITOL COMPUTER SYSTEMS THE LOGIC STORE LEVEL fOUR PRODUCTIONS Columbus OH 43213 HOME COMPUTER CENTER OPTRONICS 
Sacramenlo, CA 95821 Columbus, GA 31906 Weslland, MI 48185 COMPUTER SOLUTIONS Vllg,"" Beach, VA 23452 Twickenham !WI 4RY 
COMPUTER LAND COMPUTERLAND OF ATlANTA MINNESOTA Daylon, OH 45409 WASHINGTON DENMARK 
San Bernadino, CA 92404 Smyrna, GA 30080 COMPUTERLAND OAYTON COMPUTER MART OMEGA NORTHWEST MICRO SYS 
CO MPUTERLAND OF SAN DIEGO HAWAII Bloomington, MN 55431 Daylon, OH 45409 Bellevue, WA 98004 Copenhagen VIBYJ 
San Diego, CA 92111 CO MPUTERLAND MINN. MICRO SYSTEMS ASTRO VIDEO ELECTRONICS COMPU TERLAND OF SO UTH FRANCE 
CO MPUTER MERCHANT Honolu lu, HI 968 13 MlOneapoils. MN 55454 Lancasler , OH 43130 KING COUNTY SVEA 
San Diego, CA 92115 MICROCOMPUTER SYSTEMS MISSISSIPPI CO MPUTER LAND Of CLEVELAND f ederal Way, WA 98003 - Paris 75008 
COMPUTERLAND OF Honolulu, HI 96813 OXFORD SOFTWARE CO. Mayfield Heighls, OH 44121 YE OLOE COMPUTER SHOPPE GERMANY 
SAN fRANCISCO RADIO SHACK (Dealer) Oxford, MS 38655 RADIO SHACK (Dealer) RIChland, WA 99352 BECK COMPUTERS 
San francisco, CA 94 105 lihue, HI 96766 MISSOURI SI. Clairsville, OH 43950 ~HEllfO~AU~~~ I~HOPPE 8 Munchen 70 
VIDEO GAMES & COMPU TERS IDA~O fORSYTHE COMPUTERS OKLAHOMA ea e, ING. W_ HOfACKER 
San Francisco, CA 94 11 8 NORTHWEST COMPU TER CENTER Clayton, MO 63105 HIGH TECHNOLOGY EMPIRE ElECTRONICS 8 Munchen 75 
COMPUTERLAND Of SAN JOSE Boise 1083704 COMPUTER COUNTRY Oklahoma Cily OK 73106 Seattle, WA 98 166 HOLLAND 
San Jose, CA 95129 ILLINOIS f lorissanl. MO 63031 MICROLITHICS' PERSONAL COMPUTERS COM PUT RON 
CO MPUTERLAND (Central) COMPUTERLAND OF GREATEST GRAPHICS Oklahoma Cily OK 73127 Spokane, WA 99202 Den Haag 2502 ER 
San Leandro, CA 94577 ARLINGTON HEIGHTS Springfield, MO 65804 HIGH TECHNO'LOGY COMPUTERLAND ITALY 
BYTE SHOP Arlinglon Heighls, IL 03904 NEBRASKA Tulsa, OK 74129 Tacoma, WA 98499 HOMIC MICROCOMPUTERS SRl 
San Louis Obispo, CA 93401 fARNSWORTH COMPUTER CENTER OMAHA COMPUTER STORE OREGON WISCONSIN 20123 Milano 
MARIN COMPUTER CENTER Aurora IL 60505 Omaha, NE 681 27 THE COMPUTER STORE BYTE SHOP OF MILWAUKEE SCOTLAND 
San Ralael , CA 94903 KAPPEL'S COMPUTER STORE NEVADA Corvallis, OR 97330 Greenfield, WI 53227 MICRO CENTRE 
ADVANCED COMPUTER PRODUCTS Belleville, IL 62220 HOME COMPUTERS CAMERA AND COMPUTER ~0~PUTE~~5~~ II Edinburgh EH3 5AA 
Sanla Ana, CA 92705 DOW-COM Las Vegas, NV 89109 EMPORIUM a lSon, SINGAPORE 
BYTE SHOP Carbondale, IL 62901 NEW HAMPSHIRE Portland, OR 97205 ~A~,~SoON ~~~:7~TIER STORE THE COMPUTER CENTRE PTE. l TD. 
Santa Clara, CA 9505 1 BYTE SHOP TRS-80 SOfTWARE EXCHANGE COMPUTERLAND OF PORTLAND C;M'pUiERLAND Singapore 7 
CO MPUTER fORUM Champaign, IL 61820 Millord, NH 03055 Tigarl, OR 97223 · SWEDEN 
Sanla Fe Springs, CA 90670 THE ElEKTRIK KEYBOARD COMPUTERLAND Of NASHUA PENNSYLVANIA ~o'lw~uAkeeE' WI 53222 MICROFUTURE 
THE COMPUTER STORE Chicago, IL 60614 Nashua, NH 03060 BYTE SHOP X LL Y Stockholm 10322 
Sanla Monica, CA 90401 EMMANUEL B. GARCIA JR. BITS, INC. Bryn Mawr, PA 19010 COMPUTER STORE SEMIDAKO 
SANTA ROSA COMPU TER CENTER AND ASSOCIATES Pelerborough, NH 03458 PERSONAL COMPUTER CENTER ~~~h~I~~54956 Uppsala 75353 
S.nla Rosa, CA 95404 Chicago, IL 60613 NEW JERSEY Frazer PA 19355 SWITZERLAND 
BYTE SHOP PERSONAL COMPUTER COMPUTER LAB OF NJ COMPIJTER AID ~~MPUTER J~~~6~1S INTERFACE TECHNIC 
Suisun, CA 94585 Chicago, IL61820 Budd Lake, NJ 07828 Latrobe, PA 15650 eyenne, Basel 
COMPUTERS PLUS COMPUTERLAND COMPUTER EMPORIUM THE COMPUTER WORKSHOP AUSTRALIA INGENIEUBUREAU 
Sunnyvale, CA 94087 Downers Grove, IL60515 Cherry Hil l, NJ 08002 Murrysville, PA 15668 ~~~~~~~~~%~NCEPTS PTY. LTD. Basel 1 

BYTE SHOP Of TARIANA CO MPUTER STATION P.S ... VISICALC-How d,·d you Sydney N SW DIALOG COMPUTER 
Tarzana, CA 91356 Granile City, IL 62040 ' .. . Lu cerne 
CO MPUTERLAND OF ORCUTT BUSINESS MACHINES ~~:P~~~OP ELBATEX 
i~~u~~~DO~k~K~A 91360 La Salle, IL 61301 ever do without It? Calgary, Alberla T2N 2M Wellingen 

Circle 302 on inquiry card, BY T E June "1979 143 



1 INPUT "WIND, MPH: ",W 
2 PRINT "WHEEL ANGLE, DEGREES", 
3 PRINT TAB(25),"CAR DEVIATION, FEET" 
4 FOR J=1 TO 10 
5 PRINT %7F1," ",A*10, 
6 PRINT %7F1,TAB(25),1 
7 D=.05*W+A 
81=I+D 
9 A1=-2*(I+.8*D) 

10 A=A+.200* (A 1-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 
WHEEL 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 al7gle which will counteract the force of the blowing wind. If you 
repetitively use the same wind value, you will see that a steady wheel angle 
is arrived at. (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 .. . . RGACj 
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an integrator, and so puts a lag into the con­
trol process. Th is alone would not cause a 
problem, but Chip also contains a transport 
lag; he cannot actua(ly produce an output 
at' the same instant that the input occurs, 
nor can our program since it is evaluating 
equations one at a time. The integration lag 
we take care of by add i ng to the posi tion I 
(which Chip senses) the variable D, which is 
approximately the first derivative of the in­
put quantity . He senses the input quantity 
with some emphasis on its rate of change, 
which is actually a realistic model of human 
perception. This part of the stabilizing of 
the control action is done in step 9: 

9 A1=K3*(1+0.8*D) 

We have computed a variable A 1, the 
angle which the wheel would assume if Chip 
reacted instantly . But to handle the trans­
port lag, we must slow his reponse , letting 
only a fraction K5 (between 0 and 1) of it 
occur during anyone iteration. That is what 
step 10 does: 

lOA = A + K5 * (A 1 - A) 

This slowing technique will be used in 
the larger simulator next time. To see how it 
works, set Alto 10.00, K5 to 0.25, and A 
to 0, and then simply keep doing step 10 
with pencil and paper. A will gradually 
approach the value 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 control loop, printing wheel 
angle A and car position deviation I each 
time. A positive number means the wind 
is blowing, 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, give 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'll see 
that, in general, control systems control 
what they sense, not what they do. We'll 
discover something called a reference signal, 
which functions in a control system exactly 
the wayan inner purpose has always been 
supposed to function. In part 2, we'll see 
how perception figures into control. And 
we'll start working with a more extended 
BASIC simulator than the tiny one in listing 
1. Parts of this simulator will be suitable for 
building into the computer part of a robot, 
should anyone want to carry matters that 
far.-
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Henry Melton 

2511 Dovemeadow Dr 
Austin TX 78744 

H 

The 1802 Op Codes 
The RCA/Hughes 1802 is an 8 bit micro­

processor with a small but growing following . 
Its ease of interface and low CMOS power 
requirements make it attractive for many 
small appl ications. Th e accom panying chart 
of op codes for the 1802 ill ustrates all 
of the 255 var iation s. I have used th e 
RCA mnemonics. 

The 1802 is organ ized around sixteen 
16 bit registers. These can be used as pro-

gram counters, index registers, subroutin e 
pointers , and ge neral data storage registers. 
The in terrupt and direc t memory access 
features of the 1802 also mak e use of 
specific registers fo r their operation . Th ere 
is an 8 bit accumul ator (D), and three 
1 bit flags: DF for the carry fl ag, IE for the 
interrupt enabl e flag, and Q for the direct 
output f lag . There are also fo ur 4 bit regis­
ters : two to hold the current op code, one 

o -Branch and skip 
Immediate operand instructions 

I nput /output operations 

Low Nybbl. 

A C D 

IDL LON 1 LDN 2 LDN 3 LON 4 LDN 5 LON 6 LDN 1 LDN 8 LDN 9 LDN A LON B LDN C LON 0 LDN E LON F 

1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 

INC 0 INC 1 INC 2 INC 3 INC. INC 5 INC INC 7 IN C 8 IN C 9 INC A IN C B INC C INC 0 INC E INC F 

1 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 

DEC 0 DEC 1 DEC 2 DEC3 DEC. DEC 5 DEC , DEC 1 DEC 8 DEC 9 DEC A DEC 8 DEC C DEC D DEC E DEC F 

1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 

8R 80 BZ BDF.8PZ 81 82 83 8. N8R.SKP 8NO 8NZ 8NF.8M 8Nl 8N2 BN3 8N4 
8F E 8 L 

2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 

LDAO LDA 1 LDA 2 LDA 3 LDA 4 LDA 5 LDA6 L DA 7 LDA 8 LDA 9 LOA A LDA 8 LDA C LOA 0 LDA E LOA F 

1 1 1 I 1 I 1 I I I 1 I 1 1 1 1 

STR 0 STR 1 STR 2 STR 3 STR 4 STR 5 STR STR 7 STR 8 STR 9 STR A STR 8 STR C STR 0 STR E STR F 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

~ ~~' O~T& I~~d IN 1 ~ : liII ~ ,~j~I~N " il',;~1~ 11116 Ip! 

~' o ' 1 ' of 
;::; , 1I1)f , .I 

; 1 RET DIS L X DA STXD ADC SD8 ~~~g SM8 SAV MARK ':flEO sea 11 • SHLC I 
N 
Y 
b 
b 
I 
• 9 

A 

C 

o 

1 

GLO 0 

1 

GHIO 

1 

PLO 0 

1 

PHIO 

1 

L8R 

3 

SEP 0 

1 

SEX 0 

1 

LDX 

1 

1 1 

GLO 1 GLO 2 

1 1 

GHll GH I 2 

1 1 

PLO 1 PLO 2 

1 1 

PHil PHI 2 

1 1 

L BO LBZ 

3 3 

SEP 1 SEP 2 

1 1 

SEX 1 SEX 2 

1 1 

OR AND 

1 1 

1 1 1 1 

GLO 3 GLO 4 GLO 5 GL06 GLO 7 

1 1 1 1 1 

G HI 3 GHI4 GH I 5 GHI GH I 7 

1 1 1 1 1 

PLO 3 PLO 4 PLO 5 PLO 6 PLO 7 

1 1 1 1 1 

PHI 3 PHI4 PHIS PHI PHI7 

1 I 1 1 1 

L8DF NOP LSNO LSNZ LSNF 

3 1 1 1 1 

SEP 3 SEP 4 SEP 5 SEP 6 SEP 1 

1 1 1 1 1 

SEX 3 SEX 4 SEX 5 SEX 6 SEX 7 

1 1 1 1 1 

XOR ADD SO SH I SM 

1 1 1 1 1 

RSHL 
1 1 

~'W o 140 1 

GLO 8 GLO 9 GLO A GLO 8 GLO C GLO 0 GLO E GLO F 

1 1 1 1 1 1 1 1 

GHI8 GHI9 GH I A GH I8 GH I C GHI O GHIE GHI F 

I 1 1 1 1 1 1 1 

PLO 8 PLO 9 PlD A PLO 8 PLO C PLO 0 PLO E PLO F 

1 1 1 1 1 1 1 1 

PHI 8 PHI9 PHI A PHI B PHI C PHID PHI E PH IF 

1 1 1 1 1 1 1 1 

N L8R L8NO L8NZ LBNF LSIE LSD LSZ LSDF 
LSKP 

1 3 3 3 1 1 1 1 

SEP 8 SEP 9 SEP A SEP B SEP C SE P D SEP E SEP F 

1 1 1 1 1 1 1 1 

SEX 8 SEX 9 SEX A SEX B SEX C SEX 0 SEX E SEX F 

1 1 1 1 1 1 1 1 

~~tl~~ k~~~ C~~~ ~.~~~~ l~~,~ ~~~~~ SHL • 1 

Table 7: RCA /Hughes 7802 instruction set. The op codes and the number of bytes used by each are shown. 
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to design ate which of th e R registers is the 
program counter, and one to designate 
which of th e R registers is the index poin ter. 
Las tl y, there are four EF ex tern al pins th at 
are se nsed as co nditional branch fl ags . 

11 co mmands make up the bulk of the 
1802 op codes. Each is 1 byte in length, 
with the firs t nybbl e desi gnatin g the opera­
tio n, and the last nybbl e act ing as a 4 bit 
immedi ate operand . They acco unt fo r 175 
of the op codes (LDN does not operate on 
register 0) and all ow data t ransfer to and 
fro m th e R indexed memory, incrementing 
and decrementing th e R regis ters, and 
sett ing the P and X registers . Th ere are 
fo ur major operations (h exadecim al 80 
through BF) that move bytes of data between 
the accumul ator and the two halves of th e 
16 bi t registers. 

Th e arithm etic and log ical operations 
use the accumul ator with either th e immedi­
ate data or th e indexed memory co ntents 
as the other operand . 

There are th ree types of branches. The 
short branch uses th e imm edi ate ly fo ll owing 
byte as the next address in the local 256 
block of memory space. Thi s is not a relative 
ju mp ; th e immediate data just replaces the 
low by te of the program co un te r. Th e long 
branch uses the two foll ow ing bytes, high 
byte firs t, to co nstruct the branchin g add ress . 
Th e skip instructions skip ove r foll owi ng 
in structions if the tested condi t ion is t rue . 
The short skip skips onl y one byte, but all 
the others sk ip over two bytes of code . 
Notice that the short branch in stru cti ons 
inc lud e the ex tern al fl ags as poss ibl e testab le 
conditi ons, all owing quick di rect se rial inp ut. 

There is also a set of I/O (input/outpu t) 
instructions to t ransfer a byte to o r from 
one of seve n poss ibl e I/O ports. Th e external 
Q pin can be set or rese t to give quick di rect 
ser ial outpu t. 

The SAV, MARK, RET, and DIS inst ruc­
t ions can be used to impl ement recoverab le 
interrup t and nested sub routin es by using 
a stack in memory. 

Th e las t in structions are NOP and IDL. 
The IDL inst ruction pl aces the machine on 
ho ld until an in te rrupt or direct memory 
access request occurs. 

The 1802 is a well -designed compu te r 
package, and CMOS is the technique in 
Qattery powered applications .• 

SINGLE HEAD DRIVES 
TF-1 X Choose Pertec 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-80 PERIPHERALS & SUPPLIES 

PRINTERS 
LP779TR Centronics Model 779 with tractors 
LP1 Centronics Model Pi 
Integral Data w/tract. 
Cables (Centronics) 

$1179 
$399 
$949 

$39 
MEMORY 

16KM 16K RAM Kit 
NEW PRODUCTS 

AC-1 A.C. Line Interference Eliminator 
NKP Numeric 16-Key Pad Kit 

$74 

$18_95 

TRS-aO 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 

Special $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, Ave. Bldg. 2 
Denver, CO. 80222 

303-758-7275 

MICROCOMPUTER 
TECHNOLOGY INC. 
2080 S. Grand Ave. 
Santa Ana, CA. 92705 

714-979-9923 
ORDERING INFORMATION: Cash. check Money Order or Credit Card (MC or VISA). COO's 
lequire 20% deposi t. Orders will be processed ;lI1d shipped wi thin 3 to 10 days of receipt of order. Customers 
will be noti fied of any delay over 30 days. 
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The History of ComQuting 
. The IBM 7070- ---
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A typical IBM 7070 

IBM 7070s undergo ing 
final checkout before shipment. 

configuration. The engineering console 
(for repair diagnostic information) is in the table in the foreground. 



The second computer generation is 
said to have begun with the advent of 
the transistor . An equally important ad­
vance was the realization 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 
build instructions that simplified com­
piling of programs, such as editing, table 
lookup and string scanning 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
sent a digit, of which exactly two were 
"on". The five bits were assigned values 
of 0,1,2,3 and 6, so a little fudging had to 
be followed in order to represent O. 
Since 3 can be represented two ways, 0-3 
or 1-2, the former was used as the value 
for 3 and the latter for o. Alphabetic 
characters were represented by digit 
pairs; hence, only five letters could be 
stored in a word . To distinguish between 
alphabetic and numeric representation , 
three signs were allowed: +, - , and @ , 
represented by the codes for 9, 6, and 3, 
respect ively. 

Two memory sizes, 5,000 and 9,990 
words, were available. The larger size 
could have been 10,000 words, but ad­
dresses 9991-9999 referred to addres­
sab le registers, including three ac­
cumulators . 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 sta rt of a new decimal based family 
of computers if I BM had added a 
memory paging feature to allow for ex­
pansion . 

The instruction format used the sign 
and first two digits as an operation code, 
two digits for an indexing address, two 
digits for field definition or instruction 
augmentation, and four digits for an ad­
dress. Hence, 200 different instruction 
types and 99 index words were possible. 
In fact, 190 instructions were imple­
mented, and memory locations 0001 
through 0099 could be used as index 
" registers ." Field definition allowed 
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. 

I/O (input/output) units did not look 
mu ch different from first generation 
eq uipment, but in fact embodied several 

significant improvements. Magnetic 
tape units could read and write in low 
(200 bits per inch) or high density (556 
bits per inch). Data channels allowed 
overlap of data transfer and processing, 
and a priority I/O scheme allowed for 
simultaneous peripheral operation on 
line-spooling, as it is still called. The 
idea behind spooling 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 
called block transmission. A record 
could be read into several noncon­
tiguous blocks of memory under control 
of ROWs (record definition words). The 
programmer specified 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 sequence had a 
positive sign except the last one, which 
was negative. If the physical record end­
ed before all definitions were exhausted, 
the remaining were ignored . If the last 
record definition word was exhausted 
before the end of the record was reach­
ed, the remaining data were not transfer­
red into memory. When a record was 
written, record definition words were 
similarly 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 eas ily 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 equal · sign (:1=) . 
When the tape was read under record 
mark control, the normal sequence of 
data transmission to storage 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 
contained : 

ABCDEFCHI:1= JKLM:1= NOPQR 

and a tape read per record mark control 

Keith 5 Reid-Green 
Member of Technical Staff 
RCA, David Sarnoff Research Center 
Princeton NJ 08540 
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instruct ion referred to the record defini­
tion words: 

+ 001 0001 005 
+ 0014601480 
- 0019992999 

words 1000 thru 1005 
words 1460 thru 1480 
words 1999 thru 2999. 

ABCDE would be read into loca tion 
1000, FCHI into 1001 , JKLM into 1460 
and NOPQR into 1999. 

A major problem arose because of the 
special nature of alphabetic data. In 
first generation computers , conventions 
had been es tabli shed regarding coding 
of alphabetic characters on tape, and 
these conventions were carried on into 
the 7070. Some means of differentiating 
between alphabet ic and numeric data 
had to be established, however, since 
th e old-fashioned " overpunched " 
numeri c sign used in unit-reco rd equip­
ment and early computers could not 
always be distinguished from alphabetic 
characters . This problem was resolved 
on the 7070 by assuming that a tape was 
alphabetic until a d elta character was 
read, whereupon the delta was not 
transferred into memory, but served in­
stead to change the mode of data 
transfer to numeric. The next delta 
flipped the mode back to alphabetic, 
and so on . A delta on the seven track 
BCD (binary coded dec imal) tape (in 
which the tracks were labeled CBA8421) 
consisted of the CB8421 bits. Thus the 
three words: 

+ 012344321 0 
- 5678998765 
@7461796368 

would be written on tape as 6 01234-
43210S6789987656 MARCH . When re­
read into a 7070, a perfec t translation 
took place back into the three . words 
shown above. However, when read into 
any other computer, the delta char­
acters transferred into memory, giving 
IBM 1401 programmers considerable an­
noyance. Nevertheless, it is safe to say 
th at the 7070 represented a very large 
step between first generation and 
modern computers . Most apparent 
among the second generation refine­
ments was the recognition that com­
puters did not have to be classified as 
commercial or scientific machines but 
in fact could be used to solve problems 
in both of the disciplines. On the one 
hand, the reco rd definition word con­
cept made sort ing ext remely fast, while 
hardware implemented floating point in­
st ru ct ions were ava il ab le for calcula­
ti o n. _ 
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Lass Cost 
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. 

Lass Hardwara 
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system-the DISCOMEM Controller Board, a 32K 
memory board, and any 8080, 8085 or 280 CPU 
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The INFO 2000 Disk Sys­
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times are up to 8 times fast­
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A full disk-to-disk copy and 
verification takes well under 
a minute. Formatting and 
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ute. Reloading CP/M' from 
diskette takes a fraction of a 
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tems. i1 
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2 ANSI FORTRAN IVs, several assemblers, text editors, de­
bugging tools, utilities and numerous applications packages. 

Lass 
Errors 
This disk system uses full 
size 8" diskettes and stan­
dard IBM 3740 recording 
format. So you're assured 
superior protection against 
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INFO 2000 Disk Systems are also available for Digital Group and Heath H8 microcomputers. 
Dealer inquiries welcomed. 

'CP/M is a registered trademark of Digital Research . ·!'Ext ra cost option. 
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and Entropy 

Although this article is written with a 
sense of science fiction creativity and 
speculation, the concepts involved are based 
on sound ideas that recently won for Ilya 
Prigogine the 1977 Nobel prize (see refer­
ence 1). No longer can it be said that the 
laws of thermodynamics prohibit the 
creation of artificial intelligence. 

Computer intelligence has long been a 
hazy dream in many enthusiasts' eyes, but 
so often that gleam has been glazed over by 
a rational 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 told what to do. It can't think." 

These valid scientific arguments are 
based , essentially, 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 equilibrium, 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 ~eems to demand that th is 
decrease in information shall always happen 
for mechanical or electrical machines . 

The conclusion that machines will never 
be capab le of thinking seems irrefutable. 

But man is a biological machine, and yet 
he thinks. How can these two seemingly 
contradictory ideas be reconciled with the 
second law? One of the greatest scientific 
puzzles of the last century was that the idea 
of a thinking biological machine cannot be 
brought into accord with the laws of equilib­
rium thermodynamics! The paradox stands . 

The brilliance of I Prigogine lay in his 
recognition that another regime far from 
local thermodynamic equilibrium may exist 
for complex interacting systems. Exactly 
what this new regime is all about took many 

years of study to formu late and understand, 
but in the last two years the verification of 
this new thermodynamic concept has been 
achieved by a small but convincing number 
of chemical experiments (see reference 3) . 
Simply, the new thermodynamic regime is a 
regime for from equilibrium where semi ­
steady state modes of collective interactions 
can self-organize in complex systems. In this 
collective mode of self-organization, far 
from thermodynamic equilibrium, the 
entropy of the system drops dramatically; 
the information content rises. The increasing 
entropy dictum of the second law is no 
longer valid because the system is not in 
equilibrium . 

The key features of systems that can 
support 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 cond itions seem to be necessary 
but not sufficient. A complex system that 
has these properties need not self-organize 
into an entropy decreasing mode, but if 
these conditions are met, the low entropy 
modes are now scientifically recognized 
possibilities. 

Theoretical models of complex chemical 
systems have indicated that the minimum 
number of subparts that will form a collec­
tive mode far from equilibrium is measured 
in the thousands. This result is striking; it 
could have been that it wou ld 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 non­
linearily can , for certain ranges of parame­
ters, flip into self-organized modes of 
decreasi ng entropy. 

For the first time, thermodynamics 
(albeit of the nonequilibrium variety) can 
be used to substantiate entropy decreasing 
modes, biological systems, and thinking 
machines! Using these ideas as a basis, it is 
conceivab le that a collection of subsystem 
computers linked together nonlinearly 
could, for certain ranges of coupling parame­
ters , self-organize into a collective mode of 
operation in which the entropy of the 
complex system decreases. 

The gleam in the young experimenter '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 project would 
have been economically impossible, but now 
with the advent of cheap small volume 
microp rocessors it is conceivable that, say, 
ten thousand computer subsystems could be 
assembled and linked together in one com­
pl ex. Moreover, following the theoretical 
advances pioneered by I Prigogine, such a 
complex might be arranged to operate in a 
collective mode far from equilibrium in 
wh ich the entropy content drops dramati­
cally, the information content skyrockets, 
and the idea of artificia l intelligence need no 
longer be squashed by thermodynamic 
dictum. It indeed may be possible to create a 
thinking machine. 
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Appendix: Collective Mode Systems of Low Entropy 

After I subm itted the above article to 
BYTE, ed itor Carl Helmers asked if I could 
provide a tutorial example explaining the 
ideas of a collective mode system with low 
entropy. Perhaps the most striking example 
of such a system is given by the laser (see 
reference 4). 

The typical laser consists of an optical 
cavity, a set of atoms - such as He-Ne­
connected to the outside world by means of 
a power supply. Energy flows continually 
into (and out of) the system so it cannot be 
considered to be isolated . If the system gain 
parameter is below a critical value, the gas 
atoms may be excited by the energy source 
and subseq uently release their excess excita­
tion energy through the emission of 
photons. The photons all have random 
phase, ie: the emission of photons by the 
various atoms in the gas is random, and not 
coherent. The system has a high entropy 
content associated with the disorder and the 
random em ission of photons. The system 
does reach a steady state; not a collective 
mode state, and not a state of equilibrium, 
because it continually receives energy across 
its boundary . 

I f the gain parameter of the system is 
slowly increased to above the critical value, 
a dramatic transition takes place - far from 
equilibrium. The system lases, ie : the gas 
atoms no longer emit the photons in a 
random manner, but instead they de-excite 
in a coher.ent collective mode. The emission 
of one photon from one atom stimulates the 
emission of another photon from ano ther 
atom, and so on . The photons are emitted 
with the same phase; disorder has been 
removed, and the system entropy drops 
dl·amat ically . 

HIGH ENTROPY E~E RGY 
INPuT 

RANOOM PHOTONS~ MIRR ORS 

Figure 1: 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. 

LO W ENTROPY 

PHASE LOCKED PHOTONS 

ENE RGY 
INPu T 

MIRRORS 

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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The almost incredible feature of many 
complex systems interact ing nonl inear ly is 
that they may self-organize into these low 
entropy modes. In particular, biological 
systems appear to be of this type. Numerous 
examp les of collective mode systems appear 
in the physical world , but most of them 
occur at low temperature; super conductors 
and super fluids are examples. The self­
organizat ion into collective modes far from 
equi librium at modest to high temperatures 
is yet another idea. -
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Like many an individual who uses com­
puters at work and for personal purposes, I 
have a tendency to write. At work, this 
tendency is expressed in the usual ways as 
memos, project oriented documentation 
and more general papers. In personal life, 
this tendency is ex pressed by the existence 
of this article and several others which 
preceded it. 

After some considerable chicken scratch­
in g it became apparent that my method for 
coll ecting ideas and creating a fin al manu­
script was not optimum. The problem 
became clearly defined when one day I 
looked up from my note pad on ly to see my 
IMSAI arrogantly sleepin g while I worked. 

The I iterary approach I had been using 
was reasonably conventional. First in the 
procedure was the generation of an outline 
which contained 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 draft was then reviewed an d 
changes made until legib ility was threat­
ened. If the writing had been fo r "work" 
the next step would have been to have the 
draft retyped. However, as wr itin g for 
microcomputer journals is a private pursuit, 
a paid typist is used sparingly. 

The next step was therefore to go back 
through the draft and reedit, being very care­
ful with es and is, and then to give it to the 
typist for final preparation . Th e typist's job 
was to take the grubby and somewhat ill egi ­
ble pile of paper and transform it into a 
nicely typed manuscript suitable for submis­
sion. However, the last step was in variably 
one of carefully ap plying correction fluid, 
scissors and tape in the proper proportions 
to assembl e a truly final version . Usually the 
alterations were due to my own errors, 
though my excell ent typist often adds a few 
variations as part of her own editing contri­
bution . As a result, I have never sent an 
original to an editor, always a copy which 
hid the horrors of the manuscript's creation . 
After all, what editor wants flakes of dried 
correction flu id sprin kled on h is or her 
clothes and desk? 

A few further considerations convinced 
me that it was time to make a change. First, 

I cannot stand reading my own handwriting. 
Second, I can type much faster than I can 
write . Third, it was a convenient time to de­
sign an editing system_ The reason for the 
latter was that I had a video displ ay , IMS AI 
and North Star disk combination at home 
and a ve ry ni ce Diablo printer, Altair 8800B 
and North Star disk setup avail able at work. 
Thus there was basic compatibility between 
the two systems via the floppy diskette. I 
had taken care to ass ure that the two sys­
tems were software compatible, particularly 
with respect to 10. 

The general idea was to use niy personal 
system to compose and edit versions of a 
manuscript and then to bring the fini shed 
form, on diskette, to work to be printed out 
on the Diablo. In practice it turned out to be 
more conve ni ent to have li sti ngs of the vari­
ous versions to work from. This made 
the iterations mu ch easier. There is no I'e­
pl aceme nt for hard copy when writing either 
a program or an artic le. 

One of the goals established for the even­
tual ed itor software was that it shou ld not 
be unique to my particular hardware con­
figuration . Rather it was to be translatabl e 
to other systems with a minimum of change. 
For this reason BASIC was chosen as the 
implementation language, tho ugh machine 
language would have led to a much better 
utili zation of memory as we ll as higher 
speed. The particular BASIC used was North 
Star, Version 6, Release 3. This interpreter 
has st ring manipulation functions which are 
very convenient for developing editing rou­
tines. These functions can also be translated 
into counterparts a la Microsoft BASIC. This 
will be discussed more later. 

Text editors naturally require significant 
computer sto rage capabi liti es. The one 
shown in li sting 1 is no exception. For those 
who have disk based systems othe r than 
North Star, the conversion of this program 
for use with another system would be 
through changes in the disk access subrou­
tines which are clearly defined on the li st ing. 
For those who do not have disk hardware, 
but rather cassette 10, storage and retrieval 
can also be accomplished through the disk 
access subroutines after the approp ri ate 
mod ifications are made. 

The program also has the ability to auto­
matically save and retrieve the text from 
active memory. This is presently not in ef­
fect in the vers ion shown in listing 1, but 
can be brought to li fe by re moving state­
ments 2000 and 2100. Thi s feature is usefu l 
if the computer is a little unstable and has a 
tendency to crash; at least the latest text 
version might be saved in a protected mem­
ory region if the program did not get as far 
as savi ng the text on diskette or tape. The 
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Listing 7: This BASIC program is the complete listing of the text editor. 

10 REM EDITOR, VERSION 6, AS OF 1600 HOURS, 113 1/78 
20 RtM WRITTEN BY F.R. RUCKDESCHEL 
30 REM 773 JOHN GLENN BLVD. 
40 REM WEBSTER, NEW YORK 14 580 
50 REM NEW PARAGR APH CHARACTER= & 
60 PRINT "ENTER MAXIMUM LINE LENGTH", 
70 INPUT M1 
80 PRINT " ENTER LETTER LENGTH", 
90 INPUT M2 
100 DIM A$(M2) ,G$(M1 ) ,B$(2000) ,E(300) 
110 PRINT "INPUT BEGINNING STORAGE LOCATION (DECIMAL): " 
120 INPUT Y9 
130 REM TEST TO CHECK IF LETTER I S NEW 
14 0 PRINT "NEW LETTER (N) OR RESTART (R): 
150 INPUT G1$ 
160 IF G1$(1,1)="N" THEN GOTO 190 
170 GOSUS 2010 
180 GOTO 380 
19 0 A$="" 
200 G$ """ 
210 L=O 
220 B$="" 
230 PRINT "GET LETTER FR OM FILE? (YIN): " 
240 INPUT H$ 
250 IF H$(l,l)<>"Y" THEN GOTO 300 
260 PRINT "INPUT NAME OF LETTER : " 
270 INPUT Z$ 
280 GOSUB 15 30 
290 GOTO 630 
300 REM STA RT OF NEW LETT ER 
310 L=L+1 
320 PRINT %4I,L, 
330 INPUT G$ 
340 IF G$="l" THEN GO TO 630 
350 A$=A$+G$ 
360 GOTO 310 
370 REM •••••••••••••••••••• 
380 REM ENTER EDIT MODE 
390 PRINT "EDIT SUBR OUTINE " 
400 PRINT "ENTER LINE NUMBER TO BE EDITTED", 
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 REM ADDITION TO END OF LETTER? 
470 IF L>N- 2 THEN GOTO 1790 
480 Z=2'INT(L/2) 
490 REM INSERTION? F CHANGE IS DEFAULT 
500 IF L<>Z THEN GOTO 1900 
510 PRINT %4I,L,A$(E(L-2)+1 ,E(L)) 
520 PRINT %3I,L, 
530 G$="" 
540 B$="" 
550 INPUT G$ 
560 E(O)=l 
570 IF G$(l,l)<>"l" THEN B$=B$+G$ 
5tiO IF G$(l,l)<>"l" THEN GOTO 550 
590 IF E(L)+l>LEN(A$) THEN A$=A$+" " 
600 A$=A$( 1 ,E( L-2) )+B$+A$(E(L)+l ,LEN(A$)) 
610 GOTO 630 
620 REM •••••••••••••••••••• 
630 REM JUSTIFICATION ROUTINE 
640 PRINT "COLUMN WIDTH", 
650 INPUT W 
6b O PRINT "ENTER PAGE LENGTH: " 
670 INPUT P 
6tlO c=o 
690 S=1\N=2\H=0 
700 PRINT "WANT LINES NUMBERED? (YIN): " 
710 INPUT H1$ 
720 IF H1$(1,1)="N" THEN H=l 
730 IF H=l THEN J9=1 
740 IF H<> l THEN GOTO 7tlO 
750 FOR K=l TO 7 
760 PRINT 
770 NEXT K\GOTO 870 
7tlO PRINT "LIN E NUMBER RANGE: (LOW, HIGH)", 
790 INPUT N8,N9 
tlOO J9=0 
8 10 PRINT "W ANT JUSTIFIED TEXT? (YIN): " 
tl20 INPUT J9$ 
830 IF J9$="Y" THEN J9=1 
840 FOR K=l TO 5 
tl50 PRINT 
tl60 NEXT K 
tl70 T=S 
880 IF T>LEN(A$) THEN GOTO 1220 
890 S=S+W 
900 REM NEW PARAGRAPH FLAG 
910 F=O 
920 IF S> LEN(A$) THEN S=LEN(A$) 
930 IF 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 required and consid­
erable time is consumed performing the 
extra storage function, which is relatively 
slow. 

In the following sections the fundamental 
features of the editor program will 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 examples are given such 
that the user should not have to experiment 
much to determine how the program re­
sponds when kicked in a particular way. 
Following this are comments on software 
items which should aid in modifying the 
present 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 structure is 
sufficiently modular and sprinkled with 
comment statements such that the addition 
of new capabilities should be possible with­
out a total revamping. 

Editor Features 

The object of the editor program is to 
generate a text oriented file which can be 
corrected and expanded with a reasonable 
level of ease. As mentioned earl ier, the file 
may be stored on diskette, tape, or in act ive 
memory. The file can be recalled and printed 
out in two general formats, justified and 
unjustified . In the justification mode, by 
definition, lines are ended between words. 
The chosen line length may be any size as 
long as it is longer than the longest word in 
the text and shorter than the maximum line 
length allowed by the software. In the un­
justified format, printing fills the entire 
line, regardless of whether or not a word is 
broken. 

I n either justification format the program 
will list selected line number groups using 
only even numbers. This allows the user to 
insert lines, when in the edit mode, by 
giving them odd numbers. Inserted lines 
can be any number of ch aracters long with­
in the constraints of memory or dimension. 
The program renu mbers and reformats after 
each ed iting exercise. 

Upon listing, it is the choice of the user 
to have the lines numbered or not. If the 
decision is not to number, the entire text 
will be printed. Otherwise a line number 
range can be chosen. In either case, the 
program goes through the entire text, re­
formats and assigns line numbers. In the 
justification mode defined above this may 
consume a significant length of time as tests 
for the gaps between words and new para-

. graph identifiers must be made. In the un-



for memory, the word is "CHOICE II 

Name Storage 

Econoram II 8K X 8 
Econoram IV 16K X 8 
Econoram VI 12K X 8 
Econoram VII 24K X 8 
Econoram IX 32K X 8 
Econoram X 32K X 8 

No matter w hat system you choose - S-100 based, Radio 
Shack-SO, H8, Digital Group, o r even the Intel/National sin gle board 
computer system - we have the memory you want. You may 
choose from a var iety of configurat ions and den sities, at a variety 
of price levels. 

W e also give you the cho ice of buyin g your memory in unkit 
form (soc kets, bypass caps pre-so ldered in place); assembled and 
tested; o r qualified under o ur CSC (Certified System Component) 
hi gh-reliability program (200 ho ur burn-in, immediate repl acement in 
event o f failure within one yea r of invoice date, and more). 

But there are some areas where we don' t give you a choice. You 
can' t choose between 2 and 4 MHz versions of o ur high density 
memories, beca use we on ly make the 4 MHz type. And you can ' t 
choose between low and high power versions - all our memories 
are des igned for very low power operat ion . An example: ou r 32K 
bank se lect board 's gua ranteed maximum current spec is 3.5A, 
which is cons iderably lowe r than most other typica l current specs . 

W e even give you a choice of non-memory products that offer 
exceptional va lue and perform ance, su ch as our I/O board , mother­
boards, and act ive terminator . 

How do you get aho ld of a CompuKit'm product? Well , there's a 
choice there too . Our products are available from many f ine com­
puter stores, o r d irectly from us. 

II IUllilillBU ll1i I B UIUUPUUPU 11 
Buss Design Speed Configu ration 

5-100 static 2 MHz 2-4K 
5-100 static 4 MHz 1-16K 
H8 static 2 MHz 1-8K, HK 
5-100 static 4 MHz 2-4K,2-8K 
Dig Grp static 4 MHz 2-4K, 1-8K, 1-16K 
5-100 static 4 MHz 2-8K,1-16K 

Unk it Assm esc 
$149 $164 N/A 
$295 $329 $429 
$200 $270 N/A 
$445 $485 $605 
$649 N/A N/A 
$599 $649 $789 

Econoram XI 32K X 8 5Be static 4 MH z 2-8K,1-16K N/A N/A $1050 

BANK SELECT MEMORIES (for Alpha Micro Systems, Marinchip, etc.) 

Econoram XII-16 16K X 8 5-100 static 4MHz 2 indo banks* $369 $419 $519 
Econoram XII-24 24K X 8 5-100 static 4 MH z 2 indo banks* $479 $539 $649 
Econoram XIII 32K X 8 5-100 static 4MHz 2 indo banks** $629 $699 $849 

• addressable o n 8K boundaries •• addressable on 16K boundaries Econoram is a trade mark of Godbout Electronics . 

(ALSO AVAILABLE: 16K MEMORY EXPANSION CHIP SET $109 (3/$320ll 
For Radio Shack-80, Apple, Sorcerer mach ines. 250 ns chips for 4 MHz operation, DIP shunts, 1 year limited warranty. With easy-ta-follow instructions. 

ACTIVE TERMINATOR KIT $34.50 1791 MOS LSI DUAL DENSITY 
Our much imitated design plugs into any 5-100 motherboard to redu c:...1 DISC CONTROLLER CHIP $59 

noise, ringing, overshoot, and other buss-related problems:....- ... lust in. Prime W estern Digita l parts, w ith pinout and data. 

DUAL CHANNEL/DUAL FUNCTION .... HEATH H8 BARE BOARD 
) S-100 I/O BOARD MEMORY SPECIAL - $35! 

$189 unkit, $249 assm { 
Don' t need the fu ll 12K of our standard H8 memory? We now offer the 

board, mount ing bracket, edge connector, and schematic for on ly 535. 
Popu late it w ith a few support chips and read ily available, low cost 2102s 

This one does things the others can on ly dream about. Two independent- to build your memory up to a full 12K whenever your budget permits. 
Iy addressable serial ports with full RS232C current loop (20 mAl and TTL 
signals on both port s, crystal contro lled Baud rates to 19.2 KBaud , hardware 

11 SLOT MOTHERBOARD UNKIT UARTS, compat ible with 2 or 4 MHz systems, low power consumption, and 
a whole lot more . .. we' ll be glad to give you more info, iust write. 

W ith 11 edge connectors pre-soldered in place for easy assembly, as well 

2102 MEMORY SPECIAL 10/$9.90 
as integral active terminator circu itry. Dimensions: 8.5" X 11 " $90 

That's only 99c each for very low power, static 1 K RAMs suitable for use 18 SLOT MOTHERBOARD UNKIT 
with any 2 MHz system. Price only good on orders of 10 or more. Same as above, but 18 slot version with 18 edge connectors. Dimensions: 

16 pin Io-profile sockets also available at the specia l price of 12152.00. " " 8.5 X 16.7 $124 
TERMS: Allow 5% sh ipping. excess 
refunded . Ca l res add tax . 
V ISA'" /Ma ste rcha rge'" ca ll o ur 24 
hou r o rde r desk at (41 5) 56HJ636. 
COD OK with st reet address for UPS 
(UPS COD cha rge a l)plies). Pr ices 
good Ihrough cover month of 
magazin e . Orde rs unde r $15 ad d $1 
ha ndling. 

Gmpu Kit'· I,om ®~E~~~~~ 
FREE FLYER: We'll be glad to lell you 
more than the space of this ad 
allows. Just send your name and 
address, we'll take care of the rest . If 
you're in a hurry, enclose 41c in 
stamps and we'll send it out first 
class. 

BOX 2355, OAKLAND AIRPORT, CA 94614 
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In addition, changing the first character in 
the text is a little cumbersome; it is suggested 
that the very first character be a blank to 
mitigate this problem. 

When any of the above failures occur 
there is a good chance that recently edited 
work may be lost. For example, when a 
program fails, most BASICs enter the direct 
command mode. If the program is rerun, 
most likely the string variables will be 
cleared. The temporary save and retrieval 
subroutines were included to reduce the 
impact of such errors. If the error occurs 
during the edit mode, the last form of the 
text (before the edit mode was entered) 
may be retrieved by rerunning and answer­
ing the initialization appropriately (re­
start: R). If the failure occurs during a disk 
or a tape load, unless a large crash occurs, 
the most recent text version may be re­
covered upon restart. 

Additional Notes 

There are several statements employed in 
North Star BASIC which must be modified 
if the editor program is to be used with 
another interpreter. Th e following is a list 
of the types of changes required if this 
program is to be transl ated into a BASIC 
similar to that written by Microsoft and 
distributed by M ITS : 

FILL<>,<> same as POKE<>,<> 
EXAM« » same as PEEK« » 

% Denotes a printing format (for 
example, nFm which is similar to the 
FORTRAN real format n Fm). This can 
be simulated using the INT function 
along with some multiplication and divi­
sion. In the more advanced versions of 
BASIC there is usually an equivalent 
format statement. 

, Denotes a continued print statement 
without a carriage return and line feed. In 
MITS BASIC one would use a semicolon. 

A$(M,N) With respect to the editing 
functions as implemented by the pro­
gram, this is the most important differ­
ence between the North Star and Micro­
soft interpreters. For the task at hand 
the North Star form is preferred because 
of ease of use. In North Star BASIC 
A$(M,N) represents a substring of A$ 
which runs from character position M to 
character position N, thus having length 
N- M+1 . To accomplish this in Microsoft 
BASIC one would use MID$(A$,M, 
N- M+1). Although a little more cumber­
some, the Microsoft string function 
would suffice if it were not for the 
important variance that North Star 
BASIC allows arbitrarily long string 
lengths whereas Microsoft limits the 

justified mode the operation is very fast, 

string length to 255 characters. However, 
this limitation may be overcome by 
string subscripts. Note that string dimen­
sions and subscripts are permitted in 
Microsoft BAS IC, but not in North Star. 
Having to resort to subscripts is certainly 
an inconvenience and is a small pain to 
program. North Star BASIC certainly 
has an advantage in that respect. 
The most difficult editing function to 

perform is the alteration of a text segment 
as the set of characters to be changed may 
extend over more than one text line. Gen­
erally it is best to attack the last line of the 
modification first. The corrections should 
then proceed toward the lower line num­
ber. The reason for doing th is is that the 
text is reassembled upon each editing pass. 
If a change is made in a given line, all the 
lines above that point are altered, whereas 
all the lines below th at point maintain their 
structure if th e same line width format is 
chosen. 

Inserting text is usu ally easy. As a re­
dundant word of caution, remember to 
place a blank in the last character position 
in the file. Also, as there is some awkward­
ness ' in changing the very first character in 
the file , having a blank there is also helpful. 

Conclusion 

Th e lim ited capabil ity editor program 
presented in the previous sections has the 
advantages of being easy to use as well as 
being somewhat portable. It was really 
meant to operate with the North Star Di sk 
System, but can be translated for use on 
other BASIC oriented machines. Its utility 
is exemplified by the present ar ticle which 
served as a test case. In this application the 
article was broken up into files of 12 blocks 
(12 by 256 characters) or less to ease the 
strain on active memory. Thus, in effect, 
there is no limit to the document length 
which can be handled . Incidentally, 12 
blocks corresponds to approximately half 
a typeset magazine page. 

The true power of th is 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 
swing of rapidly typing additions and 
changes). However, occasional hard copy 
listings are invaluable for leisurely review­
ing. A near ideal combination would seem 
to be a video display for editing and a fast 
hard copy terminal for printing. The denser 
and faster the video display the better.-

Copies of the software shown on listing 
are available from the author on diskettes in 
North Star format for $9 .95 each (New York 
State residents add sales tax). 
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PRODUCT DESCRIPTION PRICE AVAILABILITY 
PET 2001-4K 4K RAM $ 595 IMMEDIATE 
PET 2001-8K 8K RAM $ 795 IMMEDIATE 
PET 2001-16KN (Large Keys)16K RAM ' $ 995 IMMEDIATE 
PET 2001-32KN (Large Keys) 32K RAM $1295 IMMEDIATE 
PET 2023 PRINTER ROLL FEED $ 850 IMMEDIATE 
PET 2022 PRINTER TRACTOR/ ROLL $ 995 IMMEDIATE 
PET 2040A SINGLE FLOPPY $ 895 JUNE/JULY 
PET 2040 DUAL FLOPPY' $1295 IMMEDIATE 
PET C 2 N 2nd Cassette $ 100 IMMEDIATE 

' The 16K/32K (large keyboa rd ) units do not include a cassette drive. Order C2N Cassette. 
2040 Floppy Drive requires a 16K or 32K unit. 8K RAM Retrofit available July. 

LARGE TYPEWRITER KEYBOARDS NOW AVAILABLE! 
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THE NEW ~ commodore PET PERIPHERALS! NEW IBM SELECTRIC II 
TYPEWRITERS FOR PET! 

(BRAND NEW IBM II) 

\ 
-

-- ~ ---=.....1 _ _ _ ~ _ ~._ .,.,. 
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2040 

Dual Drive Floppy Disk 
The Dual Drive Floppy is Ihe latest in Disk technology 
with extremely large storage capability and excellenl file 
management. As Ihe Commodore disk is an "Inlelligenl" 
penpheral. it uses none of the RAM (user) memory of Ihe 
PET'" The Floppy Disk operating system used wilh Ihe 
PET'" computer enables a program 10 read or write data 
in Ihe background whi le simultaneously Iransferring dala 
over Ihe IEEE to Ihe PET'" The Floppy Disk is a reliable 
low cost unil, and is convenienl for high speed dala 
transfer. Due 10 Ihe lalesl technological advances 
incorporated in this disk, a total of 360K byles are avail­
able in Ihe two slandard 5,," disks. wilhout the problems 
of double tracking or double densily. This is achieved by 
Ihe use of Iwo microprocessors and fifteen memory I.C.s 
built inlo the disk unit. Only Iwo connections are neces-
sary - an A/ C cord and PET'" inlerface cord. 

\ 

2022 

Tractor Feed Printer 
The Tractor Feed Printer is a high speCification printer 
that can print onto paper (multiple copies) all the PET'" 
characters - letters (upper and lower case), numbers 
and graphics available in the PET'" The tractor feed 
capability has Ihe advanlage of accepting mailing labels, 
using standard preprinted forms (customized), cheque 
printing for salaries, payables, etc. Again, the only con­
neclions required are an AI C cord and PET'" connecting 
cord. The PET'" is programmable, allowing the printer to 
format print for: width , decimal posilion, leading and 
Irai ling zero's, left margin justified, lines per page, etc. 
I! accepts By," paper giving up to four copies. Bidirec­
tional printing enables increased speed of printing. 

CALL FOR COMPLETE SPECIFICATIONS! IMMEDIATE DELIVERY! 

UNIT INTERFACES VIA THE 
USER PORT. FOR THE FIRST 
TIME A BRAND NEW IBM 
SELECTRIC IS AVAILABLE FOR 
YOUR PET! FULL CASSETTE OR 
DISK WORD PROCESSING 
PACKAGES. CALL FOR MORE 
INFO. PET - IBM .. . . . ... . $1995 

BUSINESS 
SOFTWARE 

BUSINESS PACKAGES AVAIL­
ABLE ON THE 2040 DUAL 
FLOPPY: 
BUSINESS PAYROLL ­
COMPLETE MAILING LIST -
STATISTICAL PACKAGE­
GENERAL LEDGER -

NEW ENGLAND AREA SUB-DEALERSHIP INQUIRIES INVITED! 

(UP TO 1,024 AI R's, 51 2 Al P's, 
51 2 GEN LED ACCTS, POSTING, 
DISBURSEMENT, AGEING, BIS , 
I?S, AND MANY OTHER 
FUNCTIONS!) COMPLETE WORD 
PROCESSING PACKAGES. 

NEECO NOW OFFERS A FULL ONE YEAR WARRANTY ON ALL PETS 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. 

C irc le 282 on inquiry c ard. 

-NEECO OFFERS COMPLETE SOFTWARE (COMMERCIAL & CONSUMER) 

NEW ENGLAND ELECTRONICS CO" INC, 
679 HIGHLAND AVE., NEEDHAM , MASS. 0 2194 

MON. - FR!. 9 :30 - 5 :30, EST. 

(617) 449·1760 
MASTERCHARGE OR VISA ACCEPTED 

TELEX NUMBER 951021, NEECO 
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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 
32014 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 7737 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 Texas 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 Laboratories . 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 bits 
per chip and faster data rates, as the tech­
nology matures. 

Bubble memories are shift registers that 
move magnetic domains representing binary 
data using rotating magnetic fields. The bub­
ble memory integrated circuit is made of a 
magnetically reactive material such as garnet 
and has impl anted in it a bubble generator 
for writing data, bubble detectors for read­
ing data, bubble annihilators for erasing 
data and replicators to provide nondestruc­
tive readout. Bubbles move in loops made 
of small bars of permalloy . 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 loop 
until they are adjacent to the minor loops 
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 controller 
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 
line 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 replicate pulse is applied to the cir­
cuit, the bubble is duplicated. While one 
copy goes on to the detectors and eventual 

PERMALLOY 
PATTERN 

PHASE OF DRI VING 
MAGNETIC FIELD BUBBLE 

8 
D 8 D U ~ [J 8 G . 

8 D J:L.D 
Figure 7: Movement of a magnetic bubble through a permalloy pattern in 
response to a rotating magnetic field. 

D L-.j,-J D 
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BUBBLE GEN ERATOR \ Ir REPLICATOR a 
ANNHILATOR 

r-- BUBBLE 

1
1 DETECTORS 

MAJOR LOO P FOR\ 
DATA 1/0 (640 I I -+I-t---...... 
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- PAGE 0 
-:- PAGE I 

~ PAGE 640 
157 •• .... •• .. ••• .. • .... • .. •• ........ •• •• .. ••• • • ...... • ...... • ........ .. 2 

~---------~------------~) 
157 MINOR LOOPS 

destruction, the other bubble continues 
around the major loop until it is shunted 
back 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 m V 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 . 

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 failure detec­
tion circuitry will initiate data positioning 
automatically. This process requires 12.8 ms, 
so the system 's power supplies should re­
main 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 form as is the 
case with the floppy disk. I nstead, 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 2: Logical layout of 
the Texas Instruments TBM 
0707 bubble memory. The 
757 minor loops are used 
for data storage. Each loop 
contains 647 bit positions. 

The rotating magnetic field for shifting 
the bubbles is produced by driving the coils 
built into the circuit with signals that are 
900 out of phase at a maximum frequency 
of 100 kHz. 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. 

Figure 3: This simple cir­
cuit is an example of how 
the bubble memory field 
may be driven. 

A~' 

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 

+12V 

A 

B 

-12V 

B~ 

c~ 

D~ 
I-IO~~---l 
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Stacks in Microprocessors 

Introduction 

The stack or the "last in first out" 
(LJ FO) data structure has become an essen­
tial 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 
the stack. 

POP: removes the topmost ele­
ment of the stack for suc­
ceeding operations. 

A spring loaded plate holder in a cafeteria 
is a good example of a "stack," since addi­
tion and removal of items OCCUI· at the same 
end in a last in first out sequence (see figure 
1) . 

When the capacity of a stack is "n" 
items, then n+ 1 consecutive PUSH opera­
tions will cause the stack to overflow. 
Similarly, popp ing an empty stack creates 
an underflow. Even though stack und erflow 
may not occur intentionally, programmers 
should account for this cond ition. Stack 
overflow is more probable when the stack 
capacity is not large enough to accom­
modate all the occurri ng conditions 
simultaneously. 

Stack size is one of the major design 
parameters in processor architecture. For 
instance, the earli er Intel 8008 processor 
had a built-in 7 leve l subrouti ne control 
stack which was later in creased to a more 
general stack pointer wh ich cou ld range 
throughou t memory in the 8080. 

In the software realization of stacks, 
a programmable memory locatio n is used 
along with an address pointer, ca ll ed the 
"stack pointer" or SP. The stack pointer 
points to the memory location that holds 
the top element of the stack; the pointer is 
upd ated (incremented or decremented) after 
every push or pop operation (see figure 2). 
In this case the programmel- 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 memory to accom­
modate the stack. Consequently, the stack 
capacity is determined by the free space in 
the mai n memory and is more flexible. In 
figure 2 the occupied portion of the stack 
grows from low to high memory addresses. 
Hence, the PUSH operation increments the 
stack pointer and the POP operation decre­
ments it. It is not difficult to introduce the 
stack overflow and underflow conditions in 
the above simulation. 

I n another real ization of stacks, a set of 
n registers constitutes a stack. Every POP 
operation 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 place 



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 

RANDOM, MULTI-KEY RECORD RE' fRIEVAL under CP/M, COOS, IMDOS, ADOS ... 
SELECTOR III ALLOWS 
INSTANT RECALL OF ANY 
RECORD USING ANY IN­
FORMATION ITEM IN THE 
RECORD. That statement 
deserves re-read i n g, be­
cause that ability makes 
SELECTOR III the most 
powerful Date Base Man­
agement System in micro­
computers today! 

With SELECTOR III 
you can ... 
• defi ne 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
line in hours instead of 
months. 

SELECTOR III comes com­
plete with eight application 
programs that perform the 
tasks I isted 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 III runs under 
CBASIC Verso 1 or 2, and is 
priced at $295. SELECTOR 

111-C2 is dedicated to Verso 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 II; Altair; 
iCOM; Dynabyte; Imsai; 
and others. 

------------­I Available 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 direct from I 

MICRO-AP I 9807 Davona Drive, San Ramon, CA 94583 I 
I (415) 828-6697 J ------------BYTE June 1979 169 



Pop: Operand M[SPj; 
SP SP-1 . 

Push: SP SP+1 ; 
M [SPj <-- Operand. 

~ K a - I 

~ X 0-1 X a -I 

A 0-2 A 0-2 

0-3 0-3 

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 Pointer Stack Oriented Instructions Remarks 

1. B080 16 bit stack pointer al Push register pair into stack 
bl Pop register pair from stack 
cl Push / Pop processor status word 
dl Exchange stack top with 

register pai r ( H, L) 
el Load SP from register pair (H.L1 

2 . Z·BO 16 bit stack pointer al All the instructions of Intel 8080 
bl Push/Pop the (twol index 

registers 

3. M6BOO 16 bit stack pointer al Push/Pop the (A or BI accumu lator 
bl Load SP from memory 
cl Store SP into memory 
d) Transfer index register contents 

to SP 
e l Transfer SP into index register 
fI I ncrement/Decrement SP 

4 . RCA 1B02 16 bit stack pointer al Increment/ Decrement the se lected Any of the 16 
register (SPI registers can 

bl Push / Pop the working (0) register be used as a SP 
cl Load the 0 register into left or 

right half of SP 

5 . PACE Hardware stack a l Push / Pop program counter Stack overflow 
8 16 bit words b) Push /Pop the specified register Underflow 

cl Exchange the contents of the In terrupts are 
register with SP provided 

dl Push / Pop the flag register 

6. IMP-BC Hardware stack al Push / Pop the selected accumulator No overflow 
168 bit words into stack Underflow 

bl Exchange the stack top with the Interrupts 
selected accumu lator 

cl Push / Pop the status 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. In ter-register transfers can be achieved in 
parallel during the same clock period. The 
stack faci li ty avai lab le with IMP-8C micro­
processor, an example of this type, has a 
capacity of 16 words. This method of 

. realization is known as the fixed top (figure 
1) in contrast to the moving top approach 
explained earl ier (figure 2). The flexibility 
associated with the latter can be combined 
with the speed advantage of the former as 
is done with PACE microprocessors (see 
table 1). 

Most modern processors provide one or 
more registers to hold stack pointers. For 
example, there is one stack pointer register 
in the Intel 8080 and there can be as many 
as 16 stack pointers in the RCA 1802 
processor (see table 1). The pop and push 
instructions update the SP registers auto­
matically. The architecture and the stack 
oriented instructions differ widely among 
the various processors, and table 1 gives 
details of some of the common ones. 

Typical Applications of Stacks 

Suppose a routi ne A ca ll s another routine 
B at some point a in A Similarly, let B call 
C at point b. The add resses a+ 1 and b+ 1 are 
the return addresses where execution control 
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 c1, c2, 
c3 in fig ure 3 stand for the first, second and 
third calli ng of routines, and r1, r2, r3 stand 
for the first, second and third returns from 
the called routines. This last in first out 
(L1 FO) nature of the use of return addresses 
in multilevel calling is commonly impl e­
mented with stacks. Simple extensions have 
been devised to pass the parameters along 
with these return addresses using the stack 
structu re (see reference 1). 

The call s shown in figure 3 cou ld also be 
considered as calls 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 
contents of the program counter. However, 
the last in first out nature of the return 
addresses remains valid. The call due to an 
interrupt creates a new process, and hence 
the status of the current process (process 
status word, flags, etc) has to be additionally 



after 

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-11M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSI-11/2* 
TCU-50D • $295 
• Provides month, day, hour, minute and second. 
• Dual size board. 
• Patches for RT-11 SJ/FB V02, V03B. 

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 rnA) 
SLC-1 • $575 
• Connects between any terminal and host computer. 
• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
batteries to maintain time and date during power 
down. Timing is provided by a crystal controlled 
oscillator. Prices are U.S. domestic single piece. 
Quantity discounts available. 

For more information on these products, contact: 
Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: (415) 493-5544 

~~ 

DIGITAL PATHWAYS 

• Provides year, month, day, hour, minute and 
second. 

' Trademark of Digital Equipment Corporation • • Tra demark of Intel Corporation 
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CALL B 

ROUTINE A 

CALL 0 

ROUTINE C 

ROUTINE 0 

Figure 3: Diagrammatic representation of multilevel, or "nested," subrou­
tines. The return address of each subroutine ca/! 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 1M P-8C, 
have instructions to push and pop status 
flags onto stacks. In other processors, this 
is done automat ically when an interrupt 
occurs. Stacks in microprocessors, starting 
from the early Intel designs, have tradi­
tionally been used primarily for subroutine 
control and interrupt handling. 

Another use of stacks, though one not 
much used in th e hardware of processo l's , 
is in the compiling arithmetic expressions. 
Consider the following arithmetic express ion: 

A+BXC- D/E 

In this form, the "operator" is between the 
two operands. This is known as infix 
notation. The form in which the operato r 
follows the operands is called postfix or 
reverse Polish afte r the Polish logician 
J Luckasiewicz, who investigated the prop­
erties of th is notatio n. The postfix equivalent 
of the above expression, which does not 
require any parentheses, is as follows: 

AB+CXDE /-

Algorithms exist which use the stacks to 
convert arithmetic expressions from infix 
to postfix notation (see reference 2). Figure 
4 shows a sample code for the above postfi x 
expression; it is meant for a computer with 
stacks, and is used to evaluate arithmet ic 
ex pressions. Operations such as A DD and 
SUB take the top two elements of the stack, 
perform the operation, and then push the 
result back onto the stack. Such a system 
is called a stack computer. Using this postfix 
notation, it is not hard to generate code for 
machines with single accumu lators or for 
machines with mUltiple registers. 

Stack Machines 

Among the architectures with two stacks, 
two broad categories are evident. The first 
kind of machine provides stack features 
along with conventional architecture. This 
stack feature might be impl emented through 
a hardware rea li zed stack, a stack pointer 
register with a set of associated hardware 
instructions, or a complete software simula­
tion using a memory location as the stack 
and its pointer. Some combinations of these 
three approaches are also present in some 
recent processor arch itectures. Most proc­
essors have some sort of stack fac ility and 
instructions to manipul ate data with stacks 
or stack pointers. 

The second kind of machine with stack 
facil ity can be called a stack machine. Its 
architecture is completely centered on 
stacks. The Burroughs B5500 and B6700, 
HP3000 and ICL2900 are exampl es of this 
category. I n these machines, the three basic 
functions of process management, memory 
management, and data management of jobs 
are all stack oriented. Most of these archi-

Contents of Stack 
Op Code (read left to right) 

PUSH A A 
PUSH B B,A 
ADD (A+B) 
PUSH C C,(A+B) 
MPY (A+B)*C 
PUSH D D,(A+B) *C 
PUSH E E,D,(A+B) *C 
DIV (D/E),(A+B) ' C 
SUB (A+B) *C- ( DI E) 

Figure 4: Op code designed for use with 
Polish postfix notation on stack oriented 
computers. Polish notation is a method 
for rewriting expressions unambiguously by 
systematica/!y 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 AB+CXDEj. The latter 
can be directly used by a stack oriented 
computer, which automatica/!y 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 M U L 1, 
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. 



• NEW PRODUCT • 

64K bytes of 
fast, low 
power dyna­
mic RAM. 
MEMORY 
BANK SELECT 

$89500 
'm mo<'e' DMB 6400 

•••••••••••• 

64K bytes of 
fast , low 
power dyna­
mic RAM. 

$79500 
for model OM - 6400 
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• NEW PRODUCTe 

32K bytes of 
faster Static 
RAM which 
MEMORY 
BANK SELECT 

Both our UNCommon Dynamic and our UNCommon Static RAMS have the following 
features and specifications: 

$69500 
'0' mode' 5MB 3200 

• They are all GUARANTEED to be compati ble w ith the fol lowing 5· 100 
systems: 

CROMEMCO. IMSAI. ITHACA AUDIO. M ITS. NORTH STAR. PROCESSOR 
TECHNOLOGY. TDL.TEI. VECTOR GRAPHICS. and other 5- 100 systems. 

Both of Our UNCommon Dynamic RAM Series, 
the DMB-6400 and the DM-6400, feature: 
• 64K bytes of dynamic RAM w ith on board transparent refresh. 
. 5-100 interface compatible. wi th crystal controlled timing IN DEPENDENT 

of bus o r p rocessor tim ing. 
• No wait states with 8080 or Z-80 to 4MHz. Up to 5MHz with I wait state. 
• Memory selectable or deselectable in 4K byte increments. 
• Low power. 8 watts maximum. in 641( byte configuration. 

Our UNCommon Static RAM Series, the 5MB-
3200, features: 
• Memory Bank select capabi li ties: Either twO (2) 161( byte banksofmem-

ory. ot one ( I) 321( byte bank per board . 
• 321( bytes of low power sta tic RAM. 
• No wait states with 8080. 8085. or Z-80 processots up to 5MHz. 
• Addressable in 41( byte increments at 41( boundari es. Deselectable in 41( 

byte incremenrs. 

• UNCommon Dynamic RAMS with 
MEMORY BANK SELECT. 
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• UNCommon Dynamic RAMS 

Announcing the Model DMB-6400 Series 
of UNCommon Dynamic RAMS. This Series 
incorporates the features which are stan­
dard in the DM-6400 Series and adds the 
following capabilities: 
• MEMORY BANK SELECT which is com patible with CROMEMCO. 

NORTH STAR. and other systems using outpu t port bank select. 
• 256 ports selectable (includ ing CROMEMCO 40H and NORTH 

STAR COH ) 
• Eigh t (8) 64K bytes banl<s of memory per output port. 
• Each 16K bytes of addressable memory space may be individually 

set to start at 0000. 4000. 8000. o r COOO and can be set for any of 
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X: Begin 
Integer x1, x2; 

Y: Begin 
Integer y1, y2, y3; 

K: 

N: 

Z: Begin 
Integer z1 ; 

End ; 

End ; (Y) 

Begin 
Integer k1, k2; . 

End; (K) 

Begin 
Integern1 ; 

End; (N) 

End ; (X) 

(Z) 
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y2 

Y I 

x2 

x l 
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(y l ,y2,y3) y 

(z I) z 
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x I ~
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k l 

x2 

x I 

tectu res support block stru ctu red languages 
simil ar to ALGOL or PLj l. A program 
wl'itten in a block structured language can 
be visualized as a tree structure; execut ion 
of the program traces some paths in this 
tree structure. The relationship between tree 
structul'es and stack data structu l'es is we ll 
known (see reference 4) . An example is 
shown in figure 5 along with "snapshots" 
of stacks holding the progra m variabl es. 
Because of the limited access points with 
stacks, certain extensions are requi red in 
stack machines to implement the ar ray data 
structures. These extensions are of a dif­
ferent kind, such as the use of index registers 
for addressi ng. Simil ar ly, to facilitate process 
and memory manage ment, special software 
tools are used. 

Computer systems and architectures can 
be appraised from th ree points of view: the 
languages avai lab le to users (application and 
system programmers), the operating system, 
and th e hardware. These three areas are 
highl y interrelated, and it is difficult to 
separate their capab ili ties . A few stack 
machin e architectures are commerci ally 
ava il able with fac iliti es for multiprogram­
ming and timesharing. The archi tecture of 
the Burro ughs systems is such that the sys­
tem software can be effectively written in 
a high leve l language. Stack machin es have 
good and bad points. Thei r advantages are 

Figure 5: A block structured program. Programs written in block structured 
languages can be visualized as tree structures (figure 5a). A LGOL and PLII 
are examples of this type of language. The tree in this illustration shows how 
the program is structured. Figure 5b shows how the stacks in a stack oriented 
machine would look at various points of the program. Figure 5c shows the 
block layout of the program. 
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noticeable in block stru ctured programming, 
which is becoming popular. As Doran poi nts 
out (see reference 1), stack machines have 
proven to be successful. The increasing cost 
of software and the flexibility available 
through microprogramming indicates a trend 
towards stack machines or, at least, toward 
a greater use of stack features in computer 
arch itectu res. 

Conclusions 

Developments in software and program­
ming techniques du ring the past decade have 
proven the advantages of stack data struc­
tures. Microprocessors of recent onglll 
provide adequate faciliti es to support thi s 
data structure. The provision of stack 
pointers is a compromise between the ex­
pensive and inflex ibl e hardware stacks at 
one end and the inexpensive and flexible 
software simulation at the other end. Most 
mi croprocesso rs have stack poin ters and a 
set of associated mach ine instructions. 

Stack machines have certain advantages 
in hi gher level block structured programming 
and the implementation of operating sys· 
tems. At present, programm ing with micro­
processors is done mostly in machine or 
asse mbly langu age level. Large in-house 
software systems for microprocessors are no t 
yet a reality . As a result, stack machine 
architectures are still in the realm of large 
machin es. -
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Designing 

a Command Language 

Nearly eve ry system, whether it is com­
posed of ten lines of code or ten thousand 
lines of code, will perform three di stinct 
functions. I t will rece ive input from the 
user, it wi ll process thi s input an d it will 
output the results. Of these three fun ctions, 
the one which und oub ted ly rece ives the 
least attention fro m the system designer is 
the communi cation from the use r of the 
system to the system itse lf. 

Hours and hours may be spent per­
fecting a process ing algorithm and com­
puting f ield lengths so that the resulting 
output can be instantly understood, yet 
due to the lack of consideration put into 
the inpu t stage of the system, the user 
may be forced to plow through a se ries 
of questions and answers di rected to him 
by the sys tem. Thi s is a situation which 
would try the patience of eve n the most 
tolerant person. Sometim es a situation even 
worse than this se ri es of questions may 
be caused by the designer who is ve ry 
familiar with the system. In an effort to 
save time and memory space, the designer 
may dec ide to reduce or even entirely omit 
any prompting by the program. This leaves 
the decision of what inform ati on must be 
entered to the intuiti on of the user, or to 
a system manu al which wi ll probably not 
be around when it is needed. 

A good solution to the problem would 
be a we ll des igned comm and language wh ich 
wou ld all ow the user to suppl y all of the 
information which is needed by the pro­
gram at one time, in a si ngle command . 
Th en, if any of the required data has not 
been entered, the computer can prompt the 
user for th e 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 
familiar with the system and probably prefer 
to avo id the repetitious prompting. 

Consider the foll owing example which, 
although hypothetical and not necessarily 
typical of chess pl ay ing programs in general, 
illustrates problems which do exist in 
many systems. A superb chess playing pro­
gram has been designed afte r months of 
hard work. Along with this program, a 
graphics output system has been devised to 
di sp lay the present form ation of the board 
after each move is made. When the user sits 
down to test his sk ill against that of the 
machine, he becomes a partner to the fol­
lowing di alogue: 

(C : COMPUTER ; P: PLAYER) 
C : DO YOU WISH TO MOVE(l), CAPTURE(2), 

OR CASTLE(3)? ENTER 1, 2, OR 3. 
P : 1 
C: ENTER NUMBER (l -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 pl ays 
chess, it is doubtful whether it will be used 
by any particular person for more th an a few 
games. Despite the thought that went into 
the rest of the program, no creative th ought 
was put into the command language for the 
system . 



s 

o 

Now, consider the following conversation 
between the comp uter an d the player. 

C: ENTER YOUR FIRST MOVE. 
P: MOVE FROM D2 TO D4 
C: I MOVE FROM H5 TO E2 . CHECK. 
P: CAPTURE E2 
C: FROM WHERE? 
P: H2 
C: ... 

Thi s 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 tak in g time to 
design an easy to use comm and language, the 
designer can produce a game which will not 
on ly play we ll but which will also be enjoy­
able to use. 

The prob lem encountered when designing 
a program which handles a set of comm ands 
such as these is that often no organized 
approach is taken to assure that the al low­
ab le comm ands are processed correctly. 
Each inpu t string may be scanned and re­
scan ned for the information which is needed 
by the program. This ty pe of hap hazard 
ap proach will very likely produce unreadab le 
code which is hard to debug an d which may 
contai n hidden errors and am bi gu iti es. To 
avo id these problems, the theory of finite 
state mach ines (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 to use finite state machines to aid 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 representation 
used here has appeared in various pl aces, and 
was chosen mainl y because of its simplicity 
for this application. 

Consider the fi ni te state machine shown 
ir figure 1. Each circle represents a state of 
the finite state machine. In this example 
there are seven states: S, 1, 2, 3, Fl, F2 and 
F3. Th e names ch ose n for the states are 
arb itrary. The directed lines between the 
states are call ed state transition paths. Th e 
state transition path, labe led with an H, 
located between state S and state 1, is 
named S-l (H). The parenthetical sym bol 
wil l be om itted when there is no ambiguity, 
such as the path 1-3. Th e states which are 
circ led twice are final states. The fina l 
states in figure 1 are Fl , F2 and F3 . Th e 
states wh ich are pointed to by arrows which 
lead from no other state are called initial 
states. The only ini tia l state in figure 1 is S. 

This finite state mac hin e can be used to 
recognize several different strin gs, a strin g 
in th is case being merely a seq uence of 
letters. For a particular string to be recog­
nized, an ordered path must exist between 
an initial state and a final state such that 
every symbol in the string being recognized 
exists (in its ori gin al order) along th e path 
starting at the initial state. Using this finite 
state machine the strin g HOG is recogni zed 
in the fo ll owing man ner. Starting at initial 
state S, the first symbol in the string, H, 
leads to sta te 1 along path S·l (H). The 
seco nd symbol, the lette r 0, selects path 
1-3 leading to state 3. Finally, the symbol 
G leads to the final state F2 via the path 
3-F2. Since this path ex ists from the initi al 
state S to the final state F2, the str ing 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, hat, hog and hogs. 
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Figure 3: A lexical finite 
state machine for rec­
ognizing the entities that 
will be accepted by the 
game: < TO>,<TAKE>, 
< MO VE>,<CAP>, 
< FROM>,<END>, 
< POS>' 

o 

EOL 

T 

M 

c 

A,B,D,E,G,H 

1,2,3,4,5,6,7,8 

F 
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been recognized. The other strings which 
can be recognized by this FSM are SAT, 
HAT, SOG, SOGS and HOGS. 

State transition paths need not proceed 
to a new state. A state transi tion path may 
return to a previous state or may even re­
turn to the state from which it started. Fig­
ure 2 is an examp le of a finite state machine 
which will recogn ize any stri ng which begins 
and ends with an A and wh ich has ze ro or 
more Bs between the two As, such as the 
strings: AA, ABA, ABBA, etc. 

Sample Problem 

Now that the basics of finite state ma­
chines have been exp lained, a simple com­
mand language will be defined and impl e­
mented using them as a design tool. Using 
this exaplp le, a sim ilar procedure can be 
followed to produce a recognizing pro­
gram for nearly any command language 
which might be chosen. 

o 

1,2,3,4,5, 6,7,8 

I , 2,3, 4, 5, 6, 7,8 

1,2,3,4, 5,6 ,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 moving a piece from one square to 
another, MOVE, moving a piece to anothe r 
square and capturing the piece on that 
square, CAP, or removi ng one of his own 
pieces from the board, TAKE. Some exam­
ples of com mands which are to be accepted 
by the program are: 

MOVE FROM Al TO C3 
CAP FROM 4H TO HI 
TAKE FROM E5 
MOVE TO F6 FROM 6G 

It can be seen that the commands are 
made up of six basic entities which must be 
recogni zable. Three of these entities are the 
commands MOVE, CAP and TAKE. TO and 
FROM are keywords which must be identi­
fied in order to interpret a command. The 
final type is a position which may consist of 
a letter followed by a number or a number 
followed 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 merely 
of a sequence of symbols (letters, numbers 
and spaces) which have no syntactic meaning 
of their own. The meaning only starts to be-

<MOVE> <FROM> 

<CAP> 

come clear when the symbols are grouped 
together to form tokens. The tokens which 
exist in this game are the six entities de­
scribed above. These tokens will be referred 
to as < MOVE> , <CAP>, <TAKE>, < TO>, 
<FROM>, < POS>' A finite state machine 
which will recognize each of these tokens is 
shown in figure 3. Blanks are shown on this 
diagram and in the following diagrams as 
small squares. Note that one new token has 
been added to the six types listed above. 
This new token is < END> which is recog-

Figure 4: A syntactic 
finite state machine for 
accepting valid commands. 

<TAKE> ~<_PO __ S_> __ ~~ SI3 ~<_EN_D_> _________ ~ 

keeping you in touch with technology ... 

The Understanding Series™ from Texas Instruments. 
Five self-paced, easy-to-understand books for 
the reader who wants to learn about electronics 
technology, but can't devote years to the study. 

:tt.:"'og -~~ 
"'iiVl 

Understanding Mic"oprocessors_ 
250 pages. Available June 1979. 
For the newcomer to microprocessors. 
What they are, what they do, how 
they work. 

Understanding Calculator Math_ 224 
pages. Loaded with practical e lec­
tronic calculator applications. 

Understanding Solid-State Electronics. 
New 3rd edition. 270 pages. Simple 
building blocks for learning solid­
state behavior. 

Understanding Digital Electronics. 
265 pages. The world of today's digital 
devices made easy. 

. Basic Electricity and DC Circuits. 
1026 pages. Learn all about DC Cir­
cuits - simply, easily. 

80103 
r------------------------------------ - ------------------l 
I D LCB-4023 Understanding Microprocessors Mall check or money order to Texas Instruments , POBox 3640 , 4P I 

New available June 1979 $ 495 M/S84 , Dallas, Texas 75285. Orders In Continental US shipped on I 
I D LCB-3321 Understanding Calculator Math $ 3 95 prepaid Foreign orders Prepaid IUI,as In U S. dollars only UI I 
I D LCB-3361 Understanding Solid-State Electronics Include shiPPing costs I 
I New 3rd edition $ 3 95 
I D LCB-3311 Understanding Digital Electronics $ 3.95 I 
I D LCW-8161 Basic Electricity and DC Circuits $19.95 Name I 
I Add applicable sales tax (except AK, DE , HI , MT. NH , OR) Address I 
I SPECIAL OFFER: I 
I Purchase any two books and save $ .50 Cily Slale Zip I 
I Purchase all live and save $2.00 lirniled lime oller. Prices ellecl ive January. 1979. Subjecllo change wilhoul nolice. I 
I I 
I TEXAS INSTRUMENTS : 
~ _©~9~~a~n~u~n~I~0~r~d _____________ I~~~P'::~A~~ ______________________ B~7-=- J 

Circle 366 on inquiry card . June 1979 © BYTE Publi ca tions Inc 179 



Figure 5: Two example (b) (a) 
1 3 COMMAND arrays. COM-

H A MAND array A results 
after processing the com- 6 7 mand MOVE TO C7 
FROM H6. COMMAND C ---
array B is the result of 

1 processing 
A 7. 

TAKE FROM 
---

nized when an end of line (eol) delimiter is 
found. 

Most of this finite state machine is self­
explanatory . Note, however, the two states 
L 15 and L23 which are en tered after match­
ing an initial C or F, respectively. These 
states represent a point in the matching proc­
ess where the token being recogni zed may 
be either a command «CAP> or < FROM» 
or a position «P05». When the next sym­
bol in the input stream is examined, the rec­
ognition of the token as a position (paths 
L 15-L20 and L23-L20) or as a command 
(paths L 15-L 16 and L23-L24) can be made. 

The finite state machine which has just 
been described performs the process known 
as lexical analysis, the process of grouping 

Table 7: Semantics for the syntactic finite state machine. 

Sl-S2«MOVE» SET COMMAND(l) TO 1 
Sl-52«CAP» SET COMMAND(l) TO 2 
Sl-53 SET COMMAND(l) TO 3 
S4-S7 SET COMMAND(2) TO COLUMN (A-H) 

SET COMMAND(3) TO ROW (1-8 ) 
S10-513 SET COMMAND(4) TO COLUMN (A-H) 

SET COMMAND(S) TO ROW (1-8) 
S8-59 SET COMMAND(4) TO COLUMN (A-H) 

SET COMMAND(S) TO ROW (1-8) 
S10-S6 SET COMMAND(2) TO COLUMN (A-H) 

SET COMMAND(3) TO ROW (1-8) 
S12-S13 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. 

LI-L2 

L4-LS 

L8-L9 

L13-L14 

L17-L18 

L26-L27 

LI-L19 
LI-L22 
L19-L20 
L22-L20 
LlS-L20 

L23-L20 

OTHERS : 

SET TOKEN(l) TO 0 
SET TOKEN(2) TO 6 
SET TOKEN(l) 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 
SET TOKEN(l) TO 0 
SET TOKEN(2) TO S 
SET TOKEN(2) TO INPUT CHARACTER 
SET TOKEN(l) TO INPUT CHARACTER 
SET TOKEN(l) TO INPUT CHARACTER 
SET TOKEN(2) TO INPUT CHARACTER 
SET TOKEN(l) TO INPUT CHARACTER 
SET TOKEN(2) TO "C" 
SET TOKEN(l) TO INPUT CHARACTER 
SET TOKEN(2) TO "F" 
(NO SEMANTICS) 
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together input symbols to determine the 
tokens which have been input. The next 
process which must be performed is the 
process of syntactic analysis, checking the 
order of the tokens which have been formed 
to see whether they form a valid command. 
For example, the two "commands": 

MOVE FROM Al TO C3 
Al C3 FROM TO MOVE 

are both composed of valid tokens for the 
example language but only the first com­
mand is syntactically correct. To determ ine 
the syntactic correctiness of a command an­
other finite state machine must be designed. 
This machine, rather than having paths la­
beled with symbols from a character set, will 
have labels which are valid tokens of the lan­
guage being processed. Figure 4 shows a fi­
nite state machine which will accept the 
valid commands of the language. 

5emantic Routines 

At this point two finite state machin es 
have been produced which can be used to 
recogn ize valid commands for the game. 
Before these machines are used to hel p 
produce code to process actual commands, 
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 processing 
of the various commands, should be associ­
ated with each state transition path of the 
finite state machines . In our system, each 
command will be converted to a set of codes 
and placed in an array called COMMAND 
which will have five elements. COMMAND('I) 
will be set to a cod e describing the command 
operation (1 =MOVE, 2=CAP, 3=T AKE), 
COMMAND(2) and COMMAND(3) will 
hold, respectively, the column and the row 
position associated with the F ROM key­
word . COMMAND(4) and COMMAND(5) 
will hold the column and row position 
associated with the TO keyword. Figure 5 
shows the expected results of process ing 
following two commands: 

MOVE TO Cl FROM H6 
TAKE FROMA7 

For the finite state machine th at is shown 
in figure 4, table 1 shows th e semantics 
which will produce the desired results. 
Routines for paths such as 51-52«MOVE» 
set the first element of the COMMAND 
array to indicate which command was rec-

. ognized. Path 52-53 is an implicit recog­
nition of the word FROM and has no 
semantics associated with it since nothing 
must be done until the path 53-54 is tra­
versed. When this ac tion occurs, th e row and 
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HOW TO BUILD A COMPUTER·CONTROLLED ROBOT by Tod 
Loofbourrow. 
o This book combines the dream of robotics-to create an intelligence 
other than human-with the reality, by providing both hands·on experi­
ence with robotics and an application of a microprocessor . It details 
the step-by·step directions for building a robot, named "Mike ," con ­
trolled by a KIM -1 microprocessor, with the complete control programs 
clearly written out . 132 pp. $7.95. 

RO BOTS ON YO U R 000 RSTEP by Nels Winkless and I ben Browning. 
o "This book will amaze you, frighten you, nauseate you, excite 
you .. . it will probably make you think about things you have never 
contemplated before," states the introduction to this clever and well­
written account of robots: past , present, and future. Intelligence , 
artificial intelligence, brain structure and simulation, and characteristics 
of robots are only a few of the areas explored. 179 pp . $6.95 . 

HOW TO SOLVE PROBLEMS by Wayne A Wickelgren . 
o Analyzes and systematizes the basic methods of solving 
mathematical problems . The methods are described in terms of a 
modern theory derived from research in computer simulation of think­
ing. Exam ples illustrating these methods include chess problems, 
logical puzzles, and railroad switching problems frequently en­
countered in science and engineering . $6 .50 . 

THE THINKING COMPUTER: MIND INSIDE MATTER by Bertram 
Raphael. 
o With a minimum of technical jargon, this book discusses the capa­
bilities of modern digital computers and how they are being used in 
contemporary A I research . It discusses the progress of AI , the goals , 
and the variety of current approaches to making the computer more 
intelligent. $8.50 

COMPUTER POWER AND HUMAN REASON by Joseph Weizenbaum. 
o If you're presently a programmer by trade or skill, you'll see a philo­
sophy of computer use and abuse propounded . If you're a novice, the 
tutorial and exp lanatory chapters of this book serve as an excellent 
and eminently readable background source. This includes an out­
sta nding, low level explanation of what an algorithm is, and how 
computers execute effective algorithms. $6.50 

For your convenience in ordering, please use this page plus the 

order form on page 200. You may photocopy this page. 8lTS"inc Books to e rose the Impossible 
POB 428, 25 Route 101 West, Peterborough NH, 03458 

DIAL YOUR CHARGE CARD ORDERS TOLL FREE 
(800) 258-5477. Man - Fri 9 - 5 PM 

*Artificiallntelligence Quotient 
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column are stored in the COMMAND array 
to indicate the FROM position. When a 
final state is reac hed, an entire command 
has been parsed and the COMMAND alTay 
contains all of the necessal"y information to 
fully describe the command. 

The lexical finite state machine shown in 
figure 3 wi ll be used by the syntactic finite 

state machine just described to obtain 
tokens from the input stream when they are 
needed. The output from the lexica l finite 
state machine will be a 2 element array 
named TOKEN which will contain the 
following codes. If the token is <POS>, 
then the first element of TOKEN will be 
the I"OW number and the second element 

Listing 7,' Routine constructed for the lexical finite state machine. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
LEX: 

* 
* 
Ll: 

* 
* 
L3: 

* 
* 
L4: 

* 
* 
L6 : 

* 
* 
L7: 

LEX IS A SUBROUTINE 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: 

TOKEN(l) 

< MOVE> 0 
< CAP> 0 
< TAKE > 0 
< TO> 0 
< FROM> 0 
< END > 0 
ERROR 0 
< POS > ROW: 1-8 

SUBROUTINE; 
TOKEN(l) = ~ 

STATE 1 - BEGINNING STATE 
CALL RCHAR( ) ; 
IF CHAR = ' 'THEN GO TO L 1 ; 
IF CHAR = 'T' THEN GO TO L3; 
IF CHAR = 'M' THEN GO TO LI0; 
IF CHAR = 'C' THEN GO TO L15; 
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; 
GO TO L19; 
END ' 

IF CHAR '= '1' I '2' I '3' I '4' I '5 ' I 
'6' I '7' I '8' THEN DO; 

TOKEN(l) = CHAR; 
GO TO L22; 
END; 

GO TO Lj;:XERR; 

STATE 3 - HAVE FOUND 'T' 
CALL RCHAR( ); 
IF CHAR = '0' THEN GO TO L4; 
IF CHAR = 'A' THEN GO TO L6; 
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 L8; 

TOKEN(2) 

1 
2 
3 
4 
5 
6 
7 

COL: A-Z 
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* 
* 
L8: 

* 
* 
* 
* 
* 
* 
L15: 

* 

GO TO LEXERR; 

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' 
CALL RCHAR( ); 
IF CHAR = '1' I '2' I '3' I '4' I '5' I 

'6' I '7' I '8' THEN DO; 
TOKEN(l) = CHAR; 
TOKEN(2) = 'C'; 
GO TO L20; 
END; 

IF CHAR = 'A' THEN GO TO L16; 
GO TO LEXERR; 

* STATES 16 AND 17 RECOGNIZE THE REST OF 
* < CAP> AND ARE NOT SHOWN. 
* * STATE 19 - HAVE FOUND COLUMN LETTER (A-Z) 
L19: IF CHAR = '1' I '2' I '3' I '4' I '5' I 

* 

'6' I '7' I '8' THEN DO; 
TOKEN(l) = CHAR; 
GOTO L20; 
END; 

GO TO LEXERR; 

* STATE 20 - HAVE FOUND < POS> 
L20: IF CHAR = ' 'THEN RETURN; 

GO TO LEXERR; 
* 
* 
L22 : 

* 

STATE 22 - HAVE FOUND ROW NUMBER (1-8) 
IF CHAR = 'A' I 'B' I 'C' I'D' I 'E' I 

'F' I 'G' I 'H' THEN DO; 
TOKEN(2) = CHAR; 
GO TO L20; 
END; 

GO TO LEXERR; 

* STATE 23 - HAVE FOUND 'F' 
L23 : IF CHAR = '1' I '2' I '3' I '4' I '5' I 

* 

'6' I '7' I '8 ' THEN DO; 
TOKEN(l) = CHAR; 
TOKEN(2) = 'F'; 
GOTO L20; 
END' 

IF CHAR '= 'R' THEN GO TO L24; 
GO TO LEX ERR ; 

* 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(l) = 0; 

TOKEN(2) = 7; 
RETURN; 

END LEX; 



Microcomputer 
UPDATES 

Keeping up with the blizzard of new microelectronic 
components is a formidable task facing any engineer. First 
there are innumerable part announcements; next comes 
unreadable literature, hastily compiled by the vendor who 
places more emphasis on selling you than telling you . And 
what about availability? 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 

contain 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 yearly 
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 year. Each update series is bi-monthly; you 
receive six updates per year per book, or 12 updates if you 
subscribe to both series . Volume 2 and Volume 3 sold loose­
leaf to allow easy insertion of update material. 

Among the newest part descriptions appearing in the first year's 
update series: 

An Introduction 10 Microcomputer'i: 
Volume 2 - Sonte Real MicroproCe"io.;of"i 

• Z8, Z8000 
• AID and DI A converters 
• Floppy Disk Controllers 
• Am95 11 
• Sy6551, R6531 
.6801, 6809 
.COPs, PPS4 
.TM990 Bus 
• Heath H8 Bus 
• RS449-422-4~3 
• S2651, S2652 
• MC6854 

An Introduction 10 \1iC'rocomputer .. : 
Volume J - Some Rl'al Support OHicc"i 

Volume 2 1400pp . loo..;\!-Icar (# 15-21 S25.oo Volume J 800pp. 100,,\:-lc:l1' (# I H-71 S15.00 
Vnlumo 2 binder 1#16·01. S 5.00 Vnlume J hindor 1# 1~ ·51. S 5.00 
Vnlume 2 1978 ·1979 updato, 1#97t. 525.00 Volume 3 1978· 1979 update, 1#981. 525.0n 

~ SPECIAL DISCOUNT: Combined purchasl! price oj' hoth Volum e 2 and Vo lume 3 
~ update ..;ub'icription..; iU'i1 540.00. Spcc ir~, Volume 2 and J update..; (#Q9 1. 5.tO.OO. 

BASIC 
Software 

• Complete source listings 
with remarks 

• 76 tested, working programs 

• Standard BASIC 

• Math, statistics 
personal finance and 
general interest programs 

Some Common BASIC programs, by Lon Poole and Mary 
Borchers. Designed for people who can use a variety of prac­
tical BASIC programs. 76 programs are published in the 
book, which includes program descriptions, sample runs , and 
source listings with remarks. The documentation is complete 
so that a minimum of programming knowledge is required in 
order to use the programs. 200 pp. , softbound. (#06-3, $8.50:) 

~ Prit'c innt!;lsc'i to $9.50 Jul ~' I. 1979, 

For PET Users 

the PET@ Cassette 
If you use a Commodore PET, you have probably realized 
that many BASIC programs require modification in order to 
run optimally on the PET. We have done the reprogramming 
necessary for Some Common BASIC Programs' programs to 
conform to the PET's BASIC syntax, calculation accuracy 
and video display, and now offer these listings for purchase 
on our PET Cassette. 

If you don't already own a Some Common BASIC Programs 
book, we urge you to purchase one for program 
documentation and user instructions. (#2S-X , PET Cassette, 
$10.00.) 

We warrant each 
PET Cassette 

to be free 
from defects 
in material 

and manufacture. 

o 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OO OOOOOOOOOOOOOOOOOOOOOOOO qO 

O\OSBORNE & ASSOCIATES, INC. 
630 Bancroft Way, Dept. 121 

Berkeley, CA 94710 
(415) 548-2805 
TWX 910-366-7277 

NAME ________________________________________________ __ 

ADDRESS ______________________________________________ __ 

CITY ______________ STATE ___________ ZIP _______ __ 

PHONE ______________________________________________ __ 

SHIPPING (Shipping for large orders to be arranged) 
Vol. 2 and Vol. 3 update subscriptions: 

BooklCasselle Price Quanlily 

Calif. residents add 6% sales tax . Subtotal 
SF BART residents add 6·112 % sales tax . 
No ta x on update subscriptions. California residents tax 

Updates: 

o $4.00 foreign air mail, Shipping per update s\Jbscription 
o No charge in the U.S . . 4th class mail ONL Y 

ust be enclosed for purchases of up to $70.00. Invoicing U.S. Payment in advance m 
purchases over $70.00 
must be prepaid in U .S 

Shipping 

Books & Binders: 
o All foreign orders $4.00 per book for airmail 

available upon approval of your account. All foreign orders 
. dollars drawn on a U.s. b'mk TOTAL AMOUNT 

, . ENCLOSED 

o $0.45 per item 4th class in the U.S. (allow 3-4 weeks I Cassettes: Please send the following information : 
o $0.75 per item UPS in the U.S. (allow 10 days I o No additional charge in the U.S. o Becoming an O&A dealer 0 List of foreign distributors 
o SI.50 per item special rush shipment by air in the U.S. o S 1.50 each foreign air mail o School discounts o Current catalog 

Amount 

S 1032 
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Listing 2: Routine constructed for the syntactical finite state machine. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

SYN IS A SUBROUTINE WHICH EXAMINES INPUT 
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(5) 

O=ERROR, l =MOVE , 2=CAP , 3=TAKE. 
COLUMN (A-H) OF " FROM". 
ROW (1-8) OF " FROM". 
COLUMN (A-H) OF "TO ". 
ROW (1 -8 ) OF " TO " . 

SYN : SUBROUTINE ; 

* * STATE 1 - BEGINNING STATE 
Sl: CALL LEX( ) ; 

* 

IF TOKEN(l)=O & TOKEN(2)=1 THEN DO ; 
COMMAND(l) = 1 ; 
GO TO S2 ; 
END; 

IF TOKEN(l)=O & TOKEN(2)=2 THEN DO ; 
COMMAND{l) = 2 ; 
GOTOS2 ; 
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() ; 

* 
* 
S4 : 

* 
* 
S5 : 

* 
* 
S6 : 

* 
* 
* 
* 
* 
SYNERR: 

END SYN; 

IF TOKEN(l»O THEN DO ; 
COMMAND(2) = TOKEN(2) ; 
COMMAND(3) = TOKEN(l); 
GO TO S4 ; 
END; 

GO TO SYNERR; 

STATE 4 - <MOVE><FROM><POS > FOUND 
CALL LEX() ; 
IF TOKEN(l)=O & TOKEN(2)=4 THEN GO TO S5 ; 
GO TO SYNERR; 

STATE 5 - < MOVE><FROM><POS><TO> FOUND 
CALL LEX() ; 
IF TOKEN(l»O THEN DO; 

COMMAND(4) = TOKEN(2) ; 
COMMAND(5) = TOKEN(l) ; 
GOTOS6; 
END; 

GO TO SYNERR; 

STATE 6 - ENTIRE COMMAND FOUND 
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. 
COMMAND(l) = 0 ; 
RETURN ; 
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will be the column letter. If the token is 
not < POS>, then the first ele ment of 
TOKEN an'ay will be set to zero and the 
second element will be a code indi cating 
which ty pe of token was recogn ized (1 for 
< MOVE> , 2 for < CAP>, 3 for <TA KE>, 
4 fo r < TO>, 5 for < FROM>, 6 fo r 
<EN~>) . The semantic routi nes assoc iated 
with the lexica l f ini te state machine to 
set TOKEN correctl y are shown in tab le 2. 

I mplem entation 

The first step in impl ementinK the co m­
mand language is th e co nve rsion of th e 
lex ica l finite state machine into a sub­
ro utine which locates the next token in 
the input stream and pl aces th e necessary 
codes into TOKEN as described above. 
If at any t im e, an error is detected while 
at tempting to recognize a new token from 
th e input stream, th en TOKEN(l ) is set to 
ze ro, TOKEN(2) is set to 7 and thi s ro uti ne 
return s to its calling ro utine. 

A program named LEX, written in a 
BASIC-like language, which accompli shes 
these results is shown in li sting 1. Prior to 
th e in vocation of this routine, the inpu t 
command must be obta ined from the user 
and stored in a buffer fo ll owed by a blank 
and the end of line characte r. A routin e 
RCH AR is assumed to ex ist, whic h reads 
th e nex t ch aracte r fro m the input buffe r 
and pl aces it into th e variable CHAR. 
Because of th e way that the program has 
bee n des igned, the flow of the program is 
easy to und erstand and modificatio ns are 
easy to make if necessary, espec iall y if 
th e co rrespond ing fi ni te state machine 
di agram is ava il able. Th e program is divided 
into sec ti ons wh ich correspond to th e 
states in the finite state mac hine. Each 
section determines which state transit ion 
po in te r should be fo ll owed fro m the 
ch aracte r which is bei ng scanned. I t then 
performs the semantics associated with thi s 
state transi t ion poin ter and moves along 
the path by means of the appro pri ate GO­
TO statement. If durin g th e processing of 
any state, the input character being ex­
amined does not con'espond with any 
vali d state transition poin te r, the routi ne 
sets TOKEN to the error code described 
above and return s to its ca ll er. 

Li st ing 2 shows th e ro utine constructed 
from th e syntactic finite state mac hine. The 



5 Nasons wh, ,OU should not lIu, 
the electric P~~~s!! II ™ 

Check the appropriate box(es): 
-""'---""'''''---J 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 join the thousands of people who haven't 
checked a single box. 

The Electric Pencil II is a Charac­
ter Oriented Word Processing System. 
This means that text 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 handling of te xt. Since 
line endings are never delineated, any 
number of characters, words, lines or 
paragraphs may be inserted or deleted 
anywhere in the te xt. 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 partially completed 
word is shifted to the beginning of the 
following line. Whenever text is insert­
ed or deleted, existing 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 will by variable speed scrolling 
both in the forward and reverse direc­
tions. By usin!1 the search or search 
and replace functions, any string of 
characters may be located and/or re­
placed with any other string of charac­
ters as desired. 

Numerous ' combinations of 

CP/M versions 
Digital Research's CP/ M, as well as 

its derivatives, including IMOOS and 
COOS, and Helios PTDOS versions are 
also available. There are several NEC 
Spinwriter print packages. A utility 
program that converts The Electric 
Pencil to CP/ M to Pencil files, called 
CO NVERT, is only $35. 

Features 
• CP/M, IMOOSand HELlOS compatible 
• Supports four disk drives 
• Dynamic print formatting 
• DIABLO and NEC printer packages 
• Multi-column formatting in one pass 
• Print value chaining 
• Page-at -a-t im e scro lling 
• Bidirectional multispeed scrolling con­

trol s 
• Subsystem with print value scoreboard 
• Automatic word and record number 

tally 
• Cassette backup for additional storage 
• Full margin contro l 
• End-of-page control 
• Non-printing text commenting 
• Line and paragraph indentation 
• Centering 
• Underlining 
• Bold face 

Upgrading policy 
Any version of The Electric Pencil 

Have we got a version 
for you? 

The Electric Pencil II operates 
with any 8080/ Z80 based microcom­
puter that supports a CP/M disk sys­
tem and uses an Imsai Via, Processor 
Tech. VDM-1, Polymorphi::. VTI , Solid 
State Music VB-1 B or Vector Graphic 
video interface. R EX versions also 
available. Specify when using CP/M 
that has been modified 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-IIA, DV-II B. 

Verso Video Printer Price 
SS-II SOL TTY or similar $225. 
SP-II VTI TTY or similar 225. 
SV-II VOM TTY or similar 225. 
SR-II REX TTY or similar 250. 
SI-II via TTY or similar 250. 
OS-II SOL Diablo 1610/20 275. 
OP-II VTI Diablo 1610/20 275. 
OV-II VOM Diablo 1610/ 20 275. 
DR -II R EX Diablo 1610/20 300. 
01-11 via Diablo 1610/20 300. 
NS-II SOL NEe Spinwriter 275. 
NP-' II VTI NEC Spinwriter 275. 
NV-II VDM NEe Spinwr iter 275. 
NR-II REX NEe Spinwriter 300. 
NI -II via NEe Spinwriter 300. 
SSH SOL Helios/TTY 250. 
OSH SOL Helios/ Diablo 300. 

Attention: TRS .. 80 Users! 
I ine length , page length , line 
spac ing and page spacing permit 
automatic formatting of any 
form. Character spacing, bold 

m 
55 

MICHAEl SHRAYER SOFTWARE, INC. 
1253 Vista Superba Drive 

Glendale, CA. 91205 

The Electric Pencil has been de­
signed to work with both Level I 
(16K system) and Level II mod­
els of the TRS-80, and with vir­
tually any printer 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 included in 
the Diablo versions. Multiple 
columns with right and left justified 
margins may be printed in a single pass. 

Wide screen video 
Versions are available for I msai 

via video users with the huge 80x24 
character screen. These versions put al­
most twice as many characters on the 

(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 
Software. Only the originally purchas­
ed cassette or diskette will be accepted 
for upgrading under this policy . 

The TRS-80 disk version is ea~. ily tran­
sferred to disk and is fully interactive 
with the READ, WRITE, DIR, and 
KI LL routines of TRSOOS 2.1. 

Version Storagg 

TRC 
TRD 

Cassette 
Disk 

Price 

$100. 
$150. 

screen!! ! Demand a deDlO f'rom your dealer! 
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Figure 6: An alternate 
solution for the lexical 
analysis of the 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 previous routine. This 
time each section of the program examines 
the next token which has been obtained by 
a call to lEX, performs the appropriate 
semantics for the path to be traversed, and 
then moves to the next defined state. 
Agai n, if either an invalid token is encoun­
tered or if the routine LEX returns an error 
code, this routine returns to its caller after 
leaving an error code of zero in COMMAND. 

Due to the way these routines were con­
structed, a single error code is returned if 
any error occurs in a command. But, be­
cause the exact location in the state dia­
gram is known whenever an error occurs, 
more descriptive error messages can be 
generated, or fix up ac tion may be pel'­
formed. If the command: 

MOVETOA8 

is entered, then the syntactic routine would 
encounter the < END> token while process­
ing state 58. Based on the present form of 
the program , the error message printed 
would most likel y be "INVALIDCOMMAND 
SYNTAX - ENTER NEW COMMAND" 
since no attempt is made to analyze the 
syntax error. 

However, instead of mere ly returning 
the ze ro error code to its ca ll er, the syntactic 
routine could return a unique code to indi­
cate that the FROM section of the command 
is missing. The calling routine could then 
prompt the user for the coordinates of the 
piece which is to be moved. Depending on 
the extent to wh ich th is er ror check i ng is 

A-Z D 

A-Z 
1-8 

A-Z 

carried Qut, 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 techniques of uSing finite state machines 
for designing command languages and do not 
represent the only way to implement this 
sample command language. An alternate 
finite state machine which performs lexical 
analysis for the example game is shown in 
figure 6. In this finite state machine all 
of the commands and keywords (MOVE, 
CAP, T AK.E, TO and FROM) map into the 
single token <KEYWORD>. Semantic rou­
tines associated with the paths L l-L6, L l-L 7, 
L6-L7 and L7-L1 would be used to save the 
symbols which have already been matched. 
Then when path L7-L8 is traversed, the 
semantics associated with this path would 
include a table lookup routine to identify 
the command or keyword and correctly 
fill in the TOKEN array. 

To illustrate this technique, observe how 
the finite state machine in figure 6 would 
recognize the capture command. Starting 
with state L 1, the C would cause the tra­
versal of path L l-L6 and would be saved to 
late r help identify the token being parsed. 
The A and the P would similarly cause the 
program to move along the paths L6-L 7 
and L 7-L7, respectively, and again these 
letters would be saved by the semantics 
associated with these paths. Finally, the 
ending blank would cause the traversal 
of path L7-L8 . At this time, the semantics 
associated with path L7-L8 would examine 
the letters which had been saved, identify 
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 ei'rdr code. 



Certain advantages exist for both the 
method used in the finite state machine 
in figure 3 and fo r this method but as the 
number of keywords increases, this method 
becomes much more efficient in terms of 
memory used. 

Conclusion 

The purpose of th is article has been to 
show how finite state 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 informat ion retri eval command 
language and a FORTRAN free format 
input processor of character strings and 
numbers ; and methods similar to these 
shown here have significantly speeded up 
the implementations. The efficiency of th is 
method will vary depending on which 
language is used to program the procedures 
and on the programming techniques used. 
The sampl e programs prev iously shown were 
designed with cl arity in mind and are not 
the most efficient routines which could 
have been written. I wo uld recommend 
th at the lexical finite state machine be 
coded in assembl er language if poss ibl e 
since many techniques exist to improve 
the perfo rmance of characte r by character 

scann ing and comparison. Of cou rse, both of 
th e routin es may be written in any language 
des ired, but because of the memory space 
limitations of mos t small com pu ters, asse m­
bl er language would probably be an asset. 
As memory size in creases, however, th e 
adva ntages of asse mbl er tend to deCl'ease. 
Which ever language is chosen, th e f ini te 
state machine method of designing a com­
man d language shou ld produce a system 
which I'un s correctly after less programming 
effort, whi ch can be more readily und er­
stood and changed as necessary, and which 
can prov id e a se ri es of error and prompting 
messages that hel p to make the system 
easier and more en joyabl e to use .-
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Figure 7: A plot of the percent error in the magnitude approximation for 
different values of K. We are approximating the square root of REAL2 + 
IMA G2 by the formula L + KS, where L is the larger and 5 is the smaller 
value of the absolute values of the real and imaginary parts of a vector. 

K PEAK ERRORS VARY FROM (%) RMS ERROR (%) 

1 o to 41 30 
.5 (1/2) o to 12 9.1 
.414214 (J 2 - 1) o to 8.2 5 .9 
.375 (3/8) -2.8 to 6 .8 4 .7 
.3125 (5 / 16) -7.2 to 4 .B 3.6 

Table 7: The accuracy of the approximation algorithm as a function of K. 

IMPLEMENTATION OF 
K K x ABS (SMALLER) 

1 None Requ ired . (Fastest) 

. 5 (1/2) Shift right 1 . 

.375 (3 /B) Shift right 2, 
Store in TEMP, 
Shift right 1, 
Add TEMP. 

.3125 (5/16) Shift right 2, 
Store in TEMP, 
Shift right 2, 
Add TEMP . 

.414214 (J 2 - 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 article presenting 
an assembly language FFT {fast Fourier 
transform} program for the 6800 (February 
1979 BYTE, page 108) . Adaptation to my 
6502 (KIM) system should be fairly straight­
forward. 

However, the author notes that obtaining 
the magnitude of each resulting vector is 
alm ost as time-consuming as the FFT process 
itself, since this would involve taking 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 found. The following 
algorithm is often used for this purpose in 
the processing of speech and radar data, 
and may be implemented easily in either 
hardware or software. 

To find the magnitude of a vector, given 
the orthogonal components (eg: REAL and 
IMAG): 

• take the absolute values of REAL 
and IMAG; 

• compare the two absolute values, 
place the larger in L and the smaller 
in S - if they're equal , it doesn't 
matter which goes where; 

• multiply S by a constant (K), add 
the resu lt to L. 

What is K? That depends on how much 
accuracy you're willing to sacrifice for com­
putation speed. To appreciate this, you 
should understand that the error in the 
magnitude computation will be a function 
of the phase angle between the 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 values of K, along 
with the corresponding spread of the peak 
errors. However, just looking at the peak 
errors can be deceiving; what you really 



want to do is minimize some measure of the 
average error . Since th e error function 
"folds" at 45 degrees of phase angle between 
L and 5, I wrote a short program to compute 
the error at 1 degree intervals from 0 to 45 
degrees. Th e root mean sq uare of th ese 
errors is given in tab le 1 as a sort of quality 
factor for a given va lue of K. 

As you can see, the computation of the 
magn itu de can be improved from 3 to 8 
tim es, simpl y by choosing the appropriate 
val ue of K. The erro r reduction as a function 
of K is shown graphicall y in figure 1; this is 
the accuracy part of the tradeoff. 

The other side of the coin is speed of 
implementation . Give n the abso lute va lu es 
of REAL and IM AG, and the fact that some 
fract ion of one will be added to the other, 
it takes no ex tra time to perform the algo­
rithm with K=l. Howevel', with K=.414214, 
you must multiply (after finding the smaller 
of the two abso lute values). Th e range of in­
between speeds is given in table 2. 

The accu racy/speed tradeoff should be 
eva lu ated for each user's application, either 
by analysis or by trying possible va lues of 
K. However, if you don't have the time or 
energy for th is, remember that an imme­
diate reduction of the root mean square 
error to less than ten percent may be ob­
ta ined by a compare and a shift (ie, K = .5).-

• 6809 
16 bit internal ari thmetic 
Hardware multiplication 
Two stack pointers 
Two index registers 
18 addressing modes 
Fully re locatable code 
Rve interrupts 
Up to three times the 

throughput of a 4MHz Z -80 
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MO-690a Single Board Computer 
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. .. I 0 CPU Card (kit) 
5-100 Compatlbillty.l 0 CPU Card (assembled) 

6809 Computability.: ;::::'_, ___ _ 
Stall!/Zip ________ _ I 
Cit, 

CA residents add 6% 
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Circle 179 on inquiry card . 

• 1K RAM 

• 10K PROM space 

• MaN BUG " monitor included 

• 2400 baud cassette interface 

• 20 I/O lines 

• RS-232 level shifters 

• Real time c lock 

• DMA 

• Parallel keyboard input 

• Memory-mapped video output 

• Fully S-100 compatib le 
(including 8080 type I/O) ,. A complete system, 
ready to use. 

MicroDaSys, P.O. Box 36051 

Los Angeles, CA 90036 

(213) 935-4555 
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Our MacroFloppyTM 
goes twice the distance. 
For $695. 

Introducing the Micropolis MacroFloppy1M 1041 and 1042 disk drive sub­
systems For the S-100/ 8080/Z-80 bus, Packing 100% more capacity into a 
5V,-inch floppy disk than anyone else, 143K bytes, to be exact. For as little 
as $695, 

The MacroFIoppy1041 comes with the Micropolis Mod I floppy packaged 
inside a protective enclosure (without power supply) And includes an S-100 
controller, 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 either on your 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 with everything the :1041 has, and more, 
Such as d,c. regulators, its own line voltage power supply, and, to top it off, 
a striking cover. Making it look right at home just about anywhere, 

Both MacroFloppy systems are fully assembled, tested, burned-in, and 
tested again For zero start-up pain, and long term reliability They're also 
backed up by our famous Micropolis factory warranty, 

And both systems are priced just right. $695 for the MacroFloppy:1041 
and $795 for the MacroFloppy1042, 

You really couldn't ask for anyth ing more, 
At Micropolis, we have more bytes in store for you, 
For a descriptive brochure, in the US ca ll or write Micropolis 

Corporation, 7959 Deering Avenue, Canoga Park, California 91304 , Phone 
(213) 703-1121. 

Or better yet. see your local dealer. 

Concerning 

User's Manuals 

In my opinion, many engineers are incom­
petent when it comes to transmitting infor­
mation to anyone not already trained in their 
particular specialty. (I, myself, am wondering 
if I'm getting this message across.) Engi­
neers, who generally are not human ori­
ented, excuse the obscurity of their com­
munications by charging that the other 
person (not one of their compatriots, 
obviously) is not too bright. Unfortunately, 
there is just enough truth in this assump­
tion to convince most engineers that there is 
no need to undertake the drudgery of learn­
ing how to be lucid - nothing is so easy as 
adjusting facts to fit opinions. 

It is clearly apparent that if engineers are 
no more obscure in discourse than other 
people, then I don't have much of a point. 
So, before plunging into the real subject of 
this articl e, let's examine this question with 
respect to one particular feature involved in 
the process of transmitting information to 
others - namely, indices. Information that is 
not accessible, or that is accessible only with 

MICROPOLIS™ 
M are bytes in store for you. 

excessive difficulty, is not of much practical 
value. 

In connection with another project, I 
made a statistical study of the indices of the 
nonfiction books available 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. While it is evi­
dently true that index length is no measure 
of index quality, it is equally apparent that 
a short index is limited in the amount of 
information that it can transmit. 

Engineering books, despite the complex­
ity of their subject matter, have less indexing 
(at an average of 1.3%) than nonfiction 
books in general. On the other hand, science 
books, properly reflecting the complexity of 
their subject matter, have more indexing (at 
an average of 2.4%) than nonfiction books 
in general. 

Unfortunately, many instruction manuals 
for computers have been written by engi­
neers. It may well be that the obscurity of 
computer manuals has a su bstantial effect 
on personal computer sales. It is even con­
ceivab le that literally thousands of intelli­
gent, educated people, those who might 
benefit from the possession of a personal 
computer, are "turned off" when they see 



MetaFloppyM goes 
The Micropolis MetaFloppylM gives you more tllan four t imes tile capacity of 
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age. For less money than you'd believe possible. 

beyond. 
The MetaFloppy:1054 comes complete with four drives in dual config­

uration. A controller. Power supply. Chassis. Enclosure. All cabling A new BASIC 
software package And a DOS with assemblel- and edito l~ Thel-e's even a buil t­
in Autoload ROM to eliminate tiresome button pushing. 

If that's more storage than you need right now, try our 
MetaFIoppy1053, with 630,000 bytes on-line. Or OUI- Meta­
Floppy 1043, with 315,000 bytes on-line. Either way, you can 
expand to over a million bytes on-line in easy stages, wilen you 
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some of the instruction manuals publish ed 
by computer manufacturers. If the reader 
is skeptica l on this point, let him compare 
the average personal computer user's manual 
with a really good manual, such as th e one 
supp li ed with Hewlett-Packai"d's HP-67 ca l­
cu lator. 

Suppose that in a given year 10,000 
people are turned away from personal 
computers by the paucity of lucid manuals. 
(I'm safe here because no one really knows 
how many potential buyers don't buy,) And 
suppose that the average user investment in 
personal computers is (optimistically) 
$4000. This means that the persohal com­
puter industry, with at least a few manu­
facturers and retail sellers on the ragged edge 
of solvency, may be needlessly driving no 
less than $40,000,000 per year into other 
hands, 

If all computer manufacturers were to 
test their manuals by having several intelli­
gent, educated people try to operate the 
corresponding computer with nothing but 
the manuals for a guide, the results mi ght be 
illuminating, or even startling to the manu­
facturers, Then, instead of assum ing that 
these test users are clumsy, it might be help­
ful to revise the manuals until they are lucid, 
not invincibly obscure. 

I believe that the manufacturers will dis-

cover, if they actually make such a test, 
that the choice of a specific word is highly 
significant in the transmission of informa­
tion , It m akes a heap of difference whether 
on e says, "Wom an and child" or "Woman 
with child . " It also makes a difference 
whether an engin eer writes, " ... has a direc­
tory entry" or " . . . requires a directory 
entry." 

But mos t significant of all, many engi­
neers seem to thin k that the reader needs 
littl e or nothing in the way of orientation. 
Thi s, unfortunately, is not true. rhe reader 
of a manual needs to be led by the hand all 
th e way - good writ ing typically provides 
such ass istance. What often happens in prac­
tice is that the reader is given th e brush-off, 
with the declaration th at the manual as­
sum es that the reader is acquainted with the 
subject. This is a lu xury that the personal 
computer industry cannot afford . 

Of course, it is perfectly reasonable to 
assume that the expectant owner of a per­
son al computer should do a littl e studying of 
BASIC, for instance. The user definitely 
won't be harmed if he or she gets some idea 
of the general organization of a computer. 
But there is grave doubt that such training 
will aid the user noticeably in learning how, 
for example, to manage the disk file of 
som e particular computer, 
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25 START-AT-HOME 
COMPUTER BUSINESSES 
In "Low Capital, Startup 
Computer Businesses" 

CONSULTING • PROGRAMMING • MICRO COMPUTER 
OPPORTUNITIES. SOFTWARE PACKAGES. FREELANCE 
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SCRAP COMPONENTS. AND MORE . . 

Plus - ideas on moonlighting, going 
full-time, image building, revenue 
building , bidding, contracts , marketing , 
professionalism, and more. No career 
tool like it. Order now- if not completely 
satisfied, return within 30 days for full 
immediate refund . 

• BV, x 11 ring bound. 156 pp .• $20.00 
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TRS·SO LEVEL II AND DOS 
COMMAND PROCESSOR 'COMPROC' """NEW PRODUCT"" ..... .. .. .. . 

Automatically load and execute any sequence 01 System and/or 
BASIC programs and data Irom power up. 
Command Iiles 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 relerences readjusted as required. 
COMBINE programs with renumber and merge. 
LOAD or SAVE any portion 01 program Irom tape. 

GENERAL SUBROUTINE FACILITIES 'GSF' ... . .... .. . .. ... . .. .. ... . . 
"'"CiiiieCiion 01 last easy-to-use machine language routines. 

IN-MEMORY SORT with multiple variables and keys. 
SORT 1000 - Element array in 9 seconds. 
ARRA Y read/write to tape, compress/uncompress/move data. 
SCREEN scrolling, save screen displays, and more ..... ....... . .. . 
~ SORT PROGRAM 'DOSORT ............... . .......... . _ . .. . . 

SORT/MERGE multi-diskette sequentialliles. 
MULTIPLE variables and keys. User input/output sort exits. 
Includes GSF machine language in-memory sort, etc. 32 or 48K. 

f!!r! SYSTEM TAPES WITH 'COPSYS' . ......... . ... ... . .. .. .... . . 
Dealer Inquiries Invited 

REMODEL Order TS21D at $24.95 
REMODEL + PROLOAD Order TS22D at $34.95 
GENERAL SUBROUTINE FACILITIES Order TS25D at $24.95 
DISK SORT PROGRAM Order TS26D at $34.95 
Must specily 16, 32, or 48K on above. System house discounts. 
COMMAND PROCESSOR (DOS ONL Y) Order TS27D at $19.95 
.COPSYS (Not DOS) Order TS24D at $14.95 
For TAPES that TEST best' Order 10 ea at $14.95 

E=. RACET -=:3 Check. VISA. M/C. C.O.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 
value at all in helping the hopeful beginning 
reader in remembering the casual comment, 
appearing 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 guidance. Among other things, this 
means examples, examples, and more 
examples. Since the personal computer in­
dustry has not been overwhelmed by stand­
ardization, 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 develop skill in a reasonable time. 

Unfortunately, it 's one thing 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
thing 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 bodily 
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 everyone could understand. 
Sadly, we're so civilized now that we can't 
use any of the old-time, sure-cure methods 
of motivation . 

If engineers knew that the penalty for 
failure to be lucid was to be pulled apart by 
teams of draft horses, it might have a salu­
tary effect on the writings of engineers. (If 
some computer engineers now think that I 
should be pulled apart by teams of draft 
horses, it clearly indicates that my writings 
are lucid. The readers get the message. 
Therefore I should not be pulled apart. 
Q.E.D_) 

If a user's manual confuses intelligent 
people, it is not only unsatisfactory to the 
user, but damages the fortunes of manufac­
turers and retail dealers also, because poor 
documentation inhibits sales. Why should 
the manufacturers pay for full 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 Titus 
TYCHON Inc 
POB 242 
Blacksburg V A 24060 

David Lamki ns' article about printed cir­
cuit layout techniques "Designing With 
Double Sided Printed Circuit Boards" (March 
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 circuit 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 will be almost impossible to add 
decoupling capacitors to power runs 
that snake through signal runs. Re­
member, you will need one decouplin g 
capacitor per 7400 series integrated 
circuit in a good design . 

Statistical 
Computations 

Recomputed 
J G Bliss 
2141 Cumberland Av S 
Saskatoon, Saskatchewan 
CANADA S7J 1Z2 

Alan B Forsythe, in h is article "Elements 
of Statistical Computation," (J anuary 1979 
BYTE, page 182) states : 

Several books of BASIC programs in­
clude the calculation of the standard 
deviation. Those I checked give the 
wrong answer for th is set of data . 

This is probably a result of the fo rmul a 
used in the article : 

s =) N ~ 1 L (X_ X)2 . 

The usual formula for standard deviation is : 

a =) ~ L (X_X)2 

The version given in the article is used when 
calculating standard deviation from a sam­
ple. (See for example Handbook of Sampling 
for Accounting and Auditing, 2nd edition, 
by Herbert Arkin, McGraw-Hill.)-

• If the power runs are left until last, 
poor design takes over, mak in g the de­
signer seek grou nd and power con nec­
tions wherever they are avail able. 
Potenti al differences ofte n occur, and 
the circuit doesn't fu ncti on. Ground 
loops are also a problem unl ess proper 
layout of power runs is observed early 
in the design. 

Although the use of one colored pencil 
per side of the double·sided printed circuit 
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-down fashion. If this course is 
followed, problems such as those in Lamkins' 
figure 4 are avoided. Use of this tech niqu e 
also simplifies problems such as those shown 
in Lamkins ' figure 3 design. 

The artic le also mentions th e use of a 
dedicated through-hole. This is a new one to 
me. I always thought that th e holes on a 
printed circuit board were dedicated to some­
thing. If they weren 't dedicated, there 
would n 't be any need for them. What is a 
through-hole? I thought that holes went 
through something. Who knows, maybe 
some computerist will come up with a 
nested -h ole ; a small hole inside a bigger one. 
Best wishes.-

Retro-Grap"hicS™ 
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Circle 142 on inquiry card. 

T.D.Q. 
TAPE DATA QUERY 

PET-8K SOL-IIA TRS-80-LEVEL II 
*F1LE MANAGEMENT SYSTEM 

-UTILIZES DUAL AUDIO CASSETTE RECORDERS 

*INTERACTIVE QUERY LANGUAGE 
-ENGLlSH ·L1KE COMMANDS 

-POWERFUL INFO RETRIEVAL CAPABILITY 

*COMPUTERIZED BUSINESS & PERSONAL RECORDS 
-CUSTOMIZE YOUR OWN FILE STRUCTURES 

-CREATE & MAINTAIN DATA FILES 

-NO PROGRAMMING EXPERIENCE REQUIRED 

_ *IMPLEMENTED IN BASIC 
T.D.Q. CASSETTE WITH MANUAL & REF. CARD $50.00 E 

THE FOLLOWING PRE·DEFINED T.D.Q. FILE STRUCTURES 
ARE AVAILAHLE TO SOLVE YOUR DATA PROCESSING NEEDS: 

INVENTORY CONTROL $35.00 
ACCOUNTS RECEIV ABLE $35.00 
ACCOUNTS PA YABLE $35.00 
ORDER PROCESSING $35.00 
CUSTOMER DIRECTORY $25 .00 
APPOINTMENT SCHEDULING $25.00 

EACH WITH CASSETTE AND MA NUAL 

SEND SELF·ADDRESSED STAMPED ENVELOPE FOR 
COMPLETE SOFTWARE CATALOGUE. 
SEND CHECK OR MONEl'·ORDER TO: 

H. GELLER COMPUTER SYSTEMS 
DEPT. B, P .O. BOX 350 
NEW YORK, NY 10040 

(NEW YORK RESIDENTS ADD APPLICA BLE SA LES TAX) 

iill II III 111111111111111111111111111 111111111111111111111111111111111111111111 111111 III 11111111111111111111 r. 

ED SMITH'S SOFTWARE WORKS 
ANNOUNCES l~n~U~~© 

AN M6800 SYSTEM RELOCATABLE RECURSIVE 
MACROASSEMBLER &: LINKING LOADER 

A TTENTJON ALL PROGRAMMERS: If you have 
been looking for an assembler with real macro capabilities, then 
Th,ltRML!I.\(12 is the one for you. 

Character replacement is the crux of macro expansion. llRlIl .j(&© 
allows unlimited character replacement In any field of a macro 
model statement. mlllWl&©'s argument notation can specify replace­
ment from any field. subfleld, sublist or substring of the macro call 
statement. lIlmwt.l.i!.© ' s set of macro directions supports both global 
and local set symbols. Set symbols can be based on either arithmetic 
expressions or character expressions. Macro model statements can 
determine attributes of set symbols or macro arguments. l.iR11Ul:ll&© 
allows macros to define new macros and to call other macros. Macro 
calls can be recursive , that Is, a macro may call Itself. 

1Il1llmlt&@ contains a mini co· resident editor, allows spooling If 
desired, supports Insert files. retains TSC Text Editor source code 
compatability. plus many .other programmer convenience features. 

ml~\E'R&© can be furnished on cassette or mini-floppy in either SSB 
or Mini-Flex format . Comes complete with linking loader, Instruc­
tion Manual/Programmers Guide &> an extensively commented 
assembly listing. 

M68RR . cassette. . S150.00 
M68RR·D ... SSB disc ... S150.00 
M68RR-F .. FLEX diSC .. $150.00 

A 6800 to 6809 cross assembler 
version of lIlmll'1I&© will be 
a vailable in June. 

Order directly by check or MC/ Vlsa. California residents add 6'70 
sales tax . Customers outside of U.S. or Canada add $5 for air postage 
&> handling. 
Dealer il/quiries welcame. 

Ed Smith's SOFTWARE WORKS 
P.o . Box 339, Redondo Beach, CA 90277, (213) 373-3350 
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Alan Kaniss 
Vincent DiChristofaro 
John Santini 
1327 McKinley St 
Philadelphia PA 19111 

The Great APL Contest -

After many tri als and tribulat ions, we 
are happy to announce the winners of the 
Great APL Contest (August 1977 BYTE). 
The object of the contest was to create a 
usabl e APL in terpreter. 

The first place prize of $1000 went 
to Alan Kaniss, Vincent DiChristofaro , 
and John Santini for their APL in­
terpreter written in Pascal. This was 
the most complete interpreter we re­
ceived. 

Th e second place prize of $500 went 
to two groups: the APL Committee of 
Texas A&M Microcomputer Club which 
submitted a clu b entry, and Stephanie 
Charl es and Normand Berube who sub­
mitted a jointly written program. Both of 
these programs were for 8080 pro cessor 
machines. 

We thank all the people who entered 
the contest for the time they spent 
writing their interpreters , and we hope 
that th ey learned a great deal from the 
experience . 

We used Michael Wimble's flowcharts (see 
"An APL Interpreter for Microcomputers," 
August, September, October 1977 BYTE) as 
generali zed guide lin es for our APL interpre­
ter, rather than coding directly from them . 
We used most of his ideas on functi on imple­
mentation, table storage, input scanning, and 
statement parsing. There were a few minor 
errors in logic, but for the most part th e 
flowcharts were clear and easy to work 
with. We expanded the interpreter to include 
fu nctions to which Wimble made reference 
but did not flowchart - inner product, 
outer product, catenate, and index-of. We 
made the interpreter ex tremely portabl e by 
having the character set machine (as well as 
keyboard) independent. We accomp li shed 
this by having the program read in th e 
installation's character set from a fil e at 
the start-up of the program. 



THETIS-SO 
ASSEMBLY LANGUAGE 
DEVE~~ENTS1STEM. 

(A STEAL AT TWICE TBE PRICE) 
A short time ago, 

Microsoft introduced IRS-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-BO 
ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM 
FOR $175. 

For half the price of the 
IRS-80 FORTRAN Package, 
you can buy the IRS-80 
ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM, 
including: 

EDIT-BO 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. 

MACRO-BO The best 
Z80 assembler anywhere. 
MACRO-80 supports a 
complete Intel-standard 
macro facility plus many 
other "big computer" 
assembler features: comment 
blocks, octal or hex listings, 
8080 mode, titles and 
subtitles, variable input radix 
(base 2 to base 16), and a 
complete set of listing 
controls. 

IJNK-BO Loads your 
relocatable assembly 
language modules for 
execution and automatically 
resolves external references 
between modules. 

CREF -BO 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 
o Send me the works! TRS-80 FORTRAN Package for $350. 
o Send me half the works! TRS-80 Assembly Language 

Development System for $175. 

o Check enclosed 0 Master Charge 0 VISA 

CARD NUMBER EXP. DATE 

CARDHOLDERS SIGNATURE 

NAME 

ADDRESS 

CITY STATE ZIP 

Dealer Inquiries Invited 
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Tables 

Rather than using Wimble's method of 
storing tables in arrays (variable table, 
value table, function table, token table)' 
we took advantage of one of Pascal's data 
structures, the linked list. This offers two 
big advantages to the design of the inter­
preter : 

• Array sizes do not have to be declared 
elsewhere in the program. There is no 
way of telling which tables will grow 
very large and which ones will stay 
small; this is dependent on the calcu­
lations being performed with the inter­
preter and will vary from one terminal 
session to another. With linked lists, 
storage allocation is dynamic and can 
be used for each table as needed (stor­
age is taken from a common pool of 
storage reserved for linked li sts). 

• It is a simple procedure to de-allocate 
storage (using the standard function 
"dispose" in Pascal) so that it can be 
re-used by the program as needed. This 
helps to keep the size of the running 
program to a minimum. 

Values 

We store all values as real numbers. We 
decided to do this based on the fact that 
although APL's data structures are weak 
(eg: reals and in tegers can be stored in th e 
same array), Pascal's data structures are 
very strongly typed. Numbers are checked 
to be whole numbers (nonfractional) for 

certain operations such as index generation 
(monadic iota) and reshaping (dyadic rho). 
Numbers are checked to be Boolean for such 
operations as logical negation (tilde), 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 techni­
ques in these programs can be directly used 
by readers with similar equipment, or can 
serve as an inspiration for improvisation 
on computers of different characteristics. 

Potential authors of such programs 
should send us a self-addressed stamped 
envelope, with a request for a copy of our 
"Guidelines for Nybbles Authors. " Payment 
for Nybbles items is based on sales and 
length of the item. Rates are set at the time 
of acceptance. 

Nybbles Library programs are sent in 
listing form, printed on 8.5 by 77 inch paper 
on both sides. The Nybb/es Library pro­
grams are 3 hole punched for collection in 
loose leaf binders, and come in an attractive 
folder which serves as a cover. 

This month "An APL Interpreter in 
Pascal" (document # 709) has been added 
to the Nybbles LibrOlY. Use the coupon 
below to order your personal copy, at 
$ 70.00 postpaid in USA or $ 72.00 for over­
seas orders. 

Please send ____ copies of BYTE Nybble # _____ at $ _____ postpaid. 

Please remit in US funds only. 

_____ Check Enclosed 

Bill my BAC # _____________ Exp Date 

BillmyMC # _____________ Exp Date 

Name _________________________________ _ 

Street _________________________________ _ 

City State Zip Code 

BYTE Nybbles Library, 70 Main St, Peterborough NH 03458 

You may photocopy this page if you wish to keep your BYTE intact . 
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BUSINESS 

Appointment Log by M. Kelleher Perfect for the 
professional. Accepts name and address, meeting 
start and endings, subject matter, derives elapsed 
time. For Level II, 16K $9.95 
Payroll by Stephen Hebbler Comprehensive 24 pg. 
manual with step-by-step instructions included in the 
package. Supports W2 and 941 information. 0, 
$59.95 

Mall List I by Michael Kelleher is the economy model 
of disk-based mailing list programs. Uses a single 
drive and handles up to 1400 names per disk, plus 
provisions for sorting options. 16K, D $19.95 

BIZ-80 
The Business Software People @ 

Just about everything you need . .. within 1 
year, participants receive programming for 
Inventory, Accounts Receivable, Accounts 
Payable and General Ledger systems , plus 
Sales and Payroll . Complete documentation 
and software on diskette, $200.00 

Mall List II by BIZ-80 Complete mail list system for 
dual disk. Enter, update , merge, sort, and print 
mailing labels. 0 , 32K $99.95 
Small Business Bookkeeping by Roger W. Robitaille , 
is based on the Dome Bookkeeping Journal, sold for 
years in stationery and discount outlets . 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 difficult to keep current on price 
increases, shrinkage, low-on-stock items, profitable 
items versus losers, without an efficient and prompt 
method of surveying your inventory levels at any 
given time. This program can help you to achieve 
optimal management - it can handle up to 1,000 
items on one disk; each additional disk can handle 
another 1,000 items. With Documentation, $150.00 
Inventory S by Roger W. Robitaille, Sr. 240 stock 
items can be contained using the full 6 data areas and 
2 pieces of alpha information. Levell or II, 16K $25.00 
Inventory 11 .2 Disk based program allows for 
creation , maintenance and review of over 2,000 items 
per clean diskette. Operates under Disk BASIC,DOS 
2.1 with minimum memory allocation. 0 , $59.95 

I •••••••••••••••••••••••••• ••••••••• 

ST 80 - SMART TERMINAL 
Lance M ickl us 

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 . Create, edit , move, 
delete, insert, change, print words or lines. 0, 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 . Kelleher Permits you to 
enter 8080 codings and returns the Z80 equivalent. L 
II , 16K $15.00 
Basic Statistics by Steve Reisser Pearson product­
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. Specity 4, 16, 32, or 48 K 
version when ordering. Operates In Disk mode. L II, 4 
through 48K , $15.00 Source Listing , $20.00 All 4 
versions on disk, $25.00 

Circle 374 on inquiry card . 

,'-----NEWOOS-'---
Apparat 

I DISK ERROR SOLVED! Stop blaming your 

I drive, fix your DOS with NEWDOS: an 
enhanced disk-operating system capable of I correcting over 70 errors In TRSDOS 2.1 to 

i Improve reliability, end key bounce, enable 
, DOS commands to be called from BASIC and 

I 
much more! Available NOW for 16K systems 
with a minimum ofl disk drive. $49.95 

j'...-.c..-.c~",-,, _____ ,"-""'-"~' __ ~"-'I_i 

ACTION GAMES 

Slalom by Denslo Hamlin Choose between Slalom, 
Giant Slalom and Downhill. Level II, 16K $7.95 
X-Wing Fighter by Rev. George Blank Put yourself 
into the cockpit of this fighter. Extensive use of 
INKEY function puts all ship con trols at your 
fingertips without hitting ENTER key. Long range 
sensors warn of approaching aircraft prior to visual 
contact. Level II, 16K $7.95 
Air Raid by Small System Software High speed 
machine language program with large and small 
aircraft flying at different altitudes. Ground-based 
missile launcher aimed and fired from keyboard. 
Planes explode when hit , cause damage to nearby 
aircraft. Score tallied for hits or misses. Level I or II , 
4K $14.95 
Batter Up by David Bohlke Level II , 16K $5.95 
Ten Pin by Frank Rowlette A game of coordination , 
the scoring is true to the rul es of the sport. Level II , 
16K $7.95 

ADVENTURES 
Scott Adams 

Feel as if you're manipulating HAL from 2001 
when you play these games. Hardly any rules, 
finding out Is part 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 Micklus 

You're trapped aboard an enemy battlestar ... 
can you find the gold, rescue the princess, 
discover the plans and safely escape? Level II, 
16K $9.95 

~. 

Amazln' Mazes by Robert Wallace Ever-changing 
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 Micklus Explore caves in 
search of twenty hidden treasures. L I or II , 
16K $7 .95 
Kamikaze by Russell Starkey Command your ship 
against attacking suicide planes. Machine language 
graphics make this fast and fun! L II , 16K $7.95 

MISCELLANEOUS 

Star Trek 111.3 by Lance Micklus One of the most 
advanced Star Trek games ever written. Level II , 16K 
$14.95 

End Zone by Roger W. Robitaille, Sr. Authentic 
football simulation , right down to the 2-minute 
warning. Levell or II , 16K $7.95 
Cribbage by Roger W . Robitaille, Sr. You versus 
the computer cribbage played by standard rules. 
Levell or II , 16K $7.95 
Bridge Challenger by George Duisman You and the 
dummy play 4-person contract bridge against the 
computer. Level II , 16K $14.95 
'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 Micklus One of the most 
popular television games L I or II , 16K $7.95 
Safari by David Bohlke You ' re in the running for a 
film contract at 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 B lank Places you in the 
shoes of an aspiring Congressman . L II, 16K $9.95 
Backgammon by Scott Adams Level II , 16K $7 .95 

Chess Companion by M. Kelleher Combines chess 
clock features with ability to record your moves while 
action is fast and furious . Level II, 16K $7.95 
Sargon Chess by Dan & Kathe Spracklen Winner of 
the 1978 San Jose Microcomputer Chess Tournament 
Level II , 16K $19.95 
Mastermind 11.2 by Lance Micklus Lets you and the 
computer take turns making and breaking codes. 
Level II , 16K $7.95 

PERSONAL 

RPN Calculator by Russe ll Starkey A self­
documenting calculator program . Uses Reverse 
Polish Notation with 4-level stack, 100 memories , 
scientific functions. Level II , 16K $9.95 
Home Financial Management by M . Kelleher Turns 
your computer into a personal financial advisor. Leve l 
1I , 16K $9.95 

Tarot by Frank B. Rowlett , Jr. Probably the best 
future-gazing type program ever written. Try it -
you'll like it! Levell or II, 16K $9.95 

Ham Radio by M . Kelleher Amateur frequency 
Allocations, 10 Timer, Q-signal File, Amateur Log 
Routine, Propagation forecasting . L II, 16K $9.95 
Special Disk-enhanced version , 32K $24.95 
Educator Assistant by Steve Reisser Five programs 
of value to educators. Compute percentage, 
indiv idual student averages, class averages, standard 
test scores, final grades. L II , 16K $9.95 0 , $14.95 
Electronic Assistant by John Adamson A group of 8 
subprograms designed to solve problems such as 
tuned circuits and active and passive filters. L II , 
16K $9.95 
Personal Finance by Lance Micklus 33 different 
budgets can be easily adapted by user to fit hi s 
individual needs . A 2-part program , entry and 
search . Level II , 16K $9.95 

Diskettes Dysan 104/1 Box of five, $24.95 + $1.00 Advance Personal Finance by Lance Micklus Same 
shipping Verbatim , box of ten , $34.95 + $1.00 as above with advanced analysis routine. Supports 
sh ipping/handling Disk Flies D,32K $19.95 

Z80 Instruction Handbook by Scelbi Pub!. $4.95 

~OFTSI DE Your BASIC software magazln;'\ The BASIC Handbook by Dr. David A. Lien $14.95 + 
$1 .00 shipping/ handling Regular 1 year subscription -12 issues - $15.00 

SIMULATIONS PROG /80 For the serious programmer, from 

3-D Tic Tac Toe by Scott Adams Three skill levels - beginner to professional 1 year regular 

author warns you to practice before tackling ~ubscriPtiOn - 4 issues - $10.00 h 
computer's third skill level . L I or II, 16K $7 .95 

TSE 1-605-675-5144 
[0. TnS~!!?cllft !,!f~I~,~!!mp!r~~o~angcz -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 Dictionary 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
panied by a detail ed 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 following: introductory and 
descriptive remarks, a test program with a 
sample run to show how the machine should 
respond, helpful hints, variations in usage 
between different brands of computers or 
different implem entations of the BASIC 
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 value to readers who may 
have BASIC interpreters that lack certain 
features. 

In many cases this section gives a subrou­
tine which performs a function. These sub­
routines are similar in design to those which 
are found in the Radio Shack User's Man­
ual for Level 7 TRS-80 Microcomputer Sys­
tem. In some cases a slightly modified 
algorithm is used for better accuracy . 
These subroutines are written in a form 
which transports well between different sys­
tems. (The similarity to subroutines in th e 
TRS-80 manual, and a slight emphasis on 
TRS-80 BASIC, 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 
BASIC program from one microcomputer 
system to anoth er. 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 
supplementary 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· 
colons, and accessing of single characters 
from 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 
th ei r absence are the string usage statements 
CHANGE and LI NPUT ; the special forms 
RESTORE$ and RESTORE#; the matri x 
arithmetic operations (MAT C = A + B); the 
matrix initiali zation keywords (MAT C = 
ZER or CON or ION); the matrix manipula­
tion statements (MAT C = TRN (A) or 
I NV (A), etc.); and most of the various state­
ments for handling 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 particular, the 
various Microsoft (M ITS, Apple, Radio 
Shac k, Commodore, Oh io 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 the more unusual fea­
tures, those which are most likely to cause 
trouble, have not been included in this book. 

The result of all this is that a person who 
wishes to convert a BASIC program from a 
large computer system to a small computer 
system will 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 the 
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. I t is a supplement." 



... SHOOT 
or MOVE? 

Ff fFlffffIJIJ'f'. 

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-LLiJ Kli jTI~M 
Its addictively fun! Kl ... 

~[J[)~~ 
"BOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street, Peterborough, New Hampshire 03458 
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FREE SOFTWARE! FINALLy .... 

PRACTICAL MICROCOMPUTER PROGRAMMING: THE Z80 
byW.J. Weller 

Here from W .J. Weller and Northern Techno­
logy Books is the third in the Practical Microcom­
puter Programming series . It is a comprehensive 
text covering assembly language programming 
for Z80 based microcomputers. The first 16 chap­
ters cover Z80 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 graphic 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 Z80 
processor . 

The last part of the book is software; an editor/ 
assembler which will run on any 8080 or Z80 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 / 
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 EDITORIASSEMBLER SYSTEM 
FOR 8080/8085 BASED COMPUTERS 

byW.J. WelierandW.T. Powers 

• Also 'available is the editor/assembler object code for the Z·80 
on diskette for North Star disc systems. Only $14.00 

• I n 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 intormation for initializing 
and using a powerful new editor/assembler lind 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 Programming™:The Intel 8080. The 
editor/assembler is resident in less than 8K RAM and will run on 
any 8080, 8085 orZ80 based computer with peripherals which trans­
fer on a character basis or can be made to do so by bufferi ng . The us­
er supplies his or her own I/O 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 / assembler . 

rB----I--T---S---;:~---~5~::~~u::---1 
PO Box 428, I '\ 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 likely 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. 8112" x 11 ". $14.95 

• 8080/8085 editor/assembler object code on diskette for North 
Star disc systems. Only $14.00 

• 8080/8085 editor / assembler and debug source code for North 
Star disc systems. Only $14.00 

• Or both for $26.00 ! 

PRACTICAL MICROCOMPUTER PROGRAMMING: 
THE INTEL 8080 

by W.J. Weller, A .V. Shatzel and H.Y. Nice 

Here is a comprehensive source of programming information for 
the present or prospective 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 Z80 user 's library . 

PRACTICAL MICROCOMPUTER PROGRAMMING: THE M6800 
byW.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
i ng are applied to the solution 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 erose the impossible 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 1 Assembler System for 8080/8085 Based Computers 
(with paper tape object copies of the software sent FREE when I mail 
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 
D Editor/assembler and debug source code for the Z 80 on diskette 
for North Star systems $14.00 
D SAVE $2.00! Both object code and source code for the Z 80 $26.00 
D Editor/assembler object code for 8080/8085 on diskette for North 
Star disc systems $14.00 
D Editor/assembler and debug source code for 8080/8085 on disk­
ette for North Star disc systems $14.00 
D SAVE $2.00! Both object code and source code for 8080/8085 $26. 

Total enclosed $, ____ (Please enclose 75~ shipping/handling 
for each item ordered) ta· " I_VISA' I 
D Check Charge Card D Master Charge D Visa 
Card # ______ ~---------------
Expires______ Signature __________ _ 

Name _____________________ _ 

Address _____________________ _ 

City _______ --'State ___ .J-Zip ______ _ 

I 
I 
I 
I 
I 

Dial your charge card orders toll-free : 800-258-5477 Mon .-Fri 9 - 5 PM 
(In New Hampshire dial 924-3355) 
~----------------------------J 
You may photocopy this page Dealer inquiries invited 



Dr Lien treats the END statement in a 
way I dislike. He describes it only as a means 
of terminating program execution; whereas 
man y 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 
physical end of file when a program is stored 
on a disk. Programmers treating END only as 
an execution term i nator scatter ENDs 
throughout the program. If 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 result of hours of 
work. I prefer the use of the STOP state­
ment for terminating program execution 
other than at the end of the program. 

I hope that BASIC experts will communi­
cate with Dr Lien , to provide him with exact 
information concerning the more exotic fea­
tures of the langu age . Then, perh aps, the 
second ed ition of this essentially helpful 
book can be more helpfully essential. All 
things considered, the book is a useful pur­
chase, especially for the beginner, but I urge 
that it be improved. An improved version 
could truly req uire the appellation "encyclo­
pedia." 

Richard S Shuford 
Editor-

Structured Programming and 
Problem-Solving with Pascal 
by Richard B Kieburtz 
Prentice-Hall, Englewood Cliffs NJ 7978 
365 pages paperbacl? 
$70.95 

Good habits appear to be in vogue for 
1979. In program ming, the good habits that 
we are suddenl y hearing about are docu­
mentation, top-down design and bottom-up 
coding techniques, and the Pasca l language. 
Rich ard B Kieburtz's book demonstrates 
the necess i ty of a firm grounding in th e de­
sign and implementat ion of programs in 
order to cope with the complexity of 
today's programming probl ems. 

The book is divided as fo ll ows: 45 per­
ce nt Pasca l, 45 pel-ce nt structul'ed design and 
programming techniques, and 10 percent 
theory (introductory matNial on computers 
that qualifies the book fo r use as a college 
textbook) . 

Pascal is largely defin ed and taught by 
the contex t of its use in solving probl ems 
such as determining the intersection of two 
line segments, writing a word process ing 
program, and I-unning a rabbit popul ation 
simul ation. Although there is an index of 
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NO FRILLS! NO GIMMICKS! JUST GREAT 

DISCOUNTS 
MAIL ORDER ONLY 

HAZELTINE 
1400 ....... .. .... $ 679.00 
1500 . ..... . . . 995.00 
Mod 1 .. .. ..... . . 1495.00 

CENTRONICS 
779·1 954.00 
779-2 
700-2 
761 KSR tractor. 
703 tractor . 

. .. 1051.00 
1350.00 
1595.00 
2195.00 

NORTHSTAR 
Horizon I assembled. 

kit. 
Horizon II assembled. 

kit .... .. . 
Disk System.. . . . . 

TELETYPE 
Mod 43 . . . . . 

IMS 
16K Static Memory .. 

1629.00 
1339.00 
1999.00 
1599.00 

589.00 

995.00 

459 .95 

DIGITAL SYSTEMS 
Computer. . ..... $4345.00 
Double Density 

Dual Drive . 2433.00 

IMSAI 
VDP 80/1000 . 
VDP40 .. 
VDP42 . 
VDP44. 

. ... $5895.00 
3795.00 
3895.00 
4195.00 

16K Memory assem ... 
PCS 80/15 . 

399.00 
679.00 

15% off on all othor Imsai products 

CROMEMCO 
System III~ .. 4990.00 

10% oft on all olhor Cromomco producls 

TEXAS INSTRUMENTS 
810 Printer . .1595.00 

CENTRONICS 
Micro Printer 495 .00 

Most items in stock for immediate delivery. Factory·fresh, sealed cartons. 

DATA DISCOUNT CENTER P.o. Box 100 
135-53 Northern Blvd., Flushing, New York 11354, 2121465-6609 

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.V. 
BankAmericard, Master Charge add 3%. COD orders require 25% deposit. 

Expand yourTRS-SO. 
Save $100. 

Meet the Vista VSO Mini Disk System. The perfect way 
to upgrade yourTRS-SO* system. Inexpensively. 
(Our $395.00 price is about $1 00.00 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
SO Mini-Disk system, track-to-track access is 5ms 
versus 40ms for the TRS-SO. 
Better warranty. The VSO carries a 120 day warranty­
longer than any comparable unit warranty available. 

The Vista VSO Mini Disk System comes complete with 
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, Suite I 

Santa Ana, California 92705 
(714) 55S-SS13 

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 Pascal! The Chung/Yuen 'Tiny' Pascal has 
been specially designed for TRS-80 & North Star owners. The full 
power & elegance of 'Tiny' Pascal is at your command. Programs 
written in 'Tiny' Pascal run at least 4 times faster than the same 
program in BASIC! 'Tiny' Pascal is also a great way to learn 
Pascal Programming, & fun too. 

The minimum system requirements are: Level II, 16K for TRS-80, 
& 24K for North Star (specify single or double density). 

SOURCE TOO! 

But most important, you also get source to 'T iny' Pascal written 
in Pascal with each purchase! You can even compile the com­
piler! (Requires 36K for North Star systems, & 32K, Level II for 
TRS-80). You can customize your own version, or just use it the 
way it is. 

'Tiny' Pascal is a subset of Standard Pascal & includes: 

RECURSIVE PROCEDURE/FUNCTION, IF-THEN-ELSE, 
REPEAT/UNTIL, 'PEEK & POKE', WHILE, CASE, & MORE! 

Also you can save & load programs. 

You get all this & more, plus a user's manual for $40.00. 

available from: 

P.O. Box 1(;28 
Champaign, IL 61820 

(217) 344-7596 
\::AII 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 definitions!) up to 9 
letters 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. ($17 CDN) 

~ HEXAGON SYSTEMS , 
P.D.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 to help debug a Pascal program, The 
book is readily understandable to anyone 
unacquainted with the language, but it 
should not be used as the sole refe l'ence 
book on Pascal as it describes a generalized 
Pascal that manipulates both character and 
num eric v'lriables, Specifically , it does not 
mention some of the more advanced UCSD 
(University of California at San Di ego) ex­
tensions to Pascal. 

The concept that is the cornerstone ' for 
both the theory and implementation of 
structured techniques in this book is known 
as "design by stepwise refinement." This 
automatically implies two techniques that I 
find best for problems of any complexity : 
top-down design and bottom-up coding. 
Top-down design (breaking a problem into 
manageable subproblems) produces a mod­
ular program that can be easily modified. 
Bottom-up coding (writing the code for every 
subproblem before writing the code that 
uses them) avoids the probl em of having to 
rewrite the high level routines to add some­
thing that you found you needed at a later 
date . Kieburtz uses a relatively new flow­
chart-like notation that depicts the funda­
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 an d top by an L-shaped 
piece that describes the while condition for 
repeating the bloc k. 

The book also introduces several of the 
better known algorithms and ideas in com­
puter science: the linear interpol ation and 
binary search methods of extracting roots, 
Gaussian elimination to solve simultaneous 
equations, backtracking trial and error 
methods (to solve the eight queens prob­
lem), and several simulation examples. The 
final chapter, "How Does the Computer 
Work?," deals with binary numbers, ma­
chine language, and computer architectul·e. 
I t is obviously there to catch a larger slice 
of the textbook market. 

All in all, this book is reason ably priced 
and well worth the money . I t is a good 
introduction to Pascal (but only that), and 
it exposes the I'eader to good programming 
habits on all levels. I wish that I had bee n 
ex posed to this kind of book when I was 
learning to program. 

Gregg Williams 
1605 Eastmoreland # 3 

Memphis TN 38104-



Revolution in Miniature 
by Ernest Braun and Stuart Mac Donald 
Cambridge University Press, 79 78 
23 7 pages hardcover 
$76.95 

The in ve nt ion of the transistor was not a 
fo rtuitous acc id ent of pure research. It had 
been sought for years before its actual 
invention. A workin g (though impractica l) 
so lid state amplifier had been demonstrated 
as earl y as 193 3, and in 1939 Dr Willi am 
Shockley tr ied to put a "grid " in a co pper 
ox ide rect if ier. It didn 't wor k. When deve l­
opments in physics fin ally permitted its in­
vention, th e transistor principl e was iden­
tifi ed within weeks by Bell Laboratories, 
Purdue Un iversity, and a French team, 
all wo rking independently. 

These are some of th e fasc inating, amus­
in g, and always fac tu al in cidents related in 
Revolution in Minia ture. Th e boo k t races 
the hi story of solid-state elec tron ics from 
the coherer (the fi rst solid -state electroni c 
device) to large scale integration. One of the 
authors is a hi storian, th e oth er is a physi­
cist, and I can't think of a bette r combin a­
ti on fo r thi s endeavor. Th e flair that th ese 
two British authors ex hib it with th ei r co m­
mand of th e English language provid es a 
fo rce of ex pression seld om seen in a tech­
nical book. 

As the publisher states, "Semico nducto r 
electro nics' .. . effect on life in th e second 
half of the twentieth century can hardl y be 
overesti mated." -Solid-state technology has 
made possible things that were never befo l-e 
envisioned, yet in the beginning th e tran­
sistor was seen, even by its developers, as 
a mere subst itute fo r the triode tube (or 
"valve," as described he rein). The later, 
more successful t ransisto r ty pes were often 
elect ricall y inferio r to th e frag il e, lab asse m­
bled models and were adopted onl y in the 
interests of cheap, unifo rm mass-p roduc t ion. 
Early integrated circui ts conta ined a lot of 
hand labo r, and digital electronics as we 
know it today resulted from attempts to 
minimi ze th e passive co mponents needed in 
ear l iel- analog ci rcu i try. 

The boo k is heav il y footn oted and the 
bibli ography is impressive . Aside fro m enter­
ta inment va lue, th e histori cal data is we ll­
worth having fo r refe re nce. You will find 
answers to such question s as : who developed 
whi ch manufact uring techniqu es ; which key 
peo pl e spun a new company off from an 
estab li shed one; why Sili con Vall ey is what 
it is; and which bar is th e scene of employee 
and inform ati on swapping. It's a lo t like read­
ing someone 's di ary. 
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CATCH THE 
S-1 00 INC. 
BUS! OUR 

LIST SPECIAL 
PRICE CASH 

PRICE 

S.D. Versafloppy Disk 
Controller Kit 1S9 .00 13S .00 

S.D. Expandoram 32/64K 
Memory Kit 141 .00 120.00 

Imsai M 10 Multiple 1/0 
I nterface Kit 19S.00 166.00 

Anadex Model DPSOOO U/L 
Case Printer w/RS232 99S .00 SSO.OO 

SSM I/O 4 Parallel & Serial 
I nterface Kit 149 .9S 12S .00 

Xitan Z-SO 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 . 

Subject to Avai lab le Quantities . Prices Quoted Include Cash Discounts. 
Shipping & Insurance Extra . 

Bus. _ .S-~ 00, .nc. 
Address ... 7 White Place 

Clark, N.J. 07066 
Interface .. . 201·382·1318 

WE SHIP FROM STOCK - EVERYTHI NG FACTORY FRESH. FULLY WARRANTE ED 
WE ARE KNOWN FOR OUR PROMPT, COURTEOUS SERVICE 
TELETYPE MODEL 43 TTL. .. . . . . _. _ .. _ ... _ . . $985 

RS232 .. _ ..... ... ....... . . .. __ .. .. . ___ . ___ .. . __ $1,085 
(We stock Teletype Paper and Ribbons) 

DEC LA 34 
High quality, hard copy, dot matrix printer. Plug compatible substitute 
for the Teletype 43 . R S232 included at no extra cost ..... ... . $1 ,159 
HAZELTINE 1500 assembled ....... ... _ .. . _ . . .... _ .... $945 
1510 .. . .. ... ______ . __ .... ............... $1 ,085 

Also available w ith French, German or Da nish character 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 suit your individual requirements. 
MODEM 
Originate/ Answer. The " CAT" from Novation _ ....... . . ... __ $190 

HARD DISK CONTROLLER From Konan .... _ ... . . $1 ,550 
S-100 compatible; plugs into S-100 mainframe, controls 1-4 drives. 

We Also Carry: 
o PER SClo FUJITSU HARD DISK DRIVESoTEI MAINFRAMESo 

o TARBELL CONTROLLERS 0 INTERTUBE 0 SOROC 0 

o IMS AND OTHER MEMORIES 0 TELL US OF YOUR NEEDS 0 

o WE CAN OBTAIN MANY ITEMS AT LOW COST 0 

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 
, FI LE MANAGEM ENT SYSTEM (32 K) .. ... ..... .. ...... $60.00 
It's used to create, add, change or delete data records on disk. 
Includes label printing & mailing list. 
'WORD PROCESSOR (32 K) . ... . .......... . .......... $60.00 
Disk based word processor includes upper & lower case plus 
complete printer control and more. 
'STEP by STEP (16 K) .. . .. ........ . ...... .. ......... $39.95 
(add $10.00 for disk version) 
Computer Basic course in 20 lessons, 10 quizzes & final 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 

d\oooOooooooooooooooooo~Um~llmlliill.j.o.m~mUWIoooooooooooooooooooOOOOOO!:; 

TRS-80 means business! ! ! I 
••• with CP 1M, CBASIC2, 

& applications software. 
CP/M (" the software hll s") & C13AS IC2 (til e stan· I 
dard 1'01' bll siness so l'tware ) bring new power and ~ 
versatility to th e TRS·XO for practical li se . i* 

CP/M Operating System (w/Editor, Assembler, 
Debugger, Utilities & 6 manual set) . . ..... $150 

C BASI C2 Compiler (w/manual) .... . ....... $ 95 
DESPOOL Print Spooler (w/manual) ........ . $ 75 

*Osborne & Assoc. PAYROLL W/COST 
ACCTNG ........................ $250 

*Osborne & Assoc. ACCTS. RECEIVABLE & 
ACCTS. PAYABLE . ....... .... . .. .. $250 

*Osborne & Assoc. GENERAL LEDGER .... . . $250 
* =CBAS IC2 source programs; add $15 teach) for 

applicable 0 & A book. 

APH - Self-administered Automated Patient 
History ....... . ...... .... .. ...... $175 

Write lca ll for additiona l software available & FREE 
"CP 1M Primer". 

CA residents add 6% ta x. Visa, M/C,M/O,Check OK. 

(S~~ ~I!'l "'- l!- I ~ IS L!; 17141 848·1922 
I ~ 

IS-
804 1 NEWMAN AVENUE • SUITE 208 • HUNTINGTON BEACH . CALIFORNIA 92647 

~ 

~mom-mlfffi~mooooooomOMoooooooooooooooommmm1O'mmmmffm'" 

204 June 1979 © BYTE Publications Inc Circle 85 on inquiry card. 

Revolution in Miniature is a must as a his­
torical reference, and great reading for both 
electronics types and those who don't care 
about how things work. It provides first class 
nostalgia for the old-timers who actually 
remember using crystal sets, who remember 
when tubes "went miniature," and who have 
tried to make equipment smaller by simply 
cramming conventional parts closer together. 
As the authors state, at one time it was 
theoretically possible to achieve a parts 
density of 1000 per cubic foot, but in prac­
tice the heat wouldn't permit it. Our thanks 
are due to all of those pioneers who made 
this remarkable revolution possible. 

Ernie Brooner 
COM LABS 

POB 236 

Lakeside MT 59922-

How to Program Microcomputers 
by William Barden Jr 
Howard W Sams and Co, Indianapolis 7977 
256 pages paperback 
$8.95 

How to Program Microcomputers is an 
introduction to machine language program­
ming for the 8080, the 6800, and the 6502 
microprocessors. The only other book I have 
seen that attempted to teach programming 
for a group of microcomputers did so by 
presenting all problems in a superset of the 
PL/M language. This book takes a different 
approach, and uses the assembler mnemonics 
for each of the processors discussed . 

The book begins with an introduction to 
microcomputers : what they are, how they 
operate; and an introduction to alternative 
processor architectures. The structures of 
the 8080, the 6800, and the 6502 are 
described, then alternatives for addressing, 
memory access, stack manipulation, I/O 
(input/output) operation and interrupt pro­
cessing are introduced . Each topic is illu s­
trated with features from the applicable 
microprocessor . 

The next part of the book deals with 
programming techniques. Data movement, 
arithmetic operations, multiple precision 
arithmetic, branching, indexing, subrou­
tines, stack operations, table operations, 
li st processing, bit manipulation, dec imal 
and floating point arithmetic, and I/O 
are discussed, as well as how to put all of 
these elements together. As before, ex­
amples are given for each processor. 
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The last part of th e book provides stan­
dard algo rithms for each machin e. Twenty 
different building blocks (most of whi ch 
belong in any good monitor) are given for 
each processor. Appendices summari ze th e 
in stl"u ction sets . 

Th ere are three groups of peo pl e who 
might be in te rested in thi s boo k. Th e first 
group is co mposed of anyone becoming 
acquainted with microcomputer techn ology 
who wants an overview of the main pro­
cessors in present hobbyist use. The second 
group is co mposed of peo pl e who already 
have a machin e and who want good stan­
da rd ro utin es . Th e third group (in which I 
am in cluded) consists of th ose hobbyists 
who have a machine and wh o would lik e to 
see how other processors opera te. Whil e I 
wo ul d ce rtainl y never trade my Z-80 for any 
of th e processors illustrated in the book, it 
is good to know how th e rest of the world 
operates . 

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, Imsai, 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 Mastercharge 

John A Lehman 

716 Hutchins #2 
Ann Arbor MI 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 card, BETSI has both interface circuitry and a 4-slot 5-100 motherbo ard. With 
BET S I. yo u ca n i nsta nt Iy use the bett e r tha n 150 boa rd s deve lo ped fo r the S-I 00 bu s. Fo r 
ex pa nding yo ur P ET's me mo ry a nd I / O. BETS I g ives yo u the interface. The sing le boa rd 
has bo th the co mplete inte rface circuitry requ ired a nd a 4-s lo t S- IOO mo therboard, plus a n 
80-pin P ET co nnecto r. BETS I co nnects to a ny S-I 00 ty pe powe r sup ply a nd plugs d irectl y 
int o the me mo ry ex pansio n connec to r o n the s id e of yo ur PET's casco A nd that 's it. Yo u 
need no additi o na l cables, int erfaces o r backplanes. Yo u do n't have to mod ify yo ur P ET in 
a ny way, a nd BETS I does n't interfere with P ET's I EEE o r pa ra lle l PO rl s. And - whe n yo u 
want to move yo ur sys te m- BETSI instantly d etac hes fro m yo ur P ET. 

BETSI is compatible with virtually all of the 5-100 boards on the market , including memory and 
I/ O boards , BETS I has a n on-boa rd controll er th a t a llows the use of the high-d e ns ity low-powe r 
"Expando ram" d yna mi c memo ry board fro m S. D. Sa les. This mea ns you ca n ex pa nd yo ur 
P ET to it s rull J2 K limit o n a sing le 5 -100 ca rd! Plus, yo u wo n't red uce P ET's s peed whe n 
yo u use either dy na mi c o r sta ti c R A M ex pansio n with BET S I. Additi o na ll y, BET S I has 
ro ur o n-boa rd soc kets a nd decoding circ uitry ro r lip to 8K o f 27 16-t ype PR O M ex pa nsio n 
(to ma ke use o f future P ET software available o n PROM) . I3 ET S ljut11pers will ad dress the 
PR OMs a nyw here within yo ur P ET's ROM a rea. too. 

MAIL ORDERS ARE 
NORMALLY SHIPPED 
WITHIN 48 HOURS. 
VISA AND MASTER­
CHARGE ORDERS ARE 
BOTH ACCEPTED. 

< J9 7!< F orethought P roduct~ 

Circle 135 on inquiry card. 

The B ETS llnterface/Motherboard Kit includes all 
components, a I OO-pin connect or. a nd complete 
assembly and operating instructions for $119, 

The Assembled BET S I board has rour IOO-pin 
connectors , complete operating instructions and a 
full 6-month Warranty for just $165. 

FORETHOUGHT PRODUCTS 
87070 Dukhobar Road # K 

E ugene, Or e~()n 97~()2 
Phone (503) 485-8575. 

/JE T.f;,J is Ih{' new Interface/Motherboard/rom Forethought 
Products-tbl' maker.,' oj KIJ"S r"-which al/o K's WIers of 
Commodore's PET Permnal Compuler fo instantly work 
wilh the score." oj m em orJ' and I/ O boards developedjor tht' 
S -I 00 (Imsoi/ A Itair type) bus. BETSI is al'aifable jrom stock 
Oil lI sillgle 5 !.1" x 10" printed d rcu;t card. 

/lET.'~jl ;J' iIl'uifaMt' ojj-the-shelf jrom your local cll'oler or (if 
th e.I"rt' out) clin'ctb' from th t' l1Iullujacturer, 

Ask about our 
memor)' prices, too! 

· P E r is iI COlll lllodon: product. 
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Alan R Miller 
New Mexico Tech 

Socorro NM 87801 

10 REM TEST FACTORIAL SUBROUTINE 
20 INPUT "FACTORIAL OF ";X:GOSUB 5000 
30 PRINT "THE FACTORIAL OF ";X;" IS " ;G 
40 GOTO 20 
5000 REM GAMMA FUNCTION G(X) 
5010 YO=X+l:Y= YO+5: Y2= Y*Y*30 : Yl=SQR(2 * 3.141 59/Y * yty 
5020 G= Yl*EXP( (1-1 1(30*Y2) )/(12*Y)-Y)/YO 
5030 FOR 1=1 TO 4: G= GI (YO+I): NEXT: RETURN 
OK 

Listing 7: BASIC program for determining factorials using 
the gamma function. 

RUN 
FACTORIAL OF ? 2 
THE FACTORIAL OF 2 IS 2.00001 
FACTORIAL OF ? 3 
THE FACTORIAL OF 3 IS 6 .00003 
FACTORIAL OF ? 4 
THE FACTORIAL OF 4 IS 24.0001 
FACTORIAL OF ? 5 
THE FACTORIAL OF 5 IS 120.001 
FACTORIAL OF ? 8 
THE FACTORIAL OF 8 IS 40320 .1 
FACTORIAL OF ? 12 
THE FACTORIAL OF 12 IS 4.79001 E+08 
FACTORIAL OF ? 16 
THE FACTORIAL OF 16 IS 2.09228E+13 
FACTORIAL OF ? 20 
THE FACTORIAL OF 20 IS 2.43292E+18 

Listing 2: Sample run of the factorial 
program. Notice that the answers are not 
exact. The truncated integer portions of the 
smaller results are exact factorials; as the 
factorials grow in size, the result quickly 
exceeds the precision of the floating point 
representation of the numbers. 

BASIC Factorials 

Here's another function to add to your 
BASIC, a factorial calculator. The factorial 
of anum ber X is equal to X times X-' times 
X-2 etc down to one and is represented by 
X! Thus 4! is 24. For large valu es of X, 
Stirling's approximation can be used to find 
the gamma function which is readily con­
verted to the factorial by the relation: 

X! = r(x + 1) 

To find the factorial of X with the BASIC 
program shown in listing 1, execute a jump 
to subroutine at line 5000. On return, the 
factorial of X will be in G. If for some 
reason the gamma function itself is wanted, 
remove the first statement from line 5010 
and GOSUB 5000 with the argument in YO. 

The subroutine works by finding the 
gamma function of a number six values 
larger than the argument: 

X!= r(x+1) 

(X + 5) = r (N) 

= Y21T/N NN 

eXP I(_l (1 - _1 ) -X) 
12X 30X2 

r (X) = r (N)/(X(X + 1) (X + 2) 

(X+3) (X+4)) 

This function is only approximate, as can 
be seen in the sample run of listing 2. The 
returned value should be rounded to the 
nearest integer .• 

THE~D©~ 

W@~ 
IVIOTOROLA MeBDS 

EIVIULATOR 

~--------------~ 
Run 680S·software before the chip Is 

available! 
OS-80 S-100% compatible video digilizer with 

256 x 256 resolution & 64 levels 01 grey 
scale. $349.95 

OS-68 The same item lor the S550/6800 buss 
$169.95 

MPRINT 6800 Driver soltware in 2708 lor Malibu 
160 printer Wiring diagram included. 

$39.95 
810PIC Complete Biorhythm and Computer Portrait 

Software in 2708S lor Malibu printer. 
OS-68 and SWTPC 6800 computer. 

$175.00 
PS8-08 Prom system board with 8K 01 2708 and 

1K ram lor all SS-50 Computers. $119.95 

Smoke Signal Disk Users! E6809 Is a 6800 machine language program 
Run Mixed 5 and 8 Inch Drives that emulates all of the functions of the 

The Disk Mixer Is a retrofit kit for Smoke Motorola 6809 third generation mlcro­
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 system, the program allows soft­
the user to mix drive sizes. DM-85 allows ware development and debugging prior to 
any configuration of 5 In. and 8 In. drives to 6809 availability. The 3 K byte program Is 
be user defined, and provides the appropri- complete with a 6809 mini-monitor 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-
for those without hardware experience. sette tape. $49.95 

$39.95 S F b M .. ------________ iiII . ee Byte, Jan., e., ar.,79 

Master Charge 

P.O. BOX 1110 DEL MAR, CA. 92014714-766-2687 
and 

BankAmericard 
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An 8080 

Free Memory Search 

William M Hand 

18660 Arden Av 

Brookfield WI 53005 

Since my computer system is continually 
in a state of flux, I someti mes lose track of 
the address ing for the various memory 
boards. To elimin ate the hunt-and-seek 
method of locating unprotected memory 
blocks, I put together the routine in listin g 1 
(see page 208) to examine all memory space 
fro m hexadec imal 0000 to FFFF and report 
the start and end add resses of all ava il ab le 
spaces. 

A memory location ex ists and is not pro­
tected if the processor can write a word to 
memory and read back the same word. 
However, since any given memory location 
may have a value from a to FF (the range of 
the 8080 processor) , some care must be 
exercised in declaring a location as ex isting 
and avail ab le. 

To address thi s problem, I use a dou ble 
store routine in which the processor first 
stores one arbitrary number and then an­
other differen t number. If the processor 
reads back th e correct number for both 
stores, that location is a valid unprotected 
memory ce ll. [This could also be used as 
a memory fa ilu re check if the two valu es 
used were hexadecimal 0000 and FFFF ... . 
RGAC] 

Two notes are needed relat ive to listin g 1. 
Fir'st, the lin e with the pound sign (#) is the 
link back to the calli ng routine. If the 
FMAR routine is call ed as a sub routine, thi s 
line shou ld be rep laced with a return instruc­
tion. Second, note that upon exiting, the 
DE register pair points to the next address 
past the last address pair from the rout in e. 
The pointers for start and end of free mem­
ory blocks may be pulled out with LHLD or 
POP instructions. 

Also, the routine itself shou ld be located 
in protected memory (along with the oper­
at in g system, fo r instance) since the routine 
wi ll se lf-destruct if located in unprotected 
memory. Be su re to provide suffi cient room 
for the DE regis ter pair to ex pand. 

Total memory requirements fo r this 
rout in e are 66 bytes plus the stack area 
for the DE register pair storage of free mem­
ory bou nd aries. 

If des ired, the FMAR routine may be 
used to sim pl y outpu t the addresses to a 
Teletype or terminal.-

64KB MICROPROCESSOR 
MEMORIES 

• S-100 - $695.00 
• LSI 11 - $750.00 

CI-S100 64K X 8 

I 

CI-1103 32K X 16 

CI-6800 64K X 8 -_ .• -. " 

i .. -.: -
/lIU • 
~ .... , ' ~"'~:J 

CI-8080 64K X 8 

• sec 80/10 - $750.00 
• 6800 - $750.00 

CI-S100 - 64K x 8 on a single board . 
Plugs directly into the IMSAI, MITS, 
TOL, SOL and most other S-100 Bus 
computers. No wait states even with 
Z80 at 4Mhz. Addressable in 4K in­
crements. Power requirement 6 watts . 
Price $695.00. 

CI-1103 - 8K 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 
128K. 8K x 16 $390.00. 32K x 16 $750.00 
qty . one. 

CI-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. 

CI-8080 - 16KB to 64KB on single 
board . Plugs directly into Intel's MOS 
800 and SBC 80/ 10. Addressable in 
4K increments up to 64K. 16KB $390.00. 
64KB $750.00 

Tested and burned-in . Full year warranty. 

Chris/in Industries, Inc. 
Computer Products Division 

31352 Via Colinas. Westlake Village, CA 91361 .21 3-991 -2254 
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Listing 7: 8080 assembly language program for finding areas of memory that 
are free and unprotected. Modifying the command on line 6 allows the pro-
gram to start looking at any point in memory. 

0000 *Free Memory Allocat ion Routine 
0001 • locates available unprotec t ed memory 
0002 • 
0003 • coming in: DoE point to location 
0004 • where results are to be s tored 
0005 • 
0006 fMAR: LXI H,O 
0007 fMAR1: CALL LOOK 
0008 JZ REPl 
0009 fMAR3: CALL CHECK 
0010 JNZ fMARl 
0011 JMP EXEC 
0012 REP1 : CA LL REPOR 
0013 fMAR2: CAL L CH EC K 
0014 JNZ TRYON 
0015 fMAR4: DCX H 
0016 CALL REPOR 
0017 JMP fMAR3 
0018 TRYON: CALL LOOK 
0019 JZ fMAR2 
0020 JMP fMAR4 
0021 • 
0022 LOOK: MOV C,M 
0023 MOV M,H 
0024 MOV A,M 
0025 CMP H 
0026 RNZ 
0027 MOV M,L 
0028 MOV A,M 
0029 MOV M, C 
0030 CMP L 
0031 RET 
0032 • 
0033 CHECK : SUB A 
01)34 INX H 
0035 CMP H 
0036 RNZ 
0037 CMP L 
0038 RET 
0039 • 
0040 REPOR: MOV A,L 
0041 STAX D 
0042 DCX D 
0043 MOV A,H 
0044 STAX D 
0045 DCX D 
0046 RET 

Ashwin L Doshi 
5830 Green Valley Cir 105 

Culver City CA 90230 
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SET HOL TO 0000 
LOOK f OR rI RST f RL E LOC ATION 
f OU ND IT, REPORT IT 
LOOK fOR END 01' MEMOP.Y 
NOT YET, LOOK SOfIE MORE 
END Of MEMORY, RETURN TO EXECUTI VE 
REPORT FI RST FREE LOCAT ION 
SEE If AT END Of MEMORY 
NOT YET, CONTINUE LOOKING 
REPORT LAST LOCAT ION 

AND USE CHECK TO EXIT 
LOOK fOR A fREE LOCATI ON 
VALID LOCATION 
NOT VALID, LOOK fOR START Of NEXT fREE MEMORY 

SAVE MEM ORY IN REGISTER C 
WRITE H INTO MEMORY 
READ MEMORY INTO A 
SEE If A AND H AGREE 
NO, NOT VALID MEMORY 
OK PASS 1, THIS TIME PUT IN L 
READ BACK INTO A 
PUT C BACK INTO MEMORY 
SEE If A AND L AGREE 
RETURN WITH fLAGS SET 

SET A TO 0 
INCREMENT H&L 
SEE IF H=O 
NOT YET, RETURN 
SEE IF L=O 
AND RETURN 

GET THE LOW ADDRESS 
STORE WITH D&E POINTER 
DECREMENT POINTER 
GET HIGH ADDRESS 
STORE WITH DoE PO I NTER 
DECREMENT PO INTER 
RETURN 

5 Byte Hexadecimal 

to ASCII Converter 

I was recently chall enged by a colleague 
to find the most efficient 8080 code to trans­
late hexadecimal 0 thru F (stored in the ac­
cumulator) into ASCII 0 thru 9 and A thru 
F (also in the accumulator). After I came up 
with a 5 byte translation, he showed me a 
well-published 6 byte transl ation (of which 
I was unaware) which is as follows: 

ADI 90H 
DAA 
ACI 40H 
DAA. 

The 5 byte code that does the same trans­
lation is as follows: 

DAA 
ADI FOH 
ACI 40H. 

The latter assumes that the carry and the 
auxi li ary carry are reset, which is the case in 
all applications that I could find of this 
trans lation.-

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 math ematical ritual to recon­
cile our figures with 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 
"Applesoft" BASIC, the Radio Shack 
TRS-80 with Level II BASIC, and the 
Commodore PET computer . .. . CHj If you 
have printer or Teletype, you can get hard 
copy of all pertinent information for later 
references. 

The program has the following features: 

• The initial printout is a listing of all 
outstanding checks by check numbe r, 
date and amount. 

• A list of all cancelled checks as they 
are entered as well as a fi nal summary 
list is given. 

• A new, updated list of outstanding 
checks is provided to update the list 
of checks appearing in the data state­
ments. Provision is made for this list­
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 
the 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 
613 
614 
615 
616 
617 
618 
619 
620 
700 

DIM P(100) 
01 MN(100) ,D (100) ,A(1 OO),NR (1 00) ,DR (1 OO),AR (1 00) 
PRINT"PROGRAM TO BALANCE CHECK BOOK" 
PRINT"ONLY CHECKS NOT RETURNED SHOULD BE LISTED IN DATA 600" 
FOR X=OT070:PRINT"-" ; :NEXT:PRINT 
PR INT"CHECK#" ,"DATE(MDY)" ,"AMOUNT" 
FORN=1T0100 
READ N(N),D(N),A(N) 
IFN(N) =OTHEN50 
S=S+A(N) 
PRINT N(N),D(N) ,"$";A(N) 
NE XT . 
PRINT"LlST ALL CHECKS RETURNED: CHECK #,DATE(MDY),AMOUNT($)" 
PRINT"LlST '0,0,0' AS LAST CHECK IN LIST" 
FORN =1T0100 
INPUT NR(N),DR(N),AR(N) 
FOR X=1T0100 
IF NR(N)=OTHEN130 
IF NR(N)=N(X)THEN80 
GOT095 
IF DR(N)=D(X)THEN90 
GOT095 
IF AR(N)=A( X )THEN100 
NEXT X 
NEXT N 
PR INT" CANCE L CHECK # :" ;NR (N) ;"DATE: ";" AMOUNT:$" ;AR (N) 
P(Y) =N 
Y=Y+l 
T=T+AR(N) 
GOT097 
PRINT" TOTAL AMOUNT IN $ OF CHECKS RETURNED FROM BANK=$";T 
PRINT"LlST OF CANCELLED CHECKS" 
PRINT "CHECK # ","DATE(MDY)","AMOUNT $" 
FORY=OTOl 00: I FN (P(Y))=OTH EN140 
PRINT NR(P(Y)),DR(P(Y)),AR(P(Y)) 
NE XT 
PRINT"TOTAL CHECKS NOT RETURNED=$" ;S-T 
INPUT"ENTER BALANCE PER STATEMENT FROM BANK $";B 
INPUT" TOTAL OF DEPOSITS NOT CREDITED ON STATEMENT $";0 
INPUT" ENTER SERVICE CHARGE INDICATED ON BANK STATEMENT $";SC 
Z=B-S+ T +D+SC 
PRINT"CHECKBOOK BALANCE SHOULD BE=$";INT(Z* 10+2+.5)/10t2 
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" 
PRINT"LlSTING THEN PREPARE TELETYPE TAPE LEADER AND TYPE 'YES' "; 
INPUT V$:IF V$="YES"THEN200 
GOT0500 
FORN=1T0100 
FORY=OT0100 
IFN(N) =OTHEN500 
IFN(N)=NR(P(Y))THEN250 
GOT0280 
IFD(N) =DR (P(Y))TH EN270 
GOT0280 
IFA(N) =AR(P(Y))TH EN290 
NE XTY 
GOT0300 
NE XTN 
PR INT600+L;"DATA" ;N(N) ;" ,"; D(N) ;"," ;A(N) 
L=L+l 
GOT0290 
END 
DATA 100,12876 ,18.75 
DATA 3,3177,2.6 
DATA 6,3177,16.2 
DATA 7,3177,48 
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 100,3 1177,15.62 
DATA 20 ,3 1177,20 
DATA 100,3 1077,8 
DATA 21,31277,47 
DATA 1,3 1277,52 
DATA 2,31277,150 
DATA 100,31477,9.93 
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. 
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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 Components NEVADA 
Burbank Bvte Shop 
Computer Components Freno 
Van Nuys NEW JERSEY 
Computer Components Computer Encounter 

C
WestminstFer Princeton 

omputer orum Computer Mart 
La Mirada I r 
Computer Forum se In 
Sante Fe Springs comguter Nook 
H bb W Id Pine rook o y or Shore Computers 
Northridge Toms River 
Santa Rosa Compo Center -;Ypetronic Compo 
Santa Rosa Ramsey 
COLORADO NEW YORK 
AMPTEC American Peripherals 
Denver Lindenhurst 
CONNECTICUT Computer Corner 
Comp'uter Place White Plains 
Stamford Computer Factory 
Computer Store New York City 
Hartford Computer General Store 
Computer Store Lynbrook 
Windsor Locks Computer Mart 
Computer Works New York City 
Westport 
FLORIDA NORTH CAROLINA 
G · '1 Bvte Shop flce E ectronics Greensboro 
Pensacola Byte Shop 
~Yl1o~oast Computers Raleigh 
tampa OHIO 
ga~~nry's Bookstore ~b1G~'tf~r;j Compo World 

Tomorrow Today 27st .Centllry Shop 
Fort Richey Cincinnati 
Trans Data TENNESSEE 
Coral Gables Computerlab 
HAWAII Memphis 
~~7f of Ught Computers TEXAS 

ILLINOIS ~~tJft~t~fsenter 
Appletree Stereo Computercraft 
DeKalb Houston 
Kappel's Compo Store 80mputer Patch 
Belleville dessa 
INDIANA Comp'uter Shop 
Home Computer Center San AntOniO 
Indianapolis UTAH 
LOUISIANA Computer Concepts Group 
CMOemtaPlrl!lleer Shoppe Salt Lake City 

WASHINGTON 
MARYLAND Ye Olde Computer Shoppe 
Computers Etc. Richland 
Towson CANADA 
CRoomc,pvul'ltleer Workshop Computer Shop 

~ Calgary Alta . 
MASSACHUSETTS KODfJtek Svstems 
Computer Store Wolfville, N.S. 
Burlington ENGLAND 
Computer Store Petsoft 
Cambridge Birmingham 

I 
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• A final summary is provided giving 
the total of all outstanding checks, 
checkbook balance · and th e checks 
returned from the bank. 

How It Works 

To impl ement the program it is necessary 
to provide a -list of all checks written by 
number, date, and amount in the data state­
ments at th e end of the program. Wh en I 
first started writing the software I included 
the name of the company but later discov­
ered that th is information is not reall y 
needed. 

Th e first data statement 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 for 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 bu t 
thi s is no probl em, because they are also 
id entified with the date and amount.) 
The computer, when searching for each 
check, looks for all three pieces of informa­
tion before assum ing that th e check has been 
located . Listing each check on a separate 

List Our 
CROMEMCO 20% DISCOUNT Price 
System III 5990 4800 
System II 3995 3200 
16K Ram 595 480 

NORTH STAR 16% DISCOUNT 
Horizan I-DO kit 1599 1344 
Horizan I-SO kit 1599 1299 
Horizan I-DO asm 1899 1590 
Horizan II -DO kit 1999 1679 
Horizan II-DO 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 

874 725 Intertube CRT 
LA-36 OecWriter 1795 1444 
Escon Selectric Interface 
Integral Data I P125 
Integral Data I P225 
Compu Cruise 
Radio Shack 

496 422 
799 699 
949 834 
199 164 
5 % Discount 

Professional Air, Alp, Ledger, Payroll , Medical Billing soft­
ware with customization available. Send for our catalog -
Some prices are too low to quote. 
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SARA TECH 
COMPUTERS 
P.O. Box 692 
400 Base 

Venice, FL 
33595 
(813)48~3559 

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. Then 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 either th e check isn't there or you have 
not entered the data correctly. 

After all the checks have been entered, 
type 0,0,0 for the last check and h it carriage 
return. The computer will give you a com­
plete list of all the cancelled checks just 
entered plus the total of all the outstanding 
checks. You will be asked to enter th e bank 
statement balance and any deposits not 
shown and th e service charge, if any. Using 
this information, the program calculates 
the balance in your checkbook. In th is way 
you can reconcile your arithmetic with that 
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 line numbers. When I developed 
th e 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 this software I used 
to dread receiving "that envelope" from 
th e bank, but now I actually look forward 
to it in spite of th e 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 

• 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 PROGRAM M ER 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. 

The other side is for the program - with pre­
numbered lines and columns fQr addresses, ob­
ject codes, labels, instructions, and comments . 
BITS PROGRAMMER PADS ™ are time-sav­
ing helpers for hand assembling programs. 

1802 

8080A 

See Your Dealer 
for the 

6502 

---J Z-80 

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 PADTM 

Books to e rose the mposslble 

PO Box 428 
25 Route 101 West 
Peterborough, NH 03458 

TOLL FREE NUMBER: 
800-258-54 77 
(in N H call 924-3355) 
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THE 
CRITICS' 
CHOICE 

A CONSUMER'S GUIDE TO 
PERSONAL COMPUTING 
AND MICROCOMPUTERS 
by Stephen Freiberger and Paul Chew 
C hosen by Library jou rnal as one of the 
100 outstanding sci-tech books of 
1978 for genera l library collections! It 
offe rs both an introduction to personal 
computers and a product review of the 
available eq uipmen t . #5680-X, $7.95 

THE FIRST BOOK OF 
MICROCOMPUTERS: The 
Home Owner's Best Friend by Robert 
Moody" ... excels in the quality of its 
cartoons, illustrations, diagrams, and 
layout. These supplement . .. the 
author's gift for lucid description and 
hands-on experie nce with personal 
computers." Library journal 
#5121-2, $4.95 

STANDARD DICTIONARY 
OF COMPUTERS AND 
INFORMATION PROCESSING, 
Second Edition by Martin H. Weik 
"This volume, with its concise entries and 
extremely helpful cross-references, 
offe rs a compact ove rview of concepts 
in the computer field. "Booklisl 
#5099-2, $17.95 

See these and other 
Hayden titles at your 
local computer store. 

rTl HAYDEN BOOK 
UiU COMPANY, INC. 
50 Essex Street 
Rochelle Park, NJ 07662 
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M Parris 
Dept of Chemistry 

U of Victori 'a 
POB 1700 

Victoria BC 
CANADA V8W 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 frustratingly slow and annoying to 
be forced into decimal notation. Listing 1 is 
a Level II BASIC program residing in upper 
limit 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 :PRINTCHR$(14): L%;32767 
GOSUB65512 
POKEL%,D%: L%; L%+l :GOT065510 
GOSUB65528 
I FA$;":"THENI %; l ELSEI %;O: I FI%;OGOT065522 
GOSUB65528 
GOSU865529 
D%;A %*4096 
GOSUB65528 
GOSU865529 
D%;D%+A % * 256 
GOSUB65528 
GOT065523 
0 %;0 
GOSUB65529 
D%;D%+A % *1 6 
GOSUB65528 
GOSUB65529 
D%;D%+A%: IF 1%;0 THENRETURNELSEL%;D%: GOT065512 
A$;I NKEY$ : I FA$;""THEN65528E LSEPRINTA$;: I FA$; 
" "TH EN65528E LSEA %;ASC(A$): I FA %;1 OTH EN65528E 
LSEI FA%;13THEN65528ELSERETURN 

65529 A %;A%-48: IFA% < 0 THENSTOPELSEIFA% < 10THENRETURN 
ELSEA%;A%-7 : I FA%< 16THENR ETURN ELSESTOP 

Listing 7: Level II BASIC program for the TRS-80 which allows hexadecimal 
data to be loaded into memory. 

10 X;32+RND(159):REM GET A RANDOM NO. BETWEEN 32 AND 191 
20 FORJ; OT01023 :POKE15360+J,X :NEXTJ :REM FILL THE SCREEN 
30 FORI;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 
OW START 

ORG 320000 
OS 1 

START: LXI H,32000D 
MOV C,M 
LXI H,3COOH 
LXI D,0400H 

NXT: MOV M,C 
OCR E 
JNZ EOK 
OCR 0 
RZ 

EOK : INX H 
JMP NXT 

END 

;LOCATION OF USER FUNCTION ADDRESS 
;USER FUNCTION ADDRESS 
.;THIS 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 fi!l 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 hexadecimal code. 

The starting address is entered as :HHLL 
followed by the successive data bytes, which 
may be spaced as appropriate for clarity in 
on-screen checking. An invalid character 
causes a return to the COMMAND mode. 
The following tr ivial example illustrates its 
use. 

Example 

The BASIC interprete r is too slow for 
dynamic graphics, as the program in listing 2 
illustrates. Run it and see how slowly the 
screen loads. Now replace statem ent 20 by: 

20 POKE32000, X:X=USR(O): 
REM FILL THE SCREEN FASTER, 

which calls the machine language subroutine 
in list ing 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 017D 
: 7D0 1 21 007D4E21 003C11 0004711 DC2127 D1 5 

C823C30B7D 

Now run the program again .-

Attention: Buffalo NY Apple II Owners 

Gary Weir has written from Buffalo 
NY with information about a new 
Appl e " users group in his area. Ca ll ed 
the App le Byters Corp, they are highl y 
motivated to provide new owners of the 
Apple" with th e help they may need to 
successfu ll y program and utili ze their 
in vestme nt. A booklet is currentl y being 
prepared combining insights and solu­
tions to bugs previously enco un te red by 
the club 's members. A copy and its up­
dates are included in the $5 member­
sh ip fee. Apple " owners or potential 
ow ners should contact Gary at 225 Wal­
ton Dr, Snyder NY 14226 concerning 
meeting times and locations. 

Apple Bay Area Computer Users Society 

ABACUS (Apple Bay Area Computer 
Users Society ) meets the second Monday 
of each month at th e Hayward BYTE 
Shop, 11 22 B 5t, Hayward CA . Th ey 
have an active membersh ip of 40 and 
have developed a club library of 200 
programs. Th ey are negot iati ng to trade 
librar ies w ith several other clubs. Mem­
bership is $12 a year which inc ludes a 

monthl y newsletter. Contact Ed Avelar, 
president, at (415) 583-243 1 or David 
Wilkerson, secretary, at (4 15) 482-4175. 

Mexican Computer Club 

We have been notified of the exis­
tence of a Mexica n computer club. 
Called the Microcomputer Clu b, this 
group is primarily concerned with the 
Apple " and OSI products. They are 
interested in exchanging info rmation 
and experiences with other compute r 
groups. Contac t Alfredo Buzali , fte de 
QUijote #5, Mexico 10, D F or call 
5-89-22-79 between 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 
pl an ning a club library , a local ne wslette r 
and a club computer. Another aim is to 
provide each new member with a mem­
bership package which would conta in 
magazine subscription bl anks, addresses 
of hardware an d software suppliers, an d 
other information pertaining to the TRS-

OVERBYTES AND UNDERPRICES THE COMPETITION 

Introducing 
the ibs 

$5885. 
Complete with the 
fantastic UCSD Pascal 
Operating System 

'eta5y~ 
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: Microterm ACT-V , 
with addressable cursor, protected fields , erase to eol , erase to 
eos, reduced intensity, protected fields, much more . 

Microcomputer/Dual Drive/64k/Pascal 

Printer/tractor 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. 

i.bs independent business sy stems, inc .• 5476 Cl eo Ct . • Livermore, CA 94550 • (415) 443-3131 
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80. The meetings are held on the third 
Tuesday of each month at various loca­
tions around Montgomery. Contact 
Walter F Bray, 2073 Rexford Rd, Mont­
gomeryAl36116. 

Newsletter for Sorcerer Owners 

Orders are now being accepted for an 
independent user newsletter dedicated 
solely to the Ex idy Sorcerer . The $15 
subscription price includes all ten issues 
of volume one, and the first issu e will be 
available around July 1 st. The Source 
will include items of general interest to 
Sorcerer owners, such as program listings, 
how-to-do-it art icles, and hardware and 
software reviews. Contact ARESCO, 
POB 1142, Columbia M D 21044. 

Sorcerer Users Group 

Compu te r Mart of Massachusetts has 
announced the form ation of the Sor­
cerer Users Group. The purpose of th e 
group is to set up a channel of communi­
cation between Sorcerer owners and to 
provide information on hardware and 
software dev elopm ents to th e Sorce rer 
user. Th e group has a membership of 
about 30 peo ple. Th e $5 membership 
fee includes the monthl y news lette r, 
Th e Exidy Monitor. Contact Computer 

Ma rt of Massachu se tts Inc, 13 95 Main St, 
Walth am MA D2154 . 

North American Computer Association 

Th e North American Computer Asso­
ciation (NACA) recently bega n its third 
year with a m embership of approximately 
20 ind epe nd ent businessmen in the com­
pu ter systems field . One of th e ob jectives 
of the organization is to increase the 
efficien cy of each member's individual 
organization by pooling a ll the dif­
ferent programmin g developments and 
the se llin g and servicing techniques used 
'by the va rious members. NACA meets 
once a month in Dall as TX , and in­
terested businessme n are welcome to 
attend. Contact To m Crites, Sui te 811, 
1001 Main St , lubbock TX 79401. 

Small Computer Users Join England's 
Central Program Exchange 

Th e Central Program Exchange (CPE) 
at Th e Pol y techni c, Wol verhampton , is 
opening its doors to use rs of small com­
pu ters in an effort to coordinate th e 
free inte rch ange of programming. Th e 
Excha nge has 72 members, and cur­
re ntl y holds a library of over 200 pro­
grams in BASIC, FORTRAN a nd Al­
GOL. Indi vidu al members can obtain 

READ THE MAGAZINE 
THE PROS READ. 

For over 20 years DATAMATION has 
been the magazine for the data processing 
professional. Now DATAMATION 
magazine is available to hobl:!iests, busi­
ness men, accountants, engineers, pro­
grammers .. _ anyone with a deep curiosi­
ty about the real world of data process­
ing. 

Written by the data processing pro­
fessional for the data processing 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 Special 

Edition, the Industry Profile featuring 
the "DATAMATION 50" - the top 
U .S. DP companies. 

I iP.1 "C'N'''''' """."NG COM""' A Dun & Bradstreet Company 
35 Mason St. . Greenwich , CT 06830 

II (203) 661-5400 

,---------------, 
FOR A ONE YEAR SUBSCRIPTION 
(13 ISSUES) SEN D $32. 

TO: SUZANNE A. RYAN 
DATAMATION magazine 
666 FIFTH AVENUE 
NEW YORK, NY 10019 

Name _____________________ __ 

Address ___________________ _ 

City ____________ _ 

State / Zip __________ _ 
L _______________ _ 

DRTRMRTION® 
magazine 
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CPE services for $1 0 per yea r. Th is 
entitl es members to a ca talogue, news­
letter and up to ten CPE programs as 
li st ings or paper tapes. As th e personal 
ele ment expands, CPE also proposes 
to offer cassette versions at a small 
ext ra charge. Contact Dr G Beech, 
Central Program Exchange, Dept of 
Computin g and Mathematical Sciences, 
The Poly technic, Wolverhampton, ENG­
lAND WVllLY. 

Software Magazine for Microcomputers 

Th e Software Exchange magazine 
provides informatio n about the lates t 
software that has been d eveloped . In­
cluded are reviews, abs tracts and arti cles 
about software for today's microcom­
pu te rs . Th e Software Exchange is 
published bimonthl y. Subscriptions are 
$5 per yea r in the US , Canada and 
Mex ico. Intern ational subscriptions are 
$19 . Contact Th e Software Exchange, 
POB 55056, Valenci a CA 91355, 

Free Newsletter Features Computer 
Product Marketing Information 

Crossroads is a free period ic news­
lette r which highli ghts tool s and tech­
niques in se lling software, da ta serv ices 
and turnkey systems. Crossroads pro­
vides help ful hints, insights to tre nd s, 
results of expe riments and ge nerall y, 
the successes and fai lures associated with 
developm ent, sale and support of com­
puter based products. Contact Editor, 
Crossroads, Cross Associates, Suite 530, 
9000 Keys tone Crossing, Indi anapolis 
IN 46240. 

6800 Users Newsletter 

Th e Chicago Area 6800 Use rs New s­
lette r is a monthl y publication a imed at 
pro vid ing in fo rm at ion and ass istance to 
those users of the 6800 microprocessor . 
For further information, contact Phillip 
Schum an, 1354 Finl ey, l o mb ard I l 
60148 . • 

A Computer by Any Other Name 

A typographi ca l e rror in "Build a 
Computer Controlled Security System 
for Your Home: Par t 3" by Steve Ciarcia 
(March 1979 BYTE, page 150) may have 
caused some head scratching among our 
readers . The caption for figu re 1 con­
tained the following sentence: "Op amp 
IC2 is used as a computer to convert the 
output accordingly." Th e sentence 
should have read as follows: "Op amp 
IC2 is used as a comparator to convert 
the output accordingly." Mr . Ciarcia did 
not attempt to construct hi s ci rcu it usin g 
a programmable op amp .• 
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'Frequency Input Intenace 
for 

Motorola M6800 Microcomputer Systems 

FEATURES 
' )2c:h1nnebdTTL~~ 
• 16b1tblnetycourmCOCOoptlotlal) 
'~~I025megahertz 
.~~~ 

• ~rriyone~"'mel\'lOf)'lNp 
' EX~bulCOIT'IpM!IM 
• 'lrltdcchoked~C'OMI!ICton(odQec:onnedofMncletd.poIl~OI'OFlOCketaplk)oel) 
'·~d.upply oriy 

• .... ~drlYen suppled wIItI bowd. 
• toIdet INIIk boIh .!des: ~ ~ edge comec.1cB 
'~lndall:dorldtvenlorw~ 

·>MYlowco.t-onb'.249.00In .... ~.nd....., . T_d--....N-. 

~ 
SIERRA CYBERNETIC SYSTEMS 
P'QBo.20175 

I. 
Reno, Nevada 89515 (702) 322-4563 

PET WORD PROCESSOR 

This program perm its composing and printing letters, 
flyers, advertisements, manuscripts, etc., using the 
COMMODORE PET and a printer. 
Script directives include line length , left margin, cen­
tering, and skip. Edit commands allow the user to 
insert lines, delete lines, move lines and paragraphs, 
change strings, save onto cassette , load from cassette, 
move up, move down, print and type. 
The CmC Word Processor Program add resses an RS-
232 printer through a emC printer adapter. 
The CmC Word Processor program is ava ilab le for 
$29.50. Add $ 1.00 for postage and handl ing per order. 

Order direct or contact your local computer store. 

CONNECTICUT microCOMPUTER 

150 POCONO ROAD 
BROOKFIELD, CONNECTICUT 06804 

(203) 775-9659 
TLX: 7104560052 

Circle 78 on inquiry card. 

Circle 32 on inquiry card. 

SHOULD it be a Heathkit® ? 
Whether you are considering the purchase of an 

additional peripheral or your first computer you 
should know more about Heath~ computer products. 
Heathkit® has a continuing commitment to selling 
well-documented computer kits and software . Are 
they for you? How can you find out? 

Read Buss: The Indepe ndent News l etter of Heath 
Co . Computers, wh ere information on new products 
is printed as it l eaks out of Benton Harbor, not 
held back to suit a marketing plan. Buss is not 
a company- contr olled publication, so it can deal 
with weaknesses of Heathkit~ products as well as 
their strengths . It features news of compatible 
hardware and softwar e from other vendors. Every 
Buss issue has candid accounts of experiences of 
Heathkit~ owners. Results of their discoveries 
which often include hardware modifications, sav~ 
subscr ibers headaches--and money. That' s proven 
by two years ' experience . So Buss can guarantee 
a f ull refund any time you're not satisfied. 

Buss i s mailed first class (by airmail outside 
North America). The 24-issue subscription g ives 
you the choice of starting with the latest issue 
or with available back i ssues (about 8 are still 
in stOCk ). Send $ 8 .00 for 12 issues or $ 15.25 
for 24 (overseas, $10.00/12; $19.25/24 US funds ) 
to: Buss 

J25-B Pennsylvania Ave., S.E. 
Washington, DC 2000J 

The Independent Newsletter 
of Heath Co. Computers 

C/PM R SOFTWARE TOOLS 
• 

ED-80 TEXT EDITOR 
THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL 

- WHY NOT MAKE IT YOUR BEST? 
ED·SO enc~ll1p.sses the features found on large mainframe and minicomputer editDrs, 
such as the IBM 370, CDC 170, UNIVAC 1100, and the DEC PDP·U series computers, 
plus additional features designed for floppy disk based operating systems. It is a 
context editor which is compatible with C/ PM and its derivatives, including IMDDS, 
DOS·A, COOS, elc. 
Over 50 commands are provided, including forward or backward LOCATE, CHANGE, 
and FIND commands; INSERT, DElETE, REPLACE, APPEND, PRINT, LIST, MACRO, 
upper and lower CASE. SCALE, TABSET, and WINDOW commands; and GET and PUT 
commands for repositioning, duplicating, concatenating, and managing text files and 
libraries. Sophisticated search and change techniques are provided for managing 
BASIC, FORTRAN , COBOL, PL/I, ALGOL, APL, PASCAL, ASSEMBLER. TEXT 
FORMATIED, and other file types. 
The WINDOW command allows instantaneous full screen displays of both the current 
and surrounding lines for further editing, and provides for forward and backward 
scrolling in the full screen mode. Designed for today's high speed CRT's and video 
monitors, the WINDOW command separates ED-SO from all other available editors, 
and is not hardware dependent. 
Up to three MACRO commands may be defined for iterative execution of concatenated 
editor commands. Once defined, they may be subsequently executed , or recalled for 
observation . A MACRO may also be defined and executed in a single operation . 
Configurable parameters for tailoring the editor to the user's keyboard and environment 
are provided through the use of the C/PM Dynamic Debus Tool (DOT). The WINDOW, 
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE, and PREVIOUS LINE commands 
fall in this category. These commands are considered.so important to text editing that 
only one key has to be depressed to cause anyone of them to execute. 
A CURRENT LINE NUMBER is internally maintained by the editor for displaying when 
prompting for input and with certain other commands. line numbers are dynamically 
adjusted as the result of line inserts and deletes, and may be u"d for positioning within 
the file. They are not stored or associated with the text in any manner . 
ED.SO is thoroughly documented with a User's Manual of over 35 pages describing each 
command and feature, and includes numerous examples. It is 9.5K bytes in size, and I 
minimum C/ PM operating system of 201< 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. COD and money orders shipped next day. COD orders require 10% deposit. 
Personal checks must clear before shipment. Include $2.00shipping/handling per order. 

SOFTWARE DEVELOPMENT AND TRAINING, INC. 
P. O. Box 4511 Huntsville, Alabama 35802 

C/PM~ is a trademark of Digital Research 
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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 
relevan t to its purpose of 
fostering discussion and com­
munication among BYTE 
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
chines," by Ted Williams and Steve Conley 
(july 1978 BYTE, page 152) discusses the 
interpreter for a simple language. If we 
take the language as given and ignore minor 
errors in the examples and flowcharts 
(such as pushing a variable "near operand 
stack" rather than onto it), several sub­
stantial errors remain. 

First, evaluation is claimed to start 
"in the innermost parentheses." Following 
the flowchart in figure 2 or table 2 or the 
example in listing 3 shows that this is not 
true, despite the incorrect annotation 
accompanying listing 3. Expressions are 

evaluated from left to right until parentheses 
are encountered. I n 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 
functions, the result of evaluation will be 
the same as if evaluation had begun in the 
innermost parentheses if the language's 
intrinsic functions have no side effects. 

Second, the claim that although in­
terpretation provides some advantages, "the 
price paid for this feature is memory" is 
misleading. The combination of source code, 

* North Star DOS and BASIC now fully supported on double density 8" drives. 

More than 500K storage per disk now possible. 

TIMESHARING 
for the Horizon-

T:,e only true interrupt·driven, bank 
switching timesharing software available 

for the Horizon. 

Supports as many as four 5Y, " dri ves, 
four 8" drives , and as many as four 
CRTs with 16 to 48 K RAM per CRT. 
Interrupts a t 26 ms. Spooler and file 
locking to be supported in the near 
future. 
Specify single (Release 4) or double 
density (Release 5). 

Requires additional memory in computer. 

A machine langu age program 
on 5Y," disk ................... $49.95 

Complete business application software 
aua i/able . Write for additional 
in/ormation. Dealer discounts auai/able. 
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Thinker Toys dual density 8" drive and 
controller .. ... . .... ....... ...... . $1149 

Additional drives . . . . . . . . . . . . . . . . . . . . . .. $795 

8" disk drive connector software on 
5 )1,1" disk included with drive(s) and 
controller without additional charge, 
or, separately .. .................. $49.95 

PerSci dual and quad density dual 8" drives to be 
supported in the near future. 

Specify CPU clock speed and Release 4 BASIC or 
Release 5 BASIC. 

North Star DOS and BASIC licensed for use with 
North Star disk controller only. 

All software shipped on 5 y," North Star ONL Y. 

Write for information about COMPUCORP 
computers. 

Micro Mike's 
PROGRAM LIBRARY 

A one·time fee of $500 (soon to be 
increased) buys for the purchaser 
continuous unlimited access to the 
programs, updates and revisions in the 

PROGRAM LIBRARY. 

In stock: Intertec Intertubes .. $874 ea. 
Slight Iy used (demonstrator ADM·3A 
CRTs, full upper & lowe r case $695 ea. 

Micro Mike's,Incorporated 
905 South Buchanan 

Amarillo, Texas 79101 
806-372-3633 
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DP SUPPLIES? C@!l DO! 
Key --

FLOPPY DISKS 
Standard or Mini .. .. 2.98 ea. 

Memorex ........ .. . 4.50 ea. 

32 Hard Sector 
(Shugart) . ....... . 2.98 ea. 

Micom Preformatted . 7.50 ea. 
(Min. orde r: 100 ea.) 

Dual Density . .. . . ... 4.25 ea. 

Dual Sided .. ..... .. 5.50 ea. 
(Order In unilS 01 20) 

DIGITAL CASETTES 
TRS-80 (15 min.) . . . . 1.49 ea. 

ANSI (Notch) . . .. ... 4.90 ea. 

G.E. . ... . .. ... . . ... 5.20 ea. 

NCR. 300 ' .. . . .. ... . 5.00 ea. 

Standard (no notch) . 4.90 ea. 

Nixdorf . . . . .. ... . .. . 4.90 ea. 

Datapoint ... . ... .. . 4.90 ea. 

Others available. similar savings. 

RIBBONS 
Blue & Brown 

Ribbons ........ 32.95 doz. 

Qume or IBM 6240 
Type ..... . .. .. 29.95 doz. 

(New hi ·yie ld. excellent quality) 

TERMS: First-time customers send check with order to avoid credit 
check delay. VISA/ Master Charge accepted. 

ORDER NOW FROM 
JOHN RICHARDS 

2101 S. IH 35, Suite 300 
Austin, TX 78741 (512) <:·43-1347 
Al l products from major manufacturers fu lly guaranteed. No limit 
whi le quantities last. 

XCDMP 
INCORPORATED 

9915-A Businesspark Ave. , San Diego, CA 92131 • (714) 271-8730 
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OMSI TM 

PASCAL 
Reliable, efficient, production Pascal compiler 
for the DEC PDP-II family. including the LSI-II. 

Full Language 
All elements of Standard Pascal, including the capabilities 
not found in student Pascals. Extensions for complete low­
level control with direct memory and I/O device access, 
embedded assembler code, FORTRAN procedure interface. 

Production 
Integrated with DEC operating systems fRSTS/ E, RTII, RSX, lAS). 
Compatible w ith existing file structures, editors, and utilities. 
Interactive symbolic Debugger with breakpoints and full trace. 

Performance 
Fast one-pass compiler runs in 16K words f32K8). translates 
thousands of lines per minute. Produces compact PDP-II code 
that runs circles around interpretive or threaded languages. 

Proof 
In production use since 1975 - now at more than 
300 customer sites. Warranted for I year after purchase. 

Write for information, demonstration, manuals, and benchmark. 

2340 SW Canyon Road 
Portland, Oregon 97201 

(503) 226-7760 
TWX 910-464-4779 

DEC, PDP, RSTS, AT-l1 , RSX, lAS, and LSI-11 are trademarXs of Digital Eq. Corp. 

BYTE 
BACK I££UE£ 

YOQ £ALE 
The following issues are available: 
July, November, 1976; March, May thru September, 
November and December, 1977; February thru October, 
1978; and January, February and May, 1979. 
Cover price for each issue thru August '77 is $1 .50 plus 
254: postage and handling ($3.50 total foreign) . 
September '77 thru '79 issues are $2.00 plus 504: 

postage and handling 
($4.00 total foreign) . 

Send requests 
with 
payment 
to: 

BYTE 
Publications 
70 Main St. 
Peterborough 
NH 
03458 
Attn: 
Back Issues 
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BioNic 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 Ai r 
Force Bionics program ofthe 1960 's. 

Now you can understand and build devices that behave 
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 secu rity 
• Binaural localization 

• Bat-like echoranging 
• Sonar target recognition 
• Control of animals with sounds 
• Language training 
• Speech enhancements 
• and much, much more . .. 

Hardware representations give new understanding of 
man - not on Iy how, but also why the ear works as it does. 

A far-reach ing new theory-complete-sophisticated­
powerful-destined to influence not only computers, but 
also concepts in physiology for decades to come. 

This new and invaluable information for only $ 35.00 plus post ­
age and handling. ($1.50 regula r or $4.00 priority or UPS Blue 
in USA and Canada. Other count ries add $ 12.00 fo r air o r $ 3 .50 
surface, all U.S. funds. ) California residents also add 6% sa les 
t ax . Send check, money order, or VISA or Master Charge num­
ber (and expiration date). Phone orders accepted . Credit only 
on approval. 

COVOX PublishiNG P.O. Box 2342 

Orcutt, CA 93454 • Tel.: (805) 937-9545 
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data, tab les, and the interpreter program is 
often small er than the compil ed code and 
data, part icul arly if the source language is 
a powerful one, li ke APL , or contains space 
consumi ng operations not su pported by 
hardware , such as At B, where A and Bare 
float ing poin t numbers_ 

Thi rd , the language presented in the 
arti cle all ows nested DO loops, but the use 
of UNTIL in this context can lead to prob­
lems since an UNT IL with in two or more 
loops is not sy ntacticall y connected with a 
specific loop. For example, the second 
UNTI L statement in example 1 could 
ex press the programmer's intention to leave 
either the inner or the outer loo p when the 
condi tio n is sat isfied. Defining the UNTI L 
statement semantics to req ui re ex it of the 
innermost enclos ing loop when th e cond i­
ti on is satisfied so lves thi s pro bl em but it 
does no t correct the flaw in the DO routine 
in figure 5 of the art icle. Wh en an U NTI L 
cond ition is satisfied, the in terprete r seems 
to search for the first ava il abl e ENDDO, 
rather than the matchi ng one. In general 
thi s will not work properly, as ill ust rated 
by consideri ng the fi rst UNTIL statement 
in exampl e 1. 

DO 

UNTI L con diti on 1 

DO 

UNTI L cond iti on2 

ENDDO 

EN DDO 

Example 7: Nested DO loops. 

Fourth, the authors clai m that "the lack 
of statement labels excl udes the poss ibi li ty 
of er rors caused by not nesting DO loo ps 
wi thin each oth er (which is possib le in a 
language li ke FORTRAN) ." In fact, the 
possib ili ty ex ists; ju st take any appropr iate 
FORTRAN nonnested, ove rl apping DO 
loop example and remove the statement 
numbers to see how the error is possible. 
The difference is that with statement num­
bers o r labels the compil er or in te rp reter 
wo uld have suffic ient info rmation to detect 
the error; witho ut them the error must go 
und etected because the res ul t ing program is 
sy ntact icall y correct . 



Fifth, like the facto rial function which is 
presented to illustrate recursion in program­
ming primers, the use of recurs ion to find 
match ing ENDIFs during in te rp retation is 
unnecessary overki ll . The non recursive use 
of an "unmatched IF " counter is adequate 
and conceptuall y simple . Furth ermore, it 
avoids the problem that "care must be 
taken in allocating and preserving local data 
within SEARCH during recursion." 

Fin all y, although APL, li ke the language 
presented in the article, does not use oper­
ator precedence with in express ions, APL 
expressions are eva luated from right to left, 
not left to right. Furthermore, APL has 
numerous nonstandard operators, providing 
some justification for its no precedence 
evaluation; in contrast, the language pre-

Language 

FORTRAN 

precedence­
less 
language 

Expression 

A - B * C 

A - (B * C) 

Example 2: Stack size comparison. 

PIMS 
~r$oonal Information 
MaD.garRent S}'Ste..I:n 

Personal 
Information 
Management 
System 
Pl ain talk on 
what a computer 
can do for you . 
How to use a 

.... "'_~u ••• , ... ,." .• ,..... computer with· 
~U: .. ~~;.'."';"':::Z'7..'::~.:~;:.'" out knowledge of 

-~~~;.:;*..::::... programming. 15 
examples include 

perso nal mailing list, accounts pay­
able - eve n an intelligent ham radio 
log. For t he TRS-BO, PET and others. 

$9.95* No. 10 

Circle 31B on inquiry card. 

sen ted has onl y standard arithmetic opera­
tions plus fun ct ions. Thus the claim that the 
use of precedence in this language would 
lead to confusion is probably unfounded . 
Probably the best justification for the 
decision to have no precedence is that it 
simplifies implementation somewhat. How­
ever, the auth ors' clai m that "this proced ure 
minimizes the size of the stack" is incorrect, 
as shown by exampl e 2. The FORTRAN 
expression A - B * C req uires parentheses 
to be expressed in a precedenceless language. 
Th e parentheses, in turn, require an extra 
level on the operator stack (in general, one 
for each leve l of nesting) . Example 2 shows 
that a precedenceless language can, for some 
expressions, require more, not less, stack 
space than a language using precedence.-

Operator 
Stack (Maximum) 

Operand Stack 
(Maximum) 

Special Offer 
Now you can have a good laugh on us! That's right . If you buy 
Calculat ing with BASIC now, you'll get our hilarious book, Take 
My Computer ... Please! at 1/2 price - that's $3 off, on us! ~nd 
you'll be sure to laugh . With SCELBl's BASIC routines working 
in your computer, you'll have plenty of time to enjoy the knee­
slapp ing humor of T ake My Computer ... Please! Order now. 
That 's Calculating with BASIC for only $7.95; Take My Compu­
ter .. . Please ! just $2.95 additional (sold separately for $5.95). 

Calculating with BASIC 
Here's a variety of programs in BASIC language to help the 

student sc ientist, engineer, technician or hobby ist apply the language to practical 
proble~s. Covers mathematics, finance and statistics, mechanical engineering and elec­
tronics. For fun between such serious applications, Hangman and Space Capture games. 

Special offer, both books $10.90- No. 32 Cal/BASIC only $7.95* No. 30 

40' SCElBI Publications, P. O. Box 3133, Milford, CT 06460 203-874-1573 

* IMPORTANT ORDER ING INFO! Include 75 cents postage/handling for each item. 
Prices shown are for North American customers. Master Charge, VISA, Postal and 
Bank Money Orders p refe rred . Person al checks delay shipping up to 4 weeks. 

ONo. 10 O No.30 O No.32 

Name (please print) ________________________ _ 

Card No. _______ ___ Bank No. ______ Exp . ______ _ 

Address ___________ _________________ ___ 

City/State __________________ Zip _________ ___ 

Signature _______________ Amt. Ene. ________ ___ 
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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 find some 
beauty in almost every language. The lan­
guages I know are BASIC, FORTRAN, 
LISP, APL, PL/ I, and SNOBOL4. BASIC 
has simplicity, FORTRAN has the virtu e 
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-ll 
COMPONENTS 
A full and complete 
line with software 
support available. 

m.n. C[]rnpu1er 
Supp~.ers'l ~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 the most 
powerful languages in existence. Like APL, 
it is loaded with elegance and implicit 
looping, and, also like APL, it lacks the 
standard structures for repetition of BASIC, 
FORTRAN, PL/I , and Pascal such as the 
FOR-TO or 00 loops. These structures are 
not needed as much in SNOBOL4 programs. 
In addition, the language is powerful enough 
to permit user defined functions which are 
impl ementations of these structures. An 
example of the powerful implici t looping 
coupled with some explic it looping is the 
following statement, which will (in the fu ll 
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_ORO S LEN(l) $ A LEN(l) $ B 
*LGT (A,B) = B A :S(LEX_ORO) 

SNOBOL4's major feature is its dex­
terity with string manipulation, particularly 
the operation of pattern matching (ie: 
the language is good at scanning strings ; 
looking for patterns; and processing them 
when fo und). But in addition 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 
allows an array to have an integer in one 
element, a real number in the next, a string 
in the next, another array in another, itself 
in still another, etc. One may put any data­
type into anything, and one may also create 
user defined datatypes if desired. Th e 
reaction of some people to all this is in ­
difference, but they are missing the point; 
the best part is knowing you can do it. 
Besides, one of the most important app li­
cations of a language of SNOBOL4 's string 
processing capabilities is implementation 
of experimental langu ages, and with these 
other abil i ties, one may create all sorts of 
arbitrarily complex languages. 

While all these abilities may seem con­
fusing at this time, when they are fu ll y 
understood they are simple to use and the 
good programmer will soon master them. 
Opponents to the language say they feel 
that the language 's power invites unstruc-



tured programming because facilities such as 
run time symbol tables and run time 
SNOBOL4 code compilation are easy powers 
to get carried away with . But if programmers 
take the time and care to know the lan­
guage they are programming in, they will be 
in ful l control. It is possible to create we ll­
structured functions which even redefine 
themselves during execution . This can 
simplify a program considerably, but it must 
be done carefully or the program will be an 
undebuggable mess. 

I recently wrote a function in SNOBOL4 
that takes the inner product of arrays of 
arbitrary dimensions- that is, of any size 
and any number of dim ensions. In APL, 
thi s function is a primi tive (built-in) func­
tion, bu t I challenge anyone to produce 
the same in BASIC, FORTRAN, or PLj l. 
Like APL 's general ized inner product, my 
fu nc tion allows any two operations to be 
utilized in the fo rmation of the product 
array . The definition in SNOBOL4 is eas il y 
fo ll owed. Upon call, the function goes 
through some initialization, then redefines 
itself and calls itse lf recursively for each 
dimension of the involved arrays. In this 
manner, it is ev ident that the function will 
work as well for multidimensional arrays 
as for vectors, and verifying it for vectors 
is very easi ly done. This function is a good 
example of the freedom with which 
SNOBOL4 processes all sorts of dataty pes. 

I cannot deny that SNOBOL4's powers 
may be eas il y abused, so I must warn that it 
is a language only for programmers who can 
discip lin e their own thinking and don't need 
a computer language to fo rce them to do so. 
For those people, SNOBOL4 will perform 
amaz ingly well. 

SNOBO L4 has remained 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 h is or her own en ds. (I t has been 
fo und that SNOBOL4 is ex tremely good 
for game programming.) And so, any fellow 
BYTE reade r who knows and loves 
SNOBOL4, 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 only on large 
computers, but these troubles must be 
overcome. I also hope I have sparked interest 
in any potential SNOBOL4 users reading 
thi s. If what I have described intrigues you, 
look into the language. You won't be sorry .• 
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its 
ytes 
Oaks. 
argalns 

IMSAI • Cromemco • SWTPC • 
Lear·Siegler • Problem Solvers. 

RCA • North Star • Verbatim • 
ALPHA Micro Systems and others 

Fast, off the shelf delivery. 
Give us a call TOLL FREE 

800/523-5355 

MARKETLINE SYSTEMS, Inc. 
2337 Philmont Ave., Huntingdon Valley, Pa. 19006 

215/947-6670.800/523·5355 
Dealer Inquiries Invited 

the ULTIMATE in 

CHEAP VIDEO 

Don Lancaster s "Cheap 
unlimited options, including: 

BOOK&KIT 
ONLY $42.95 

* Scrolling · Full performance cursor. 
* Line/ Character formats of 16/ 32, 24/80, 32/ 64 .... 

or almost anything. 
* Graphics - up to 256 X 256 B &W; 96 X 128 COLOR 

(requires low-cost option modules) 

* Works with 6502, 6800 and other micros. 

SPECIAL OFFER: Buy the Kit (upper case alpha­
numeric option included) & get the Book at 1/ 2 price. 

IIIiA ELECTRONICS, DEPT. 6-8, 1020 W. WILSHIRE BLVD .. OKLAHOMA CITY. OK 73116 

------------------------------------------------------I'm Sold. PLEASE RUSH . .. . . ( ) SEND FREE CATALOG 
( ) TVT-6518 Kit & Cheap Video Cookbook - $42.95 lenclosed) 
( ) TVT -6 5/8 Kit only (book required for assembly) - $39.95 

name: ________________ _ 

address:: _______________ _ 

city: state: zip: __ _ 

_~_~L!~T.!I~~~S __ D~~T:.:~ . __ !~2~!:.¥!I~S!I~R~_B:~:.:_0!~..H~~~~~v.:.2~!~~ ___ _ 

Circle 297 on inquiry card . June 1979 © BYTE Publica tions Inc 221 



222 lune 1979 © BYTE Publications tnc 

Random Comments 

David Thornley 
2600 Bryant Av S, # 205 
Minneapolis MN 55408 

In the September 1978 BYTE ("Letters," 
page 17), Scott Johnson inquired about 
the production of random numbers, par­
ticularly hardware-generated ones. The first 
and foremost consideration in generating 
and using random numbers is to access 
Donald E Knuth 's The Art of Computer 
Programming : Volume 2, Seminumerical 
Algorithms. Most of what I am go ing to 
say is derived from there. 

First, beware of assuming that a process, 
whether hardware or software, produces 
random numbers simp ly because the process 
by which it produces numbers is incom­
pletely understood. If you wish to use such 
a source, test the results for randomness 
using every test you can th in k of. There 
are many good ones in Knuth's book . 
The l-80 refresh register, by the way, 
can be a good source fo r one random num­
ber, but is not recommended for more 

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 
for an entry from the keyboard) it could 
be used. 

For outs ide randomness, just look around 
you . Plug 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 static. (To even 
out the distribution of low and high bits , 
take the transitions from low to high and 
high to low as your bit input - in other 
words, take 2 bit signals, throw out 00 
or 11, and treat 01 as 0 and 10 as 1.) This 
mayor may not work, but if it does work 
it is a quick way to randomness . Give 
some thought to encouraging noise in 
the system. Read random numbers off 
the cassette of your favorite rock group .. . 
be creative. 

For those, like myself, who know some­
thing about programming but are lost 
with hardware, this formul a is taken from 
Knuth's book cited above : 

"X = (ax X +c) mod Mil n+1 n 

where M is the word size you are using 
(probably hexadecimal 10000), a is between 
hexadecimal 300 and 7COO, and has 5 or 
D as its last digit, and c is odd and some­
where in the neighborhood of hexadecimal 
3800. The calculation must be performed 
exactly, which is much easier in assembler 
than in BASIC ; in the former, one merely 
disregards the inevitable overflow. Starting 
with Xo at any initial value, this wi ll give a 
long series of good pseudorandom numbers. 

Finally, for people with RND functions, 
here are several tips: Generating random 
numbers until 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 reinitialize the seed 
before the program uses the random num­
bers. Or, to make an intrinsically question­
ab le generator work, throw out a random 
number of numbers as follows: 

LET J=INT (10*RND(0)+1) 
FOR 1=1 TO J 
LET X=RND (0) 
NEXT I 

This would fit we ll 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.-



June 2', University of Wisconsin - Park­
side Computer Fair III , Kenosha WI. 
Contact Don Piele, UW-P Computer Fair 
III, University of Wisconsin-Parksid e, 
Kenosha WI 53141. 

June 3-6, 1979 I nternational Summer 
Consumer Electronics Show, McCormi ck 
Place, Chicago I L. This show serves as 
the marketplace for the entire consumer 
electron ics industry. Contact Consumer 
Electronics Show, 2 Illinois Center, 
Suite 1607, 233 N Michiga n Av, Chicago 
I L 60601. 

June 4-5, Computer Cryptography, 
Massachusetts Insti tute of Tech nology, 
Cambridge MA. Instruction in the Data 
Encryption Standard and th e new public 
key cryptographic systems will in tro­
duce a working knowledge of the use of 
cryp tography in computer app lications. 
Man age rs and operators of computer 
systems will also become acquainted 
with economic and implementation 
issues as we ll as techniques for using this 
new science in communication networks. 
Contact MIT, Center for Advanced Engi­
neering Study, Cambridge MA 02139. 

June 4-6, Laser Beam Information 
Systems, New York NY. This semi­
nar will cover th e application of laser 
technology to image and data manip­
ulation in the form of scanning, trans­
mission and reproduction. I t wi ll lead 
the student through the principles and 
practices of laser beam information 
systems in preparation for direct app li ­
cation to such fields as facsimile, com­
puter memory and disp lay, target identi­
ficat ion, reconnaissance, photo com­
position, and image manipulati on. Con­
tact The University of Chicago, Center 
For Continuing Education, 1307 E 60th 
St, Chicago I L 60637. 

June 4-7 , 1979 National Computer 
Conference, New York Coliseum, New 
York NY . NCC '79 wi ll feature a premier 
showcase of the state of the art in 
computing and data processing. Leading 
organizat ions, large and small, will show 
the latest eq uipm ent and services in 
approxim ately 1500 booths . More than 
100 program sess ions are planned, em­
phasizing the four major areas of man­
agement, app li cat ions, science and tech­
nology, and social impli ca tions. In 
conjunction with NCC '79, a Person al 
Computing Festi va l of commercial ex­
hibits, application demonstratio ns, and 
techni cal sessions on micr'ocomputer 
systems and applications will be held 
at the Americana Hotel. Contact NCC 
'7 9, c/o American Federation of Infor­
mation Processin g Societies In c, 210 
Summ it Av, Montvale NJ 07645. 

Paper bags may be fine for lunches. But, they 
offer poor protection for your programs and data. 

Carry media in specially·engineered En Route cases. 
They guard data against contaminants and impact. 

If your data merits more care 
than your lunch does, consider 
an En Route™ case from Inmac. 

Around town or around the world, 
you can't cart media in a paper bag. 
But what else is there? Have you 
ever tried to jam a multi-platter 
pack or 10 tapes into a suitcase? 

Four reasons why En Route cases 
help defend your data in transit. 

1. Rugged high-impact housing is 
ribbed on top for rigidity, strength 
and fast identification. And the in­
side foam resists sudden impact. 

2. Security of a lock and alumi­
num tongue-in-groove valance that 
keeps out moisture and debris. 

3. Compact enough to take on a 
plane and easily store under your seat. 

4. Guarantee. Use the case for 45 
days. If you're not satisfied, return it 

to Inmac (formerly Minicomputer 
Accessories Corporation). 

Metal handle, riveted on. ____ --J_~ 

Foam lining and removable 
dividers resist impact. 

Lock for more security. 

Top ribbing adds strength. _--'~-,:..-..---' 

2721·X: For disk cartridges, packs. Holds up co S 
fronc-loading cartridges, 3 cop-loaders, or one single, 
multi-placter disk pack. 
2722·X: For disk 
cartridges, pack>. 
Holds up to 2 car­
tridges or One S-platter 
pack. 
2711·X: For mag 
tape. Holds 10 of 
any length. 

2721·X 2722.X 
~"'., - ..,. 

, .-~. x 
I I -$. w " , 
, j 

t • 

---------------------------Order today, calL .. 
operator 250 toll-free at 

800 .. 543 .. 3000 
(in Ohio 800·582·1364) 

o 2721-X @ $67.00* 
o 2722-X @ $52.00* 

o 271l-X @ $52.00* 
For free catalog, circle reader service 
number below. 

"'Freight charges extra unless check accompanies order. 
In CA. V A and NJ. add sales cax. 

l,q!llflC Dept. W 

130 S. Wolfe Rd. Sunnyvale. CA 94086 

... or use this handy coupon. 
Name _____________ _ 

Company ___________ _ 

Address ___________ _ 

City ___________ _ 

State _______ Zip ____ _ 

o Check enclosed (we pay freight) . 

o Bill my company. P.O. no. ___ _ 

o Charge my 0 VISA 0 M IC acct. 

number ___________ _ 

expiration date ________ _ 

----------------------___ 937_ 
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June 6-8, Twelfth Annual Association 
of Small College Computer Users in 
Ed ucation Conference, Den ison Un iver­
sity, Granville OH . Sessions will in clud e 
the presentation of papers, demon­
strations of the ed ucationa l use of 
microcomputers, computer text book 
surveys, discussions with authors of 
computer texts, administrative uses of 
comp uters in small coll eges, and a 
tutorial on microprocessors. Con tact 
Dougl as Hu ghes, Computer Center, 
Denison University, Granville OH 43055, 
(614) 587-0810. 

June 6-8, Eighth Annual Conference of 
the MUMPS Users Group, Marriott 
Hotel, Atlanta GA. Papers will be 
presented on all aspects of MUMPS 
development, implem entatio n, and use. 
Contact Judith Faulkn er, Program Com­
mittee, Department of Psych iatry, Clin­
ical Sciences Ctr, 600 Highland Av, 
Madison WI 53792. 

June 6-8, Computer Contract Negotia­
tion, New York NY. This three day 
course is designed to give participants 
sound answ ers to th e comp lex ramifi ca­
tions of preparing and negotiating com­
puter co ntracts . Contact Brandon Con­
sulting Group Inc, 505 Park Av, New 
York NY 10022. 

June 11-13, Minicomputers and Distrib­
uted Processing , Ch icago I L. Th is sem i­
nar wi ll examine the uses, econom ics, 
programming, and implementation of 
minicomputers. Contact The University 
of Chicago, Center For Continuing 
Edu cation, 1307 E 60th St, Chicago 
IL 60637. 

June 13-15, Computer Applications in 
Industry , Grenoble F RANCE. This sym­
posium is intended as a forum fo r the 
discussion of recent advances in the 
applications of computers to industrial 
processes. The symposium will cover 
basic problems in computer science 
as related to industri a l ap plications. 
Contact ALPES Congres, Avenue 
d ' innsbruck, 38029, Grenoble-Cedex, 
FRANCE. 

June 19-21, I nternational Microcomput­
ers/Minicomputers/Microprocessors '79, 
Palais des Expositions, Geneva SWITZER­
LAN D. Focusing on the changing state 
of the art in mini/microcomputers and 
microprocessors, the 1979 co nference 
program wi ll probe advances in systems 
and equipment with em phasis on prac­
tical applications and uses of minicom­
puters and microcomputers as well as 
the techniques impor tant to th eir 
development. 

June 19-23, First Annual Meeting of 
The American Association of Physics 
Teachers, New Mexico State Universit y, 
Las Cruces, NM. The theme of this meet­
ing wi ll be the use of microcomputers 
in physics teaching. Contact American 
Association of Physi cs Teachers, Grad­
uate Physics Building, SUNY at Ston y 
Brook, Stony Brook NY 11794. 
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June 20-22, The 1979 Symposium of 
the Wilmington Section of the Instru­
ment Society of America, Univers ity of 
Delaware, Newark DE . The symposium 
theme : "Measurement Technology f<'lr 
the 80s," is being programmed by three 
of ISA's divisions: Process Measurement 
and Control, Analysis In strumentation, 
and Water and Waste Water Industries. 
Contact A H Straightiff, E I DuPont 
de Nemours and Co Inc , (302) 366-3810 . 

June 25-26, Forum on Information 
Resource Management , Drake Hote l, 
Chicago IL . Addressing the theme: 
"Information Resource Management in 
the Years of Change," the forum will 
provide an outlook for the next decade 
in terms of information systems technol­
ogy. Contact Ken Burroughs, DBD Sys­
tems, 1500 N Beauregard St, Alexandri a 
VA 22311. 

June 25-29, Applied Numerical Methods, 
The Univers ity of Michigan; Ann Arbor 
MI. This course is intended for individuals 
in industry and branches of the gove rn ­
ment who wish to acqui re a working 
knowledge of fundamental numerical 
methods. Emph asis wil l be placed on 
compu ter solutions to practical engin eer­
ing and scienti f ic p robl ems. Contact 
Engineering Summer Conferences, 400 
Chrys ler Ctr, North Campus, The Uni­
vers ity of Michigan, Ann Arbor MI 
48109. 

June 27-29 , Data Processing Operations 
Management, Toronto Canada. This 
seminar will emphasize the management 
sk ill and techniques app li cab le to the 
data processing operations function . 
Contact Th e University of Ch icago, 
Center For Continuing Education, 
1307 E 60th St, Chi cago IL 60637. 

June 27-29, Machine Processing of 
Remotely Sensed Data, Purdue Univer­
sity, W Lafayette IN. Th e symposiu m 
will focus up on the theory, implementa­
tion and novel app lications of machine 
processing of remote ly sensed data. 
Contact Purdue University, Laboratory 
for Applications of Remote Sensing, 
12 20 Potter Dr, W Lafayette IN 47906. 

July 9-20, Computing Systems Re­
liability , Uni versity of California, Santa 
Cruz CA. Co n tact Institute in Comp ute r 
Science, Uni vers ity of Ca li fornia Exten­
sion, Santa Cruz CA 95064. 

July 11-13, M icrocom puter Applications, 
Southern Technical Institute, Marietta 
-GA. See August 1-3 for description. Con­
tact Dr Richard L Castellucis, Southern 
Technical Institute , Electrical Engineer­
ing T echnology Dept, 534 Clay St, 
Marietta GA 30060. 

July 16-27, Introduction to Digital 
Electronics and Microcomputer Inter­
facing, Lex ingto n VA . Thi s hands-on 
laboratory course is for academ ic and 
industri al personnel. There will be 
approximately 60 hours of laborato ry 

instruction with one microcomp ute r 
laboratory station for each two partic­
ipants. Contact Prof Philip Peters, Dep t 
of Ph ysics, Virginia Military Institu te, 
Lex ington VA 24450. 

July 19-20, BASIC : A Computer Lan­
guage For Executives, New York NY. 
Executive computing will be discussed, 
in c luding problem solving, planning, 
forecasting and database systems. Also 
to be covered are programming funda­
mentals, the mindless computer, se­
quence, decision and iteration , com ­
puter languages and BASIC. Contact 
American Management Associations, 
135 W 50th St, New York NY 10020. 

July 23-27, Finite Element Method In 
Mechanical Design, The University of 
Michigan, Ann Arbor MI. This course is 
intended for engineers working in 
mechanical design where knowledge of 
stresses, displacements, or v ibratory 
motion is important. No previous ex­
perience with fi nite ele ments is assumed. 
The course will familiarize the attendee 
with finite e lem ent modeling co ncepts 
and will review the fundamentals on 
wh ich the method is based. Contact 
Engineering Su mmer Conferences, 400 
Chrysler Ctr, North Campus, The Uni­
versity of Michigan, Ann Arbor MI 
48109. 

August 1-3, Microcomputer Applica­
tions, Southern Techni ca l Institute, 
Marietta GA. The emphasis of this semi­
nar will be on the app lications of m icro­
computers in industry. Software, hard­
ware and interfacing techniques will be 
discussed. Contact Dr Richard L Castel­
lucis, Southern Technical Institute, Elec­
t rical Engineering Technology Dept, 534 
Clay St, Marietta GA 30060. 

August 6-8 , Pattern Recognition and 
Image Processing, Hyatt Regency O'Hare, 
Chicago IL. This conference is sponsored 
by the Machine Intelligence and Pattern 
Analysis Committee of the IEEE Com­
puter Society. The program will consist 
of submitted and invited papers and a 
large trade show of graphics and image 
processing equipment. Contact PRIP 79, 
POB 639, Silver Spring MD 20901. 

August 8-10, SIGPLAN Symposium 
on Compiler Construction, Bould er CO . 
This symposium wi ll consider methods 
of constructing compilers and experiences 
with them . The emphasis will be less on 
theoretical methods and more on tech­
niques applied to real compilers. Contact 
Prof Leon Osterweil, Dept of Computer 
Science, University of Colorado, Boulder 
CO 80309. 

August 8-10, First Annual Conference 
on Research and Development in Per­
sonal Computing, Hyatt Rege nc y O'Hare, 
Chicago IL. This conference is sponsored 
by the Association for Computing Ma­
chinery (ACM) Special Interest Group 
on Personal Computing (SIGPC). A 
large trade show of personal comp uter 
and graphics equipment is plann ed to 



accom pany an assor tment of papers, 
pane ls, user gro up mee tin gs, work ­
shops, and person to person poste r 
booths_ Contact Bob Ga mm ill , Co m ­
pu te r Sc ience Di v, Dept of Ma th em ati ca l 
Scie nces, 300 Min ard Hall , No rt h Dakota 
State Un iversi ty, Fargo N D 58 102. 

August 13-15, Conference o n Simula­
tion , Measurement and Modeling of 
Computer Systems , Bo ulder CO. This 
co nfere nce wil l featu re pe rformance p re­
dictio n techniques em ployed d u ring the 
design , p rocure ment and mainten ance of 
computer systems. It will p rovid e a 
forum for both app lied and theo ret ica l 
wo rk in the d isc ip lines of perfo rmance 
mo nitori ng, mode ling, and sim ulat ion 
of co mp uter sys tems. Con tac t Ga ry 
Nu tt , Xerox PARC , 3333 Coyote Hil l 
Rd , Palo Alto CA 94304. 

Au gust 13-16 , Q-G ERT Net work Model ­
ing and Anal ysis , Ra mada In n, Lafayette 
IN 47905. Th is course will p rovide th e 
at tendee with the in fo rmat io n neces­
sary to mode l comp lex systems usin g 
Q-GERT. Emp has is will be o n th e 
proced ures for mode ling and analysis. 
Co n tact Pr it sker and Associates In c , 
POB 2413, W Lafayette IN 47906. 

August 13-17 , Hig h Speed Co mputati o n : 
Vec tor Processing, Th e Uni ve rsity of 
Mich igan, A nn Arbo r MI. In this cou rse, 
t he arch itectual, software, and algor ith­
mic issues of vecto r architectu re a re co­
ord inated th rou gh the di scuss io n of con­
cepts in com pute r a rchitec ture, and by 
deta il ed stu d y of cu rren t vec tor process­
ors and their use . Co ntact Engin ee rin g 
Summ er Confere nces , 400 Chrys ler C t r, 
North Cam pu s, The Unive rsity of Mich­
igan, Ann A rb or MI 48 109 . 

August 19-22 , Intern ation a l Conference 
on Com pu t ing in the Human ities, Dart­
mouth Co ll ege , Hanove r NH. Th is con­
fe rence is in te nded to foster comp ute r 
researc h and tech nique in all areas of 
humanist ic study , to p ro mote in ter­
nat ion al coo pera t io n in th e deve lop­
ment of p rog rams, data banks, and 
equ ipme n t, and to m ake th e resul ts of 
rese arch ava il ab le . T he program will 
in clude a p lena ry sess io n each eve nin g 
and shorter sessio ns du ring the day. 
Co n tact Step he n V F Waite, Kiew it 
Comp utat io n Ctr, Dartmo u th Co ll ege, 
Hanover NH 03755 . • 

In order to gain op timum coverage of 
y our organization 's com puter con fer­
ences, seminars, workshops, courses, etc, 
no tice should reach our office at least 
three months in advance of the date of 
the event. Entries should be sen t to: 
Event Queue, BYTE Publications, 70 
Main St, Peterborough NH 03458. Each 
month we publish the current contents 
o f the queue for the mon th of the cover 
date and the two fo llowing calendar 
months. Thus a given event may appear 
as many as three times in this section if 
it is sent to us far enough in advance. 

lJrTE's lJits 
Ca ll f o r Pa pers 

T he Thirteen th Meet ing of the 
Hawa ii In tern a t io nal Confe rence o n Sys­
tem Sciences will be he ld Janu a ry 3 thru 
4, 1980 a t the lIi ka i Hote l in Ho no lulu 
HA. Pape rs on eithe r theory o r p rac t ice 
in the broad a reas of compute r ha rd wa re 
and softwa re, and ad van ced comp uter 
systems app lica tio ns may be su bm itted . 
Specia l emp has is w ill be placed on med i­
cal inform at ion process ing and decisio n 
support system s fo r upper leve l man age rs 
in organi zations . Th e papers will be 
refereed and pri n ted in th e p roceed ings 
of the co nfere nce. Th ree cop ies of the 
f ul l te x t of ea ch pa pe r sho ul d be sent 
to Dr Ralph H Sprague J r, Co ll ege of 
Busi ness Admin istra tion , Un ive rsity of 
Hawa ii , 2404 Maile Way, Ho nol ulu HA 
96822 and must a rr ive by Jul y 13 1979. 
Notifica t ion of acceptance and those 
papers to be p resented wi ll be m a il ed 
by Septem ber 15 1979. Th e conferen ce 
is sponsored by th e Depar tmen t of 
Decision Sci ences, the De partmen t of 
Electr ica l Engineeri ng, and th e Dep a rt­
men t of Inform a tio n and Compute r 
Sc ien ces a t th e Uni ve rsity of Hawaii 
in coope ra t ion w ith th e ACM . 

Pict ures from Space ? 

Peo ple inte rested in rece ivin g sate ll ite 
picture im ages (such as wea the r m aps) 
wo ul d do we ll to read th e 196 8 NASA 
doc umen t n umbe r NASA SP-5079 . Th e 
documen t, en t it led Constructing Inex­
pensive Automatic Picture-Transmission 
Ground Stations by Charl es H Verm il ­
lio n , was poss ibly the f irs t re po rt a im ed 
at in ex pens ive rece ive rs. As sta ted in the 
repo rt summ ary : 

This re po rt describes how o ne 
can p rocure o r bui ld the anten na, 
FM receiver , and other compo­
nen ts fo r an A utomat ic Picture 
T ransmiss io n (A PT) gro und sta­
t ion . Deta il ed drawin gs and parts 
lists are in cl ud ed. Insta ll atio n , 
a lignment, and o peratio n of the 
A PT gro un d sta ti o n are also de ­
sc ri bed. 

When t he re po rt was published in 
1968, com patible sa telli tes we re expecte d 
to be o pe ra tio na l until 1972 altho ugh 
future ex tensi o n programs we re pl ann ed. 

T he in for m at ion conta in ed withi n 
th e report gives eno ugh backgro und to 
ge t t he se rious hobby ist sta rted o n a cur­
rent set-u p if upda ted in forma ti o n can 
be fo und . We wou ld be in te rested in 
heari ng f ro m anyo ne with cu rre n t in­
formatio n. 

Build The Worlds Most 
Powerful 8-Bit Computer 
Featuring The Famous /nte/BOBS! 

Explorer/85™ 
As fea lured in 

POPULAR ELECTRONICS 

Starting for just $129.95 yo u can no w bu ild 
yourself a s ophisticated , state -o f-the-art 
co mputer that can be expanded to a level 
suitable fo r industrial , busine ss and 
commerc ial us e. You learn a s you go ... in 
small , easy-to-understa nd , inexpe nsive levels l 

EXPLORER/85 shOwn wllh Video MOnl lor and Keyboard / Video lermmal 

• Features Intel BOB5 cpul100% compatible with 
BOBOA software! 

• Onboard 5·100 bus (up to 6 slots)! 
• Onboard RAM and ROM expansion! 
• Built-in deluxe 2K Moni tor/Operating ROM! 
• Cassette/R5 232 or 20 maJ4·1/2 B·bit parallel 

I/O and timer all on beginner's Level " A " system! 

CHOICE OF HEX KEYPAD OR TERMINAL INPUT 
It you plan [0 customize EXPLORER tor dedica ted use . we recommend thaI yOu order 
hex keypad mpul Bul..1 you are plannmg 10 go whOle hOg and blow EXPLORER up 
Into a lull Size , slale' oH he'arl system WI!h BK or eKtended baSIC (coming soon I. up 
10 64K 01 memory , Iloppy diSkS, telephone Inlerlace, printers , and all sorlS 015, \00 
plug'lns-you 'll be better 011 With the Keyboard/ Video Terminal Inpul The S149 9~ 
EXPLORER Keyboard / Video Term nat Includes lun ASCII deCoding Wi th 12B ASCII 
upper llower case sel. 96 prin table characters , onboa rd regu lators ana selectable 
display lormals-32K 16 lor tv sel or 64x 16 tor Video mOM or I nOI Included) 

EXPAND EXPLORER. LEVEL·BY·LEVEL 
l evel " 8", at $49 ,95 . adds 5'100 Signals plus on baard RAM/ROM deCOding 
Includes all paris necessary to genera Ie the Signals lor S· 100 bus accessories Just 
add two 5· \00 bus conneClors and you have a complele 5-100 compatible compuler 
wl lh a world 01 add·ons at your hngerllps Choose Irom hundreds 01 producls \0 

EXPLORER / 85 gives you " blg compuler fea tures Immediately , without turning you sa tisfy your IndiVidual needs Level " B" kll also Includes the address decoders 10f 
Into an appliance operator . aoomea 10 run pre·aeveloped sol lware lor hie Simply onboard RAM and ROM expanSion , which are addressable anywhere In the fi5K Ileid 
connect EXPLORER to a lermlnal , Video mon it or or Iv sel and 8 v011 power supply and Level " C" elpansion , at $39,95, expands the S· t 00 bus 10 allow a tolal 01 !iIX 
stan running programs, the very Ilrst night ! Level " A" leac tles you machine 5,100 cards to be plugged In to EXPLORE R's motherboard and conialned In 
language and computer lunda menIals 11 lets you lun eKerClse programs inCluding EXPLORER ' s steel cabinet. Includes all hardware , mountmg brackels , board gUides , 
programs 10 examme Ihe cpu registers , elamlne memory . 1111 memory. move memory etc . Just aCId the number 01 S' 100bus conneclors you neeel , 
and make up games You can load and play back these programs on an ordinary lape Level " 0 " expa nsion, al $69 .95 , gIVes you 4K 01 onboard slatlc RAM ul lllZlng 
casselle-and display yOur ellorts on any Iv screen Video meMor or plln ler IS895 2114 IC·s. Your board Will also accept lour 2716 EPROM 's, which can be purchased 
RF modulator reqUired lor Tv use) Tile slmplrlled architecture of the InteT 8085 separately , You now have an advanced malnhame tllat can be customized With Ihe 
makes EXPLORER lar easIer TO undersTand than computers usmg the older more peripheral s or you r chOice to tit any tor all ) specl!!c requIrements Eacll level 01 
cem pleK bul less powerlul BOSOA fhen when you re ready EXPLORER can Ile EXPLORER IS separately regulated lor the ulT ima te In stability Faclory 5ervlce IS 
expanded-oy you - to rlval1he power or any BOil com puler on earth Or you can available from Net ronlcs . Order your EXPLORER loday! 
custemlzeltlOperiormadedlcatedlask,ll1ankstoonboard r - - - - - ORDERFROMTHISCOUPONTODAY ! - - - - -. 

~~:~~"~!'~~~:~~;'~A~~~~s~," capab''''''S I Nelranics R&D Lid . • Dept BY-6, 333 Lilchfiefd Road. New Milford . CT 06676 I 
EXPLORER ' s Level " A" system lealules an advanced Intel 0 Level " A" EXPLORER/B5 kit fspeclly 0 ter· 0 Deluxe Steel Cabmet lor EXPLOREH /B5 , 
80B5 cpu , whICh IS 50% laster Ihan Its BOBOA prede ' I mmalor 0 hell keypad mpu\) , S129 .95 plus $3995 plus $3 p&h 

~e;I~~r .. yb~~1I1gl~~vecr~~~~;~lgy ~~~hI08n08'~~lgS~~~~~~er " I 0 ~~!!h S u ppl~ ki t. 5 amp, ± 8 vol t. $34,95 0 ~~:~a~~ S~I~~~5C~!~I~it2~~~ ~~~bcard /vldeo Ter · 

~~a~i:t~~gln;~us~:~nw8h~;; ~~~ t~bh gl~g~!*~~~~~on~~~~ I 0 i~~:1 ~~::~ser' s Manual . S7.50 ppd . g ~~t~~~~II~t::dk;~0$n8n~;e~P~dd tax} s _ __ I 
bHjllecl lonal parallel 110 pOllS , bUilt · In casselle Inler lace 0 ASCIl Keyboard/Video Terminal kit St49 ,95 ell E 0 I 
:~~h l~g~~~~~~1 ~~~~~IYI~~I~~~W I~~~~~~~y ca~~~:!~I~le~i I plus $3 p&h , _ ' ~c:~~~. 0 Master al ge xp. ale - - I 
memory ."' " run al user local Ion (go 10)," " msell dala , " I 0 Hex Keypad ~, It lor hex verSIJn , S69 ,95 plus PHONE ORDERS CALL (203) 354-9375 
" move con tents 01 memory , . " examine regis ters mdlvld· $2 p&~ " . I 
ually or all ," hll command (to fill the conlents 01 memory 10 Level 8 S- ,OO/Onbcard RAM/ROM Decoder Prlnl 
Wi th any varrable) . aulomallc baud rale selection , program· kit (leSS S-tOO connec tors). $4995 plus $2 Name 
mabie characlers per line display output formal. and more! I p&h 
An 8155 RAM-IIO chip contatns 256 byles 01 RAM, two 0 Level "C" 5·100 5·Cafd Expander kI t pess Address 
programmabte 8-011 Ol·dlfeclronal and one programmable I conneclors) , $3995 plus 52 p&h 

~;~~tryb~g~I~~I/~~~e: ~Ouie~r:~I:rlr~SptP~~~r~~~~b;~,t~~'eb~1 I ~ ~~:~IO ,~~~, C40~~~~oc:a~~g~~~ !~1 · 8i6e;~h5 plus ClIy ------- - - - --

g~~r':~,d4~x~a~~I~na~~o;~s~~n~O~,l s~R~~ ~~ EWR6i~ 5-100 ~ S~&tl_ _ _ _ ' ___ Sta~ DEALER INaUIRIESlll~VITED _ J 
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Sixth Colloquium on Microwave 
Communications Offers Proceedings 

The Sixth Colloquium on Microwave 
Commu ni cations was held in Budapest 
between August 29 and September 1 
1978. Th e organization was undertake n 
by the Sci entific Society for Telecom· 
munication and the Researc h Institute for 
Telecommunicat io n of Hungary by spon­
sorship of the In te rn atio n al Union of 
Rad io Sciences and the Hungar ian 
Academy of Sciences . The follow in g 
princip al subjects were on the agenda 
of the meeting : commun ication sys­
tems - trends and fo und a tions; circ ui t 
theory and computer aided des ign; 
electromagnetic f ields a nd antennas; 
m icrowave circu its and devices; and 
mater ials fo r microwave app lications. 
The proceedings containing all papers 
have been iss ued in two vo lum es of 944 
pages in English, and a re avai lable at 
a pr ice of $30 plus postage. Contact 
OMKDK Tech noinform, Bud apest, V III 
Reviczky u 6 HUNGARY. 

Fourth European Conference on 
Electrotechnics Announcement 
a nd Call for Papers 

Th e fo ur th European Confere nce on 
Electrotechnics, EU ROCON '80, wi ll 
be held in Stuttgart Germany on March 
24 thru 28 1980. Th e conference them e 
is "F rom Electronics to Mic roelectron ics 

New utility for 
your computer. 
Now, there's a real time clock 
for the Apple 11*: the Apple 
Clock from Mountain Hardware. 
It keeps time and date in ImS 
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, 

- Trends and Applications." Key pro­
fessio nals and industry leaders wi ll 
give a comprehe nsive overview as wel l 
as reports on the latest developments 
in this area. A commercial and sc ien­
tific exhibit io n will illustrate and sup ­
pleme nt the tech nical presentatio ns. 

Th e confe rence theme wi ll be 
covered in a pprox ima te ly 160 papers 
un der fo ur main head in gs: te chnology 
of m icroelectronics; m icroe le ctronics in 
telecommuni cations and data processing; 
electronics in electrical power systems 
and control; and e lectronics and micro­
e lect roni cs in other fi e lds. Papers are 
inv ited to be submitted to: Professor 
Dr W Kaise r, Ch airman Program Com­
mittee EU ROCON '80, Uni vers ity of 
Stuttgart, Bre itscheidstrasse 2, D - 7000 
Stuttgart 1 GERMANY . Abstracts are 
li mited to 500 words and shou ld arrive 
no la ter than Jun e 30. The com pleted 
text of accepted pape rs must be rece ived 
by Decem be r 3 1. 

Th e 3rd Wor ld Conference on Medical 
Inform atics Issues a Call fo r Papers 

Th e 3rd World Co nference on Medi­
ca l In fo rmatics wi ll be held in Tokyo 
Japa n , September 29 thru October 4 
1980. Medical inform atics is the app li· 
cat ion of co mputer technology to all 
fields of medicine - hea lth ca re, medical 
teach in g an d medical research. The 
organ ize rs of this conference are seek in g 

~ut ti~7 and date on printouts, create games in wh ich elapsed 
time IS Important. . . an9 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 trademark of Apple Computer, Inc. 
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papers in c linica l care; administrative, 
educational and public health applica­
tions; information tec hn o logies and 
research; and avai lab le systems and 
products, If you are interested in sub­
mitting a paper, write to Morris F 
Co ll en MD, Chairman of MEDINFO '80 
Program Committee, Director, Medical 
Methods Research, Kaiser-Permanente 
Medical Care Program, 3700 Broadway, 
Oakland CA 94611. Final instructio ns 
fo r preparation of papers and special 
master typing forms w ill then be sent to 
you. The deadl in e for papers is Decem­
be r 10 1979, 

Call for Papers: The Eighth World 
Computer Congress 

The Eighth Wo rl d Computer Con­
gress ( I FIP '80). sponsored by the 
Internationa l Federation for In format ion 
Processing (IFIP) wi ll be jointly held 
in To kyo Japan on O ctober 6 th ru 9 
1980 and in Melbourne Australia on 
October 14 thru 17 1980, The Congress 
will fea ture presentatio ns on state­
of-the-art developments in technology, 
equipment, a nd app lications prepared by 
info rm ation processing professionals 
from aro und the world, In order to 
ide nti fy and schedule these speakers 
and topics, the Program Committee 
has rece ntl y issued a formal call for 
papers. Those' papers accepted wi ll 
be delivered in eith er Toky o or Mel­
bourne , and in some cases at both 
locations. Poten tial au tho rs should con­
tac t AF IPS , 210 Summit Av, Montval e 
N J 07645 to rece ive a copy of a b ro­
ch ure which explains all req uiremen ts 
and necessary qualifications. 

IEEE Conferences and Meetin gs 

An extensive listing of I EEE Com­
pu ter Society sponsored conferences 
and meet ings th ro ugh 1981 is avai lable 
by writi ng Harry Hayman, Exec uti ve 
Secretary IEEE , POB 639, Silve r Sprin g 
MD 20901. 

More Cryptograp hi c Notes 

Anyone look ing for an in-depth 
artic le on data encryption shou ld read 
two papers b rought to o u r attentio n by 
William Flynn. One is a rep rint of an 
artic le by Ehrsam et al which appeared 
in the IBM Systems Journal, Volume 17, 
Number 2, entitled "A Cryptographic 
Management Schem e fo r Imp lementing 
the Data Encryption Standard. " The 
cost is sot per reprint and the IBM 
order number is G321-5066 . For $1 .75 
you can obtai n a copy of the issue which 
is devoted entire ly to cryptography. 
Write to IBM Systems Journal Reprints, 
Armonk NY 10504. 

Th e other paper, FIPS Publication 
46, is available from the US Dep artment 
of Comme rce, National T echni ca l In for­
mation Service, 5285 Port Royal Rd, 
Springfie ld VA 22161, at a cost of 
$4 for a paper copy an d $3 for a micro­
fiche copy . • 



from Computer Headware ... 

a Self-Indexing Query System 

for your Apple II, North Star, or CPIM machine 
Distr ib uted by: 

• Information Unlimited / 219- 763-2244 
P.O . Box 8372. Merrillville, Indiana 46410 

• Lifeboat Associates / 212-580-0082 (CP/M model on ly) 
2248 Broadway, Suite 34, New York City 10024 

• Structured Systems Group, Inc. / 415-547-1567 
5208 Claremont Avenue, Oakland , California 94618 

HEMM-103 DATA MOD£ 
AND COMMUNICATIONS ADAPTER 

FCC APPROVED 
Both the modem and telephone system interface are 

FCC approved , accomplishing all the required protective 
functions with a miniaturized, proprietary protective 
coupler. 

WARRANTY 
One year limited warranty . Ten -day unconditional 

return privilege. Minimal cost, 24-hour exchange policy 
for units not in warranty . 

HIGH QUALITY 
-50 dBm sensitivity . Auto answer . Auto originate. Auto 

dialer with computer-controlled dial rate . 61 to 300 baud 
(anywhere over the long-distance telephone network) , 
rate selection under computer control. Flexible, soft­
ware-controlled, m askable interrupt system. 

ASSEMBLED & TESTED 
Not a kit! (FCC registration prohibits kits) 

LOW PRICE-$319.95 For Modem AND Coupler 

Potomac Micro-Magic, Inc. -. 
Write for brochure: 
First Lincolnia Bldg., Suite B1 
4810 Beauregard St. 
Alexandria, Va. 22312 

Call for further information: 
VOICE: (703) 750·3727 
MO D EM: (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 instructions would be stored along with the 
program on the auxiliary memory to direct the loader as to how to reinsert 
the data into main memory each time the program was run. The point of this 
scheme is to prollide a minimal amount of computation when a program is 
loaded from a library into memory prior to execution. Similar schemes can be 
chosen for any particular computer 's architecture. 

Command to Run Time Loader 

Start absolute load ing: 

Start relative loading: 

Skip bytes : 

Define absolute start address: 

Define relative start address: 

One byte : 

Two bytes absolute: 

Three bytes relative: 

Three bytes absolute: 

Two bytes relocatab le address 
values: 

End : 
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Explanation 

The header code is followed by the absol ute start 
address . In this case, the loader behaves as any 
other loader. There is no relocation of the data 
and instructions that follow. Loading starts at the 
address given. 

The header code is followed by an address . 
Loading begins at the first available address, as 
determined by the operating system. From this 
point on, a relocation factor will be added to all 
instructions and data flagged for relocation . 

This 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 abso lu te 
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 preceding code; however, program 
execution will start in a position relative to the 
first location. 

The header code is followed by one byte . This 
code gets no relocation, because it is either an 
instruction without an address, or data which 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 
immediate instruction with its data byte, or it is 
a relative address instruction which is self­
relocating. 

The header code is followed 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 the address data . 
The address data is always relocatable. 

At this point, control returns to the program that 
called the loader if no starti ng address was given 
in the loading module. If the loading module con­
tained a start address that address is called . 

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
sharing systems use virtual memory and 
swapping, which is not possible or practical 
on small er machines. Virtual memory 
requires mapping hardware (a machine with 
interruptable instructions, such as an 
IBM 370) . Swapping requires a reasonably 
fast disk, which will cost at least $2000. 
What we are left with is an in core system 
that keeps everything running in real mem­
ory at al l times. 

The f irst 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 the pro­
gram will be located in memory. The reason 
knowledge of this location is conditional is 
that a decision point in the design of th e 
system has been reached. If the system is to 
be nonrelocatable, the programmer may 
define the location of the program. The 
problem that arises here is that if, at the 
t im e the program is to run, the place in 
memory that the program was su pposed 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 
additiona l benefit that subroutines do not 
have to be assembled with the program. To 
perform this relocation the assemb ler leaves 
offset information in the object tape or fil e 
which the loader will interpret as it goes. 
One possib Ie relocation code sch eme is 
shown in table 1. Of course, all sorts of 
schemes are possible. Note that relocation 
alone will take some amount of cod ing and 
execution time. 

The second consideration is the allocation 
of system resources. I n most cases th is 
should concern only 10 devices, although 
there may be some systems with interrupts 
not associated with 10 devices. There are 
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~ We will also be showing our software and other peripheral products for the ~ 
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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 allocate a particular device. This routine must give a return code stating 
wh ether or not the device is already being allocated . 

• Free a device. 
• Read a character from a particular device . 
• Write a character to a particular device . 
• Read a particular disk block. 
• Write a particular disk block. 
• Wait . 
• End a task. 
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basica ll y three types of 10 devices. Th e first 
and most common type of device is the 
single owner. This is a device which can on ly 
be used by one task at a time. (A task is a 
program runnin g in the timesharing system.) 
An exampl e of a device which must be single 
owner is a cassette recorder. It would just 
not do to have so meone else's data in the 
middle of you r program. 

The second type of 10 device is the 
shareable uni t. The most common example 
of this is the floppy di sk. For a disk to be 
correctly shared, the operati ng system roue 
t ine which is hand ling the disk must reposi ­
tion the heads every time the disk is used . 
Most systems already use thi s method, but 
there are those that have a cal l to position 
the head and another set of calls to read, 
write and verify. Separate cal ls cannot be 
used because a second task might reposition 
the heads before the 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 exa mpl e of 
th is is the clock interrupt, a so li tary inter­
rupt device. It mus t be the system's job to 
keep track of time. It is also the charge of 
the system to keep track of wh ich devices 
are owned by which tasks. The system must 
place all of the task's all ocated devices back 
on the ava ilab le list if a "cancel the program" 
function is exec uted. 

When a task wants to perform input or 
output, it might use a considerab le amount 
of system time monitoring status lines, 
thereby making timesharing impossibl e, 
unless all , or at least some of the devices are 
inter rupt driven. The best way to hand Ie 
things is to have a routine which will cause a 
task to wait until an interrupt is received for 
that task, then let the task hand le the inter­
rupt, including polling. So far, the routin es 
required are summarized in table 2. (This is 
not to say that these are the onl y routin es 
you will eve r need. Tab le 2 is probab ly the 
minimum set of functions you will ever 
need .) 

When handling disk in terrup ts, it is neces­
sary to keep track of which task, if any, is 

using th e disk. When a task requests the use 
of a disk or other shared device, it mu st get 
a return code stati ng whether or not the 
device is busy. Otherwi se, the system must 
queue its requ est (make the program wait 
and handl e the request whenever it can) . 

A third co nsid erat ion is scheduling. Each 
task has a status: ready to run, running, 
running with an interrupt pending, or 
waiting. At some point, the system must 
stop running one task and begin running 
anoth er. 

We will req uire 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 wa it state. 
There are three other times when we may 
optionally reschedule the tasks: every inter­
rupt, every clock interrup t, or every inter­
rupt and system ca ll. These methods are 
call ed demand schedulin g, event schedu lin g, 
time slicing, and quick scheduling, respec­
tively. The fastest method is to wait for 
WAIT call s. The other three methods are 
fairer, depending on how you look at things. 

The actual method of schedu ling leads to 
another decision po int. Th e scheduler may 
be fo regro und-background, round robi n, or 
priority scheduling. Foregro und-backgrou nd 
is the fastest. In this type of sched uling, the 
system scans down the list of tasks and runs 
the first nonwaiting task. When this method 
is used, th e posit ion on th e lis t is the impor­
tant factor. 

Round robin scheduling starts the search 
for an executab le task afte r the last task 
running. The search starts at the top of the 
list when it hi ts the bottom. This way gives 
every task its chance to run. 

Priority scheduling requires a li st of 
priorit ies. This scheduler runs the task with 
the highest priority which is not wa iting. 
This is the fa irest method because each task 
is given exactly what it dese rves. When you 
run off the bottom of the lis t, using either 
the foreground-background or priority 
scheduling method , you have the option of 
starting over or executing a WAIT instruc­
tion . Although it will cost a byte of program 
memory, it will save considerable time on a 
6800 or similar machine, sin ce the interrupt 
vectori ng will be half done by the time you 
get the interrupt. 

The above covers most of what you need, 
but there are a few more minor cons idera­
tions: 

Creation of tasks: A task has to get into 
the machine somehow. Two possible meth­
ods come to mind . One is the typical time­
shar ing method with each terminal getting 
its own task. The other is to add a syste m 
call which adds a new task. 



Memorex 
Ploppy Disc:s 
Lowest prices. WE WILL NOT 
BE UNDERSOLDII Buy any 
quantity 1-1000. Visa, Mastercharge 
accepted. Call free (800)235-4137 
for prices and information. All 
orders sent postage paid. 

Circle 295 on inqu iry card . 

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 IC's 

• On-board regulator, power 
monitor and battery 

• S-100 bus compatible 

Assembled and Tested 
$395.00 

Remember. • • 
to send for details! 

t:!:::IGaL 
1395 Golf Street 

Dayton, Ohio 45432 

Circle 88 on inquiry card . 

6800 DEVELOPMENT PAC II 
-6800 MICRO COMPUTER 
-48K RAM 
- EROM PROGRAMMER 
- RS-232 INTERFACE 
-CASSETTE INTERFACE 
- MONITOR DEBUG ROM 
- EDITOR/ASSEMBLER 
-4K INDUSTRIAL BASIC 
- RACK, BACK PLANE, SUPPLY 
- $1895 

317-742-6802 
902 N. 9th St., Lafayette, IN 47904 
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TRS-80 16K MEMORY EXPANSION KIT 
INCLUDES 8 TESTED & GUARANTEED MSK 4116 3 16K RAMS. 
PROGRAMMING PLUGS & EASY-TO'FOLLOW INSTRUCTIONS. 

$ 72 Ql) PER KIT 

6800 64K BYTE RAM SET AND CONTROLLER 
CHIP SET MilKE 6M 8YTES Of MEA/OilY fOil YOIJII 

6900. THE CHIP SETS INCII/O£.· 

$295Q9 
32 MSK 4116·3 16K RAMS. 
I MC3480L MEMORY CON TROLLER. 

PER COMPLETE SET. I MC3242AP MEMORY ADDRESS 
MULTIPLEXER ICOUNTER. 

DATA & APPLICATION SHEETS. 
PARTS TESTED & GUARANTEED. 

16 K DYNAMIC RAMS 4 K STATIC RAMS 
MSK 4116·3 200 NSEC EQUIV. TO TMS40L44·30 
ACCE SS TlME/37SNSEC 30DNSEC ACCESS TIMEI 
CYCLE TIMUESTED & CYCLE TIME FOR 4MHZ 
BURNED· IN. l-80 OPERATION. 
$829 EACH/MIN.QTY. 8 ~75ll EACH/MIN.QTY. 8 

[SlED & GUARANTEED 

Il/IIINTITY OISCOU/ITS IIYIlILABLE 
ALL ORDERS POSTPAID. U.SJ UNDS. CHECK OR MONEY 
ORDER. VISA,BA,MASTERCHARGE - SEND ACCOUNT NO 
EXPIRATION DATE, INTERBANK NO., & SIGN EO OROER .. , 
PHONE ORDERS : 714/633-4460 

MEASUREMENT SYSTEMS & CONTROLS. INC. 
MEMORY DEVICES DIVISION, DEPT. B3 

867 NORTH MAIN ST., ORANGE. CA 92668 
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SURPLUS ELECTRONICS --ASCII - ASCII 
-==:~-~- -

IBM SELECTRIC ® 
BASED I/O TERMINAL 

WITH ASCII CONVERSION 
INSTALLED $645.00 

• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Supplies 12V15A, 12V25A, 
5V35A Others, • Displays 
• Cabinets • X FMRS • Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
130 NORTHEASTERN BLVD . 
NASHUA. N.H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1-800-258·1036 
In N.H. 603-889. 766 1 
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CASSETTE AND FLOPPY 
DISC LABELS. 
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'.mo .... blel.tJ.1 .. _--- ---------- - ----

Avery offers a complete line of labels for 
cassettes and floppy discs-all with re­
movable adhesive. Including these stan­
dard sizes : 

Cassette Label (1 %" x 3V2") #5250 
Floppy Disc Label (1%" x 5Vz") #5252 

Write for more information and free 
samples to : 

Avery Label 
777 East Foothill Blvd. a.. Azusa , CA 91702 

~ Avery Label 
An Avery International Company 
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DATA PROCESSING 
SUPPLIES 

Std . or Mini Floppy .. 2.98 ea. 
TRS-80 Cassette . .. 1.49 ea. 
ANSI (notch) 

Cassette . . . . . . 4.90 ea . 
Qume or IBM 6240 

Ribbon .... . .. 29.95 dz. 
OTHER SUPPLIES 

AT SIMILAR BARGAINS 

Order Now from 
John Richards 

KEY SUPPLY CO. 
2101 S. IH 35 Suite 300 

Austin, Texas 78741 
(512) 443-1347 

All products from major manufac· 
turers, fully guaranteed. No limit 
while quantities last! 
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HAZELTINE 
1400 

only 

$649~95 ! 
• Verbatim Mini Diskettes ... 

... $3 .70 each (boxes of 10) 

• Intertube .. $ 784.00 
• TRS-80 16K Level II 

Expansion Kit .. . .. $89.95 
• Centronics 779 tractor . . . . 

. .... . ... . .. $1050 .00 
• Horizon II ass ... . $1999.00 

~Mail 
__ Order 

_OnlY. 

TORA SYSTEM IN C, 
29-02 23rd Avenue 
Astoria NY 11105 

(212) 932-3533 
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RT /68 - M6800 Real Time 
Operating System 

- Executive controlled . event driven 

- up to 128 fixed priority tasks run 
concurrently 

- interta sk communication through 
messages 

- Execu ti ve requires on ly Ik bytes 
- NCR task : monitor Console Fun c tion s 

- CLOK task: task timer , tim e-of-day, 
calendar 

- KBD tosk : input from ASCII keyboard 

- CRT task : output to ASCII display 

- TTY task: input!output from ASCII 
terminal 

- Proven in Industrial Supervisory! 
Control app lication s 

Sou rces on diskette $350.00 

Motoro la MOOS Fo rmat at Sierra Digital 
X6BOO format 

Broadcast Computer Systems 
323 Penworth Way S. E. 
Calgary . Alberta Canada T2A 4G1 

Circle 34 on inquiry card. 
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PRO CESSOR TE RMINA L PRIN T DI SK 

1 J I 
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DI SK PROCESSOR TERM INAL PR INT 
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J I J 
Figure 7: A system set up with each processor having its own mass storage 
device and 10 peripherals. 

PR OCESSOR TERMINAL 

1-
PRO CESSOR PROCESSOR TERMINAL 

L PROCESSOR TERM INA L 

Figure 2: This arrangement uses resource sharing. To mak e this arrangement 
Timesharing and 

What happens when 
s? What about the 

work, processor to processor data links must be added. 
multiprogramming can be useful in the personal system. 
two children and two adults must share several terminal 
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 ~he PET the abiliL~ La sense~ 
neasure~ and control the world around 
it. wit.h [lPtt\ SYSTEMS modules. ·lust. p lus 
U"le PETSETl inLo t..he PET La seL 16 

·channels of analos input.. Screw 
Lernlinals are provided for each channel 
so YOU can hooK UP Jo~slicks, poLs, or 
whatever apPrOPriate sensors ~ou have. 

n,H!!.!Q!!l 
oTEtoIPEltATURE 
o YElOCITY 
° PRESSURE ... .. " 
° ACCEl(RATIOH 
o HUtoIlOITY 
°Ll GHTlEYEl 
°fLUIOLEYEL 

l-AIM161 

1- PETMOD 

!-"ETSET1 
- 16 ANALOG INPUTS-8 BITS-lOa MICROSEC 

PET AOAPTER-2 IEEE PORTS-
I USER PORT - I DAM SYSTEMS PORT 

1- CABLE A24 - 24 INCH INTERCONNECT CABLE 

1- MANMODl 

l-POWl 

_ MANIFOLD MODULE -SCREW TERMINALS 
FOR INPUTS, REFEREN CE, GROUND 

- POWER MODULE 

Each of t.he 16 analog input.s , in 
U"le range of 0 La 5.12 volLs, is 
converLed La a deci mal nURlber bel-ween 0 
and 255 (20 nlill ivolLs per counL) . 
Conversion Linre is 100 nderosconds. 

~TRQtoIOO 8 
PETSET1Q for 110 VAC $29~ 
PETSET1. for 230 VAC $30~ 

Ord.r dir.CI orCO''IIaCI your Ioc:al comp .... l •• ,10" . 

TRs·eOINTERF"CE 

CONNECTICUT microCOMPUTER, Inc. 
150 POCONO ROAD 

BROOKFIELD, CONNECTICUT 06804 
In addi lion, the F"ETMOD provides 

Lwo IEEE ~t..s and one u ser porL as 
well as a DAM SYSTEMS port... 

Software is provided. A one l ine 
F1"'oslran. is all tha t.. is n ecessar'.::::l Leo 
read a channel. 

Memory: You can set things up so that 
each task has a fixed amount of memory 
(which mayor may not be reset between 
tasks) or use some sort of a system where 
the tasks can acqui l"e and free memory 
dynamically . 

Niceness: Programs must be nice to one 
another, as very few of the machines arou nd 
have any sort of memory protection or 
privileged instructions . 

Machine considerations: When an inter­
rupt occurs, or a task is otherwise stopped, 
the registers, including the program status 
word (PSW), and stack pointer must be 
saved and later restored. Depend ing on the 
type of programs you run and your type of 
machine you may have to save and restore 
all or part of page zero. If you have a 6502, 
you will also have to deal with the stack's 
page. 

Reentrancy : Programs which can be run 
concurrent ly by more than one task are 
reentrant. You may wish to set up some way 
of effectively using reentrant pmgrams, such 
as having a null task, into which may be put 
reentrant subroutines ; or by hav ing var ious 
small reentrant routines always in the same 
place in memory, such as multiply and 
divide. 

loI ANUALAHO 
DISPLAY MODULE 

o ~ ,:;t~,p 
GPIO(IEEE · .ee l RS·212 

INTERFACE loI ODUlE INTERfACE toIOOUIE 

ElI;P"NOEfI 
toIODULE 

TEL: (203) 775·9659 TWX: 710·456·0052 

VISA AND MIC ACCEPTEO - SEND ACCOUNT NUMBER, EXPIRATION DATE AND SIGN ORDER. 
ADD $3 PER ORDER FOR SHIPPING a HANDLING - FOREIGN ORDERS ADO 10% FOR AIR POSTAOE. 

There are other methods of going about 
this completely, which I mention only in 
passing. Many BASIC systems will have one 
BASIC interpreter in memory along with 
multiple programs , and will execute one line 
of BAS IC code and then go on to the next 
pseudotask. This will also work for APL, 
although long matrix operat ions will tend to 
extend the intervals between transitions 
fmm one process to another. (Of course, it 
is a debatab le point whether or not a time­
sharing APL and two workspaces will ever 
fit in to the same memory at one time.) 

Multiple pmcessol" timesharing systems 
are also possible. Assuming that you have a 
ce ntral processor with disks and printers, 
there is a method that can save a lot of 
money. Th is method is resource shar ing. 
Figure 1 shows a typical group 'of three com­
puters each working independently. Each 
processor handles everythi ng with inefficient 
use of t he printers and disks. Figure 2 de­
picts a resource sharing setup. This requires 
the add ition of processor to processor data 
I inks. I n this setu p, each peri pheral pmcessor 
does the comput ing whil e the central proc­
essor handles queued 10 and interrupts 
much like the simple timesharing systems 
above.-

VAK·4 16K STATIC RAM BOARD 
• Designed specifically for use with the AIM·65, SYM·1, and KIM·1 microcomputers 
• Two separately addressable 8K·blocks with write protect. 
• Designed for use with the VAK·1 or KIM·4* motherboards 
• Has provisions for mounting regulators for use with an unregulated power supply 
• Made with 1st quality 2114 static ram chips 
• All IC 's are socketed 
• Completely assembled, burned·in , and tested 

We manufacture a complete line of high quality expansion boards. Use reader service 
card to be added to our mailing list, or U.S. residents send $1.00 (International send $3.00 
U.S.) for airmail delivery of our complete catalog. 

VAK·4 DUAL 8K·RAM $379.00 
VAK·2 8K·RAM (V2 populated) $239.00 
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' Product of MOS Technology 

ENTERPRISES 
IN CO RPORATED 

2967 W. Fai rmount Avenue· Phoenix, AZ 85017 • (602) 265·7564 
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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 back to programming scientific business 
applications on an IBM 7620. He learned about what was inside computers by 
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Three Types 
C Brian Honess 
Asst Prof of Management Science 
College of Business Adm 
University of South Carolina 
Columbia SC 29208 

of Pseudorandom 
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Sequences 

Random numbers are ex tensi ve ly used in 
virtually all areas of data processing, from 
the simp lest games for a hobby microproces­
sor, up to the most complex business and 
scientific appl ications. Determ in istic games 
programmed without the benefit of some 
random parameter soon become boring and 
easy to "beat," so it wou ld seem that ran­
dom number ge neration and testing should 
be of interest to even th e neophyte pro­
grammer or computer hacker when trying to 
get a simple game up and running. Random 
numbers are used extensi ve ly in various 
business applications. For example, random 
numbers would be used by an auditor faced 
with a large number of transactions to audit, 
and using a sampling technique to only look 
at a certain percentage of representative 
transactions. The number of checkout 
stations at your local discount department 
store may have been determined by using 
a mathematical model of th e store, wherein 
the arr ival and departure of "customers" 
was simulated using random numbers. 
Market research makes extens ive use of 
rand om numbers, in selecting the people, 
streets, bl ocks, househo lds, etc, to inter­
view or to mail questionnaires. A math­
ematical model can also be "bui lt" of an 

element, molecule or compound, and a 
particle introduced at random and collisions 
counted. Suppose further that you had a 
photograph of some obscure planet, covered 
in an extremely irregu lar way with areas 
you assumed to be water. You could divide 
the photograph into small squares, or may be 
overlay with a piece of graph paper , and 
then "take shots" at the grid with a random 
number ge nerator, wherein the random 
number would determine the coordi nates of 
the "shot" and you could then tally the 
number of "hits" and "misses" and thereby 
determine the number of hits out of the 
total number of shots, and get an approx­
imation of the percentage of the surface 
covered by water. 

Before reading on, let me suggest that 
you try a short experiment. Consider the set 
of integers from 0 to 99, and quickly write 
down a list of random 2 digit numbers . Use 
whatever your current idea of random is, 
and make a list of 100 numbers. Later we'l l 
see several methods for determining how 
random your numbers are, but I'll hasten to 
guess that they won't be very random. 
Psychologists repeatedly show that the 
average human just cannot think up random 
numbers. Upon inspection, there might be 
too many 4s compared with 6s, or maybe 
very few Os and an abundance of 5s. 

While it's true that a machine can pro­
duce a much better selection of truly ran­
dom numbers than a human, the problem is 
that the numbers produced by the machine 
aren't really random either. If you could 
build a perfect roulette wheel, you'd get 
truly random numbers, but the mechanical 
considerations of such a device are, of 
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AT LAST! 

A MICROCOMPUTER SYSTEM WITH THE SPEED AND POW ER TO HANDLE A 
BUSINESS WORK LOAD . 

The Computex 16-bil MICROENGINETM CPU processes Pasca l (UCSD version 3.0) 
live limes faster than any comparable uni t. and at least twenty times faster than 
the 8080 or zao. Still our X-pert Systems TM are price compe t itive wilh B-bit 
systems. 

$2695 * ready to run 

PASCAL MICROENGINETM 
• LIMITED TIME cash price. 

10% DOWN, guaran tees priorit y. 

MICRO ENGINETM specifications: 
• 16·bit P-code CPU 
• 64K bytes RAM 
• Floppy disk controller 
• FullOMA 
• Floating poin t hardware 
• 2 serial (RS232) 1/ 0 ports 
• 2 parallel 1/ 0 POrlS 
• Pasca l and Bas ic compiters 
• Text editor. 
• File manager 
• CPU and memory diagnoslics 
• Symbolic Pasca l debugger 

Also available: 

• Complete turn-key systems 
• CRT terminals 
• Hi gh speed print ers 
• Tex t quality prin ters 
• Floppy d isk drives 
• Appl ications soltware 

Customer sa ti s faction i s guaranteed . Full 
refund with the return of any produc t wi thin 
10 days . Complete technical cata log 51. 

COM P UTE 5710 Drexel Avenue 
Chicago, IL 60637 

"THE COMPUTER EXPERTS," (312) 684-3183 

video 
100 
12" BLACK & WHITE 
LOW COST VIDEO 
MONITOR 
$149.00 LIST 

.'dea' for home, personal and business com-
puter systems 

.12" diagonal video monitor 
• Composite video input 
• Compatible with many computer systems 
• Solid-state circuitry for a stabie & sharp picture 
• Video bandwidth-12 MHz ± 3 DB 
• Input impedance-75 Ohms 
• Resolutio,,-650 lines Minimum IN CentralBO% 

of CRT; 550 Lines Minimum beyond centralBO% 

Circle 365 on inquiry card . 

TURTLES 
by F e'IIC1j1ill. IlI e ·, 

Small home robots 
controllable 
by your computer. 

Attachable to any computer VIa parallel interface 
(not included.) 

Use your Turtle to map rooms, solve mazes, dance, 
explore Artificial Intelligence, teach geometry or 
programming_ 

Computer not included (batteries not needed). 

Brochures available Terrapin, Inc. 

Kit $400, Assembled $600 33 Edinboro~gh Street 
S-100 Bus Interface Kit $40, 6th Floor 

Assembled $50 Boston, MA 02111 
U,S. postage $5 (617) 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 Ibs) net 
AVAILABLE FOR IMMEDIATE DELIVERY! 

LEEDEX Corporation V'L20 

2300 East Higgins Road. Elk Grove Village, Illinois 60007 • (312) 364·1180 • TLX: 25·4786 

Generous dealer discount available 
Circle 203 on inquiry card. BYTE June 1979 235 



Square of 
number 

Random 
number 

4321 _ ...... __ starting seed 

~ 
18~6710 

~--45024100~241 

~~ -
OO~l~0580 
~~ 

00336400 ~~3364 

~ 

Figure 7: Operation of the center squared method of random number 
generation can be illustrated by this example. Here we Lise 8 digit decimal 
numbers, and assume the ability to extract the center four digits as the 
4 digit random number for each cye/e. [I n principle this algorithm could be 
done on a binary basis by picking the middle 16 bits of a 32 bit product, or 
the middle 32 bits of a 64 bit product . . . CH] All versions of 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, maintenance, testing, and so 
forth. There is really not much need to strive 
for such a device for the usual appl ication of 
random numbers, because there are some 
mathematical methods which produce what 
are called pseudorandom numbers. 1m· 
plemented on a computer, they are quite 
fast, easy to implement, and just as much 
fun to play with as a roulette wheel! 

Before looking at some of these 
methods, I might mention that th ere are a 
couple of other ways to get random numbers 
for your games, experiments, or business 
app lications. You could always punch 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 /l00 
140 LET N = INT(N) 
150 LET A = A /10000 
160 LET A = INT(A) 
170 LET A = A * 10000 
180 LET N = N - A 
190 PRINT N 
200 END 

4321 
18671041 
186710.41 

186710 
18.6710 

18 
180000 

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 million of them, 
so this could take quite a while. Of course, 
you're assured that these numbers are 
thoroughly tested and as unbiased as 
possible, but assuming you have the time 
and perseverance to do the job, unless you 
work out some scheme for using different 
parts of the table or different orderings, 
you'll always get the same string of digits . 
You might find an abbreviated table in the 
back of some statistics book and use the 
numbers therein, but the problem here is 
that you' ll probably need more numbers than 
appear in the table. Of course you cou ld 
always go through the table more than once, 
but this doesn't mUltiply the size of the 
table. In some applications it might be 
desirable to be able to use the same random 
numbers, in the same order, more than once. 
For example, you may want to duplicate 
the results of an experiment, an audit, a 
market research test, or a game. But usually , 
you'll want a new string of numbers, and 
this can be secured by selecting starting 
values or other parameters in the math­
ematical algorithms that fo ll ow. 

The Center Squared Method 

The earliest computer oriented method 
for producing pseudorandom numbers was 
probably the center squared method . In th is 
method we begin with a 2n digit number, 
square it, and then extract the center 2n 
digits from the 4n digit result, and this 
becomes the nex t random number, and also 
becomes the number which is squared in 
the next iteration . For example, suppose 
you want some 4 digit random numbers. In 
this case, of course, n = 2, and let's assume 
we start off with the number 4321 as ou r 
"seed" value. Figure 1 shows the process 
through three iterations. 

This method makes a good littl e pro­
gram to assign to a beginning programming 
cl ass because it is easy to explai n, easy to 
determine what the answers "should be," 
but it has several problems which arise as 
you get deeper into the problem . In 
FORTRAN or BASIC, lacking any specific 
digit manipulation instructions, the hard 
part comes when you try to strip off the 
digits either side of the center. Listing 1 
shows a simple BASIC program which 
will generate one random number. [This 
program assumes an interpreter with 
greater than eight digits of arithmetic 
precision] . Here, we see that we desire four 
digits, and enter the seed 4321. Squared, 



They don't call us "The Company with a Lot of 
Connections" for nothing l Whatever your 
interface cable needs, calion Data Set. We have 
all types of cable and connectors, pinned to your 
spec ifi cat ions - ribbons, coax, twin-ax, Telco, 
junction boxes ... to name just a few. 

IT;~~7~ ~ EIA RS 232 -C Cables - All 25 Pin s Wired 
STOCK' MALE -to -MALE or MALE to FEMALE 

Specify when o rdering: 

3-foot length • 5-foot length • 10-foot length 
$17.50 ea. $18.50 ea. $21.00 ea. 

SPECIAL TO JULY 15, 1979 ONLY! 
10% Discount on any of the above items. 

PLEASE MAKE PAYMENT WITH ORDER. 

New catalog available d S The Company with a lot of Connections 

CC Data Set Cable Company, Inc. 
We serve you from 2 locations: 

722 Danbury Road - P_O_ Box 622 3660 Polaris Avenue, "2 1 
Ridgefield, Connecticut 06877 Las Vegas, Nevada 891 03 
(203)438-9684 (702)873-2 133 
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16K STATIC RAM 

Kit price 
$285 450 nse c 
$320250 nsec 
Memory Chips 

Add $2 5 for assemb led , tested, Guaranteed. 

Static TMS 4044- Full y Static 4Kx1 Memory chips for better data 
integrity and DMA compatib ility, 

Fully S-100 Bus Compatible-All lines fully buffered, Dip Switch 
Addressable in two 8K blocks, 4K increments. Write Protect­
able in 2 blocks, Memory Disable using Phantom (pin 67) or 
strappaiJ le to any other pin. 

Bank Select-U sing Output port 40H (Cromemco software compati­
ble)-addressable to 512 KB of RAM or for time share. A lso has 
alternate port 80 H-m aking ove r 1 million byte of RAM available. 

Quality Components· First quality parts , fully socketed. Glass 
epoxy board with silk sc reened legends, so lder masks, Gold 
Contacts. 

Guaranteed-parts and labor for 1 year. You may return th e 
undamaged board within 10 days for a full refund. Foreign and 
kit purc hasers-parts on ly guaranteed; no return privilege . 

Orders- You may phone for Visa, MC, CO D o rders . ($4 handling 
charge for COD orders only) Persona l checks must c lea r pri or to 
shipp ing. Shipping-Stock to 72 hours normall y. Will notify 
expected shipping date for delays beyond this. Illin ois resi· 
dents add 5% tax. Please include phone number with order. 

P.O. Box 906 Phone: 

Aurora, IL 60507 312-897-7749 S. C. GDigital 

WE HAVE IT 
What is IT? The New Pascal Microengine. 
IT features the new Western Digital 16 Bit Pascal Microengine CPU, 64K 
RAM, (2) RS232 ports, (2) parallel 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 
for $4,195. Dealer prices are much lower. Plus we have software galore. 

Call us about IT at (803) 756-6000. 

THE PASCAL 
MICROENGINE 

.FROM THE COMPANY 
THAT GIVES YOU 

TOMORROW'S INVENTIONS 
TODAY 
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100 PRINT "HOW MANY NUMBERS DO YOU WANT?"; 
110 INPUT J 
120 PRINT "INPUT A 4-DIGIT SEED"; 
130 INPUT N 
140 FORI=lTOJ 
150 LET N = INT(N*N/lOO) 
160 LET A = INT(N/I0000)*10000 
170 LET N = N - A 
180 PRINT N 
190 NEXT I 
200 END 

Listing 2: A BASIC program which will generate a list of random numbers 
using the center squared method. The program embeds a revised form of the 
calculation of listing 7 within a FOR-NEXT loop. 

this becomes an 8 digit number in line 120. 
Line 130 divides by 100 in the first step of 
several necessary to get out the four center 
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 
completes the removal of the right-hand 
two digits by integerizing the number. 
This resulting 6 digit number is then set 
aside, and you start removing the fron t 
two digits. Th is 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 mUltiply 
by 100 in line 170. 

One number isn't going 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/lOO) 
160 LET A = INT(N/I0000)*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 occasionally produce examples of 
degenerate cases. The center squared method is prone to such degeneration 
with an unpredictable frequency, so for purposes 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 applications, so let's put in a loop 
and get "n" numbers. Listing 2 shows the 
modifications necessary. Also, we'll combine 
lines 120 to 140, and lines 160 to 170 in 
listing 1. 

I remember when I first coded this 
method in a beginning FORTRAN class. I've 
forgotten what 4 digit seed the instructor 
used at the time, but it was a revelation 
when I found out about something he called 
"degeneration." I'm sure a simple program 
can be written to d iscovel' any and all of 
the 4 digit seeds which will cause th is 
program to degenerate to zero, but let's 
assume that there is at least one, and that 
Murphy's Law will 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, or 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 random number of zero is obtained. 

Our final try at the center square program 
still 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 you try it. The method starts repeating 
numbers, and even the place where it starts 
repeating can 't be determined without trying 
it. For example, you may print out 722 dif­
ferent 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 Technique 

A second method for generating random 
numbers makes use of the Fibonacci series, 
so named for its discoverer Leonardo of Pisa, 
known as Fibonacci (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 using Roman 
numerals, because it was Leonardo who 
recognized the enormous superiority of the 
Hindu-Arabic decimal system with its 
positional notation and the zero symbol, 
over the much clumsier Roman system . 
Table 1 shows several numbers in the 
Fibonacci series, and you'll notice that each 
number is simply the sum of the previous 
two numbers. Actually, we could make up 
any number of series by starting with any 
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BUILDING BLOCKS FOR 
MICROCOMPUTER SYSTEMS, 

CONTROL & TEST EQUIPMENT 

R2 I/O 
2K ROM 2 K RAM 

3 SERIAL PORTS 1 PARALLEL PORT 

TABLE TOP MAINFRAMES 

ECT-l00-F 
RACKMOUNT CARD CAGES 

POWER SUPPLIES, CPU's, 
MEMORY, OEM VARIATIONS 

COIIPLBTB D'IBOARD Tlt:RKIlU.L -8110 
Fun Kit $2!?! (u'lcludes seT-tOO) 

Computer Lab of New Jersey 
Computer Lab sells the best 8-100 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 8K 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, IMG, 

Ithaca Audio, Meca, Micrapolis, Mountain Hardware, Mullen, Oliver, 
SSM, Soroe, Tarbell , TEl, Teletek, and many other fine 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: 10 to 5 

Call or write for our free catalog & price list 

"·.D' »XITE:X MORSE TRANSCEIVER 
• $95 Partial Kit • $225 Comp lete Kit • $295 Assembled 

SEND 
• I to 150 WPM iset from 

term inal) 

• 32 character FIFO buffer 
with editing 

• Auto Space on word boundries 

• Grid /Cathode key output 

• LED Readout for WPM 
Buffer space remaining 
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COpy 
• I to 150 WPM with 

Auto·Sync. 

• Co ntin uously computes 
and displays Copy WPM 

• 80 HZ Bandpass filter. 

• Re·keyed S ide tone Osc. 
with on-board speaker. 

• Fully compensat in g to 
copy any 'fist style' 

BI 
1Z?l .. ~. G:l 
l~J .. , lou!] MIll ~ _ 

• • 

SERIAL INTERFACE 
• ASC II illO, 300, 600, 1200) 

or Baudot (45, 50. 57, 741 compatible 

• Simplex Hi V Loop or T2L 
e lectrical interface 

• Interfaces directly with t he XITEX ® 
SCT·I OO Video Termina l Board: 
Teletypes'" Models 15,28,33. etc.: 
or the equivalent 
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(a) The Fibonacci Series 

n Fn (b) Some Characteristics of the Fibonacci Series 

1 1 
2 1 
3 2 
4 3 

Final digit (LSD) 
Last 2 digits 

repeats in cycle of 
repeat in cycle of 

60 
300 

1500 
15000 

.. 150000 
5 5 
6 8 
7 13 

Last 3 digits 
Last 4 digits 
Last 5 digits 

etc . 

.. 

19 4181 
20 6765 
21 10946 

Every 3rd Fn i,s, 
.. 4th 

5th 
6th 

divisible by ~ ! 
.. 5 
.. 8 

Note : this is also 
the Fibonacci series. 

22 17711 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. A t (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 can be used as a 
basis for a random number generator, as described in the text. 

two numbers and letting their sum be a new 
random number, and repeating this for our 
desired number of iteratio ns . The reason 
that we'll use the Fibonacci series specif­
ically, 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 cou ld 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 
concerned. 

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 
170 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 part of the pseudorandom 
number. Since the high order portion of a Fibonacci number has no effect 
on the low order portion during calculation of the next number, it is possible 
to completely ignore the high order part. 
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Listing 4 shows a BASIC program for 
calcu lating and printing "n" random num­
bers of five digits each. Notice that the 
generator is seeded with tw.o 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 chose n the first two 5 digit numbers 
in the sequence, but there is noth ing 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 easil y implemented with 
another INPUT statement and another FOR 
. .. NEXT loop, or maybe by just adding the 
number of unwanted numbers to J, and then 
putting in an I F 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 
calculates the first number. It is possible that 
the res ul t wi ll 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 larger than 99999. Lines 190 and 
200 serve to shift the second number into 
the location previously hold ing 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 thin k so when you see the 
formulas in figure 2. You might try to find 
the 20th Fibonacci number with your 
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SERVING SYSTEM S ELLERS &. DE VELOPERS 

TSA SOFT\NARE 

39 \NILLIAMS DR. MONROE CT 0646B 

203-261-7963 

NCC PERSONA L COM P U T ING FESTIVA L BOOTH 142 

HOW TO BUY 
A BUSINESS \:1;0'.' 
COMPUTER ~ 
WHEN TO BUY - WHEN NOT TO BUY - •. - '-
HOW TO CHOOSE CONSULTANTS-DATA 
GATHERING - PACKAGED VS CUSTOM 
SOFTWARE _CONTRACTS - FINANCING 
_ WARRANTEES AND MAl NTENANCE _INSTALLATION 
MANAGEMENT AND MUCH MORE . . ... 

"SUPER BOOK'" DP Consultant, Mercer Island, Washington. 
"I wish I' d had this book before I bought my computer'''TV 
Station General Manager, California. 
" It' s the best book I've seen on the subject. Send me 5 copies 
to send to my clients:" CPA, Orange County, California. 
"I really learned something from this book and I'm in the 
business. I'm recommending it to my clients." DP Consultant, 
Alhambra, California. 

Here's a straight forward approach to business computer 
purchase and installation. It will save you time and money. 
ORDER NOW! If not completely satisfied, return within 30 
days for a full and immediate refund. 

8 Y. x 11 Softbound - 178 pp. - $12.95 
Credit Card Orders 1-805-964-7448 

DDC PUBLICATIONS 
5386 Hollister Ave. , Santa Barbara, CA 93111 
Rush_ copies of "Winning The Computer Game" at $12.95 
per copy. (CA residents add 6% sales tax) 

b 

NAME __________________________________ _ 

ADDRESS ________________________________ __ 

CI TY 1ST A TE/ZI P ____________________________ _ 

DCheck o MasterCharge DVisa 
Card No. Exp. Date 

Circle 96 on inquiry card . 

Circle 175 on inqu iry card . 

New North Star 
Software 

DOS + $35.00 
Enables any program to execute all North Star Disk and/or Meca T ape 
commands. Allows batch command list and more. 
PRO-TYPE WORD PROCESSOR $75.00 
Easy to learn. Combines text input, editing and printing in one program. 
Features right margin justification, tabs , paging, underlining, relocation 
of text blocks, etc. Requi res only SK of memory. Manual alone, $25. 
GUIDE TO BASEX $33.00 
A new interactive compiler similar to BASIC for SOSO-type 
microcomputers (Z-SO, SOS5). Executes programs up to 10 times fas ter 
than equivalent programs while requiring about half the memory space. 
Features include: array variables; string manipulation; arithmetic 
operations on signed 16 bit intergers; and versatile I/O communication 
functions. Manual alone $S . 
BASEX TAPE AND DISK GUIDE $35.00 
Al lows your BASEX programs to access up to four North Star Disk 
and/or Meca Tape drives. A ll operations can be executed from the 
Keyboard. Manual alone $20. 

Specify: North Star DiskiMeca Tape/ Other 
Send for Free Literature 

-m-
IWI 

INTERACTIVE MICROWARE INC. 
P.O. Box 771 , State College, PA 16801 

(814) 238-8294 

TRS-80 SOFTWARE 
32K with 2 DISK DRIVES 

PAYROLL SYSTEM ...... , .. ... $235 
Includes: a) File Maintenance 

b) Payday Entries 
c) Earnings Record 
d) Payroll Register 
e) Write Pay Checks 
f) Write Other Checks 

Handles up to 300 employees per diskette. 
Automatically calculates FICA. FED. TAX, 
UNEMPLOYMENT and much more. 

ALSO AVAILABLE 
ACCOUNTS RECEiVABLE ...... $195 
ACCOUNTS PAyABLE ......... $195 
INVENTORY CONTROL with 

BILLING & ACCrS REC . ..... $550 
MANUALS ... . ..... .. .. $29.95/ea. 
CUSTOM PROGRAMS & OTHERS 

CAl 
1 st Security Bank Bldg . 

3306 W. Walnut, Suite 507 
Garland, TX 75042 

PHONE: (214) 272-3211 
With money order or certified check, orders sh ipped w ith in 
24 hours. 
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(a) . J.- [( 1 +;S)" 1-£ 

"J 
F 

n 2 

(b) cpn ((1 +~)/2)n 
F = y'5 y'5 

rounded to nearest 
n integer. 

(c) 
(Golden ratio)k = (1 +~) k cpk 1.61803 k . . . 

Figure 2: The program of listing 4 was an iterative calculation. It turns out 
that there are several ways to calculate Fibonacci numbers directly which do 
not involve 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: pick every 
kth J7.umber where k is chosen so that the "golden ratio" to the I?th power is 
relatively large compared to the low order portion of the Fibonacci numbers 
which is used as a random number output. 

pocket calcu lator (or may be your 
computer?) using formula a of figure 2. We 
know the answer is 6765, from table 1. Th is 
formula produces the exact answer , but we 
can get it with a littl e less calcu lation by 
using formula b in figure 2. The term 
(1 + 0) / 2 is known in the mathematical 
li terature as the "Golden Ratio" and is often 
symbolized by the Greek letter cp (phi) . 
If formula b is evaluated and then rounded 
to the nearest integer, it wi ll produce F n. 
You might try this, again, with n = 20. 

The Golden Ratio assu mes importance 
when using the Fibonacci series random 
number generator, because it is used as a 
"correction factor." The results of the 
generator, as ide from being somewhat pre­
dictab le as shown in table 1, fai l many of the 
statistica l tests usually app li ed to random 
number generators. A big improvement can 
be made in the results if we use onl y every 
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 IBM 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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which wi ll make the Golden Ratio to the kth 
power relatively large. Figure 2c is the 
required formula . If this modification is im­
plemented, and k is large, your calcu lating 
time for each random number that is to be 
used will greatly increase, but you'll have 
numbers that are about as good statistica ll y 
as any other method. 

Power Residue Calculations 

A th ird general class of pseudorandom 
number generators is call ed the Power 
Residue Method. It is this method that is 
usually favored by hardware manufacturers , 
software writers and math ematicians , 
because long periods prior to repetition 
can be assured, and the numbers generated 
hold up well to statistical tests for 
randomness. The method is, however, 
machine dependent since it relies on the 
word size of the machine. The Power 
Res idue Method is the method employed 
in RANDU, an extremely popular ra ndom 
number generator appearing in the "Scien­
tific Subroutine Package" (IBM publication 
number H20-0205) for the I BM System 360 
and 370 computers. The publicati on gives a 
FORTRAN listing of this subroutine and 
documentation on how to use it, and also 
delineates a FORTRAN listing and instruc­
tions for use of GAUSS, wh ich is a program 
for producing a normal distribution of 
random numbers. The methods can easily 
be extended to distributions other than the 
normal . Background on the number theory 
aspects of the Power Residue Method can 
be obtained in another I BM booklet, 
"Random Number Generation and Test ing" 
(IBM publication number (C20-8011). 

Listing 5 shows a BAS IC version of a 
program to produce one random number on 
a 32 bit machine. The program can be easily 
modified, of course, along the lines we 
followed for the center squared and 
Fibonacci methods covered earl ier. Th e 
mUltiplier in line 130 is 2- 31 and of course 
you'll be rounding it to fit yoUr particul ar 
BASIC compiler. Line 130 simply trans­
forms our new random number X into a 
floating-point version between 0 and 1, 
which is a more usual way of delineating 
random numbers. With a 32 bit machine 
(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 machine dependent. It has the form: 
8i ± 3, where i is any integer. The trick here 
is to choose i, such that the resu ltant multi­
plier 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 specifically for use with the AIM·65, SYM·1, and KIM·1 microcomputers 
• Standard KIM·4* Bus 
• Fully buffered Address and Data Bus 
• Provides 8 expansion board slots 
• Complete with rigid card·cage 
• All IC's are socketed 
• Provides separate jacks for one audio-cassette, TTY, and Power 
• Completely assembled (except for card-cage) 

We manufacture a complete line of high quality expansion boards. Use reader service 
card to be added to our mailing list, or U.S. residents send $1.00 (International send $3.00 
U.S.) for airmail delivery of our complete catalog . 

PRICE: $129.00 
We also carry the SYM·1 

Microcomputer with manuals $269.00 

1R~"~M~~h;og~ P R IS E S 
~ IN C ORPORATED 

2967 W. Fairmount Avenue' Phoenix, AZ 85017' (602) 265·7564 

want the mUltiplier to be close to 216 

= 65536. If i = 8192, then the multiplier will 
be 65536+3=65539. The seed multiplied by 
the mUltiplier produces a product which is 
2b bits long and we discard the b high order 
bits, and the remaining b low order bits 
become the random number and the input 
seed for the routine for the next number. 
Using this method we will get 2b - 2 terms 
before repeating. Actually, the sign bit 
doesn't count, so we'll have 237 - 2 or 
229, or over half a billion numbers before 
repeating. I'm not about to try and prove 
this, but I wi ll give it a "go" with a smaller 
machine assumed . 

Let's assume a 6 bit machine. This should 
produce 2b- 2, or 24 = 76 numbers before 
repeating, and that shouldn't be too dif­
ficult 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 = 77 and 8 X 7 - 3 = 5. Both of 
these possibilities are equally 3 away from 
our desired value of 8, so let 's try both. 
Table 2a shows how we get 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 
multiplier of 11 the procedure would 

also have produced 16 numbers before 
repeating. 

You've probably noticed that the two 
columns of numbers in table 2 just don't 
look too random . Both columns have num­
bers that always end in 1. For the 11 mul­
tiplier case, the 4th digit is always 0, and 
the 5th digit alternates between 0 and 1. 
For the 5 multiplier case, the 5th digit is 
always 0 and the 4th digit alternates 
between 0 and 1. Obviously the low order 
bits are far from random . If you wanted 
random digits, and not random numbers, it 
would obviously be to your advantage to 
choose high order bits, or possibly the bits 
you di scarded when you cut the product 
from 12 to six bits. The usual scheme, after 
developing the numbers in table 2, would be 
to place the binary point at the beginning of 
the 6 bit numbers, and thereby transform 
the whole list to a distribution between 0 
and 1. 

T esti ng Rand om ness 

Tests of the random ness of a series of 
numbers usually fall into one of two major 
categories, those that exam ine the digits 
appeari ng in the numbers and those that 

KIM ANALOG INPUT 
Analog to Digital Conversion System for the KIM Computer 

Give Lhe KIM Lhe abiliL~ La sense. 
n.easure" and con trol the war" ld around 
iL wiLh DAM SYSTEMS a~les. Jus~ ~lug 
the KIMSETl inLo \..he KIM t.o set. 16 
channels o~ analos in~~. Screw 
Lern.inals are F-rovided 1'"01" each ehanne.l 
so ':IOU can hooK UF- Ja::tst..icks. POt.s. or 
what.ever ~OF"riat...e sensors \:IOU have. 

Each or t...I""oe 16 analos inF-tJt.s. in 
the range 01" 0 t..o 5.12 volt..s. is 
coover Led t.o a decin.al nun.bet"- bet..weer\ 0 
a nd 2"'.....5 (20 n.illivolt..s Pet"" coun\'). 
Conversion t.in.e is 100 nlicrosconds. 

The KIMMO[I provides one user POr"'t.. 
a s r...N:!'11 as a DAM SYSTEMS F-orL. 

SofLware i s F-f"ovicied. 

Circle 78 on inquiry card. 

W.o.HU.I.lAND 
DISPUo'WOOUU 

KIMSETl 
1-AIM161 

I-KIM"OD KIM ADAPTER 1 USER PORT 
1 DAM SYSTEMS PORT 

1- CABLE A24 - 24 INCH INTERCONNECT CABLE 

l-MANMODI - ~~::~~b~s~~~~i:E~:.E:R1~~'t,INALS 

I-POWI - POWER MODULE 

KIMSET10 tor 110 VAC S 2U 
KIUSET,. for 230 VAC .2115 

Ord"direc:lorconIKI.,.ourloCllcQIOIputerUOti. 

CONNECTICUT microCOMPUTER, Inc. 
150 POCONO ROAD 

BROOKFIELD, CONNECTICUT 06804 
TEL: (203) 775·9659 TWX: TLX: 7104560052 

VISA AND M/ C ACCEPTED- SEND ACCOUNT NUMBER, EXPIRATION DATE AND SIGN ORDER. 
400 S3 PER ORDER FOR SHIPPING Ai HANDLING - FOREIGN ORDERS ADD 10% FOR AIR POSTAGE 
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(a) 

1. Choose an odd integer starting value. We'll choose the 6 bit number 100001 (simply 
because it'll be easy to multiply) . 

2. Choose the multiplier. (We've already decided on 5, binary 101 .) 
3. Compute the product. (100001) * (000101) = 000010100101 
4 . Cross out the first six bits, and you have the new number . 

0000+9100101 = 100101 
5. (100101) * (000101) = -eaa&Hl-111 001 = 111001 
6. (111001) * (000101) = etc. 

(b) Multiplier = 5 Multipl ier = 11 
(0001012) (0010112) 

Starting seed 100001 100001 

n(1 ) 100101 101011 
n(2) 111001 011001 
n(3) 011101 010011 
n(4) 010001 010001 
n(5) 010101 111011 
n(6) 101001 001001 
n(7) 001101 100011 
n(8) 000001 000001 
n(9) 000101 001011 
n(10) 011001 111001 
n (11) 111101 110011 
n(12) 110001 110001 
n(13) 110101 011011 
n(14) 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 multipliers. The algorithm is shown at (a), and the complete set of 
76 pseudorandom output states is listed in this table at (b), Note the devia­
tions from randomness apparent in the regular patterns seen in the two low 
order bits of each number. 

treat the numbers as points in the interval 
o to 1. Some tests can handle eith er case, of 
which 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 
interval 0 to 1 into subintervals and see how 
many of the random numbers fall into each 
of the subintervals 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 

50 50 
+ 

(40 - 50)2 

50 

The Chi-square (symbol X2) statistic 
looks somewhat formidable, but in reality 
is easy to work with. The formula is: 

k (oi ei) 2 
X2 2: 

i=1 e· I 

(01 e1 )2 (02 - e2)2 

+ 
e1 e2 

(Ok - ek)2 
+ .. , + 

ek 

where ei is each expected frequency, and 0i 
is the actual observed frequency. If we had a 
generator which produced 250 digits we 
wou ld expect each of the digits 0 through 9 
to appear 25 times, although the digits might 
actually appear more or less than 25 times. 
Assume that your random number generator 
has just produced a series of 500 digits. You 
count all the zeros, ones, etc, and tabulate 
these observed frequencies (as in table 3) 
along with the expected frequency in each 
case of 50. You have counted 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 table, which can be 
found in the back of almost any statistics 
book. Table 4 shows a portion of such a 
table and wi ll suffice for most of our needs 
for uses like this application of the Chi­
square statistic. The table is entered after 
you calculate the "degrees of freedom II in 
the column labeled "v" and after you 

5 6 7 8 

62 72 36 40 

50 50 50 50 

(60 - 50)2 
+ ... + ....;.;...-....;.;...'- = 46 .56 

50 

9 Sum 

60 500 

50 500 

Table 3: A random number sequence can be tested with various statistical measures. One 
excellent 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 involves 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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Q 
SCIENTIFIC 
SOFTWARE 

M IKE N DPFUN 15 a 16-d'g,t prec,­
slon sC ientific subroutine 
package written for MIcro-

so ft extended & disk BAS IC interpreters, inc luding 
TRS-BO Level II BASIC. The thirteen double­
prec ision exponentia l. logarithmi c, trigonometric 
& in verse trigonometri c functions provide a 
v" l llilb le utility for seri ous engineering & scien­
!i fi c il Ilpli c3tions 

UPI UI'\ uses truncated co ntinu ed fraction 
algorithms that fu lly exploit the prec ision 
aV<1 ilab le in 64-bit binary fl oat ing point notation. 
The code has been optim ized for speed & is 
designed to be easily appended to & ca ll ed by any 
user program. The complete set of BAS IC 
subroutines occupies 2.SK . 

DPFUN source code, on ly $10 ppd. 
DPFUN on B-inch CP/M disk, $20 ppd. 

Miken Optical Co. 
53 Abbett Ave. 

Morristown, NJ 07960 
(201) 267-1210 

Circle 234 on inquiry card. 

-a: 
THE 

RECREATIONAL 
PROGRAMMER t­

W 
a.. rt :::~;~ :;=;::;;,: 

-:A' GAMES· ALGORITHMS · PUZZLES 

~ ~:~~K 3~N~~~~S 'B~~~N~~~~! 

IIi!! II ~:~::,i,~':',',':":;:,,~~:' III ~ 524 Foreign by AIRMAIL ~ 
Single issue for $3 inc I P&H ": 

O VISA and MASTERCHARGE OK! 
CALL (616) 343·3546 NOW! W CO Box 2571 Kalamazoo MI 49003 

. -I 
00\ a. f= . . ~ 

ScotcH Diskettes 

Order Direct: 

II"ANO 

2 for $1l.75 
5 for $26.45 

10 for $49.75 (Ha,d Boxl 
Price Includes Shipping 

(HawaiI. Alaska & Canada add $1.00 shipping) 
VISA. Master Charge, Check, Money Order 

740-0 - 8" Soft Sector 
740-32 - 8" Hard (32) Sector 

744-0 - 5" Soft Sector 
744-10- 5" H ard (10) Sector 

744-16- 5" Hard (16) Sector 

Mass . residents add 5 % soles tax. 

C P U COMPUTER 
PACKAGES 
UNLIMITEO 

99 Reservoir St. Holden, MA 01520 
(617) 829-2570 Diy. of SCB Inc. 

Circle 67 on inquiry card. 

TRS-80 disc software 
WORD PROCESSOR Avoid work processor 
converted from other system. Hard to load 
object file & cannot store text in disk. Ours is 
specifically designed for the TRS-SO. Written in 
BASIC. No special hardware and text limit. $39. 
INVENTORY Whi le others use inefficient 
sequential file, we use 9-digit key for fast on-line 
random access. Reports give order info, 
performance summary, etc. $39. 
MAIL print report & labels sorted by any field. 
Random access, special buffering technique. 
$35 
DATA BASE MANAGER You can maintain a data 
base & produce reports without any 
programming. Define fields, types, screen & 
report formats on-line. Almost use up the 
required 32K memory. $49. 
KEY RANDOM ACCESS UTiL hashing, blocking, 
buffering, auto I/ O error retry. Put your disk into 
optimal use . $19. 
ACCOUNT manage client accounts & account 
receivable. Remark fields for general use. 
Automatic billing & transaction recording. 32K 
req. $59. 
Full documented. Fast delivery. Our competitors 
offers $99 cassette word processor, $90 'on 
memory' inventory, inflexible mail system, 16K 
data base. 

MICRO ARCH ITECT 
96 Dothan St., 

Arlington, MA 02174 

Ci rcle 214 on inquiry card. 

MAXIMUM VALUE 
FOR YOUR DOLLAR 

NORTH STAR COMPUTER PRODUCTS 

HORlZON116K KIT ...... . . $1275.00 
16K RAM BOARD KIT . , .... $ 250.00 
32K RAM BOARD KIT ... , . . $ 475.00 

VERBATIM DISCS FOR NORTH STAR 
BOX OF 10 ......... $29 . POST PAID 

COMPLETE SYSTEMS AVAILABLE 
CUSTOM SOFTWARE FOR NORTH STAR 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. 

r-----------, 
( .. APPLE) I 

I 
I 
I 

SUPER SALE 
I 
I 
I 

16K Apple II $1029.95 1 
Integral Data 
IP225 Printer 
with graphics $1095.00 
Apple Soft Cards $159.95 
Carrying Case $29.95 
Super Mod $29.95 

Printers - call for price 

I 
I 
I 
I 
I 
I 

UCATAN CORP. I 
P.O _ Box 1000 

Destin , Fla. 32541 I 
I 904-837-2022 I 
I I 
I Credit Cards Accepted J .... _-------._--

Circle 380 on inquiry card . 

save more than 20%! 
NORTH STAR--XITAN 

the smartest computers at the smartest price 
DOUBLE DENSITY 

HORIZON·1·16K kit, list $1599 ........ $1279 
Assembled & tested, list $1899 .... _ .$1519 

HORIZON-2-32K kit, lisl$2249 ... .. ... $1799 
Assembled & tested, list $2549 .... . . $2039 

PASCAL for NORTH STAR on Disk . . .. .. $49 
Powerful NORTH STAR BASiC . .. .. ... FREE 

XITAN computers--NOW--With 
QUAD DENSITY DISKS! 

Famou s XITAN Software & BASIC ..... FREE 
HORIZON & XITAN are 5-100, Z-BO-THE BEST 

INTERTUBE II Terminal, list $995 .. . .... $795 

NEW: Our VIDEO BOARD CODE on Disk! Now you 
can run our computers on a lV! Save $HUNOREDS 

TV Code on DISK .... $10 LISTING .... FREE 
Business Software, Terminals. Printers, Com­
puters in stock & specia l-ordered. Other 
brand s at good discounts. Ask! Whi ch Com­
puters are best? 
BROCHURE . . ............ ....... ... FREE 

AMERICAN SQUARE 
COMPUTERS 

KIVETI DR, JAMESTOWN NC 27282 
(919) 883-1105 

Circle 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 2145, MVS 

GAITHERSBURG, MD 20760 

VISA MASTER CHARGE 

Circle 143 on inquiry card . 

GLARE FILTER 
HIGH CONTRAST 

SHARP RESOLUTION 
MICRO-POROUS OPTICAL FILTER 

FOR HOME COMPUTER CRT'S 

With Filler 

TRS 80 16.95 
ADM 3A 16.95 
Hazeltine 

1400-1500 16.95 
Perkin Elmer 16.95 

No Filler 

PET 12.95 
Soroc 1Q 120 16.95 
Southwest Tech . 16.95 
Micro-Term 

Act V 16.95 
Easily Installed · Instrllctions Included 

For in/ormation on other models 
dial (415) 456-8909 

SUN-FLEX COMPANY, INC. 
3020 Kerner Blvd . • San Rafael . CA 94901 
Check/money order Visa/Mastercharge 

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. The degrees of freedom in our 
case are 10 - 1 = 9. This simply means that 
after we have determined nine of the ob­
served frequencies, the 10th one is fixed. 
The frequencies have to add to 500, so we 
have "nine degrees of freedom." Tradi­
tionally, the Chi-square statistic is used to 
test the hypothesis that the numbers are 
randomly distributed. If the computed 
value of Chi-square is greater than the 
critical value read from the table, we would 
then conclude that the observed frequencies 
differ significantly from the expected 
frequencies and we would reject the hy­
pothesis of randomness at whatever level of 
significance we select. The levels of signi­
ficance often used are 0.05 and 0.01, corres­
ponding to the X2 .95 and X2 .99 columns 
respectively, in the table. Going back to our 
example, we calculated a value of 45.56, 
but in the table for nine degrees of freedom 
and at the .01 level of sign ificance, we 
see that the critical value of Chi-square is 
21 .7. Since 46.56 > 21.7 we therefore 
conclude that the observed distribution of 
numbers produced by our generator differs 
significantly from the expected distribution 
at the 0.01 level of significance, and we 
therefore cast considerable suspicion on our 
random number generator. As previously 
mentioned, we could take our list of gener­
ated numbers in th e 0 to 1 interval and set 
up some subdivisions of this interval. Next, 
we could see how many of the numbers fell 
into each subinterval, calculate the ex­
pected frequency for the subintervals, and 
apply the Chi-square test in the same 
fashion. 

A second test frequently applied to 
random numbers is called the "poker test," 
but is in reality similar to the frequency test 
already considered. In the poker test we 

Formula 

(5n+1l/12 
(11 n - 14) I 60 

2 {(k2 +3k+lln-(k3 +3k2 -k-4)} l(k+3)! 

2 In! 
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X~95 X~90 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 combinations of digits. 
For example, 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 all digits are the same, like 
22222 or 66666 etc. We can also calculate 
the expected number of pairs, three-of-a­
kind and full houses, etc. The Ch i-square 
test can be applied to the analysis of the 
results. 

A very similar test, called the "gap test," 
can be applied in like manner to the dis­
tances separating two like digits or two like 
groups of two or more digits. Again, Chi­
square is a useful statistic in the analysis of 
these findings. The power residue method 
satisfactorily passes the poker test, the gap 
test and the usual frequency test; however 
it often fails to pass tests which consider 
runs of numbers. We've already seen how 
the power residue method produces certain 
predictable results, so this should 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 "run test" will also con­
sistently prove that the Fibonacci series 
method will not produce the predicted 
number and lengths of runs. Taking, for 
example, a long string of random generator 
produced bits, we would count the num­
ber of strings 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 total runs we 
should have for both the ones and zeros . 
Figure 3 shows how to calculate these 
lengths, assuming "n" bits. There are several 
special tests similar to the run test, for 
example: "runs above and below the mean," 
etc. And, as usual, the Chi-square test is 
frequently applied to see if the actual results 
are reasonable. 

I can't guarantee all of the above will help 
you program your computer to play inter­
esting Star Trek or sophisticated One­
Armed-Bandit games but at least you'll be 
able 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 thru 9600 
Baud Editing Detached Keyboard 

TTY or Batch Modes 74 Col. x 24 Lines 
Format, Auto-Tab 

Nearly a million dollars in inventory 

Call for price quotes 

214/357·57,25 

~ 
U_S_ BROKERS INC. 
A Division 01 CM Corp. 

• ~~7~e V;:inut Hill Lane 
Dallas, Texas 75229 

Circle 383 on inquiry card. 

APPLE" 
TINY BUSINESS SOFTWARE 

ACCOUNTS RECEIVABLE - 1 00 cus­
tomer accounts max, 8 transactions/ 
month/customer (typical). month end 
and individual postings , automatic 
interest calculations. $75.00 

ACCOUNTS PAYABLE - 100 payable 
ac counts max , 8 transactions / 
monthly/payable (typical), month end 
posting. $75 ,00 

PERPETUAL INVENTORY CONTROL -
100 suppliers, 900 individual inven­
tory items , heuristic reorder pro-
cedure. $100.00 

All of these programs have random record 
access, easy addit ion and deletion of items, 
passw ord protection on sensitive procedures. 

MIN. REQUIREMENT 48K APPLE II. one disk 
OPT. REQUIREMENT 48K APPLE II , two disks 
These procedures for screen environment, 
printer options available soon . 

OOCUMENTATION only for the above $10 ea . 
CHECK OR MONEY ORDER ONLY 

~ 
DEALER INQUIRIES WELCOME 

CUSTOM COMPUTING 
SYSTEMS INC. 

20. ·2nd Awe. North , S.,katoon. S u kalchewln S7K 2B S _ (306) 2.2·7808 

Circle 72 on inquiry card, 

FOR TRS-BOn 
.. OWNERS 

T-PAL 
Programming Amateur's Letter 

THE "DO-IT-YOURSELF" 
SOFTWARE NEWSLETTER 

Published Monthly, We'll Teach You 
All The Latest Wrinkles - How To Get 
The Most Out of Your Computer 

Graphics· Games. Personal 
Home. Business· Finance 

And Much More! 

$24/year . . . or write for FREE Details 

THE MAIL MART 
Box B 11102 San Francisco, CA 94101 

Circle 199 on inquiry card. 

The best choice 
in mainframes ! 

• 5100 CARD FRAME • AX IAL BLOWER 

• 22 MHl 12" CR T MON ITOR • ASSEMB LED & TEST ED 

• 18 AMP POWER SUPP LY • READY FOR YOUR CARDS 

• UPPER & LOWER CASE • 5995.00 
ASC II KEY BOARDS 

VERY 11 rmM,' rlllE O.t.M. AND 

OEALER DISCOUNTS A LIA/LABLE. 

__ INFINITE INCORPORATEO 

192<1 WAveR L Y Pl., ME LBOURNE, FL 32901 - PHONE (305 ) 724· 1588 

Circle 177 on ihQuiry card . 

apple tv & computing 

GRAND OPENING SALE! 

An introductory sale! Every PET ordered 
this m o nth will come with Full size 
BIG KEYBOARD . . ONLY $895 
or , th e stand ard 8k PET .... $775 
NEW " ... PET MiniFloppy . . . $595 
16 K and 32 K PET NOW AVAILABLE 
PET 2021 Printer. . . ... .. $549 
80 column electrostat ic wi th full graphics 
PET 2022 Printer,.,. . .. $995 
Forms tractor and graphics 
Dual Drive Floppy for PET . 
TRS 80 to S 100 Interlace (Kit) , 

.... $1 29 5 
. . $190 

We Have The BALLY Computer 
And SOFTWARE for BALLY BASIC 0 
audio cassettes. Wri te for list of titles . 

apple tv U computing 
(213) 559-4268 

2606 S. Robertson Blvd. 
Los Angeles, California 90034 

Circle 10 on inquiry card. 

EPROM 

PROGRAMMER 

The EDD 1001 : 
• Programs 2704, 270B,TMS2716, 12716, 12758 
• Plugs into your empty EPROM socket 
• Is provided with complete driver listing for 

BOBD/ ZaD systems [also available on EPROM! 
• Requires external 30-37V unregulated 

EDD 1001 EPROM Programmer Kit 
Drive r program on EPROM 
Manual only Irefundable with order I 

ICA residents add 6 % sales tax! 

EPOCH DATA DEViCES 
P.O. Box 22037 

San Diego, CA 92122 
17141481 -1753 

575 ppd 
525 
$4 

Circle 132 on inquiry card. 

Custom Built 
Computer 
Desks 

We custom build each com· 
puter desk to individual customer reo 
quirements. All 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 
(216) 874-3666 

Circle 154 on inquiry card. 

64K RAM BOARD 
The ZS·SYSTEMS 64K RAM board is desiqned to op· 
erate in any 280 based microcomputer having 5-100 
bus. It uses 16K dynamic RAM chips, & features: 

- Board select 
- Bank select 
- Transparent on-board refresh 
- 2 or 4MHz operation (wi no wait stale) 
- Memory disable 

Compatible with Cromemco system 
Fully assembled, burned in, & tested 

Available from stock to 60 days 
As low as $500 .00 in quantities of 100 

Price of one. . . . . . $649.00 
PC board only . . ..... $59.00 
Wilh 16K RAM . . . $359.00 

Plus shipping charges 

Zs SYSTEMS 
PO Box 1847, San Diego, CA 92112 

(714) 447·3997 

Circle 401 on inquiry card. 

6800 SS50 16K SYSTEMS 
Includes: Main fra me cabin et. mol her board. power 
supply. fan, CPU, 16K static RAM. and choice of I/O 
card.. $1294.29 
Othe r packages ava il able 
16K5TATIC RAM BOARD5- 5550 
Gold Bus connectors - DIP switch controll able 
address ing. writ e pro tect and enabeli ng of each 4K 
block. Tested at 2 MHz. Assembled 5298.13 
Above but socketted and with software control registers. 

Tl TMS 4044's: 
450 ns 
250 ns. 

2708's 

Assembled 5368.16 

. $5.00 each 
$6.00 each 
$7.90 each 

These i\re factory prime chips fro m S~nle shlpll1ellt ~ wO;' lI SL' 111 

o u r p ro fessiona l quali ty hOilrd s 
Add $10 handling on orders under $200. 

1337 W. 37th Place' Chicago, IL 60609 
(312) 927-5510 • TWX 910·221·4055 

The Company that delivers. 
Quality ElectroniC products since 1975. 
GIMIX -' anu GHOSr are rL'glStL'h"·(j Ir;idL'1I1il1'k. of C;IMIX INC 

Circle 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' Kl. jII ~M 
Add 50¢ per book for postage and handling IKJ 'til 

~[J[J~~ 
"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~mation between 
physicians who own computers. For this 
purpose the magazine has a listing of 
use r groups. 

The Physicians Microcomputer Re­
port is avail able for $ 25 a year an d 
$ 1 2.50 for students. Contact Dr Gerald M 
Orosz, POB 6483, Lawrenceville N J 
08648. 

Circle 591 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 
obtalned 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 expeflmenters 
and homebrewers who read 
BYTE, we print it in some form. 
We openly solicit releases and 
photos from manufac.turers and · 
suppliers to this marketplace. The 
Information Is printed more or 
less as a first in first out queue, 
subject to occasional priority 
modifications . . While we would 
not knowingly print untrue or 
inaccurate data, or data from 
unreliable companies, our capa­
city to evaluate the products ' 
and companies appearing In the 
"What's New?" feature Is neces­
sarily limited. We therefore · can­
not be responsible for product ;' 
quality or company performance. 

Complete Microcomputer System 
from Gimix 

Gimix Inc has announced its com­
plete System 68 microcomputer. It 
features the following: a ferro-resonant 
constant voltage power supply; an 55-50 
motherboard (15 50 pin and eight 30 
pin gold plated slots); a 6800 processor 
board that holds four 2708s and three 
indepen dently programmable software 
timers; the Gimix 16K byte software 
readdressable static programmable memo 
ory boards organiz ed into four sepa­
rately controllable 4 K byte blocks , 
which allows the user as much memory 
as can be contained in the mainframe . 

Dual-in-line package switch features 
allow use of ex isting SwTPC and MSI 
compatible software. The system is video 
based using the Gimix video board and 
advanced GMXBUG 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 fH J series, 
provide n by n bit multiplication of 
24, 16, 12 and 8 bit numbers. All four 
multipliers have improved input registers 
that feature simplified clocking so that 
no data-hold time (clock overlap) is 
necessary . Th e three largest multipliers 
(MPY-24, -16 and -12HJ) feature im­
proved output registers that can be 
made transparent for asy nch ronous 
output. They also 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 compat­
ible with their first generation counter­
parts. Inserting one into a socket wired 
for an fAJ device automatically masks 
out the new fHJ features while still 
providing faster operation and reduced 
power consumption. 

Th e MPY-24HJ 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-16HJ produces 
a 32 bit product in 100 ns and is pir; 
compatible with the older 16 bit multi-

2, 8 K byte s,tatic programmable mem­
ory, 2 port parallel I/O (input/output) 
board, cable and two disk regulator 
board. For further information, contact 
Gimix Inc, 1337 W 37th PI, Chicago IL 
60609. . 

Circle 590 on inquiry card. 

pliers. 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-1 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 -1; $103 for the 
MPY-12HJ; $157 for the MPY-16HJ 
and · $310 for the MPY-24HJ. For 
more information, contact TRW LSI 
Products, POB 1125, Redondo Beach 
CA 90278. 

Circle 592 on inquiry card. 
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Zilog Announces Availability of 16 
Bit Z8000 Microprocessor 

Zilog Inc has announced the ava ila­
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 aflows 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 
1-80 or 8080 CP/M System 

Circle 616' on inquiry card. 

Text Processing Software 

Digitan Systems Inc has announced a 
text processing system which uses special 
commands for text formatting appli­
cations. I t is intended for use with 8080 
and Z-80 microcomputer based systems. 
The commands include mUltiple line 
spacing; left and right margin control ; 
indenting; paging; optional right margin 
justification; centering and underlining 
text; no-frill modes; automatic page 
numbering; page and line length control; 
and the printing of left, right and center 
header titles and footer titles 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. 

250 June 1979 © BYTE Publications Inc 

MISCELLANEOUS 

in-line package. The 40 pin 18002, 
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 depl etion 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 
that reduce the numbe r of memory 
references needed in programming. Six ­
teen of those registers are general pur­
pose. The Z8000's problem solving 
instruction set supports seve n different 
data types from single to 32 bit words, 
has 8 address ing modes, and 418 usable 
op code com binations. 

Pricing for the 18001 is $195 for 1-9 
pieces, $162.50 for 10-99 quantities 
and $ 140 for lots of 100 and up. The 
Z8002 sells for $150 for 1-9 quantities, 
$125 for 10-99 pieces, and $107.10 for ' 
lots of 100 and up. For fu rther infor­
mation contact Zilog, 10340 Bubb Rd, 
Cupertino CA 95014. 

Circle 615 on inquiry card . 

Graham-Dori an Software Systems has 
developed four complete software pro­
gram packages for payroll, inventory, 
cash register, and apartment management. 
All programs are compatible with any 
Z-80 or 8080 CP/M system, and can be 
ordered in eight inch (double or single 
density) or five inch floppy disks. Each 
program package contains a disk with 
CBASIC-2 compiler, CBASIC-2 run 
command , the Graham-Dorian software 
program in I NT and 'BAS file form, plus 
a users manu al and hard copy source 
listing. The four programs se ll for $695 
each. One CBAS IC-2 is free with a 
program order, others cost $89 .95 each. 
For further inform ation contact Graham­
Dorian Softw are Systems, 211 N Broad­
way, Wichita KS 67202. 

The text processing system will au to­
matically loop for repeated, formatting 
applications such as form letters. A pre­
processing program is able to select a 
subset of the extra text data according 
to a user specified matching pattern. The 
output of the text processor can be 
directed to either the console terminal, 
line printer, or a disk file. 

The source code of the text for­
matter has been wr itten in CBASIC and 
runs under the CP/M operations system. 
It is available on eight inch floppy disks 
with a comprehensive manual at a cost 
of $250 per copy. A well documented 
source code is also available for an addi­
tional fee. For further information con ­
tact Digitan Systems In c, 5001 16th Av, 
Brooklyn NY 11204. 

Circle 617 on inquiry card. 

28 Page Brochure on Computer Graphics 
and Imaging 

Lexidata Corporation, 215 Middlesex 
Turnpike, Burlington MA 01803 offers 
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 618 on inquiry card . 

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 capabil­
ities for microcomputers. A combination 
of memory resident and transient com­
mands provide the system's fle x ibility . 
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 all disk commands lets the user 
specify files either am biguously or un­
ambiguously. 

Other features of the operating 
system are complete device independent 
I/O (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 reloca'ted anywhere 
in memory; the extended instruction 
set includes 19 new 6809-type instruc­
tions (PSHX, PU LX, etc); all disk 
operating system services are available 
through a single supervisor call; and it 
easily interfaces to new aevices and peri­
pherals. 

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 fu rther information contact 
Hemenway Associates Inc, 101 Tremont 
St, Suite 298, Boston MA 02108. 

Circle 619 on inquiry card. 



THE FIRST TO OFFER PRIME PRODUCTS TO THE HOBBYIST 
AT FAIR PRICES NOW LOWERS PRICES EVEN FURTHER! 

~ 1. Proven Quality Factory tested products only. no re ·tests 
"'~.... or fallouts. Guaranteed money back. We stand behind our products . 

... ~~ ,.~,.~,.~~" !n'$1'o~t~A!~lb290m~9cy!g ~~~!r~!!h~l· 
~ (j r ~ for Ihe serious computer user. 

~~~~~~~~~~~ift! :.'':'CROPROC~~.S!!~~ STATIC RAM HEADQUARTERS ~~~~~T~, 
$-100 32K (uses 2 I 14) 
ASSEMBLED Kil 
450ns. 599.00 450ns. 
250ns. 699.95 250ns. 
Bare Board 49.95 
Bare Board w/all parts less memo 99.95 

$-100 18K (uses 2 I 14) KIT (exp. 10 32K) 
ASSEM BLED 450ns. 279.00 
d50ns. 325.00 250ns. 299.00 
250ns. 375.00 PIR 
~:;~:~~r~:9.95~ 
ASSEMBLED _ 
450 ns. 169.95 KIT 450ns. 125.95 
250n5. 189.95 250n5. 149.95 

Bare PC Board w/Dala $21.95 
Now ovef 1 year successfu l field experience 
~Special Offer" Buy (4) 8K 450n5. Kits $ 117.00 

FLOPPY DISK DRIV..,S 

1. VISTA V·SO MINIDISK -= 
FOR TRS·SO 
* 23% More Storage 

Capacity· 40 Tracks 
* Faster Drive' 8 

Up to 8 nrnes Faster 385.00 
2 Drive Cable Add S29.95 
4 Drive Cable Add $39.95 

2. VISTA V·200 MINI·FLOPPY SYSTEM * 204K Byte Capacily * w/CPM. Basic "E" * One Single Sided, @ 
Double Density Drive V-200 * One Double Density egg.oo 
Controller w/Case & P.S. 

Add to your EXIDY, 
HORIZON, etc, 

3. VISTA V·1000 FLOPPY DISK SYSTEM * (2) Shugart SOO·R S" Floppy Disks * Controller Card. Cable, § 
Case & P.S. ·1000 * CPM & Basic "E". 18VV.00 
Instructions & Manual 

4. MPI B51 ·5V .. •c 40 Iracks .. ...... 279.00 
5. Shugart SA400·5'1 .. ·• 35lracks .... 295.00 
6. Siemens/GSI FDD I OO-S S" ...... 375.00 

~. ~~~fj,at1 ~gJ~lom S~uai · ..... i ~~~.gg 

Allows Pel(TRS 80 10 be interfaced to 
popular S' 100 Bus. 
Pel 10 S·100 Kil . . ... $1 89.95 
Assembled. ....... .. .... .. .... S269.95 
TRSSOloS·100 HUH S100Kil .... $275.00 
Assembled. . . . $355.00 

UV "Eprom" Eraser 

~ 
Model UV.·l1E $84.95 
Holds 4 Eprom's at a 
Backed by 45 years 
experience. 
Modal $-52T •.• $219.95 

Industrial Model 

TARBELL FLOPPY INTERFACE 
* zaO/BOao s, 00 Compatible * Uses CPM 
Assembled 'Of Shugart . .. . SALE 122Q.00 
Assembled 01her Drives •.. . .. ... . 5269.95 
Kit . . ....... . ... , ..... . .... . . .. . . . S179.95 
Bare Board .... , $36.95 (Doc. Add S10.00) 

No'~ r", C PM "-<lU 1000 Qo(."~"'~· " ' O)ft""'II:>OOO 
V!sta Dou ble Density 5¥." Con troller 

Assem ... . ..• _. • . . . . .. _ .. • $299.00 
SO Versa FloDCY Kit .............. $159.95 
SO Versa Flop!'\, Assombled . . 5189.95 
Tarbel Cassene 110 Kit .. ... .... .. S t t 5.00 
Sale * 177 \-0 1 Floppy Chip .. ... $27 .95 

BYTE USER aK EPROM BOARD * Power on Jump * Reset Jump 
Assembled & Tesled . . ... $94.95 
Byteuser Kit . _. . _. 564.95 
Bare PC Boa rd . .... . . .. ... .. .... . . .. . $21 .95 
Special Offe r: Buy 4 kits only $59.95 each * Bank Selectable * Uses 4 11 5 or 4116 MR·8 8K w/ l K Ram . . . .. S99.50 

200 ns. MR·16 16K w/ iK Ram . .. S99.50 * Write Protect * Power 8VDC, ± 16VDC EPM· l 4K 1702 . ,........ .. .. $59.95 * Phantom * Lowest Cost/Bit EPM·2 2708 or 27 16 Eprom . . . . $69.95 

Expa~~0~~~~6~ '5) EX~~~0~~~~~~ '6) z-ao/z.aoAiaoao CPU BOARD 
16K $229.00 32K $369.00 * On board 2708 * 270S included (450ns.) 
24K $299.00 4BK $469.00 * Power on jump * completely socketed 
32K $349.00 64K $565.00 Assernbled and tested . . $ 185.00 

.~ .. ~~~ ___ ~~~~~~!I __ !!II. Kil ...... " . ..... . S129.95 

IMS STATIC RAM BOARDS ~a~~1~2MB~:~peed' Add·S1·S.cio· ' ·· S 34.95 
* Memory Mapping * Low Power B080A Kit . ... . .. .. . . . ... $ 99.95 * Phantom * Assembled & tested 80BOA Assembled. . . . $149.95 
Recommended by Alphamicrosystems 

8K Slatic 
16K Static 
32K Sial ic 

250 ns. 450 ns. 
5209.00 $1S9.00 
$449.00 $399.00 
$799.00 $699.00 

ANADEX PRINTER 
Model D?·8000 compact. impact. parallel or 

serial. Sprocket feed. 80 cols. 
84 lines/min" bl·direclional. 
New only .. . .. $S95.00 

MOTOROLA .XORCIS.R COMPATIBLB 
9600 MPU Module w/6802 CPU .. . . .. $495.00 
9601 '6 Slot Mother Board . .. . ... ........ 175.00 

~~g~ ias?o9~~t~;; ~!~da, ~.~~~ .~.~~~.t~ :."1 bg:88 
9604 SwilchmodeSystem PowerSupply .. .. 250.00 

~~ ~ ~ g~~~ ;Kokotrg~~:~r~ ~ ~: : : '. : ... . .. 36·?R 
9620 16 ChanneF Parallel I/O Module · ...... 29·5.00 

~~~~ ~~r~~~~~r~~e~ t~o~~~~o ....... ·.· .. 29·5.00 
9627 16K Static 450ns .. . . .. 495.00 
9630 Card Extender........... .. ..... .. .. 68.00 
9640 Mulliple Programmable Timet 

(24 Timers) .... " .................. ... .. . 395.00 
9650 8 Channel Duplex Serial I/O ....... 395.00 
9610332/32 I/O Module .. ... , ..... .. 275.00 
96702 32 Poinl Reed Relay Module .. 350.00 

eaoo BARE BOARDS 
9620·0 . ... ..... $45.00 9603-0.. .. .. 27.00 
9626·0 ... .... . ... 45.00 9600.. .. . ... 55.00 

~~&?:g :::: : :: :: : : ~&:gg ~~jgt :: : :·: :::~~:88 
Also AMI EVK System in Stock 

5-100 MOTHERBOARD SPECIAL 
B 5 101 expandable w/9 conn. 
reg $69.95. . . . NOW S52.95 

TARBELL FLOPPY CONTROLLER 
card clssembled and lested for use with Shugart 
Drives $ SALE PRICE only 5229.00 

AC(lIUSTIC MODEM~ 
~.~~~T~uNd CAT'" ~ 
~~~~~r~ Originale S: 

ACOUSTIC COUPLER SPECIAL 
AJ MODEL A30 
SPECIAL PU RCHASE 
OF SURPLUS UNITS 
AVAILABILITY LIMITED $29.95 

DAT'~ BOOKS • COMPUTER 
1978 Ie MUler .... .... 49.95 Inle l MCS 80 M,nu,I ..... 7.95 
NscnL Dall .. . . ... . . 3.95 Inlel MCS 40 MarlU' l. . .. . 4 .95 
NSC Llnelr. ... .. ........ . 4.95 AMD 80aOA Mlnull.. . .. . 5.95 
NSC Lllle" App Notes 11 . 3 .95 AMD Schollky DI I,book . 4.95 
N5C CMOS . ... ........ . 3.95 AMI MOs/LSI 0.1 . ... ... 3.95 
N5C Mflmory .. .. . , . 3.95 GI MaS/LSI Dill .. .... . . 496 
Inlet Oll,book .. . . .. ... .. 4.95 Halli, An.log Ol l,book. 4.95 
Inlel MCS85 ManuaL ... . 7.50 TI Lloeal ConttOi Oal • .. .. 3 .95 
"La. OIaD"". 800K •• S.La 

Intto 10 MJcros VOl . 0 . . "~ ~':5 
~~~~~~~SmV;I~~ :: ... . . ... : .. : :: .•• ~. i,:.i,;, 
6800 PltJgl.mmlng . . .. t:so 
l80 PIOOI.mmll'\O.. . . .. . ............ ..... . . .. 1t.'5cI 7.1 5 
Vol. II Some Real MtCfOOl"OCUSOfS w/Blndel .. . .. ~ 21.50 
Vol. ti l Some Rea) Suppar1 Devicea w/ BlMet. 2'&:QQ. 18.50 
In lrolo Micl05 Vol. tlr. .......................... "2&:iO. 18.50 
IALa • DILTTHIUII COMPUftfl .OOK' ... La 
Undellllinding Computet. ......... ... . •. 1t:9i-. 7 95 
8OBOMlclocompule l E~~"ments .. .. T3:9io- 11.95 
BeglnnJfI\! BASIC .. , .. . ..•. ."!r:'94. B.95 
aeg'nt\8tS Glossary 3. Gu,do . . •... . ........ &.9i- 5.95 
Peanul Buller A Jelly Guide 10 COml)ule.$.... .. ~ 6.95 
8060 Machrne lllnguage P'oo"mm",V .. . ... ~ 695 
Homll ComuulotS VOl I Hard .... ll le .:~ 6.95 
Homo COmpulullI Vol 11 SCh .... a/e . .• ~ 11.95 
51a'lInipSlmulalO1 ... . ... 1':95- 6.05 

Z'BOA 18.95 1·24 25·99 100 1.1 P,n WW J;" 
H I'.., 5 1 17 

1-1 1'," S 1 20 
16Prn S l n 
ISF,n S l J I 
20P,,,S i 3 ..J 
2:: p,,, s r :'15 
24 Pm S 'T .II 
2tJ PmS T-I9 
·10 P,,,S l 6J 

F'8 (3850) 16 !is 21L02450nll 130 125 I IS I ii 1', .. W \./ 38 
2650 1895 21L02250ns 159 ISS 145 18P,n W W 60 
C01802 19 95 2102 \ 25 115 1. 10 .'CP,n l'.'W 90 
8OaOA 9 9f> 21 II 375 3.65 3.55 ?"::! Pol' W W 93 
ao80A·4MHr 19.95 2 112· 1 295 2.85 2.65 :.'..J p,nWW 85 
SALE 8085 to.OS 2 101·1 2.90 2.70 2.55 ;>tl P,n 'WW 1 1!i 
aooS' 1 101\15 21 14L-250 ns 1295 10.95 995 ~Op,n WWI .: ~ 
290 1 1695 2 114L·300ns. B.95 795 5.45 
2901A 24.95 2t14L-4S0n,. 750 G.75 •. 1S 
TMS9900JL 49.95 4044/4041 300ns. 9.95 8.75 7.95 
CpI 600 3995 4044/40041 450",. 750 675 ".7!! 
6502 11 .50 EMM4200A 9.15 8 .75 795 
6502A 19.95 EMM4402 195 1 25 6.25 
IM61 00 2995 EMM4804 12.50 1\ SO 9.95 
6BOO . . 16.95 5 101C·E 1 95 r 95 125 

TEXTOOL ZERO 
INSERTION FORCE 
SOCKETS 
16 Pm S 5.50 
~O Pill 5 10.25 

2':: P,n S7.50 

5802P 24.95 uf)d4 1 0 t.l ~OO! 1095 10 25 -92~ 
8035 17 50 AM091~0 ' 41 10 95 102 5 ; 25 CONNECTORS 

g~~~ :~~; ~~~~~~°.1~~\6K CC~~O;!~ Sl.~:9}:Each\ ~:: g:~;~~~~;l . :: ~:~; 
Hood ... 1.25 

SUPPORT DEVICES ~~5/~3,.I~~~~S~' ; ~~ i ;~ ~~; ~~~::~~~: ~~KIM ~.~~ 
AJA95 1 1 Anlh P.oct/sso' S I 95 00 651 B I K • I CMOS 7 95 1 95 1 25 ~3/86 wNJ. SIT. MOT . 6 .50 
AM9511'1 300ns .. . . . .. .. 21\5.00 ~~~~~7o~/i~~~1I;'1 .9i95 3 25 250 5O/ IOOS'I 00Comlectorw/W 425 

~::~ ;:P;;7~~~~I~~~',~~01 ~i!~ ::::'~"~'~L~~P~;;":;<K~S~"::'''~'~' .=95~.~ •. :::::::::::=:; SOI1 O? S' HX> ConneC101 $II . 3.25 

3B81 '4 14MHz l 1 49~ CHARGE COUPLED DEVICES CTS DIPSWITCHES 
i:g:,~Z;:~;l~C ' :~~~ 16K CCO· Fus r Iom('nllered F"uChlld .l60CCO g~~~ ~:~; g~~:: ~~~; 
820511451 38 Decoder <195 16K Mcll"'O')' Ino .... vou can e.~"menr w,lhCCD CTS206-6 S1.75 CTS200· IO 5195 
821 2 B b!ll l0 2 50 I e.;h nolog~ ~1 a . easonable pl' o(: e 17 1l1lge Awlrcl' CTS2o&7 5\ 15 
82 14 p"O"lV In l 495 lion ""II.' sull/ll 'ed ... ·, lh e~ch orde' Oua l'll"Y hmrleol 

!~i: .~~3~:~~ i ~~ L$_1_8_._9_5_B_8_C_h...;l_ra...;9:..._
4
_
3
_.

OO-,'-'_J ~~~~K~:,~RE BASIC 
8226 Sus Dt,,~r 3 95 CRYSTALS THArs RIGHt ON ROM'" 

~~~: ~~ ~':;'~: Oj ~.~~ .. ic:ropro ..... or Tlm.b .... TV Chm. OUR PRICE o nly W,.QQ 
8238 Sys ConI 625 Frequency Price Frequ.nl;V Prle. 
625 1 P'ng 110 695 I \JMH: st. 85 60MHI S 495 
8253 lnrT,mer 1950 IIP .!2 ;I !H, 6 1;1~ 495 
82551"00 1'0 650 .'m.'H: ~H!i 6 5536 495 
B251 Ptog DM4 1950 "'~I IMH, ;:>95 10 0MHI .1 95 
8259PrO\l IfI! 1950 ~ \)97 1 :' .! M~·11 5 1;15 IJOMHI 4 95 
82 15CRTConl.olle r 1.195 .'.I~ ;I>MHI :. tI!> 1;l 3 1B16 495 
82 191" 00 Kc ybOatd 1995 1~:~5· I !l MIII 1 50 18 0MH/ ~95 
681 0. 1 12B. a R4M 4 15 -l e MHI ,\ 95 l a ·13~ ·.tHI ~95 
6820PrA 650 .1 IQ.1304Mltl ~95 200MHI 495 

:~~ ~:~" I Y Inl \ ~:gg :: g~~~MH.' ~~; ~~ ~t~H~~ Hl ~~; 
6834.15 12. 8Efllorn 1295 .Otilltl .1 95 36 0MHI ::. 95 
68 50 ACI A 1 20 >ll,IJ MH.. 59!> ~80MH: 5 95 
6852 S" " "I Adapl '}' 995 IOQ":C I ;> 95 
6845o"H04B505 Cfll l."",r 3995 
6860 Modem 9.95 
581;2 MOdulal e< 1 1.95 
687 IA I CMHl OSC 2595 
6615 825 
6880 Bu~ Oliver 2 39 
MC61N88 . 19 95 
18 21 SC D l K RoAM 25 00 
1822SCD 2S6 , ·lRAI.I 1 6 ~5 
182.1 CO 32, 8 RAM 9 95 
IB52CD6b'1 110 10 95 
1654 U"II.. ......... ... 10.95 
1856 CD UO 8 95 
1657CDII0 895 
6520 PIA ;" 50 
6522 M"II 9 25 
6530·002 I 5 ~u 
6530·003 1:;!i0 
6530-004 15 50 
6530<lO!> 1550 
385 1 f a 1" 09 S IOtC 1·\ q~ 
38 53 .. e ..... omory tI0 r.l 9S 

DYNAMIC RAMS 
41614116 16K(l6 Pool .. 12.45 
Stllc..184 16·s ... 89.95 
4 115 8K I16 Prn)....... ... 6 .95 
4050 4K ~ I (18 P,n) 425 
4060 4 K .. 1122 Plnl 4.95 
4096.lK t IIISPrn" .. . 3.95 
21044 1< .. 1 118 Pin' .. . 4 7"5 
4(127 41< ~ 1 \16 P''' I ...... 4.95 
5261. 195 1103 .. 195 
5262 .. 195 <l008l .. 495 
5210 .. 4 .95 6605 . .. 7.95 
S2BO . 4.95 6604 4.95 
5290 12.45 6002 I 50 

PROMS 
2708 9 :1 :> 
2708·6 750 
\7q2A 395 
1102A·6 ::150 
27 16·5V 59 95 
2 71 6·!iV I '?V 4000 
"27585V 2995 
5?OJAO I I 95 
520 4AO 995 
683;1 . 1 1295 
IM 56 10 295 
SAL. e22~ 32 • e ... ........ 2.8S 
82S1155 1218(TS) .. .. 16.95 
82512332.8 ............. 2.50 
825128256 x 4 ............ 3 .SO 
82S129258x 4 (15) .. ......... 3 .50 
8251305 12 M 4 (OC) ...... .... 6.50 
NSC OM7578 32 ,a .. .. 2.95 

CHARACTER GEN 
2513-001 (5V1UpPf.!" 
2513-<X15 (5V1 Lowct .. 
2S13'ADM315V)Lowe' 
MCM6511 
MCM6571A 
MCM6514 
MCM6575 

UARTS/USRTS 

950 
10 95 
1495 
1075 
1075 
1450 
1450 

TR 1602815V. I2VI J95 
AY5101315V. ~NI .l95 
AY5 ' 0 1 4 4J 151 ~.) I <i'/1 695 

DISPLAYS/OPTO/LED'S 
• 1 SEQMEfrilT ... CALC * CLOCKS * 
DL 104 (CCI. Ol701 (CAl 300" RllC . 99 
FND357ICC, .357" Rea ... . .. 99 
FND 500/503 (CCI .500" Red . .99 
FND 507 / 510 (CN .500' Rcd .. 99 
FNO 6OOf8031Cq .800' Red . 1. 75 
FND 801/ B10 lCN . BOO~ Rco . ., I 75 
::AN 3062 500' Greon . .... , 15 
HP5082'773 1 (CA) .300' Red .99 
9 0 9 /1 Bubble Mmr Cak; D,splay 99 
9 Dog ll Pan:lple. 0,splay .400' 99 
9 Dlgrl Fluorescenl 300- ... .. 99 
MA 1 003 12V AulO Cloc!.. Mod\.ll e ... 1 5.g5 
Belel 10' MA 1003 wlRud F.lle. . . . ...... <195 
MAlOO?A LED 12 hr . Clock Module .. .... .. 1095 

... HEX DI SPLAVS • ENCODED DISPLAYS * 
: ,,", 5082·7340 Red Ho~;docimal .• . 15.95 
HP 5082·7300 Red Nymolic . . . ... . . . 14.95 
Til 306 Numotrc w/Logic ................ 8.B5 
TIL 308 Numbet wfLogoc..... . . . . . .... 8.95 
TIL 309 Number wfLOQoc .. • .••.. 8.95 
TIL311 HOllldecimal .. . . 12.95 
MAN 2A .320" Red Alplla·Nunle"c . . ~ 95 
MAN lOA 270' Red Alpha·Numenc 8.95 

... LED' , * OPTDtSOLATEAS ... 
LEOS Red, Yellow. Green ISS . . . 511 .00 
MCT 2 Photo XSTR HFE 250, JOV . . .. . ,.99 
4N25 PhOlo XSTR HFE 250. 30V ........... ! 29 
4N33 Photo Oarling lon .................... \ 75 
FP1110BPhol0XSTRFtalL6flse . SALE 4f l00 

AlTENTION KIM USERS 
KIMSAI·elpanWn 10 S·loo . . . 125.00 I<r1l165.oo 
KIMSI 10 KIM Conn.eclot .. . . . .. ......... S.lS/ pall 
KIM 1 6502 S ingle Boatd Compuler .... . . 179.00 
KIM 1 Powot Supply . ..... " ................ 59.~5 
KIM Memory plIlS . (conslslS 01 81< Ram, 
81<2716 Ep.om. Programme l,VO etc.1 ... 245.00 

KIM SOFTWARE 
• Please pacl(age (caSsello) 12 oames ... 16.95 
• Help EdrtOt packalle(casse1!e) ...... . . 16 95 
• HlllpMaiUng List pkg (cas~elle ) .. ' ... 16.95 
• Help IfllO Raltivul pkg. (casselle) .. .. 16.95 
• Mocloche$s(eassoUe) ..... .. •...... . . 16.95 
• MrCIOD,dA!isembIy/Diu,5sem/Edrto • ... 21.95 
• M;cloaid Soulce L,s\IIIQ (cassellO). 21 .95 
• Trn.,. BasiC 101 I<IM (Pllpet tapel. .... ... 10.95 

COMPUTER SPECIALS 

~:~~: blr~\: ~ref ~O"'\ I~g~: 
E,o,dvw/32 1< 139500 
Appiellw/ 16K 1195.00 
Compucolol 11 w/ 16K 169500 
l EI PT208 (I B~alll 499500 
r,tomomco Sys III 5990.00 
CommodOtO PilI 79500 
SofoclO/ l20 99500 
AD M3A Auem. 8lJ!) 00 
Tololwe43 1349.00 
Cenlron>cs 1="1 495.00 
Ctnllon,csS'1 59500 

SALE 
89900 
13500 

119500 
1045 00 
1595.00 
399500 
53950C 

765.00 
a9500 
92900 

1150 00 
J95ClO 
52500 

MONTHLY IC SPECIALS 
LF 1350B JFET Anloa Mr;lti 8 bit .. .. 895 
ICM7 208 Se~lIn Oecaoe Counle' 11.95 
leM1207 Os.c lllalol Conlt ()l IC I . S 95 

NAKED PC BOARD SALE 
z·so CPU ~Ilhaca) . . .... $34 .95 
8080A CPU ... ... . .. 34.95 
8K Stalic RAM ~Looosl 2 1.95 
ISK S!ahC RAM ~2 I 14) 2>195 
32K Slelrc RAM (21 141 49 95 
Floppy VO (Tartlftll) . 39.95 
Cassetle110 (Tarbeili . .. 29.95 
13K Ep'om (270B) ... 2195 
1702 Eprom Baild 30 OC 
2708/2716 Eo.omlnl"laca ) 34.95 
210912116Eptom/WMCI. 3000 
Reil ll JmeClock . .. • 3495 
ACp PtOIO Bd. 13M Conn 1 27.95 
VecI0f8BOO PtOIO.. . lB9!) 
Veclo,BB03 11 slol Me 29.95 
ACP blendct w/Conn '5.95-
Vrrleoll'llerlacefSSMI 27.95 
POtoliel lnleriacelSSM) 21.95 
13 SIO! MOlho.Boald (WMCI32.95 
9S1ol MomerBoardtwMCJ 2995 
8S!oIMoll"1at(e_pandablel 3495 

WAVEFORM 
GENERATORS 
803 A r,;nCllcnGen 395 
MC~024 VCO 2 45 
LM 566 VCO 175 
xR2~06 FunCl,on Gefl etalOt 525 

FLOPPY DISK 1/0 
1771-0 1 S",I\ M 'n,tlopo~ 2/9t! 
uP(l37:<>Nec: Floppy 4995 
178 1 Dual Flooav 39 95 
1191 Dual Floppy 

TV INTERFACES 
Pl,,,,,Veriet 
1\'· 1 V,deo Inlonace 
MtC tove rlet . 
MAR Modulal0t .. 

AlTENTION 
PET USERS 

.so .OS 
3500 

,. 3500 

BETSI·pol e~pan5lon 10 5100 
................ 105.00 Killl60.oo 

PET COflnectOf K,t . Incl\.tdeS (4) 
Connectors tOI memory eapanslon. 
IEEE 488 1/0, CaSSell!! 110 and 
parolieluself)Or1 .. ... .. .. . 7.95fsel 
V,ceo Bulle, 

lCOllvens lo SI(l VodeOI 2~.95 
Pelun,a (Mus" Boa'd) .. 2995 
Combo (Video & Pfl lunla) .1995 
Beeoci (sigflalslllOl! load) ..• 24.95 

AlTN TRS 80 USERS 
20/40 P,n Memory E.<p Conn 

. 5195 
lSI< Merr,ory Add-on w/lnSI 8995 
V,s la VSO "",,,n,Hoppy. . 39500 
40TtockOOSPalcnonO,sk . 1095 
4 Drove Cable tOt \/80... . 39.95 
CeflltOl'o(:$179w/U1IC10t 11 1900 
Ccnlrono:; s 701 S.dueCl . 151900 
ANADEX DPSOOO .. . 995.00 
MlcrO·PI...ameasQurckP"nletJ 

.. 39500 
L:aOlelopJug,nf.ApanslO<'l liO 39.00 
PoweISl r,p (6oul1els) 17.95 
Sutlle SupptessOl'IF,lIe' 23.95 
MrC ' OiOI1 Fortt8n on Disk 325.00 
Elecl'o(: Pencrl on CaS~lIe 99.00 
ElecwcPenc.1on D,sk 15000 
Cp/M 10' TRS on D,Sk. 15000 
L,b';),), lOO(ca~Sel1e"l 49.95 
M'ctOCnCss.(C<lSSeliel 19.95 

AY51015A.1 1e6 .1 i~\/1 6 95 
TMS80 111SV 12V1 550 
It.1 S402 7 95 

:g~~7,00~5 ;'.~~~'rrAl~~~~bl~n T,mCt ~~:; TV CHIPS 

IM6403 8 .95 
2350USRT 995 
1671S AsilOS 24 95 
,AL. Tflt4728 .. .......... g.gS 

BAUD RATE GEN 
MCI4~11 

4702 
WDI941 

KEYBOARD ENCODERS 
t J 1S 
1:t'5 
. 995 

AY~'2376 
AY~':I600 
HD01 65. 
74C922 . 
74C923 .. 

..... .. B.95 

.. . .. 995 

AID CONVERTERS 
870081111 ell1ary 
870 1 10 1101 B,rl~"" 
870J H I ~ I IS 
9400 VoIl !O fot "" 1 Con .. 
,J7!>O;)' I,;! OK,,, BCD 
l<iOlJUl r.t~1 

1401lLlllJh,1 
rMCOIAm 

ICL82 I I Vo lJage ReJelencp. . ,. 1.95 
lM390 Balle')' OP A,.dro Amp 3/ 100 
LM IS30 Flu,d OelI!"CIO' 3/ 1 00 
LMIS50GroundFa\.lIlIC . :}I IOO 
LM 1800 Ph/lSI! Lock Loop FM SI"' tlO J / loo 
LMI820 AM RIlCliO... 3/1 00 
053625 Dual Mos Sense Amp . . . 2!O 

l"Uti ll! <i / l:1 95 ,0147 ECLRIIm----:-:-:-9..95 
,4&1/1 4B9 211 99 NE561 . .......... 5.00 
:n P,n sn Sor;kc I 1011 00 LF356HI3jFftl .. 3{1.99 
HnJ Ptom . 2.95 MCM14505 .. .. .. B.95 

~r~~~L:~~~~ '''': ~9'9' ~!~~N:: :::::: i~ ~ ::~ 
75452N .. .. .. .. 8/1 .99 

lM29 17 2 <'5 74 1N·\4 .. .... 10/1 .99 All Sh,,,m~n" FCM or UPS. Otd~" 

:~~~~~.2tJ . . 9.9; :·9 ~~~: : : : .: ::: ~~ ::~ ~~'~gf~l~dOe~1 ~:t ~~00~~~;:2~~ 

AlTENTION 
APPLE II USERS 
1of1P1f) n .... / lf.K 
I(jKUngtade Krl 
Ft(lnnvOrsk \lwIIrHCr1 :lCC 
FJormy D'5 ~ II 
Frrr"w(lt" CruCl 

$1C4!> OU 
1;19 9~ 

59500 
.19500 
18000 

h.ndhnu '" POll . . M.1!etf;hi,~'B.nk · 
.merin,d/COD iCCf"lrd w125'- d_I'<>'; \. 
C.liforni. Relidenl1 . dd 6'" I .. . Forergll 
OtdUI Itdd B% hlndling All P~I1\ ""me 
I.ctoty Ul1ed gu ... nlnd . S.mt d~y 
.n~I. Add .35 cent. tot D •••. 
Rr )ta,lllrIcmll r" .• v,·,u.,.!",,,! MlliIOIl1<!. 
~:~'~;:l~lllrC:;: OC<!'" tl"ltlt.'C r 1\1 r.hllfl{JIl 

P. O. BOX 17329 Irvine, California 92713 Phone (714) 558-8813 ~~~:~I~t~;~~r:;'~;.a~: Ed~~~~r . 
TWX: 910·595·1565 Santa Ana. CA 92705 
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S-100 Single and Double Density 
Disk System . 

DISCUS 2D is a full-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 supplied 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 oontrol. 
The pen can provide up to 255 Y values 
and 511 X values and is softwaredivid­
able to fit any screen size. 

The Apple version of the light 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 pen in 
the user's own programs. A complete 
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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PERIPHERALS 

the I BM System 34. Li ke the original 
single density DISCUS I, DISCU.S 2D 
comes fully assembled with a control­
ler board and a Shugart SA800R full­
size drive mounted in a cabinet with a 
power supply. 

The S-100 controller board utilizes 
the Western Digital 1791 dual density 
controller 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 simplify I/O (input/output) 
interfacing. It is capable of handling up 
to fou r drives. 

Software includes BASIC-V virtual 
disk BASIC, DOS and Disk/ATE as­
semb ler and editor. Extra cost optional 
software, including CP/M Microsoft Ex­
tended Disk BASIC and FORTRAN, is 
ava il able . The price is $1149 for the 
comp lete ly assem bled single and double 
density system, and $795 for each addi­
tional drive. For further infqrmation, 
contact Thinker Toys, 1201 10th St, 
Berkeley CA 94710. 

Circle 585 on inquiry card. 

X,Y Plotter Unit from Sylvanhills 
Laboratory 

This X, Y plotter includes a plotter, 
drawing surface, electronics, and power 
supply completely assembled and ready 
for interface to any 8 bit tran-sistor­
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 inches per sec­
ond with a 24 V supp ly. 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
table 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 95151. 

Circle 587 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 d river software is available 
as ASCII source files on paper tape and 
CP/M small disk formats. TEl and 
Cromemco 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 
consoie and power su pply priced sepa­
rately. The owner's manual can be pur­
chased for $5. For further information, 
contact Sylvanhills Laboratory Inc, POB 
646, Pittsburg KS 66762. 

Circle 588 on inquiry card. 

low power Schottky circuitry, the 
standard Radio Shack 40 pin bus, -and 
provides the following features: two 
joysticks for games, screen editing and 
educational instruction; stereo sound 
using two RCA 1863 programmable 
integrated ci rcuits; parallel printer inter­
face. At an introductory price of 
$129.95, the interface may be ordered 
with a $29.95 optional real time clock. 
Joysticks and music may be controlled 
directly from the user's BASIC program, 
usin g the INP and OUT commands. 
For further information, contact Micro­
tronix, POB Q, Phil ade lphi a PA 19105. 

Circle 589 on inquiry card. 



• Interface to data terminal and two cas­
sette recorders with a unit only 1/10 
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+ '/ior-k 
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 . De­
pendable 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 Kit 
(converts CIS-30+ for use with any com­
puter). MIKBUG® Motorola, Inc. 

In the Product Development 
Queue ... 
Coming PD~. Watch llir announce­
ments. 
6809 Processor Card - With this SS-50 
bus PC board , you'll be able to upgrade 
with the microprocessor that Motorola 
designers describe as the "best 8-bit 
machine so far made by humans." 
The Electric Crayon"" - This color 
praphics system includes its own /LP and 
Interfaces to virtually any microcomputer 
with a parallel I/O port. 
Printer Interface - For your TRS-80T .... 
Interface any serial RS232 printer to your 
TRS-80T'" with this system. 

™ELECTRIC WINDOW. ELECTRIC CRAYON. Pilon-
30 and Pilon-l0 are lrademarks 01 Percom Data 
Company. Inc. 
TRS-SO is a lrademark 01 Tandy Corporalion and Rad io 

' Shack which has no relationship 10 Percom Data Company. 

Orders may be paid by check or money order, 
or charged to Visa or Master Charge credit 
account. Texas residents must add 5% sales 
tax. 

For your data storage - Pilon -3~''' and 
Pllon-10T'" data cassettes 

• Orders-of-magnitude improvement i'1 
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 8-100 computer-the CI-812 

• Both cassette and data terminal inter­
facing on one S-100 bus PC board . 

• Interfaces two recorders . Record and 
playback circuits are independent. 

• Select 30 , 60, 120, or 240 bytes per 
second cassette interfacing , 110 to 
9600 baud data terminal interfacing . . 

• KC-Standard/Bi -Phase-M (double fre­
quency) encoded cassette data. De­
pendable self-clocking operation. 

• Optional firmware (2708 EPROM) 
Operating System available . 

• Prices : kit , $99.95; assembled, 
$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. 

[ ~EfUJ()Ml PERCOMT ... 'peripherals for personal computing' 
PERCOM DATA COMPANY, INC. 

DEPT. B 

211 N. KIRBY • GARLAND, TX. 75042 

Circle 305 on inquiry card . 

CASSETTE SOFTWARE 
For BOBO/Z-BO /LCS ... 
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. 0 
Cassette Operating System - EPROM 
(2708) COS for the Percom CI-812 dual 
peripheral interfacing PC card .. $39.95 

If you 're programming on a 6800 /LC , 
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 AssemblerlText Editor or 
Smoke Signal Mnemonic AssemblerlText 
Editor and produces compacted source 
code suitable for re-editing . Prints or dis­
plays full assembly-type output listing. 
4K bytes of RAM. 
(Order M68SG) ., ...... . .... $25.00 
DisassemblerlTrace - 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 M68DT) .. . ...... ... . $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 & Linking Loader 
(M68AS) ... .. ... . .... .. ... $50.00 
Relocating Disassembler & Segmented 
Source Text Generator (M68RS) $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 I/O 
slol. Assembled & tested ... .. $59.95 
The Percom ELECTRIC WINDOWT ... -
Memory-resident and programmable, 
this video display character generator 
board for your SS-50 bus displays up to 
24 80-character lines. Features dual 
character generators , dual-intensity 
high-lighting . One programmable regis­
ter controls scrolling . Compatible with 
standard video monitors ..... $249.95 
S8-50 Prototype Cards: 
Large card (up to 70 40-pin ICs) $24.95 
I/O size card .. . ... . . . .... . . $14.95 

To order products or request additional lit­
erature, call Percom's toll-Iree number: 
1-800-527-1592. For detail technical In­
lormation call (214) 272-3421. 
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Computer Termina~s Directory 

A use r-oriented directory of com­
puter terminals has been published by 
the Association of Time-Sharing Use rs 
(A TSU) . This guide contains photo­
graphs and full page information about 
each of 120 terminals. In addition to 
the latest pricing information, the 
directory lists each terminal's lease costs 
(when available), the number that have 
been installed, and inform ation about 
whom .to contact at each supplier. The 
Computer Terminals Directory is ava il ­
ab le for $45 in bound form. It is ava il­
able as part of a membership in ATSU 
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 Siavemaster 2650 Multiprocessor 
System . 

The Siavemaster 2650 S-100 bus 
multiprocessor system is based on the 
Signetics 2650 microproc~ssor . The 
system is composed of two identical 
S-100 cards interconnected by one 
ribbon cable. One is . identified as the 
slave and the other the master. The 
only functional difference is that th e 
master h as the ability to reset, reset­
jump, or stop th e slave . 

Both processors operate at full speed 
with fetch and execute cycles interleaved 
in such a way that precise single process­
or timing is maintained. Once synchro­
nized, there is no interaction be tween 
the 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 Siave­
master card include Kansas City cassette 
interface, RS-232/20 mA serial I/O 
(input/output), keyboard interrupt on 
serial input, real time clock interrupt, 
power fail interrupt, eight vectored 
interrupts decoded on board , 4 K byte 
2708 erasable read only memory sockets 
with dual-in-line package switches to 
select reset and powe r-on jump address. 
Th e kit is priced at $198 per board. 
For further information, contact Victori a 
Micro Digital, 401 Dundee St, Victoria 
TX 77901. 

Circle 594 on inquiry card. 
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MISCELLANEOUS 

Western Digital System Speeds Up Pascal 

A set of integrated circuits 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, execu tes Pascal programs at 
least five times faster than conventional 
system software. The system uses the 
version of Pascal which was developed at 
the Univers ity of California at San 
Diego (UCSD). The UCSD Pascal soft­
ware system includes a complete operat­
ing system with the Pascal compiler, 
BAS IC compiler, file manager, screen­
oriented editor, debugging program, and 
graphics package; all written in the 
Pascal langu age . 

The fou r integrated circu its are the 
following LSI metal-oxide semicon­
ductor components: 

• an arithm etic device containing 
arithmetic and logic unit, micro­
instruction decoding, and the 
register file; 

• a microseq uencer device con­
taining macroinstru ctio n de­
coding, portions of the control 
circuitry, microinstruction count­
ers, and I/O (input/output) con­
trol logic; 

• two MICROM devices containing 
the microinstruction read only 
memories and microdiagnostics. 

Direct execution of the p-code (pseudo­
code) produced by the Pascal compiler 
eliminates the previously required host 
operating system and p-code interpreter. 

Additional features of the Micro­
engine system include user-defined bus 
configuration, four levels of interrupts, 
single and multibyte instructions, hard­
ware floating point operations, stack 
architecture, a 3.0 MH z 4 phase clock 
(75 ns per phase) and a transistor-tran­
sistor logic compatible three-state inter­
face. 

Circle 595 on inquiry card . 

Stand-Alone Microprocessors 

Three stand-alon e microprocesso rs, 
the ,uPD8048, pPD8748, and pPD8035, 
have been announced by N EC Micro­
computers In c, 173 Worceste r St, Welles­
ley MA 02181. The pPD8048 contains 
the following features norm ally found in 
external support devices : 1025 by 8 bits 
of read only memory; 64 by ' 8 bits of 
programmabl e data memory; 27 I/O 
(input/output) lines; 8 bit interval timer 
and event counter; and oscillator and 
clock circuitry. 

The pPD8748 (ava il ab le late 1979) 
differs from the pPD8048 only in the 
use of an 1024 by 8 bit ultraviolet eras­
able read only memory for its program 

BASIC With Style 

BASIC With Style by Paul Nagin and 
Henry Ledgard is in tended for BAS IC 
programmers who want to write carefully 
constructed, reada bl e programs. This 
134 page book offers short rules and 
guidelines for writing more accurate, er­
ror free programs. These simple elements 
of style enable the programmer to focus 
creativity on the deeper issues in program­
ming. 

Ch apter 1 is an overview. Chapter 2 
iS,a collection of simple rules, called prov­
erbs. The proverbs summarize the major 
ideas of the book in terse form. Ch ap­
ter 3 is an introduction to a strict, top­
down approach for programming prob­
lems in any programming language. The 
ap proach is oriented toward the easy 
writing of complete, correct, readab le 
programs. Chapter 4 gives a set of strict 
program standards for writing programs, 
and Ch apte r 5 elaborates on several im­
portant and sometimes controversial 
ideas discussed in the chapter on pro­
gramming proverbs. 

The cost of the book is $5.95. 1-1 is 
available from Hayden Book Co Inc , 50 
Essex St, Rochelle Park N J 07662. 

Circle 596 on inquiry card . 

memory , while the pPD8035 is scheduled 
for applications using external program 
mem ory. The functional power of the 
units can be expanded using standard 
8080A/8085A peripherals and memory 
products. The microprocessors are avail­
able in a standard 40 pin , plastic or 
ceram ic dual-in-Iine pac kage. 

Circle 59 7 on inquiry card. 



TRS-80 
FORTRAN 

PLUS 

~~ni~~i5k~::::,! .. snd~I;~~ir:~ ! 

$340 

12K system with one dis. 
dri\'c . Wrilten by Microso ft , 
disianer of level II .nd l evel 
III . Includes Fort r",n compi le r. 
I -eo m.cro . .JSsembler, le.1 
ed itor . .lnd linking lo.der . 
Adds sp«d .lond vcrSoltility . 

ANADEX .PRINTER 
Model DP-6000 $999 

Conneds e.il sily 10 mos t popu ­
r .. , computers including TRS-SO. 
1 b,n is ASCII 'compiltible in· 
lerf .. c'! confi8Ur.ltions ue pro­
vided. 80 columns . 112 cps. 
84 lines per min , bi direCi ion.l1 
print ing _ OUI-of-p4lper detector, 
uses sl,Jnd.,d low-cosl p.pers. 
96 chuacter set, 9 .. 7 dot mOlt· 

ri). ch.r.ulers. Ori&in.ll plus 
up to 3 copies . Skip.over. 
pe rior.ltion control, double 

;i~~e ~~~:;~r ' t.l: ~:i'i:~~ 
Excellent re.ld.lbility . Superior 
to other printers cost in g thrf'f' 
time s as much . 

BUY 7, 
GET 1 FREE! 

"Buy 7 of one type, 
get the eighth of 
tha t type free! 

Order by type no. 
1702A Sl .50 

' 2i~ 10.00 
"116 11 .00 
}1l0}·}SO 1.20 
21 LO}·"SO 1.00 
}1L02·ftSO .ftS 
1 114·4'tO 8 .00 
'i20JQ ).}S 

COMPUCRUISE 
$165 

TRS-BO LEVEL III 

N.lvigation.l com puler 
for mobi le or m.uine 
use! Featu r es cruise 
control. fuel m.lnolge· 
ment , trip compuler, 
timer/counter . W..,ns 
low fuel! Compensates 
for lire s ize , converts to 
metric! 44 fun ctions . 
Mounts easily on d .. sh. 
Easy to read bright blue 
digits. Wit h installation 
instructions . 

BASIC $42 
As .d ... er1ised in M.rch 
Interf .. ce . . l~ds on top 
of le\lel II , turns your 
TRS-80 into ill powerful 

DATA CASSETTES 
10 for $17 

~:~i~,;, s,S:~;:: ke~~~~ 
Highest qUl-lity, leader· 
less! With protective 
plutic cue. Cat No. 11&6 

" bounce" . Softwue CoIS- Cat No. 1142 

:e~:;d:::e '~~~~io~~ 
GU.J.rilnleed utisfutton! 
ut No. 1332 

1602 
1603 
1500 
150J 

1504 
1505 
1506 

1507 
15<)8 
1509 
1510 
1403 
"08 
1411 

1"14 
1417 
1425 
1420 
1427 

TRS-80 ELECTRIC PENCIL 
Callforn,a Computer Sys tems 

MEMORY ADD-ON 
16K $70 Chu.lCter oriented word pro· 

cessin« system. Produce m.lil· 
ing lisls. business forms. luge 
numbers of orisinal correspon· 
dlnce, Colmera re.ldy copy for 
printing ... .III on your TRS·80. 
No c.rria,e ret urns or h yphe· 
n.ltions, line formalt inR is 
done by the Electric Pencil ! 
Also features right mUR in 
justifyin • • paRf' numhring , 

.Ind tilting , .Ind many com· 

~~::~.nsel~~ ~~~ ~e;:!;o ff'a!i 
1 or 2, 16K • .lind virtu.lllI" .IIny 
printer. 

For APPLE TRS ·SO. EXIDY 

Everything yo u need! 
Inst . lls in minutes, no 
speci.1 lools , no solder· 
ing! lSO nsec. $95 Cat No. 1156 

5-100 COMPUTER 
BOARDS 

CCS/M.XVI I&K STATIC RAM MODUlE 
KIT .. . $285 
as ilbove, a&t 
as above, b.ueboard 

HUH/S·l00 MPA kit 
MH PROPROM, 8K EPROM 

BOARD , · . $214 
6834 EPROMS for above .... . 5 10 

MH 100,000 DAY CLOCK, a&t . . $219 
MH INTROL, 64 chan remote 

conlro1 a& t . .... . ........ . . $J29 
WMC/QMl 12 SlOT MOTHERBOARD . . S 39 

as olhove , with connectors . .. $ aa 
WMC/ M EM l 8K STATIC RAM BOARD . . $ 28 

pub only fo r .bove ...... .. $ 80 
SSM/CBl oOaoA CPU BOARD KIT ... · . S134 
SSM/SBI MUSIC SYNTHESIZER KIT . S 145 
SSM/I04 2 PARAllEL + 2 SERIAL 

PORTS KflS ............. . S139 
SSM/102 10 UNIVERSAL BOARD KIT . $ .. 
SSM/VBla VIDEO INTERFACE KIT . . . S129 
SSM/MB3 2/4K EPROM BOARD KIT · . $ S4 
SSM/MB4 2 MHZ S1 A TIC RAM KIT .. . S 89 
SSM ALTAIR IMSAI EXTENDER 

BOARD ........... . S 10 
conned or for .. bove ....... · . $ 4 

SSM/OBI VECTOR JUMP & PROTO· 
TYPING CARD KIT .. 5 47 

CCS = Cali fornia Computer Systems 
WMC=Wameco 
IA = Ithaca Audio 
SSM = Solid State Music 
SDS = SO Systems 
SPL =Speech lab 
HUH=HUH Electronics 
MH = Mount.in Hudwue 
a&t = assembled & tested 

14]2 SSM / MTl IS SLOT MOTHERBOARD . . . $ 39 
1433 SSM/M88A 16K (2708) EPROM BOARD 

KIT .... .. .... ... . $ 88 
1436 SSM/MBI) " K STATIC PROM/ RAM 

BOARD KIT . . . . . . . ...... $ 64 
1438 SSM /V 02 VIDEO BOARD KIT . . S139 
1511 IA 2708/2716 EPROM BARE· 

BOARD ... .. . . ....... .. .. 528 
1512 IA l80 CPU BAREBOA RD ...... $ 32 
1513 IA 8k STATIC RAM BARE· 

BOARD ........ , .. .. .. . . 

~~ ~ACS ~:~:: ~:=~~:~~ :g~:g 
1516 SOS VERSAFlOPPY KIT . 
151 7·0SDS EXPAN DOR AM KIT .. . . 
1517· 1& .IS .Ibove , with 16K RAM 
1517·J2 .IS .Ibove, wi th 32K RAM 
1517·48 as above , with 48K RAM . 
1517·64 .IS .. bove, with 64K RAM . 
11&5 NEWTECH MUSIC BOARD 01&1. ... . .. . . 
1518 SPl 12 WORD SPEECHlA8 01&1. 
1520 SPl ft4 WORD SPEECHLA8 01&1. 
1222 uSOUNDER SOUND EFFECTS BOARD 

iI&l . 

Circle 170 on inquiry card. 

CALIFORNIA COMPUTER SYSTEMS 

XVIl6K STATIC RLlf\I\ 
KIT $285 

A . boa d des;gned 0 IEEE Y-100 Compalib/e. 
fortrth~ s~~1~~ r~~s . Ba~k switching • True static operation 

~:~a~:WY~~r~~~:d~lc ib::r~to~~h Requires on ly +5 volts 
solder mask on both sides! The • 450 n s 
l~~~:~l.fs~i~e TRUE st.1lic ram board • Fully buffered 

Bareboard $27.00 

New! From California Computer Systems! 

WIRE WRAP & 
SOLDERTAIL PROTOTYPING 

BOARDS 
your choice $27 

All S·l00 signals l,1be led on· Double sided , pl ated thru FR4 
board. All circuitry uncom· PC board . Accepts 14, 1ft, 18, 
miled except for 4 multipl e 24, 28, 40 pin lC's. 
re~ula tor pads. High dens ity Colt No. Wirewrap $27 

~~':s.coO~~:::~on8r::~d t:~ Cal No. Soldertai l $27 

8" DISKS SHUGART SA-400 
MINIFLOPPY DRIVE • Single density 

IBM Compatible , 

$40 box of 10 $295 Cat No. Type 

1145 3} sedor holes. 
~~~te "d~n~~, s;r~~~~f: I index hole 

114& IBM J2, 3740, 3540, 
3770, 3790 

Requ ires power supply . 
Cat No . 1154 

TRS-80 SOFTWARE 
Cal No, Description CASSETTES Price 

1093 
1041 
1036 
1042 
1179 
1192 
1195 
1186 
1187 
1047 
1043 
1051 
104' 
1038 
l1S3 

SARGON CHESS, U. . . . ••• • .••• , • • • • • ••• • •• 19.95 
STAR TREK. II. ... .. .. . 14.95 

~~IR'6~~/t;:~ ~~~E~: ~~I : . . . . . . . . . . . . . : : ~:~ 
CRI8BAGE 1/ 11. . . • . • . • • . .... 9.95 
REAL TIME LUNAR LANOER IL . , ...•••• • •.• , . • • ....• . 7.95 
BRIDGE CHALLENGER II . . .... 14.95 

:1~RoR.tll~II~ I. . . . . . . . . . . . . . . . . . : ~:::~ 
OTHELLO 1/ 11 . . . . . . . . . . . .. . ... 5.,S 
SMALL BUSINESS 800KKEEPING Il ll .... . •• • , •• • . .... 14.95 
DAILY BIORHYTHM PROGRAM 1.111 . • . . S09S 

MICRO TEXT £OIlOR 1/ 11 . . .... '. ' 1 :::~ 
~~i:~~~::t~t~~t~(1~~"" : ....... : :; :' i' " .,, 19.95 

VERBATIM 
5114" DISKETTES 

SEND FOR FREE 
SPRING 

CATALOG 
FEATURING: $27 box of 10 

Ca' No. Type Use 

1147 Soft sedor TRS·SO, Apple 
1148 H .. rd, 10 hole North St.lr 
1149 H.rd, 16 hole Micrppolis 

fACTORY rRESH. PRMr 1(,5, ltD'S, 
R[ADQUfS. RECTlfI(RS, ZlNERS, 
u s-ao ADD·QNS, 5·100 BOARDS . 
PC AIDS. TEST EQUIPM£Nl. BOOKS. 
SOnwARE. AND MOR£! 

~~~erbl,y c~~~~e ~~O";.i~iS~iu~~ ~ci~~;c~~::~ 
no . USA . dd $1 .50 for shipping/ h .. ndling , or 
$2 .50 for . ir . Foreign oldd $2 .00. for surf.ue, 
$5 .00 for ol ir. COO's .. dd 85c. All Items gua r.ln· 
teed utisfadion for 120 d.ys! 
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- 7400 TTL .. SN1470N 29 
SN7472N 29 

5H7400N 16 SN7473~ 35 5N14160N .89 
SN7401N ., SN1"].!N 35 5N14161N ." SH1402N 18 5N7475N 49 5H74162N .. " SU7403N . 18 SN141SN .35 5N74163N .89 
5N7404N 18 5N1419N '00 5H14 1&4H .89 
SNHOSN '" 5N7480N .50 5N74165N .89 
5N7406N 29 5N7482N 99 5N74166N 1.25 
5N7401N 29 5N1483N " 5N14 161N 1.95 
SH7408N .20 5N7485N 19 $N7417OO 1.59 
SN7409N 10 SN i486N 35 5N74172H 6.00 
SN74 10N 18 SN748!JN '" SH74173H 1.25 
5N7411N 25 5N7490N 45 5N74174H .89 
SH741:!N 25 SN7491N ." SU74175N .79 
SN7413H '0 5N749lN .43 SN74176N .19 
SN7414H 10 5N7493N " SN74111N .19 
SN7.16N 25 5N1494N 65 SN74179N 1.95 
5N741m 25 S»7495N 65 5N74180N .19 
SN74'lON .20 SN7496N 65 SH74181N .. 95 
5N7421N 29 SN7497N 3.00 5N141S'lH .79 
5N142'lN J9 SN141[JDtI 89 SN74184N 1.95 
SN7423N 25 SN74107N 35 SN74185N 1.95 
5N74'l5N 29 SN74 1091'4 .59 5N74186N 9.95 
SN14~N 29 SN74116N '" SN74188N ,." 
5N1421N 25 5N741'liN 35 SN741itON 1.25 
5N74l9ij J9 5N74122N J9 SN74191N 1.25 
5N1~30N 20 5N14 123N 49 5N74192N .19 
5H14]2N 25 SN14125N " 5H7.'93N .19 
5H7431N 25 SN141Z6N ." S/o/14194N ." 5N1418N 15 5N14132N " 5N74195ft 6' 
SN1439N 25 5N14136N " SN14196N ." 5N744OU 20 5N7414 1N 19 SHH197N ." SN7UIN " 5N74142N 1." 5N74198'" 1.41i1 
5N1442N " SN7414JN 1 95 ·5N74199H 1.49 
5N7U3N 75 SN74144N 1 95 SN745200 ' .95 
SN7.tW, 75 5N141~5N .19 SH7425IN 1.79 
5H7445N 75 5N14 147N '95 5'"'742191'4 .19 
S,",7446N .69 5N74148N ' 29 SN74283N 2.25 
5N7'WN " 5N74 15ON 89 5N742~N 3.95 
SN7HSH .19 SN14 IS1N .59 SN74285N 3." 
SN7450N 2D SN74152N " 5N743&5N .69 
SN7451N .2D SN74 153N " 5N14366N .69 
SN745JN .1. 5N74,54N " SN7067N .6' 
SN74S4N 2D 5N14155N 79 5N74368N .89 
5N1459A .25 5N14156N 79 5H74390N '" SH7460H ,. SIII74157N " SN74393N 1.95 

C04001 13 
CO • .., .13 CD4028 89 .. 
CO.(OO6 ." C04029 "' C04076 '" C04007 .25 C04030 ., C04081 13 
CO'1lO9 .49 C04035 .99 CO~082 13 
C04010 49 C04040 '" CQ.t09J 99 
C04011 .13 C04().&1 '" CO~098 '" C!}4012 25 C04D42 99 MC14409 1495 
C0401 3 39 C().t043 89 MC14410 14.95 
C04014 1.39 CD4D44 89 MCI44" 1495 
C04015 119 C04046 1.79 MC14419 '95 
C04016 ... C04047 ' .50 MCI4433 19.95 
C04017 1.19 C04048 1.35 MC I ~506 " C040 18 ." C04049 " MC I4S07 ." C04019 49 C04050 " MC14562 14.50 
C04020 1.19 C04051 "' MC1 458J 350 
C04021 '" C04053 '19 C04508 '95 
C04022 1.19 C04056 '" C04510 ". C04023 .13 C04059 '" C0451\ 129 
C040:24 19 C04D60 '" C04515 ,,, 
CD4025 13 " C04518 1.29 
CO'026 :2.25 39 129 
C04021 69 

39 
LM34DK-18 1.35 .55 
LM340t<-24 1.35 1.00 
LM340T·5 1.25 1.19 
LM340H 1.25 .3' 

LM3Q5H LM340T·8 1.25 .39 
LM307CNIH LM340T-12 1.25 .79 
LM3D8CI4/H lM340T ' 15 1.25 .39 
LM309H LM340T-IS 1.25 LMI310H 1." lM309l( LM340T·24 1. 25 LMI45BCN/H ." LM310CN lM35BN 1.00 MC148SN 1.39 
LM311N/H LM310N 1.95 MC 1489H 1.39 
LM312H LM373N 3.25 LM1496N .95 
LM311K LM377N 4.00 . LMI556V 1. 75 
lM31SCNill LM38DN 1.25 MCI741SCP 3.00 
LM31;N lM380CN ." LM211 1N .. " LM 320K·5 LM38IN 1.19 LM2901N 2.95 
LM32()t( ·5.2 lM3B2N .. 19 LM3053 • 1.50 
LM32OI(· 12 NESOIN ' .00 LMJ065N 1.49 
LM3201(·15 NESIOA 6.00 LM3900N(3401) .49 
LM3'101(·18 NE5'l9o' 4.95 LM3905N .89 
lM320f(·24 NE531H/V 3.95 lMl909N 1.25 
LM320f.5 NE536T 6.00 MC5S58V " lM32OT·5.2 NESolOl 6.00 8038. .. " lM32t1T·6 NESUN 4.95 LM75450H ... 
LM320T'12 .,""" 1.30 75451CN ." LM320T·15 NE555V ." 7S452CN .39 
lM320T' 18 NE556H ." 7S4S3CN .39 
LM320T·24 ., .... ' .00 1S4S4CN .39 
LM3231(·5 NE561B ' .00 75491CN .19 
LM324N NE5628 ' .00 75492CN .'9 
LM339N NE565N/H 1.25 75493N .89 
LM34()!( ·5 NE566CN 1.75 75494CN .89 
lMJ.40K·6 NE587V1H .99 RC4136 1.'l5 
LM34OK·8 NE570N ' .95 RC4151 2.S5 
LM3~OK ·T2 .69 RC4 194 5.95 

.29 
14lS51 74LS03 " HlS04 35 74l 55-4 14LS157 

14LS05 .35 74LS55 74L5160 
74LS06 19 741573 74LS1S1 
141509 .35 141574 74LS1S2 
741510 19 7US75 14L5163 
1~L5 11 .15 7~LS76 7.cLSI64 
741513 .59 74LS18 74LSI75 
14LS14 1.25 14LS83 74LS181 
74L515 .35 74L5S5 74LSI9D 
74LS2G .29 7~l586 74LS191 
1~LS2 1 35 74LS90 14tsl92 
14LS22 .35 74LS92 74ts l93 
l~LS2& .35 14LS9J 7.cLS li4 
741527 " 74LS9S 74LSI95 
74LS28 35 74L596 74LS253 
74LS3D 29 14lS107 74LS2S7 
74LSJ2 35 74LS I09 74LS258 
14LS31 ." 74LS112 7US260 
14LS40 .35 14LS123 
74LS42 89 74L5125 

74!S132 
7~LS136 
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EXCITING NEW KITS! Digital 
Thermometer Kit 

R~gulated Power Supply 
5 to 15 VDC 

@ - Full 1.5 amp It 5·10V 
output - Up to .5 I mp 
at 15V output 

· Heavy duty transformer .., 
*3terminl ll .C. Volt. RIIQ. _Cua l Hnso rl-.wltchlng contro l for In · 
- Hu t sink p rovided for door/outd o o r o r d ual m on ito ri ng 

cooling efficiency : ~~~~~~u~'O'o~~oC ,.g~·~ti ~~r~a~o lOO"C 
*PC BOllrd cons1fuctlon : ~:tC ~~~CY=:II~rlo0n~~hlg~ 1 Ce islul relldl ng *120 VAC Input 

:~l~'; ~~~?X~·~IIJC'.·5~8ct.~~t\ ~t)lf.~~r Inc l . - Size : 3%"W x S" Lx2"H 

JE210 51015 VDC $19.95 JE300 ....... $39.95 

DISCRETE LEOS TIMEX T1D01 
.200· dl •. LIQUID CRYSTAL DISPLAY 

XC556R red 5/$1 .125" dl •. FIE LO EFFECT 
XC556G green .1$1 XC209R red 51$1 
XC556Y yellow 41$1 XC209G green 4/51 PO. • 2zr 
XC556C clear .1$1 XC2Q9Y yellow 4/11 Bff:ee .200"dl • . .1IS· dl •. XC22R red 5111 XC526R rod 5/$1 

_ ,.J _,_, 
XC22G oreen 4111 XC526G green 41S1 XC22Y yellow 4111 XC526Y yellow 4111 ... DIGIT - .5" CHARACTERS .170" 1111 . XC526C dear 411 1 THREE ENUNCIATORS MV 10B red 4/11 2.00" x 1.20" PACKAGE 

.DlS" dl • . INCLUDES CONNECTOR 
rod T1001 ·Trl nsmitlivl 57.96 

T1001A·Refl.ctive 8.26 

TYP' POLARITY HT PAICE TYPE POLARlfY HT PAler 
MAN I Common An~·rl!\l .210 as MAN 6130 Common Anode·red :. , .560 .99 
MAN 2 5. 7 Dot MllriHeO .300 .. , MAN 6140 C<lmrnon Cilho6e-leO·D.O. .560 .99 
MANJ Common Cathode·rell "' 25 MAN675D Commonc.1hode·red :. 1 .560 .99 
MAN .( Common c.t/looe-red '81 1.95 MAN 6760 Common Anode·ttd 560 .99 
MAN 7G Common Anode·green 300 1.25 M"H6780 ComrnanCalhode·red .560 .99 
MAN IV Common Anode·yellow 300 99 01101 Common AnOOt-red :. I .300 .99 

MAN " 
Common Anode·red 300 99 O170-4 Commoncalhooe-red .300 .99 

MAN74 Common Cathode-led .300 1.25 OL101 Common Anode-rtd .300 .99 
MAN 82 Common AnOde·yellow 300 " Dl728 Common cathOde·red .500 . 1.49 
MAN 84 Commonc.lhode-yel!ow .300 99 Ol741 Common Anode-red .600 1.25 
MAN 3620 Common Aliode-orangl .300 99 Dl746 Common AnOCle·rtd :; I .630 1 . .(9 
MAN 3630 COIl'ImonAnode·oranllt :; I .300 ." Ol747 Common Anode·red .600 1.49 
MAN 3640 CommonCalhode·oranoe 300 99 Dl749 Common Cathode·red ~ I .630 1.49 
MAN.c610 Common Anode·orange .300 99 OL750 Common ~thOlle ·rtli .600 1.49 
MAN 4640 Comrnon~ItIl)(le·onnge .'00 .99 OL33B Comrnon~thDde·reli .11 0 35 
MAN 4710 Common Anode·/ed '00 99 FND70 Common Cathode .'50 .69 
MAN 4730 Common AnDde· rt11 :: I '00 ." FN0358 COIIlmonCathOde .:. 1 351 .99 
MAN 4740 CommonC;altlo!le·rtll .400 .99 FN0359 Common Cathooe .357 .75 
MAN 4810 Common AnDde·yeUow .• 00 ... FNOS03 ComrnonCitll[)(!t(fNOSOO) .soo ." MAN 4840 Common ~thode·yellOw .'00 99 fN05Q7 Common Anode (FN D510) .500 .99 
MAN66tO Common Anodt·orange·O.O. .560 .99 S082-7130 Common Anode· red '00 130 
MAN 6630 Common Anode ·orange :t 1 .560 .99 H05P·3400 Common Anode·red .800 UO 
MAN 6640 Common CalIlDde·oranoe·O.O 560 99 HOSP·3403 Common Cathode rtd .800 2.10 
MAN 6650 Common CalhDde-onnoe:: I .560 ." 5082·1300 4.1 Sill. Orvll.RHOP .600 19.95 
MAN 6660 Common Anode-oranoe .560 99 5082·7302 4 .7 SOl. Otgrt-LHOP .600 19.95 
MAN 6680 Common CattlOOt·orange .560 .99 5082-7304 CMrrangti tftaracler (:: 1) 600 15.00 
MAN 6710 CortvnonAnode·f!(!·O.O. .560 .99 5082-7340 4l7SQt. Oigll·HeUdecim.i1 .600 12.50 

, ·24 SO·loo 
8p1n LP 

14 pin LP 
lB pin LP 
II pin LP 

22 pin LP S .37 .35 
24pin LP .38 ." 211 pin LP ." .• 3 

"""" .60 .58 2G p1n LP SOLDERTAIL STANDARD (TIN) ••• n LP .83 .' 1 
14 pIn ST S.27 .25 .24 
lB pin ST .30 .17 .2' 
18 pIn ST .35 .32 .30 
24 plnST ... .'5 ." 
8 plnSG S.30 .17 .24 

14 pin SG .35 .32 .29 
16 ptnSG .38 .35 .32 
I II pin SG .52 ." ." 

Sn. 1; OHM 

68 OHM 
!in. 160 OHM 

.1 ,0 OHM 
5u. 1.2"; 

3.3K 

Su. 81' 

". , .. 
"'" .,... 

5u. 390' 

-- 211p1n5T S _W .011 ." 36plnST 1.39 1.26 1.15 
40plnST I.Bi 1.45 1.30 

SOLDERTAIL STANDARD IGOLD) 
24 ptn SG S .70 -

11 OHM I~ OttM 
j J OHM 390HM 

az OHM l00 0uM 
120 OHM liOOllM 

~60 Q/IM 680om.I 
,. ~ ... 1.8 ~ 

3.91( .1 ; .. 

'" 1]K 

2;;: 'J< 6" . " 
'''' '''''' J,O" 56'IK 

- .83 .57 
28plnSG 1.10 1.00 .w 
36pinSG 1.65 .. 40 1.18 
4QpinSG 1.15 '.59 \.45 

22p!n WW S .95 .as .15 
24pir!WW 1 05 ... .as 
28pinWW 1..40 1.25 1.10 
38p1nWW 1.59 1:45 1.30 
40pln WN 1.75 I.SS 1.40 

18 0Ht.! nOHM 
-I i OHM !If. OHM I50PCS $1.75 

1100tfM , ~O OHM 
330 OHM J!'QOHM SO PCS 1.75 
670 OHM 

12" J.:". 

~ .6 .. 60.&1<1 

". '''' '9< ~ ;" 
100> • .",. 
n ... J30K 
680< '10. 
I.8M 

IOPCS 1.75 

I50PCI 1.75 

SOPCS 1.75 

I50PCS 1.75 

150 PeS 1.75 
$9.95 ea. 

PHONE 
OROERS 

WELCOME 
(415) 592·8097 

TElEPHONE/KEYBOARO CHIPS 
Push Button Telephollt mailer $1'.95 

~rroG~7c:a~~~eralor 14.95 
4.95 

Keyboard Encoder iSS key51 1 • . 95 
Keyboard Encoder 16 keys 7.95 
Keyboard Encoder 16 keys 5.95 

leM CHIPS 
CMOS Precision TImer 24.95 
CMOS LED SI.pwalcl1mmer 19.95 
Osdflalor Co nlloUer 7.SO 
Seven Decade Counter 19.95 
Clock Generator 6.95 

NMOS REAO ONLY MEMORIES 
MCM6571 128 X 9 X 7 ASCII Shil1td with Greek 19.5O 
MCM6574 128 X 9 X 7 Math Svmbol & Pidures 13.SO 
MCM6575 128 X 9 X 7 Alphanumeric Control 

Character Generator 
13.SO 

TL07'CN 2.49 
TL494CN 4.49 
TL496CP 1.75 
ll C90 r 19.95 
95H90 HI·Speed ONlde 10111 Prescafe r 11 .95 
4N33 rot~:nfr~n g~~'~t~~Dr 3.95 
MK50240 17.SO 
DSOO2£CH 5~h1 2'Phase MOS dock driver 3.75 
TIL308 27' red num dlsj>tay wnnteg too~ cI1ip 10.SO 
MM5320 TV Camera Sync. Generator 14.95 
MM533ll 41\ Dlgh DPM LogI, BIod< (Spec .. 11 3.95 
LD l 10/11 1 31\ DIOH AID Converter Set 25 .00/501 

SN 764n UTRONIX ISO· UT 1 
Photo Transistor Opto·lsolator SOUND GENERATOR 

(same as MCT 2 or 4N251 Generates Complex Sounds 
l ow Power· PrOQr;mm.ble 

2/99¢ 3.95 each 

W 
IN746 '00m 
IN751 'QOm 
IN752 '00m 
IN753 400m 1011.00 
IN7~ '00m 611.00 
IN757 '00m 15/1 .00 
lN759 ' 00m 1211 .00 
IN959 '00m 1511 .00 .. '" '00m .. 18 
IN5232 lOOm .. 18 
IN5234 lOOm .. 18 
lN5235 100m I. " lN5236 1. 18 
IN5242 " IN5245 .. 60 
IN456 1.10 
lN458 1.10 
lN48SA 1.80 

CI06Bl 
"PSA05 
MPSA06 
TI597 
TlS98 
'II'" 
40410 
'11073 
2N91S 
2N2219A 
2H2221A 
2H2222A 
PN222'l P!tsl)c 
2N2369 
2H2369A 
MP$2369 
2N2484 ,.-
1rm07 
PN2907 Plastic 
1H2925 

.OD1"F 

.0047"F 

.01"F 

.022"F 

1!r' 
FIlM CAPAerroRS 

.OOlml :,0 .022ml .13 . 11 .09 

.0011 .07 .047ml 2' .. 17 .13 

.0047ml ..• .07 .,m1 .17 .23 .17 

.Olml .11 .lD .• 7 .22ml .33 .17 .12 
.1/35V +Ta- Dl7/D T:,rlAlU~f&euDI CUA~. 26 .21 
.15/35V .28 .23 .17 2.2125V .31 17 .21 
.22!35V .28 ." .17 3.3!Z5V .31 .27 .12 
.33f35V .28 .23 .17 4.7t25v .32 .18 .13 
.47t35V .18 .'3 . 17 6.8125V .36 .3 • . 25 
.6SIl5V .18 .23 .17 IO/25Y ..• . 35 .n 

I.O/35Y .18 .13 .17 15"'" .83 .50 .. •• IATOftI' AlUMIfUM fUCYROL me CArAaTOftI 
AlJ.lltld RMI.I t..., 

.471fII'J .15 .13 .lD .47/25V .15 .13 ..• 
1.0lSOV .16 ." . 11 .4115JN ." ." .11 
3.l!5OV .1' . 12 .09 1.0/16V .IS .1' .lD 
4.712SY .15 .13 .10 l .oa5Y .18 ." . 11 
10(2SY .15 .13 ..• 1.0/5DV .16 .14 . 11 
1.J5OV .16 ." .12 4.7116V .15 .13 ..• 
12125V .17 .15 .12 4.712SY . 15 .13 ..• 
2215DV .2' .20 ..• 4.7M1 .16 ." . 11 
41125Y .19 . 17 .IS IOIlBV ." . 11 .09 
47J5lN .25 .21 ." 10/25V .IS .. , .lD 
l00J25V ." .10 ." ' .J5OV .'8 ." .11 
.0015OV .35 .30 .26 "J5OV ." .21 .1' 220125Y .31 .28 .25 lOOf16V .19 .1' ." 11OJ5OV ." .'1 .38 l00/2SV ." .10 ." 470125V .33 .n .27 .00J5OV .35 .30 .18 
101l0116V .55 .50 .'5 220116V .13 .17 .18 
22D0116V .7. .62 .55 .70/2SY .31 .18 

Circle 200 on inquiry card. 



Tl'ansistol' Checkel' 

P a rt No. 
oB25P·4·P 
oB25P·4·S 
oB25S·4·S 

oJ14·1 
oJl6·t 
oJ24 · t 
oJ14 ·1·14 
oJI6· t·16 
OJ24·1·24 

- Completelv Assembled -
- Battery Optl rated -

Tho AS I Transistor Checke r is cap­
able of checking a wide range o f 
Hansilto r type., either "In circui t" 
o r out of ci rcuit . To operate, 
limp ly p lu g the tr aM I.tor t o be 
checked Into t he fron t penel 
socket, or con nect It wit h the a ltl­
gator clip test leads provided. 
The un it safely li nd automa t lc al ry 
Ident lfle. low, med ium and high· 
power PN P and NPN tranllstor •. 
Size : 3 %" It 6y,, " x 2" 
"c " ce/J bsttery not Included. 

DB 25 Series Cables 
cab~ l&ngth Connectors Price 

4 FI. 2·oP25P 515.95 ea. 
4 FI. 1·oP25P/l ·25S 516.95 ea. 
4 It. 2·OP25S 517.95 ea. 

Dip Jumpers 
lit. 1·14 Pin 
1 II. 1·16 Pin 
I It. 1·24 Pin 
1 It. 2·14 Pin 
1 It . 2·16 Pin 
1 II. 2·24 Pin 

51 .59 ea. 
1.79 ea. 
2.79 ea. 
2.79 ea . 
3.19 ea. 
4.95 ea. 

25 Pln·D Subminiature 

S2.95 
S3.5D 
51.75 

---IDl DA(IOIGAIUPP'ORTOEVICf'---,- "'" 59.95 
8212 8·BIIIAPut/Output 3.25 
8214 Priority Inlerrupt Cor.crol 5.95 
82" ~·OirtdlDnll Bus Orioter 3.49 
8224 Qock GtnlfltotlDrfvtr ' .95 
8226 Bus Drtv.r 3.49 'm S'fsttm ConttDlltr/Bus Onver 5.95 
"38 Sy,'emCon'rol1l!r 5.95 
8251 PrOO. Comm. 110 (USARn 1.95 
8253 Ptog. lnlervlrTIrner lU5 
8255 ProoPerlph. IJO(PPI) ' .95 
8257 PrOljl . OMA Conllol IUS 
8259 Proo Intrrruot CornTO! 19.95 
---Il0l/1110 ' ttrP'ORT DlVICI!I---
MC6800 "PO SI4.95 
MC6802CP NPU with CIodIlncI Ram 24,95 
MC68 IOAPI 1111)(8 SIalic: Ram 5.95 
MC6821 Ptriph Inle •. Ad~I (MC6820) 1.411 
MC68/. PrioritylntttruPlControilef 12.115 
MC683OI.. 1024Xa Bil ROM (MC68A30·S) IUS 
"C68S0 Asynchronous Comm. Ad~(er 1.95 
MC6852 SynchfonouI StriIlDatJ~I . ' .95 
MC6800 O·600bp, OIqitai MODEM 1 2 . ~ 
MC6862 2'00 bps Modulalor, 14,95 
MC6880A Ouad 3·SI.Ileus.. Tnu (MCBl26) 2.25 
--~PAOC('IOR CtlI'S--MISCEWJtfOUI -
28Oil 11OCJ "'" $19.95 
l8OA(780-1) CPU 24.95 
COPI802 "'" 19.95 
26SO .PO 19.95 ..,. 8-811 MPU . /cIocIc , RAM, 110 NIIIS "95 
P8085 CPU 19.95 
TMS9900Jl 16·BIt MPU w/llardware. mu~Jply 

&dlvlcte 49.95 
SHIFT R£GfIT£RS 

MMSOOH DIal 2S Bit Dynamic ' .SO 
"MSOl" 0uaI SO Bil [)yrwnk .50 

. MM504H Cl.III 1!S1It1 SIalic .50 
MMSOtiH (kIal l00 8/1 Static .50 
MMSIOH Dual 64 Bir AcQImlll.ltor .SO 
MM5011iH 500/51 2 BlI OyNmic .89 
250" 10240yr\lm1c 3.95 
2518 Hb32 BitSlilic 4.95 
25" 0ual132BItStatic 2.05 
252' 512SIIIIc .. 
2525 1024 Dynamic 2.95 
2521 Dual 2Y BitSlitic 2.05 
' 52' Dual 250 SIalic ' .00 
2529 Dl.llJ240BilSWit ' .00 
2532 fWdBOBilsu,tic 2.95 
253' I024 StItic 2.95 

"" rd, '" 74lS610 U 4 Reoisl.tFlle (TriSUI.' ". 
UARrI 

A·Y·S·1013 3!JI( 8AUO 

---"'CRO"'OCIIIOR MAHUAl8-- -
Iot ·Z80 User Manual $1.50 
M·COPI802 Use. Manual 1.50 
11.1 ·2650 User Manual 5.00 

"OM', 
151 312140) Cl\lractltGenentlorfuppercas.) SUS 
~513(302 1 ) C!laflCferG'l'Iel'llor(lOwercase) ' .95 
2516 Charact.r GenonlOr 10.95 
MM5230N ~B·81t Reid Only Memory 1.95 ...... 
1101 256)(1 Sielic $1.49 
110' 1024)(1 1lyM"'" .99 
2101(8101) 256X4 Sialic ' .95 
2102 1024XI SI.!iC 1.75 
21102 1024X I STilic 1.95 
21 11 (8 111 ) 2S6X' Sta'" 3.95 
2112 256X4 SllticMOS 4.95 
2114 1024)(4 SlIItie450ns ' .95 
2tl4l 1024)(4 S1l!iC45Onslowpowtt 10,95 
2114 ·3 1024)(4 StitIc 300ns 10.95 
2114l·3 1024X4 Sllfic3OOn! 'iowpower 11.95 
5101 ,..,. Sttfle 1.95 
528012 107 4096)(1 Oyl'llmlc 4.95 
1489 16)(4 SIalic \,75 
745200 2S6Xl SllllcTristrl. ' .95 
93421 2""1 S.OIe 2.05 
UP0414 " Oyl'llmic l6pln ' .95 

(MK40l7) 
UP0416 16K Oyrwnit 16 pin 14.9S 

(MK41t6) 
TMS~OC4· " Sialic 14.95 

4SNl 
TMS~~5 1024)(4 SlaUc 14.95 
W 1 t6.:J8.4l1 1 O~mlc35011$ 9.95 

(house marked) 
MM52fi2 2"'1 0, .. """ 

~/t . OO 

mOM', 

""'" "". 'AMOS $5.95 
TM52516 16K' EPROM(lnlllI 2716) 49.95 
(2116) ·R.ql.llres s11lQ\e ... 5\1 power supply 
TMS2532 iK)(1I EPROM 89.95 

"03 8K EPROM 10.95 
2716T.I 18K" EPROM 2US 

"Requlm 3 vollllg". -S\I, +5Y, +12\1 
5203 2048 FAMOS 
6301-1176111 102. TrislillBlpo/ar 
6330.1176(2) 256 Open C 81polir 
62S23 'IX! ODen CoIIec1or 
825115 . .,. 81polu' 
625123 32X8 rrb lil' 

S12 nlOpenColllCfOf 
TTL Opttl CoBector 
SIIIIe 

$139.95 Kit onlv-';;;_~-I 
~~=::::ir!~e~sr:ra: r~'co':;ct!,~ ~stla~~ I'CO";","",I, ",'i"ol,"" I 
anolher modem .nd termln,l 10f lelephOOll "hamming" .nct communications. 
Idditlon.itl. 'reeo' clillcal lctJu51I1'11nlslndlsbuillwithnon·precislon , reldi~aVIIIIblt 
parts. • 
0111 TratlIITIIUl DII MItbttI ..... Frequency·SMt KtyinQ. lulH:litPlex (lIat1-dupitl 

selectable). 
M .. lmom 0111 Rli. ...... . .. 300 Sutd. 
DIll f«mIl •................ Asynchronous Seriallrelum 10 mark lev!! required 

be1vfeenuChcllmctel'). 
RICII" CUIINI Ft •• flel" . . . 2025 Hl for space: 2225 Hz lor rnvIt. 
TfiMmil CflIIIUI ~1IIdn .. Swilth selecuble: low (nGm\lJI - 1070 SPitAl, 

1270 tmrlc: Hlg/l .,; 02$ lpace. 2225 mart. 
RautJ •• ",.It1wtly ., ........ . - 46 db", accnustica1ly c:oupitd. 
Tfl llltlllt lnIl ., ........ , ... - 15 dbm nominal. Adlultable trom - 6 dbm 

rn - 20dbm. 
" . ctlnf,..,mcyT.I. rafIC • ..• Frequency rel l rencelulcm.IIClttYldll.lstslo 

l ilow lor Opefliltion belW&en 1800 lit Ind2400 Hz. 
OIVtl.,DII.Im.rtICl . •... . ... EIARS·232Cor20rnAcurrenltooli(~11s 

optoisolalld and non'poUr) 
Ptnr ..... lrtm.Ml . . .. 120 VM:.. single Dllasl. 10 Wans. 
,.."..caf ............•. ... ... AU components mounl on I sfnQle 5" by g' 

DnnlfdrlfCllllbOird. AII inCluded 
OsclltJtor. Ft.que.1CV . 

TRS-80 
16K Conversion Kit 

Expand your .4K TRS-80 System to 16K. Kit 
comes complete with: 
• Beach UPD416·1 (16K Dynamic Rams) 250NS 
• Documentation for conversion 

TRS-16K $99.95 
CASSETTES 
. 6 EACH 15 MINUTE HIGH 

QUALITY C·15 CASSmE& 
• PLASTIC CASE INCLUDED 

12 CASSmE CAPACITY 
• ADDITIONAL CASSmES 

AVAILABLE # C·1S·S2.S0 

A; ,lit 'N".lfl al lilt PllnJ ,WI .... ~;:.:.;~=--=-~~~i:':-:~=::;:.;:::::.::.::;:;:;:=~ 

· 41 MW 

Can be added in series 
higher voltage or parallel 
higher current. 

#SC 2x2 $1.95 ea. or 3/$5.00 

the 3 rd Rand 

111'" ... ,.., 1>11_ "~P'Y " .. , b,"'~. 
,HUict " " ·Rf9ul .,..,'lInC .uppl, 
'","'oWOCiloClloOnl ll"lOJIAr, 
"111 l'II WIII .. I •• IWDC .. \II - IS 
VDC 0.5" ",ppl"I, 11t h .. ,'~ 
.......... tI , lno! ""'.~tf<dt'nly Id,YII 
... OYIPwt ... It" . II ""' .. ,fld ...... 
~I ' ,,'" - '511 ""P.htL 10'flv" 
l .n A. 

JIII!!!UL .l!!!e!!L ..f!1a. ~ !I .. ~"' PrIce PI-6 6.0, 4.5,1.4 $15.115 PI·102 7.0, 4.5'1.4 $H:H 

UHF Channel 33 TV Interlace Unit Kit 
.vld. Band BIW or Color Syst.m 

.. Conv.rts TV to Video Display lor 
home computers, CCTV camera, 
APille II . works with Crom.r.o oaz· 
zler. SoL·20. IRH O, Challenoer, 
stc, 
MOD II is pretuned to Chann.1 33 
(UHF) . *' Includes coaxial cable and antenna 
transformer. 

MAKES CIRCUIT ASSEMBLY A BREEZEI PI·l00 6.0, 4.5, 1.4 $11.15 PI·103 9.0,6.0, 1.4 $44.15 

Lets you work with both hand.. $9 95 ea tE~PI~.1~n1iii6·r°.!' ~4.~S~'~1.~4~~$22~·lI5iM~nP~.~.1~04~~~9~.8;'i8~.0='!1=.4-~$54~·~II5~rli~IJL-~;:i~~411:it~~1 Sturdy Aluminum Construction... SV.·DlIII PortIbl. DMM = $ = 100 MHz 
;fCI~~:c~~r~.~r:d;rOn~t~ : ~\~:,\~r;t~~~ay _~'''.I_ I"C.''''' __ ,,_ a .. Olglt 

·'JE701 

bOlrd . Insert circuit bOlrd, : ~~~t~;I:: ope'.rlOn : ~~~~~s':.a~Ranoe • Four powe~~~~~~~ 1':::;~~;i;ii""!I;;;;;;o;iiiOi .. .gilllir;;;;;_"! 
position components. • I m~ IYa 0 I onm 'tsolullon • Cry'tJl 'wnlltllied llmer"se b,n.t1es. 11 0 or 220V with 

- Flip circuit board to fl.t : ~e~~QQ;~~t::~~Me"Ce . : ~~~:::~ma:mpleler~ ~~;!gr!~a~e~ I:I:.t: ~~: 
position for soldering Ind • oc Actur.cy I-. Iyplul sdI'CO'Ilalnid 7.2. IOV powtr 

clipping. :;=~~~= · O· IOOOV • ~I~ I 7S-I1738" MAX~l00 

GUM. clo ck ch ip 
_Switches for hours, minut e, 

end hold mode. 
_ Hit, ... Hy vl aweble to 20 h . 
- Simulated waln ut cn. 
-11 5 VAC operation 
-1 2 o r 24 hr. operation 
_ Incl. a ll com pone nts, ca .. & 

wa" tren .former 
- Size: 6%" x 3 ·1/0 " )C ~", .. 

freq Rt1I)Ot'1St 50·.&00 HZ 
De,At Current. 0' 100mA 
Rtsrsrall(t 0·10 mtQ onm 
Silt 6 ~ .4" ~ l 
_ori •• : 

AC Adopt., aC·2I 
RoeII. ra.·bl. 

8.tltriH 8p·2I "P1ug/Jack Int,rtm to lIlY 
... ~~;.;;.;.,.._.....:::;;.:=..;Ca;;;.';.; • ...;;.;...;;.;.:..;.=.&.;;;.;;.:..;.;.;;... _____ =_I_' .... -_C.l_I_Sl_ .• -I ~:~:~te~~r~~r~f r::~~~~: 

6-Digit Clock Kit $19.95 :":~~ conlr11ls cas,,". 

ADAPTER BOARD tape Ioqatlon with Its Internal 
speaker 1 and requl ros no 

- Adlpts to JE200 - =~ri~nm'rr:e:f~c~~gS~r~ I.-=~~~~~:~~~~~~~~~~l motor functions, monilors 

.U ... LM309K UV. ±9V .nd ±12V log "'m~r loading ope~ . 
~ -.::, . . .. . • · H .. t sink provided D&JIj~1 oDC/DC c:on verter wI o..:;llo::;n.;:'ro.::;m:-::cas::;,,";:::::,;..' -:~-';';;;';':';';;;-:,:-"=7--:--I 

-PC Bo.,d construetion +5V Input ... 
-Provides. IOlid 1 emp ·Toriod. 1 hi -s peed 

0 6'10111 switchlngXMFR 
-Cen supply up to ±6V. ·Short eire. protection 

± 9V end ±,12V with · PC Brd . eon.truetlon 
JE206 Act.pter ·:~:r~-b.ek to JE20Q 

.~:~!:.~:~ ~n':~:~; ·Slze : 3 ~" x 2 "x 9/18" h 

.Slze,3l!"x6" x2" H • JE205 $12.95 JE200 $14.95 

I "':':==::::--:=-==-=:-:::-::-::-:=:~:---t I On! U S F nd 0 I Spit ShHts - 25~ $10.DD Min mum e, - . . usn y 1979 C.tolog Av.n. bl.....s.nd elC , I.mp 

caIH~esI~dlnts - Add 6% Sales Ta.1 !I'!I PHONE This case Is an Injection molded 
unit that Is Ideal for uses such 
as DVM , COUNTER, or CLOCK 
cases. It has dimensions of 4'12" 
in length by 4" In widlh by 
1·9/16" in heiohl. It comas 
complate with a ,ed bezel. 

$3.49 each 

Circle 200 on inquiry card. 

-I . f~~ ~\~ iii ORDERS 
., ~1g CS WELCOME 
~,/~ ........ ,""'''''''''''' ... ,,'_ (415) 592·8097 

MA IL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS. CA 94070 

ADVERTISED PRtCES GOOD THRU JUNE 

Hexadecimal 
Unencoded ' 

Keypad 
19·key pad includes 1-10 keys. 
ABCOEF and 2 oplional keys and a 
shift key. S10.95/each 
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Universal I nterface Converts IBM 
Selectric Typewriters 

This universal interface unit has 
been designed for IBM Selectric type­
writer conversions. The unit will inter­
face to any RS-232, IEEE-488 or par­
alle l port. A microprocessor is included 
on the circuit board for data flow 
control, formaUing and character set 
selection. Installation on the Selectric 
is easy and does not affect normal 
typewriter operation. For those who 
do not want to convert their own 
typewriter, the company provides fac­

, tory install ation service. Selectric type-
writers with conversion systems in­
sta ll ed in accordance with factory 
instructions are still e ligible for IBM 
warranty and service provisions. For 
further information, contact ESCON 
Products Inc, 171 Mayhew Way, Suite 
204 , Pleasant Hill CA 94596. 

Circle 581 on inquiry card. 

Printerm Model 879 Micro/Mini Printer 

The Model 879 Micro/Mini printer is 
a hi gh speed bidirectional printer wh ich 
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 ex pand­
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, combina­
tion pin form and roll feed, or tractor 
feed . It contains 2 K bytes of memory 
for fu 'lI page video dump . The price is 
$ 1395 for the standard model. For 
f urther information, contact 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 II system is a low cost 
graphics modification for the Digital 
Equipment DECwriter II printer. I t is 
available to upgrade ex isting printers, 
or can be facto ry installed with a new 
printer. The Graphics II system con­
sists of a replacement circuit board for 
the DECwriter II and is p lug compati bl e 
with internal cables for simple installa­
tion. The new circuit board uses the 
F airch ild F8 microprocessor. 

The DECwriter is a dot-matrix 
printer, and the Graphics II a llows 
printing of a dot anywhere on the 
page. Bidirectional line feed is intro­
duced, and the Vector Graphics capa­
bility allows the printing of a line 
between any two points on the page by 
using ASCII charac,ters to specify the 
end point coordinates. This means that 
graphics can be generated by using the 
printer keyboard. 

ASCII and AP L ch aracter sets are 
standard , and other character sets can be 
used. Characters can be printed in any of 
'four rotational ori entations, and printed 
n'ormal size, heavy bold face, or ex­
panded width. Th e printing of bar code 
is a lso availab le . 

The average printer speed has been 
increased to 50 characters per second, 
and data may be transmitted in bursts of 
up to 1000 characters at 1200 bps. 
Oth er features in clud ed as standard are 
EIA RS-232, 20 mA current loop and 
TTL interfaces, auto lin efeed, top of 
form, and horizontal and vertical tabs. 

The Graphics II system is priced at 

High Density Video Programmable 
Memory Module 

The MTX-2064 and MMD-24S0 are 
new members of the Matrox video 
programmable memory family (V RAM) 
of TV video controll e rs. The fam ily 
provid es an interface between any micro­
processor and a TV monitor. On the 
input side the VRAMs look like a 1280 
Of 4098 by 8 bit static programmable 
memory with an access time of 500 ns. 
The output of the MTX-2064 is a video 
signal provid ing a flicker free display of 
20 lines by 64 upper and lower case 
characters. The MMD-2480 provides 24 
lines of SO characters and limited grap h­
ics capabi lity . No external refresh or 
memory is required. Any character may 
be displayed normally, inverse ly or 
blinking. 

The bus structure permits direct 
interfacing to most micro and mini­
computers. Being part of memory, 
the fu ll power of the processor in­
struction set is available for display 
manipulations. A universal phase lock 
loop module permits the MMD-24S0 
to be locked to an external sync source 
such as a TV camera. Another opti<;>n 

$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 card . 

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 p riced at $295 and the 
MMD-2480 is $395. For further infor-

..- mation, contact Matrox Electronic Sys­
tems Ltd, 2795 Bates Rd, Montreal, 
Quebec CANADA H3S 1 B5 . 

Circle 583 on inquiry card. 



CALiFoRNiA DiGiTAL 
p st Office Box 3097 B • Torrance. California 90503 

S'ankyo Magnetic 
Card Reader 

$59 
These Sankyo 1/0 units a r e capable of storing and retrieving ove r 
400 characte r s of data in under two secords. 
The fiexability of t his device l ends itself to numerous applications. 
As an input reader to a computerized security system. the com­
puter has the ability of identifying the card holde r and adm itt ing 
only those individuals who are author ize d to enter the premises 
during specified time frames: The device is also suitable for 
maintaining customer information files. or any other application 
where small amounts of information must be quickly entered into 
a data process ing system. 
Accepts 2" by 11" HP styl e mag- cards . (Similar to bank cards.) 
Motorized feeder pulls the magnetic card ac r oss the four channel 

head. NEW cost $200 . F ull documentation 

your choice 

bd DB2SP 
mile plug .. hood 

or 
DB2Ss female 

S3~5 
11'1111 lohl" .125x.250 Sl.ts 3/ t 9.00 
Imlll w/ w.125centtrs "4.'5 3/ t13.00 
Altair IOldtrhll .140,.. n .e5 3/ t15.00 

SPECIALS 
221441(11'1 t,tltt.15'" " .n 3/ $$.00 

n~~~ ~'~~':ot:t" .~~~~5' 11::: ~~ :~:gg 

JI" UNIVAC 'I KEYBOARD 
Th.tlmoo.tIS.,.,ryUnIYIC 11,OHoil.",huyOOlIIl.UemI)ly 
II now 1~llllbIe tram Clhlo".-. Inllulllill 10' OI'IIV $21.88 
T"lld •• lcompull. lnpulllnlcliollccounllnl.lnd 
mlll>flftlhcJlnl T"8nUIP!l.lc_ ........ placa!lOnlhlto_1 
Ih ... 'OWl 10 ,es.ambia I lin II.,. .IIIIJII>g mlchinl . Thll 
J~I.JIowtOlllh.nCladnu""tlk:d.I • • nlry 
Onginll COIl ..... Sla5 UNCI bill glUlI.nltfll in " clI\tni 
cond,:lo<l. COmpllll ",.In cIOC~ .... nlltlOl'l 

..-~9.~p 

P lu gs directly into you Apple 11. 
Allows you to enter nume rics. 
punctuation and upper case alpha 
characte r s. all from the data 
entry pad. Sold assembl ed in 
walnut finished enclosure. 

KEIIES 
APPLE/ IRS·SO 
Mini· Soft sector 

COLOR - GRAPHICS- SOUND 

51024 
PLUS SHIPPING 

Mf,.~ u, . 
Retail .... 

'1195 

----------~~~~~----------
Certified Dlgllal 

CASSETTES 
~ Shugart Associates CALIFORNIA DIGITAL DigiCAST 

A/V-100 Won·t drop I BIT ! 

• 

DISKETTES ·5.S0 

BinchSoftUBM' II 
Blnch 32 seclor 
Mini Soft sec. 
Mini 10soclor 
Mini 16 sector 

MEMORY 
TRS-SOSB5 I 
APPLE II I j 

16k memory (8) 4116'5 
• As you may be aware , publlshers 

"equire advertisers to submit their 
ad copy 60 to 90 days prior to "press'" '}o 

dale. That much l ead time in a voLatile 
suc h as memory circuits. makes it ext r eme ly 
to project future cost and availabll ity . ~ 
To obtain t he bes t pricing on memory we have made 
volume comm itments to our supp liers . which in turn 
affo rds us the OPPo l·tunity to seU these circuits at the 
nlost competitive prices. Please con tact u s if you 
if you have a de mand for volu me state of the art mem­
ory products. 

STATIC 1-31 32 - 99 

21 L0 2 450nS. 1. 49 1. 19 
21 L02 250nS. 1. 69 1. 49 
2 114 11<.,,4 450 6.95 6.50 
2 114 1Kx4 300 B. 95 B. 50 
4044 4Kx l 450 5.95 5. 50 
4044 4Kx 1 250 9 . 95 9 . 50 
4045 11<>:4 450 B. 95 B.50 

100-5C -999 

. 95 
• 

6 .00 

1K+ 

.89 
• 

5.75 
• 

· 40'15 lKx4 250 9.95 9 . 5 0 

1. 05 
1. 45 
6 . 25 
B.OO 
5.00 
9.00 
&. 00 
9.00 
7. 05 

• • 
5257 low pow. 7.95 7.50 6.75 6.45 

SPECIAL CIRCUITS 

24.95 
9.95 

22 . 50 

49.95 

AY5-1013A UART 4.95 
Floppy Disc Controllers 

WD1771 s in gLeD. 39.95 
WD 1781 Double D 65.00 
WD 179 1 0/D3740 • 

EPROMS 1- 15 16-63 64+ 

1702A 2K 4.95 4.50 4 . 00 
270B BK 9 . 95 9 . 50 9 . 00 
2716 5v 16K 49.95 45. 00 42.50 
2532 32K 

SASOO·R Floppy Disk Drive 
rhe most cost e ffe ctive way to slore data proc­
ess ing information . when random recall is a 
prime factor . {'he SABOD is fully compatible 
with the IBM 3740 format. Write protect cir­

16 BiT 8086 
S-100 CPU Board R.F. MODULATOR 

Di rectly addresses one megabyte. 
8 bit un idi r ectional &. 16 bit bi­
directional. 4K of static memory 

S2995 Bro.adcast both 
• audlo and vldlO 

low maintenance &. Shugart quality. 

on board. 00 

~~ , 
-~ 

PORTABLE DATA ENTRY SYSTEM ~ 
These used data terminals were originally designed for chain store inventory con­
trol and o rder entry systems. The operator e~ters the inventory cont r ol number •. 
merchandise on hand and the unit price. After all pertinent data has been entered mto 
the recorder. the main warehouse is te lephoned . the handset is -p laced in t he acoustic 
coupler and all the recorded information is transmitted back to the master computer. 
With a little imagination and one of these portabl e entry systems. you should be able 
to exchange programs and computer information with associates across the country. 
All units wer e removed fr om service in working condition. Original cost $2 . 500. 
Each system comes compl ete with: 

- Five Gould "Oil NiCads 
- Acoustical Couple r 
- Battery Charger 

. DB25 Cabl e 
_Shoulder starp 
- F ull Documer.tation 

on your e xisting c oLor 
television. Recommen d-
ed for the II. 

7101 C&K ON · NO'~·ON 
7107 jbt OH ·OFF (mnt. ON) 
nOI CK ON· (moment . ON) 
Rocker JBY __ DPDT 
Rohry 3P-4 -P0 5. 
Rotary 3p· 6-P0 5. 
Push B .4/ $1 

This precision 110 assembly features 
remote software controlled search wire wrap low profile 

~~ie:b~~~~rsT~~~~d~~:n~~~~~r.~t~~ 
control direction and speed of the 
transport. 
The assembly consists of a Raymond 
cassette transport, chassis, mother­
board and !hree 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. 

pi ta. 25 50 lit. 25 50 

14 37< 36 35 
II 38 37 36 

17< 16 15 
18 17 16 
19 18 17 

24 99 93 85 36 35 34 
40 169 155 139 63 60 58 

KYNAR;m 



Polytorylc Keyboard System Generates 
Orchestral Textures 

Energy Monitor Saves Money 

The Energy Monitor is an electronic 
device with a built-in microcomputer 
that budgets energy use on a daily basis 
and converts kW usage to visual dollars 
and cents. The amount of energy used 
is continually and automatically dis­
played In dollar amounts on a lighted 
digital display. 'Set a budget, and if 
usage exceeds the desired budgeted 
amount, a warning flashes. At the end 
of the billing peri.od the Energy Mon itor 
automatically resets to zero and starts a 
new month's computation. In addi­
tion to the savings on utility bills, 
consumers are entitled, under the 
Energy Tax Bill, to receive an invest­
ment tax credit for the purchase of 
this energy-saving tool. ' 

Installation is simple and inexpensive. 
A lighted panel displays eight functions: 
current dollar cost for energy used, 
projected amount of next bill, amount 
of last bill, billing date, chosen energy 

Computer Desk for Cromemco 
Computers 
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MISCELLANEOUS 

The 1550 Stringz-n-Thingz kit is a 
poly tonic keyboard system from PAIA 
Electronics, 1020 W Wilshire Blvd, 
Oklahoma City OK 73116. This multi­
purpose instrument is capable of gen­
erating 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 complement of 
operator controls allows switch select­
able keyboard split, separate mixers 
for upper and lower keyboard, variable 
vibrato and chorusing rate and depth 
controls to allow reed organ and pipe 
organ voicings, and variable sustain 
controls for piano and strings. 

A standard gate trigger jack allows 
the 1550 to be interfaced to any of 
the commercial synthesizers which fea­
ture systems interfacing jacks. This 
allows capabilities for brass synthesis, 

budget, cost per kW hour, date and 'time 
of day. . 

The unit retails for $295. For further 
information, contact Dupont Energy 
Management Corp, 3301 Conflans, Suite 
102 , Irving TX 75061. 

Circle 606 on Inqulrv card . 

Cromemco Is offering a new com­
puter desk for the System Three and 
other Cromemco computers. The desk 
is styled and constructed to fit into 
any office surroundings or professional 
environment. The computer is mounted 
into a special shelf under the desk. 
This leaves the top free for a termi­
nal, printer, or oth er unit, or as a work 
surface, while still providing the oper­
ator easy access to the computer for 
disk loading and unloading. The desk­
top is an attractive beige color designed 
to harmonize with the medium light 
wood venee r ends. The top su rface is 
a tough, laminated plastic. 

The Computer Desk /Model Z3-
MDSK) is available for $695. For addi­
tional information , contact Cromemco 
Inc , 280 Bernardo Av, Mountain View 
CA 94043. 

Circle 607 on inquiry card. 

filtered strings, and other poly tonic 
synthesizer effects. 

G)ptional 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 for 
$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 Lemona Av, 
Van Nuys CA 91405. The 831 series 
has been updated to include a fixed 
contact strap and a nonmetallic, 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 series 
modifications are available in all layou\s 
from 9, 15,25,37 to 50 pin and may 
be used with units from competitive 
manufacturers. 

A comprehensive 12 page catalog 
detailing subminiature · D, original D, 
D*M, and Norman/D connectors and 
accessories Is available free upon 
request. 

Circle 606 on inquiry card. 

Standard Reference Alignment Cassette 

Magnetic Information Systems has 
announced the Introduction of an align­
ment reference metal cassette for use in 
the calibrating of digital and word pro­
cessing equipment. This 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 especially made for 
the digital reference tape application. ' 
These cassettes are priced at $12.50 and 
are available in several special configu­
rations. For further information, contact 
M,gnetic Information Systems Inc, 415 
Howe Av, Shelton CT 06484. 

Circle 60B on inquiry card. 



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 a bit central processor available. Featuring 
power-on-jump, provision for on-board 270a. 
Accepts most a080 software. 

A&T 4 mHz !205.oo 
A&T 2mHz 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 FDOS, Pascal, Basic and complete diag­
nostics. 

A&T 
Blank PC 

$175.00 
$ 35.00 

• K2 FDOS 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 Digital's 
OS-a/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 Display Board features the 

full 12a upper/lower case ASCII character 
set. Easy-to-read 16 line x 64 character 
format can be displayed on an inexpensive 
video monitor or modified TV set. Includes 
TTY software. Add our powerful K2 FDOS to 
create a versatile operator's console. 

A&T $145.00 
Blank PC $ 25.00 

• 8K Static RAM Board High speed 
static memory at a reasonable cost per bit. 
Includes memory protecVunprotect and 
selectable wait states. 

A&T 250 ns !195.00 
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 

Circle 190 on inquiry 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 simpiy 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 wishing for a penny a bit, and 
even now memory for most large computers 
costs about 2~/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 interesting. 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 $319 
• 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 

PascallZ Ready 
The first Pascal Compiler for the zao, and the 
fastest zao 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 
~Iit)skow, Director of Software Engineering, 
beaming Qver 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, and 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 ROMabie 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 zao software. 

Operational requirements of Pascal/Z are 
the Ithaca Audio K2 Operating system and 
4aK of memory during compiles. The output 
is standard zao Macrocode which is linked 
and run through the Ithaca Audio Macro­
assembler. Binary files may be as small as 
2.5K, or even less if the full library is not used. 
The compiler, including the Macroassembler, 
is available on an a" 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 
a" 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/Z and Basic/Z $275 
SAVE $50 

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 c!if­
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 II, Exidy Sor­
cerer, Processor Technology SOL and 
Southwest Technical Products 6800 
computers_ 

The first available G/2 System 
Software includes two BASIC pro­
gramming language packages by Micro­
soft. The G/2 Standard BASIC for 
the Southwest 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 
compatible with SOL's operating system, 
and provides features not available in 
Processor Technology BAS ICs. 

Every G/2 product 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 includ e source listings. The price 
for the G/2 personal computer program 
packages is $14.95; $34.95 for the 
Sou thwest Tech nical Produ h s 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 575 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 MI 48081 has announced 
a com prehensive time series analysis and 
statistical software package written in 
BASIC for the North Star floppy disk 
system. This package allows 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, auto 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. I t 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 576 on inquiry card. 

Learn PET BASIC 

PET BASIC Compleat 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 
tutori'll 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). 
Qu izzes 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 contain'ing listings 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 small computers. 
Volum e 1 (General Ledger) enables a 
small business to set up a fully automated 
general ledger system with a complete 
chart of accounts. Included 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 
bal ance 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 ori ented 
software for the PET and TRS-80, 
in addition to the Apple versions. Th e 
titles fall into two categories: the Con­
tinuing Education Series, which includ es 
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 J O. 

Circle 578 on inquiry card. 

Software and Hardware for Jolt and 
TIM Owners 

Three new products have been 
announced by The 6502 Program 
Exchange, 2920 Moana, Re no NV 
89509. The JAB (jolt Adapter Board 
Kit) is a hardware device designed to 
interface the Jolt computer to th e 
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 read 
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, E RAC is an extension of the 
RAP. A paper tape is available for 
$5 and the manual is $4.50. 

LED'IP (Line Editor Program) is a 
compact line oriented text editor that 
readily lends itself to modification or 
expansion. LEDIP will output source 
text' suitable for usage with the program­
mable read only memory version of the 
Jolt Resident Assembler. The paper tape 
is $2.75, the manual is priced at $3.25 
a(1d the cross assembly is $5. 

Circle 579 on inquiry card. 

both current and year-to-date totals and 
percentages. Volume 2 (Accounts Re­
ceivable) provides a fully automated 
system for dealing with 'customer ac­
counts. Volume 3 (Payroll) ena bl es a 
business to automate all of the norm al 
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 programs 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 Computer 
Consultants Inc, POB 2111, Norwalk CT 
06852. 

Circle 580 on inquiry card. 



~.~~ 
NCE COMPUMARTS 
PET WAREHOUSE 

We have more PET. than anyone, call lor quick delivery. 

.~ ,. ,. , UP TO $100 ON 
'; _~~~!;;;~.~~~ ' READER/PUNCH 

PET ACCESSOR I ES ~:t"':t~<!'*~"'..-~,'f 
if. ~ ~ Jr: J> ., J> 1Il>'" .. ~ "1 

.t'li" .t1 <C !: <I>:r 11. ~-'t .. :.~,~ ... ---";";;;;'':''~J:;ommodore Dual Floppy Disk Drive . . . . $1295.00 

4K - Keyboard C ....... $ 595 
8K - Keyboard C . . . . ••. .. .. . . .• . . . . $ 795 

16K - Keyboard B . . ... • . . • . . . .. . _ . . ..... $ 995 
16K - Keyboard N . . . ...... . $ 995 
32K - Keyboard C ...... . . $1195 
32K - Keyboard B . . . .. $1195 
32K - Keyboard N . $1195 

C - calculator keyboard (only version with tape deck) 
B - large business keyboard without graphics symbols 
N - large keyboard with graphics symbols 

.... 

Buy a 48K App le II, mention this ad and take $200 in 
accessories free (if ordered together) . This offer is good 
for $150 on 32K and $100 on 16K Apple II's. Now you can 
enjoy more of the best for less. 

16K Apple 11- $1195 (take $100 in free accessories) 
32K Apple 11- $1345 (take $150 in free accessories) 
48K Apple II - $1495 (take $200 in free accessories) 

Appla II Accellorlao 
Centronics Printer Interface . $225 
Disk and Controller . . . . ... . .. $595 
Second Disk Drive ...• ... . . . .. . ..... $495 
Parallel Printer Card . . . . . $180 
Communications Card .. $225 
Hi-Speed Serial Card . . . ... ... • • .. . . . •.. . .... $195 
Firmware Card . . .. $200 
Hobby/Proto Card. . ... $24 
Microverter RF Mod. . $35 
Sanyo M2544 Recorder ...... .... . .. .. .......... . $55 

New! PET Terminal Package . . .............. $69.00 
Second Cassette - 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 Buffer · Attach another CRT . $29.95 
Combo· Petunia and Video Buffer .... $49.95 
New Serial Printer Interface for PET .. $79.95 
Integral Data Printer w/new interface .. ....... $878.95 
PET - Compatible Selectric in Desk .... . ..... $895.00 
TTY KSR-33 Screen Printer for PET ... CJ!3I. $395.00 
Originate/Answerback Modem for PET ....... $320.00 
Bi·directional RS-232 Interface . . ...... $280.00 
Betsi 4-slot 5-100 Motherboard. . . .... $160.00 
5-100 PET Interface was $289.00 ·SALE ........ $99.00 

OF THE 
MONTH 

NEW PET----' 
TERMINAL OPTION 

• Get a PET & a terminal in one 
~t. · Data· rates to 2400 baud 

~ .. ~ • Full Duplex operation 
... • Auto line wrap-around 

• With or without auto line-feed 

Buy any model PET & get 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 ....-rat_el_
y f_or_$6_9'_~--lfI .-

".:sa~ 1400 lOW-COST PRINTER 
FOR PET 

~~ 'tl-#O' ~ 0 n Iy ~=::I;;eaI(S~~tJ'~~~~,~::u,~~~;~~ 
allachlO your PET!> mterlace to 
... se asaptonlel 

\~ s10C\{ $699.00 ....-~NR_~~_~_DU_C_TO_;3_y9_5....J. L------t 
Now a 5th Generation 
in Terminals : 
Immediate De livery 

Hazeltine 1410 with numeric keypad $835 
Hazeitine 1500 full of features ' ~ $999 
Hazeltine 1510 with buffer logic $1149 
Hazeltine 1520 with printer interface $1499 

Datel/Selectric 
Table-top 
Terminals 

ffj) ~ $~9$ 

Our reconditioned paper tape Reader/Punches are reli­
able performers and now for a limited time they 're all on 
sale! The serial Reader/Punch which was $950 is sale 
priced at $850. The Reader/Punch alone is marked down 
from $175 to $157, prices with interface follow: 

Interface Interface Interface Interface, Power 
Model Added and Power and Enclosure 
Serial $472 $616 $850 
Parallel $355 $598 $675 

~\O'( 
SORCERER 

for $895 

·Z·80PIOC.I.01 
• fulhl •• ASCII ko,bo •• d 

Top valull '" OUI catalog. s.mply add 
a monllor and lilpe decks 10 COOl 
pll:la the systeOl Can be uSL>das d 
lermrnal LillO! ROM PACs ..... 1I olhll 
1 ·80 Assembly Langullge . APL 

o U'lld.Unlbloch ••• cto" 
• UptoUIt on·bOI.d RAM 
o tnt •• ch.ng •• blo ROM PAC. 
olO.MdllP'·' ;~~Jo~:.~~.~ra~~s~gM~~~ ~~~ 
o Ruldlnl.1( Manila. ROM 
·Ou.,C .... ft.I ' O 

COBOL What it syslem lor $8% 

Sorce.er 8t( Illes • S •••• ,.nd P.'111011 ·0 Sorce.er 16K "ISO 
• Compll'l OpO.OIOIl ".nuol Sorcere.3:<'K 11JBS 
• Onl, $89~ 16K el[l""Slon 1299 

50% OFF 
CENTRONICS PRINTERS 

Refurbish ed, excellent wo rking condition. 90 day wa r­
ranty, 10 day return privilege of course. While they last. 

Model 

CENTRONICS 100 

CENTRONICS 101 

CENTRONICS 703 

CENTRONICS 179 

CENTR.ONICS 780 

CENTRONICS 781 

CENTRONICS 781-1 
(KSR) 

CENTRONICS 161·5 
(RO) 

CENTRONICS 101 

SpeclUcaUonl 

60 cps . In 6. 5 x 1 cha rs !faclol 
lood 

Same as 700. bidirectional 

BidirectIonal. 1S0cps. 132 col .647 
J( 7 chars tracto.leed 

601100 cps. 801132 col. 64 5 x 7 
chars 

60 cps. SO col. 6..15 x 7 chars 

9 idlfectional. 60 cps , 80 col. 64 
5 .. 7 cha rs Irac tor reed 

Keyboard send/ receive. bldirec · 
honal60 cps, 132 colu mn. 64 7 ~ 7 
Ch ars Iraclo , leed . 110/30011200 
baud 

Same as 761-1. receive only 

Cenlron'CI 
Lilt 

$1.5:<'0 

I .S15 

2.S05 

1.250 

1905 

1.9S0 

1.850 

1.750 

NCE 
Reg. Price 

NCE 
Price 

S '" 
1,045 

1.695 

625 

1.095 

1,125 

1.025 

94' 

Hi5 cps. 132 col. 64 5 .. 1 clla.s $1 .500 1.125 
Iractor reed 

Opera tor', Manual Includld. For Technical Manua l, I dO $1:5.00 

s .... \..E. A.ssl!mbleO 

$169.95 New 300 baud 
Originate/Answerback .... it h 

,0'" ,""I, $214.95 Acoustic Coupler. 

Looks good, works EXPAND YOUR KIM 
great and sale SYSTEM: 
pri ced at $189. KIMSI 

List 
s,,\,.E. $189.95 

t-----------t KIM to 5-100 Board 
Assembled $169 

Circle 283 on inquiry card . 

5·100 MPA 
8-100 MPA gives your PET 
complete control of the 8 -100 
bus (even DMA) . Get an 
assembled unit at kit price. 

",,,I.f n) 
S~y~ 
MONITOR 
VM4 209 9 QualIty monll O' $169 

Connecto r Set 15 
KIM 4 
Expan sion board 89.95 
MICRO TECH. POWER SUPPL y 

AssemOleO $3'.e5 

KIM ENCLOSURE 
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Parallel/Serial I/O Card with Modem 

The 8P2SM Parallel/Serial I/O (input/ 
output) card with modem is the latest 
product from MicroDaSys, 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 59B on inquiry cord. 

Self-Pace Logic Trainer 

The Model 100 Broder Logic Trainer 
trains students without previous elec· 
tronic 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 included. 

Physical logic state manipulation 
and the visual · display m.ake for fast 
and retained learning. In operation, 
the user manipulates component logic 
states using the eight logic switches. 
Solving a problem requires iogic switch 
manipulation to force a logic 1 at the 
probiem card output, which will turn 
on the designated bar indicator. A 
manual, 40 digital problems, and a 9 V 
battery cell are included. The Model 
100 requires no wire or integrated circuit 
manipulation. It is priced at $69.95 
and is available from L J Broder Enter­
prises Inc, 3192 Darvany Dr, Dallas 
TX 75220. 

Circle 599 on Inquiry cord. 

I 
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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 
MC3470 provides all sign.al processing 
from the read head through to the stand· 
ard logic level digital output. 

Contained in the circuit are 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 ntttwork, active differentiator and 
timing 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
sistor 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 II 
computer. A full feature text editor 
($17.95) allows management of free 
form text. Multiple space compression 
and tape I/O (input/output) are used 
for efficient file storage. U-Draw 
($17.95) is a high resolution program­
mable graphics editor with tape I/O 
for storing finished drawings. Docu­
mentation includes Instructions for link­
ing fjgures to user programs. The Elec-

DC Motor Speed Control in a 
Dual·ln·Line Package 

This monolithic integrated circuit DC 
motor speed control, housed in a 14 
pin, low profile plastic dual-in-line pack­
age, is available from Cherry Semicon­
ductor Corp, 3600 Sunset Av, WaUkegan 
I L 60085. Designated the CS-175, the 
motor speed control is designed to pro­
vide maximum flexibility at a low cost. 
Requirements for adjustment and exter­
nal components in multipie speed appli­
cations have been reduced by giving 
accurate, pin-programmable speed ratios 
for slow , medium, or fast motor veloc­
Ities. 

Wh Be many other applications are 
possible, the CS-175 is primarily Intended 
for use with AC tachometer signals. 
The unit is capable of providing such 
stability that errors are dominated by 
terms created by the finite loop band­
width made necessary to ensure stabil­
ity with the dynamics of the specific 
motor and load . 

The price for the CS-175 is $1.68; 
$.79 in 1,000 piece quantities; and 
$.65 in 10,000 quantities. 

Circle 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 MC3470 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 ($17.95) is a graphics 
editor similar to U-Draw but in low 
resolution color. The Music Box 
($12.95) gives three octaves of sound 
with no additional hardware. Type, in 
a song, and the Music Box will play 
it for you. Notation includes sharps, 
flats, note time, rests, dotted notes 
and tempo. I t can be retuned easily 
for special sound effects. The Number 
Cruncher ($9.95) is a set of single 
precision math and ASCII to hexa­
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 TB U F F module is a simple inex­
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 levels. TBUFF seils for 
$7.95 (California residents add 6%). 
For further Information, contact Web 
Associates, POB 60, Monrovia CA 
91016. 

Circle 603 on inquiry card. 



SOLID STATE SALES ... ~a f/J~m ri~ fY~ 

A PICTURE MA Y BE TAKEN BY OUR CAMERA, 
STORED IN A COMPUTER IN REAL TIME AND THEN 
DISPLA YEO ON A CRT A T AN AFFORDABLE PRICE 

V'IDEO COMPUTER 

GRAY LEVELS 

THE CAMERA WILL TAKE BETWEEN 
15 AND 100 FRAMES/SECOND. 

PROCESSING 
SYSTEM 

OUR VP1 VIDEO SYSTEM CONSISTS 
OF THE FOLLOWING KITS: 

THIS REMARKABLE VP·1 COMPUTER/ 
INTERFACE KIT HAS THE FOLLOWING: 

THE CAMERA CONNECTS TO THE 
PROCESSOR WITH SEVEN LI NES. THIS 
INCLUDES VIDEO AND TIMING SIGNALS 

• CCD 202C SOLID STATE VIDEO CAMERA 
KIT ASSEMBLED & TESTED ... . $49900 

VP·1 COMPUTERIVIDEO INTERFACE 
SYSTEM (3 BOARDS) ASSEMBLED & FEATURES APP LICATIONS 

• IT PRODUCES COMPOSITE VIDEO 
OUTPUT IN A 128 x 128 MATRIX 
FROM A DIRECT MONITOR CONNEC· 
TION USING 8K OF MEMORY 

• CONTI NUOUS SURVEILLANCE TESTED . .... .... ... .. .. . . " .$99900 

• INSPECTION OF MOVING PARTS 
WITH PROPER STROBING 

• ASSEMBLED 8K MEMORY BOARD 

• VISUAL GRAPHIC INPUT TO A 
COMPUTER 

(OPTIONAL) .. . .. .. . ... ... .... $23500 

• 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 PA D ERN 
RECOGNITION 

• PICTURES MAY BE TAKEN DIRECTLY 
FROM A TV WITHOUT ELECTRICAL 
CON NECTIO NS 

• THE INTERFACE KIT MAY BE USED 
SEPARATELY AS A 128 x 128 

THIS VIDEO COMPUTER KIT 

CAN WORK WITH THE GE, 

REDICON, OR ANY OTHER 

128 X 128 SENSOR CAMERA 
16 LEVEL GRAPHIC DISPLAY 

REGULATED 
2N62JJ-NPN SWITCHING POWER $ 1.95 
MRF-8004 a CB RF T r Rnsistor NPN $ .75 
2N3772 NPN 51 TO·] . $ 1.00 

POWER SUPPLIES 
POWER SYSTEMS I( PS1 111 

11 5·230V 50/60 cy. in 5v DC at 35A out. 1.lld!!mD!ID!!mltlml~1 
6"x 1 6~")( 15Y.i" 26 tbs. shipping weight $55.00 

2N1546 PNP GE TO-3 . . . . $ .75 
2N4!JOS I'NI' SI TO 3 S ! .00 
2N5086 PNP 51 TO ·92 .. 4 '5 1.00 

POW ER SYSTE MS N PS1 106 
11 5·230 VS0/60cy.in 12vDCat15Aout. 
5"x 16y" .. x 5" 19 Ibs. shipping weight. 

IOV PROTECT) 

- , IS 4019 -
- , 18 4020 -
- .95 4021 -
- .18 4022 -
- .37 4023 -

, , 

4024 -
4025 
4027 -
4028 -
4029 -
4030 -
4035 -
4042 -

148t""SIl1INT(R~AC( -
~.TR ' 5TAUSTAT. SII _ 

:!"51J.(;H_RAC. GE N \.1.1' _ 
:I"5 . .... [.3261TSR _ 
7522-5TUICSHlnREG _ 
"011-t11l(I'ROJ>j1 4r.o",l -

TMS-34IH NCII08IfS OVN. S.R. 
1118·11" -
2101·1 I'!JO ~.l -
l1LOHI4!>O ... I -
1otM51104IIlt'OV,," _ 

- .J5 
4050 - .35 74C74 -
4051 - .65 74CBS ­

.90 4053 - 1.10 74C9J ­

. 18 4055 - 1.25 74CIS! 

.75 4066 - .70 74GlSO 

.18 4069 - .45 74CIS" 

.37 4071 - 18 74Gl74 

,80 :~~ = ,;} 74C 1 75 
. 95 4518 _ .9574C192 
. JJ 4520 - . 70 14C193 
.97 74COO - .22 74G90! 
.65 74C02 _ .22 74C902 

4 

'" I,.IPD'lIO,''''lI s r ATAAJ,I _ 
<" r;.:J -
5280121078"; OVNfV,.J>j_ 

US S?044KPROt.l _ 
12.9$ 81523 -
2.95 ~~: '0' 
U.9~ AV~ Ion VAIIT -

" 
TR1 60111 _ 
81C3CTELEOVN[ 8BITAO 

"'UOO3l' _ PT U81 ·I~SA1 -

2101 . ll'104.,srATIC - 8080.0. -
1111·1 7!.6. 4 STAfIC _ 
)111.1 ;ne.4STA1IC - 1.15 8216 -
l1U""5rA'. AA",'4SO ... I - B.!oO 8114 _ 

88].<1 _ 1.:5 
8837 - 1;5 

' " '" '" 
'" 
'.9' 
l~: 

' .Jr, 
2.15 
2.95 

CABLE 
FLAT (COLOR CODED) 

#30 WIRE 
26 condo 
40 condo 
SO cond, 

LED R 
FCS B024 · 4 digit DL-704 C.A .. 3" $ .75 
C.C. 8" d i ,plllV $5.95 Dl 747 C.A . . 6"' 51. 2 5 
F NO 503 C.C .. 5" $ .85 HP3400 .8" CC $1.95 
FNO 510 C A 5" $ 85 HP3405 S"CA $1 95 

. . . . $95.00 

.... 5145.00 

.. $4.00 
This board is a 1/16"sln9Ie sided paper epoxy 
board, 4)1,"x6 Yo" DRILLED and ETCHED which 
will h old up to 21 single 14 pin IC's or B , 16 or lSI 
D I P ' I C's with busses for power supply connecto r . 

FP 100 PHOTO TRANS. . . . .. S .50 
RED, YE LLOW, GREEN 

L ARGE LED's . 2" . 
TIL-l 18 OPTO-ISOLATOR 
MCT-6 OPTO ISOLATOR . 
1 WATT ZENERS : 3.3,4.7,5.1. 

10, 12,15,1 or 22V. 

UNIVERSAL 4Kx8 
$69.95 

32-2102-1 fl,.ll!y buffer ed, 16 address lines, on 
bOllrd decoding for any 4 of 64 pages. standa rd 
44 pi n buss, may beuisd w ith F -B & KIM 

Silicon Power Rectiliers 
PAV IA 

15 v 

2N3137 NPN,si RF . . $ .55 

2N3919 NPN 51 TO·3 R F .. 5 1.50 
2N1420 NPN Si TO 5 ....... 31$ 1.00 
2N]767 NPN$,TO·66 . S .70 
2N7222 NPN 51 TO· 18 . . 51$ 1.00 
2N3055 NPN 51 TO·] .. S .50 
2N3904 NPN 51 T O ·92 6/S 1.00 
2N390G PNP 51 TO·92 6/$ 1.00 
2N5296 NPN 51 TO 220 . S .50 
2N610'3 PNP 51 TO ·nO , .. S .55 
2N3fiJ8 PNP 51 TO ·5 , . . . 51S 1.00 
MPSA 13 NPN Si. . ~/$ 1.00 

TIL IC SERIES ;::; ~ :: 
. 08 

1450 - . 10 

." 11472 _ .15 

." 
" ." .n 

14tl1 ,. 
nOH " "" · " ... 
1411 · " 1411 " .,. 

." 
~, 

. " 
"'" · ." 
7'15 ." .n 

." ." 
7431 .n 
7431 · .n 

.n 

." ." .. 

.65 

MTA 106 SPOT 
MTA 206 DPDT 

." .,. 

." ." ." 
" . n 

." 
1489 - 1 . 1~ 

7493 -' .43 
14~ _ .61 
1.95 _ .6S 

1.00 - .65 

." ." 

.'0 

." 

7.1157 _ 
741~ -

14114 _ 
74115 -

74 190 -

14 192 _ 
14193 -

?4191 -
1."9 -

14368 _ 
143!l3 -
753n _ 

MTA 206 P-DPOT CENTER OFF 
MSD 206 P DPDT CENTER OFF 

... ... 

. .. 

." ... 

." . .. 

." ... 

." 

. ., 

, . ., ... 
." ." .80 

.'" 

.00 ... ... 

.DO 

." ,." ,., 

.95 
1.70 

$ 1. 85 

DIP 
8 PIN .17 24 PIN .35 

14 PIN .20 28 PIN .40 
16 PIN .22 40 PIN .60 
18 PIN .25 

LM 10 1 
LM 30 1/ 74B 

HLS03 , ." LM307 .30 
74LS!)ol ~ LM30B - .15 

'" LMJll .15 
.U ' LM3 1B -1 .10 - ~ 

LMJ24 - .70 
LMJJ9 -\.10 

14U I" · 1.11 LMJS8 . .70 
74LSl4 - ' .00 HLSII3 · 1.21 LM J 70 - 1.1 5 
74L$15 ." LM J 77 - 1.60 

LM3BO .0' 74LS ' 69_ '" LM3B2 - 1.25 
74U'70_ 'M lM386 - .80 

HlS~ · .~ 14LSI13 · 1.62 
HLS11 ~, 74L$174_ 1.35 LM 381 - 1.25 ,. 74LS175 _- ", LM5J7 - 2 .~ 

~, LM55J -2.50 

LM555 - .49 
'.LSI91 · 1 .• 8 LM555 - .0' 
,.LSI91 · 1.19 

fIIE540L _ 2 .15 

" .. 0 - 2.00 .. 
· 56' - •• 

.U HlS191 · .... .66 - 1.\0 

." HLS:<41 - l .31 .. , _ 1.10. 
74lS15 ." 14LS7S1 1.19 '03 - .90 
74lS7G ." 14LS2S8 - 1.19 133H - .75 

." .25 ." " 0 - 35 ." 14LSl79 ~ 
111CH - .40 

" 74 1Co,1I - " " 14LS1!IO .. 
" 74LS29J · ." "7 .• 0 

." LM 1310 _ 2.50 

1 ... SI14 · " 74L.S368 - .. .... - .0' 
74L5174 - 1.2& 7.LSlM · .. lm :: .SO 

.'0 
'·lSlSll · ." S03BCC - 1.90 
HlSJ90 · .,,, ,., -1.95 

l FJ56H - 1.20 

TRIACS SCR'S 
PAV lA l OA 2SA , .5A 6A ]5A 

100 .40 .70· 1.30 .40 .50 1.20 
200 .70 1.10 1.75 .60 .70 1. 
400 1 10 I 60 260 100 1 20220 
• I I . I • '~I 

Terms FOBCembrldgo,Me.s S."d25; '0'0"".""0.","",,"" 6$' SOLID STATE SALES WESHIP OVER 95% 
Send Check or Money Order. Tr anS1S1ors and Recliflers POBOX 74 B OF OUR ORDERS THE 
IncludePostage_. MinImum 145 H ampsh ir e $1 Cambfldge Mass • • DAY WE RECEIVE THEM 
OrderSSOO. COO'SS2000 . SOMER VILLE. MASS 02143 TEL 161715477053 
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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
visable 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 
ut. 

• 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. 

EXPANDO 64 KIT (4116) 
16K $245.00 
32K $310.00 
48K $375.00 
64K .00 

SO "VERSA FLOPPY" Kit 

The ver~~~r~:~~PY Disk Only '15900 DM2700S DISK & 
CABINET with 

Sugart SA400 5 % .. 
with attractive metal case 

POWER SUPPLY 
DM2700S includes Siemans 
FD120·8" Disk Drive with the 
following features : 

Sugart 801 

FEATURES: IBM 3740 Soft Sectored Compatl· 
ble. 5-100 BUS Compatible for Z·80or 6080, Con· 
trois up to .. Drives (single or double sided). 
Dlrecllv controls the following drives: 

• Single or Double Density 
• Hard or Soft Sector 
• Door Interlock Cabinet includes: 

with attractive metal case ~: ~~~g:~ ~!~~ ~~~:~~S~OPpY. • Write Protect • 110V to 125V 60 Hz power supply 

$495.00 
Siemens FDD 200-8 8" 

double-sided 
double density 

'599.00 

LOGIC PROBES- -

3. PERSel 70 and 277. 
4. M FE 7001750. 

esc logic probes are the ulUmate 1001 for breadboard design and tesllng . 
These hand·held units provide an Inatant overview of Circuli condillons . 
Simple to use: just cUp power leads to circulI's power supply. set logic 
!emlly switch to nUOTL or CMOSlHTL Touch probe to test node. Trace 
logiC levels and pulses through digital circuits. Even stretch and latch lor 
easy pulse detection. Instant recognition 01 high, low or Invalid levels, open 
circuits and nodes. Simple. dual-level detector LEOs tell It quiCkly. correct· 
Iy. HI (Logle "1 "1; La (logic "0''1- Also Incorporates blinking pulse delector. 
e.g .• HI and La lEOs blink on or off . tracking " 1" or "0" stales at square 
wave Irequenclu up to 1.5 MHz. Pulse LED blinks on for '/1 second during 
pulse tran sitIon. Choice 01 three models to meet Individual requirements ; 
budget . proJecl and speed 01 logic clrculls . 

MODEL Lp·1 
Hand·held logiC probe proyldes Instanl reeding 01 logic levels lor TTL. OTL. 
HTL or CMOS. Input Impedance: l00,OOOohma. Minimum Delect.bl. Pul .. : 
50 ns . .... Imum Input ~gn.1 (F~u.ncy~ 10 MHz. Pul •• Detector (LED): 
High speed Iraln or single event. Pul,. Memory: Pulse or level Iransltlon 
detecled and stored . 

Model LP·1 Logic Probe-Net Each . 

• Hard Sector Detection • Data Cable 
• 500 KB/S Transfer • Fan 
• 800 KB unformated • Accepts per SCI, Shugart , Siemans 
• Bit density 6536 BP1 8" Drives 
• Sugart 800 Series Compatable 

DM2700S Disk Drive & Cabinet $65000 
REG. $750 SALE PRICED 

MODEL Lp·2 
Economy version 01 Model LP·l. Saler than a voltmeter. More accurate than 
8 scope. Input Imp4td.ncI: 300,000 ohms. Minimum OtIteet.ble PuI.I: 300 
ns. M .. lmum Inpul Slgnel (Fr.qulncy): 1.5 MHz. Pul.e Detector(LED): High 

6se;~~~~~ ~;.:I~~ek:e;;~~~':1 ~::ory: None. ..~ $23,70 

MODEL Lp·3 
High speed logic probe. Captures pulses as shOrl 
~ence: 500,000 ohms. Minimum Det.cteble Pul •• : 
Slgn.1 (Fr.qu.ncy): 50 MHz. Pul •• Detector ILED): 
single even I. Pul •• ".mory: Pulse or leveltransltlon 
esc Mod.1 Lp·3 Logic ProbtI-Net Each . 

The uil imate In speed and ease 01 operallon. Slmply connect clip leads to 
posltlye and negative power, Ihen touch DP·"s probe 10 a chcult node; 
automatic polarity sensor delects circuit's high or low condilion . Depress 
the pushbutton and trigger an opposite polarUy pulse Inlo the circulI. Fast 
Iroublashoollng Inc tudes Inlectlng signals at key polnls In TTL, OTl, CMOS 
or other popular clrcull s. Test wllh single pulse or 100 pulses per second 
via built-In dual control push-button; button selects single shOt or con· 
IInuous modes. LED Indicator manllors opera ling modes by flashing once 
lor single pulse or conllnuously lor a pulse train . Completely auiomalic. 
pencll ·slze lablfleld pulse generatof lor any family of digital clrcults . Out· 
put: Ttl·slate . Polarity: Pulse-sensing auto·polartly. Sync .nd Soure.: 100 
mAo Pul .. Trlln: 100 pps. LED Indlc.lor: Flashes lor single pulse; slays III 
lor pulse I,aln. 
esc Mod.1 OP·1 Dlglt.1 Pul .. ,-Nel Each _ .. ~ 571.20 

. BOARDS ~ 

4e07 ~~·"r;illl~'; b\("<IIlft\. J ~~ 
8104 

~:~hL~:;;: ~D:'~i:'~~~~xy 1801·1 
Glass, Plug Board 8.43")(5.187". PlaIn no etched Circuitry except contacts. Pro· 
Dual 36pln DEC/HEATH duces maximum IIsxlbllUy. 

" ANY DIP" has full power and ground planes back 
to back. Board accommodates 3, •• 6, 9" Dips. 

Pad per 2 holes. Two·holE pads allow lack solder· ' .4 s-e 10.24 :I ~~ 
Connectors . 1·4 5-8 

lng of sockel, plus second hole for component 21.95 19.76 17.56 
leads. ' --U 

1-4 5-8 10-24 14.95 13.46 
10.95 17.96 15.96 

5-8 
19.76 

f ___ , ,~, • 

VECTOR·PAK ASSEMBLED 
MICROCOMPUTER CASES 

Vp·2 
Is form and size compatible with IN­
TEL SBlSO Series and NATIONAL 
eLC 80 Series m ic rocomputer 
boards. Power and Ground buses on 

Ad justable packaging system lor 5·100 bus both sides. 
microcomputers, compatible with Altair 
8600 and IMSAI 8080 .sIze cards. 1·" 5-0 
• Smart lOOking. deluxe case s unmarred by 45.00 40.50 
unsightly screws or fasleners . 4808-1 
• Finished In derk blue textured vinyl. Vp·2 Same as 4608, except 

10-2. 
36.00 

~~~:::~tly accessible Interiors with slip out VP.1 Same as vp~~~:~~ Top of board pod free for mounting 110 connectors . power buses. 

• Removable recessed rear and Iront $183.00 cards oriented 51Se 1-.4 5-0 10-24 104 5-9 10-24 
panels . Shipping Welgtlt 25 Ibs. to side. 19.95 17.95 15.96 34.00 ' 30.60 27.20 
• Fully adjuslable interior mounting 0,&1£ J' 0 
:rzs:e~~:~;I~n:s~8~oor~~~~nS:a~,;gd~:~r~~ ~ PRIORITY n, ELECTRONICS © t~~ ~ ~ 
~:i.r~~~~r~dboI10mCOVerlorcOOleropera ~ 167238 Roscoe IVd. Sepulveda, CA 913.43 (, t:l o<)<:>~ 

DESCRIPTION Terms: Visa, MC, BAC, Check. Money Order, C.O.D. U.S. Funds Only. CA reSidents add 6 V. sales tax. , v.... ~ 
Assembled cese with perlorated bol1om Minimum order $10.00. Prepaid U.S. orders less than $75.00 include 5% shipping and handling, ,.- ~ ., J-
cover . Installed mounllng struts lor card minimum $2.50. Excess refunded , Just In case ••. please include your phone no. !CI\ 
~~lr~~8 t~~~o~~Ce8d.t:~~e~n~rg ~r~~ht~o b~:~~ : Prices subject to change without notice. \I~ 
Card guide (12 palrlend chae.ls plate sup· We will do our best to maintain prices thru June 1979. OEM and Institutional ~ 
plied unlnstalled. orders welcome (21 894-8171, (800) 423-5633 ij) 



.5%,3% digit 1 
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. 

A~II.ble Accessories 
RC·3 115V AC Adapler ..... . 
CC·3 Deluxe Padded Vinyl 

Carrying Case ...... . .. . . 
Vp·l0 Xl0 DCV Probe Adapterl 

Protector 10Kv . .... . . . .. ... . $14.95 
VP·40 40Kv DC Probe . . . .. . ... . $35.00 
CS·l10 Amp Currenl Shunt ...... 514.95 

*FREE 
Just for Asking. 

FREE BA TTERY with your meter. 

1/16 ~ BOARD 
.042 dia holes on 

0.1 spacing for IC's 
PRICE 

SIZE 
4.5x6.5" 
4.5x17" 

1·9 10·19 
$1 .56 $1.40 
$3.69 $3.32 

·15 megahertz bandwidth. 
• External and internal trigger. 
• Time base - .1 microsec. to 0.5 Secldiv· 21 PROBE 1¢ 
• ~~tt\I;~Sor~I~~~peral lon . e PROBE Ie wi th the 
• Automatic & Una Iync modes . pu rChase 01 SCOPE 
• Power conaumpt lon < 1~ will a. and the MENT IO N 
• Vor1luIG.'n_ .Ol lo50Vldlv · 12 .. lIl nO·.1.3%. t his MAGAZINE 
• VI.wlnO·'III I . I " .' .~· · . 
• Can . 111 2.7"H ~ f1. 4"W. 7 S"O. J pounds 
·PI""U,bQ,o" .. ,"t_'Y'" 
• 1010I.10m-oprOtMI 
• l .. t".,"'''''"Otl .. 

Conlrolltd Solderi ng Station @ 
THREA[)'TOOETHER ' MODULAR DESIGN FOR , 
QUICK, OH·lINE HEATER OR TIP CHANGE ' 
• Available In 3 presel tamperltures: 

600'F., 100'F. or 800'F 101 any appUcalion. 
• Closed loop, non-magnellc controJ , 
• Low voltlge system: 3 wire glounded. 
• Blomechanlcat designed handle wllh cool grip 'or oper8tOl com 1011. 

Cord is super lIe.lble 3 wire grounded, heat resistant . 
• Large clpaclty ,n.p-on trly and spOnge: removable lor optional place· 

ment. 
• Long lIIe Inlerchangelble tips. lIon ct'd. chlome pia. ed, pre·tinned. 
• Designed tOI use on sen'ltive componenls. 
COMPLETE STATION AND REPLACEABLE HEATER SELECTION GUIDE 

h=~~" C""'~'T~ulion COIIII"":::1111 N •. 
100'F. 50H '77 
BOO"F. 5OT8 1118 

Each ollhe 'bOv. ,llIlons Includa: nOB Power Stipply with on/oll swl1ch. 
Indlcetor IIghl, Ind J wire pOwer cord : .71 Hindle with J wire heal raslSlanl 
secondlry COld: ' 89 Tlay and Sponge: '72 Iron Holder : Conl rolled Healer 
with ' 81 Sclewdrlver lip 1/ ' 6" . 
.. 5 TIP ADAPTER Tip Adapter ~5 101 special mlClO applications. This 
Adapler la deSigned 101 Ihe use 01 liS" Ihread·ln Pflncess Nibs. 

Conlrolled H .. t.'I: 114.85 b ch. Tip.: 12.25 Each. Adapl.r: 1t.3O Each 

8800V 
Universal MlcrocomputRf I processor 

.plugboard . use With 5·100 bus Com· 
plele wtlh heal smk & haroware J 3" )( 
10 " x 1/ 16 ' 

1·4 
$19 .95 

5·9 
$17 .95 

8801-1 

10·24 
$15 .96 

Same as 8800V excepl plain. less power 
buses & heal stnk 

1·4 5·9 

Plugboards 

~': 
~ 
3682 9.6" X 4. 5" 

$10.91 
3682·2 6.5" X 4.5" 

$9 .81 
Hi-Density Dual· ln· line 
Plugboard lor Wire Wrap 
with Power & Grd . Bus 
Epoxy Glass 1 I 16" 44 
pin can. spaced .156 

,::r~ 
~ 
PRI CE: ~1 3.49 

$14.49 

. Ii, 

The EXPANDORAM is available 
in versions from 16K up to 64K, so 
for a min imum investment you 
can have a memory system that 
wi ll grow with your needs . Thi s is 
a dynamic memory with the in· 
visable on·board refresh , and IT 
WORKS! 

• Bank Selectable 
• Phantom 
• Power 8VDC, ± 16VDC, 5 Watt s 
• Lowest Cost Per Bit 
• Uses Popular 4116 RAMS 
• PC Board is doubled solder 

masked and has sllk·screen 
parts layout. 

3617 9.6" x 4.5' · 

$10.90 
3617·26.5" x 4.5'" 

$9 .74 
Gen . Purpose D.I.P. 
Boards with Bus' Patlern 
lor Solder or Wire Wrap. 

Glass 1/16" 44 
.156 

• Extensive documentation c lear· 
Iy written 

• Complete Kit includes a li 
Sockets for 64K 

• Memory access time: 375ns, 
Cycle time: 500ns. 

• No wait states requi red. 
• 16K boundries and Protection 

via Dip Switches 
• Designed to work with Z·80, 

8080. 8085 CPU's. 

EXPANDO 64 KIT (4116) 
16K S245.00 
32K S310.00 
48K . . . . . . . . S375.00 
64K S440.00 

14 & 16 PIN 
OLD 3 LEVEL 

IRE WRAP 
SOCKETS 

14 - G3 100 for 
$30.00 

16-G3 100 for 
$30.00 



5100·STG 50/100 Cant . . 125 c trs . DIP 
SOLDER TAIL on .250 spaced rows lor 
VECTOR and MASt motherboards GOLD 

S100Al T 501100 ConI. .125 ct rs . DIP 

plated . 
1-4 

$3.50 
5·9 

53.25 
10·24 
53.00 

SOLDER TAIL on .140 spaced rows lo r S100SE 50/100 ConI. .125 ctrs . PIERCED 
ALTAIR motherboards. GOLD plaled. SOLDER EYELET lall s . GOLD 

1-4 5·9 10·24 1-4 5·9 10·24 
54.00 53.75 53.50 55.00 54.50 54.25 

OTHER POPULAR EDGE CONNECTORS 
All Edge Card Connectors are GOLD PLATED (not Gold Flash) Bodies are non brlllle. Solvent 
fes .. G.E. Vatox . Contacts are BHurcated; Phosl 8ronze: GOLD over Nickel. 

ABBREVIATIONS: SE :liZ Soldar Eyelet WW :!:r 3 Level Wire WflP ST :::: Solder Tell 

PART NO. 
01326-15E 
022«·lWW 
0225O·1SE 
0225O·15T 
02040-15E 
0204O·15T 
D2O.tO·1WW 
03080-1WW 
03672·15E 
03672·15T 
03672·1WW 
04080·15E 
04080-1ST 
04080·1WW 
04386·15E 
04386-15T 
0438&-lWW 
OS01DO-1WW 

PART NO. 
03672·2WW 
04080-2WW 
5100·5TG 

SIOQ-WWG 
SlGO-AU 

PART NO. 
S6X·5SE 
0612·5SE 
01224·55E 
0 2224·55T 
0 1530,55E 
0153O-5ST 
01 530·SWW 
01838·5SE 
0 2244·5SE 
0 2244·5ST 
0 2244·5WW 
0 3672·SSE 
03672·5ST 
03672·5WW 
OE4386-5SE 
0 4386-551 
04386·5WW 

.100" Contact Center Connectors 

TYPICAL APPLICATION 
Imsal MID. 510 
Vector Plugboards 
Imsa f Pl0. In lei Mullibuss 
Imsai Pl0. In lel Multibuss 
TAS-SO 
TRS-SO 
TRS-SO 
Inlet MuHlbuss 
Vector Plugboards 
Veclor Plugboards 
Vector Plugboards 
PET 
PET 
PET 
Cos. ELF 
Cos. ELF 
Cos_ ELF 

1-4 
2.60 
4.00 
3.70 
3.50 
3.20 
3.00 
3.30 
4.10 
5.00 
4.95 
4.90 
5.95 
5.00 
5.20 
5.60 
5.40 
5.50 
5.95 

.125" Contact Center Connectors 

TYPICAL APPLICATION 1-4 
5.25 

Vecto r 4350 5.95 
5·100, Im .. t, Veclor, Cromenco, Mothe,· 
bolrds 3.50 
5·100 Wire Wrap 4.00 
AlI,lr 4.50 

.156 Contact 'Centers Connectors 

TYPICAL APPLICATION 1·' 
Pel. NSe elK Modules 1.40 
Pel. Nse e l K Modules 1.60 
Pel 2.40 
Pel 2.30 
Veclor Plugboards. GAl Keybrds 2.50 
Vector Plugboards. GRI Keybrds 2.40 
Vector Plugboards. GAl Keybrds 2.60 

3.00 
Vec tor. Kim. etc, 3.00 
Vector. Kim, elc . 3.00 
Vec tor , Kim. etc. 3.95 
Vector Plugboards 5.50 
Vect or Plugboards 5.45 
Vector Plugboards 5.60 
Mot 6800. Inlel Mullibuss. NSC pacer 6.00 
Mot 6800. Inlel Mullibuss, NSC pacer 5.90 
Mot 5800. Intel MuHlbuss. NSe pacer 6.50 

PRICE ... 
2,40 
3.80 
3.50 
3.30 
3.05 
2.85 
3. 15 
3.90 
4.75 
4. 70 
4.65 
5.70 
4.75 
4.95 
5.35 
5. 15 
5.25 
5.75 

PRICE 
5·. 
5.00 
5.65 

3.25 
3_75 
4.25 

PRICE 
5·9 
1.30 
1.50 
2.30 
2.20 
2.35 ' 
2.25 
2.40 
2.60 
2.60 
2.80 
3.70 
5.30 
5.25 
5.40 
5.75 
5,65 
6.30 

10-24 
2.20 
3.60 
3.40 
3.10 
2.90 
2.70 
3.00 
3.70 
' .50 
4.45 
4.40 
5.45 
4.50 
4.70 
5.05 
4.90 
5.00 
5.55 

10-24 
4.75 
5.35 

3.00 
3.40 
4.00 

10-24 
1.20 
1.40 
2.20 
2.10 
2.10 
2.05 
2.15 
2.60 
2.20 
2.50 
3.40 
5.00 
5.00 
5.10 
5.25 
5.15 
5.90 

CO·l Imsal Style Card Guides 5/1.00 or 100110.00 

PART NO. 
OE·9P 
OE·95 
OE·9C 
OA15P 
OA15S 
OA15C 
OB-25P 
OB-25S 
0851212-1 
081226-1A 
OB110963-3 
OC37P 
OC 37S 
OC37C 
0050P 
0050S 
OD50C 
0 2Q.418·S 

RS232 & "0" TYPE CONNECTORS 
P = Plug·Male S = Sockel·Female C = Cover-Hood 

DESCRIPTION 1-4 
9 PIn Male 1.50 
9 PIn Fema le 1.95 
9 Pin Cover 1.50 
15 Pin Male 2.00 
15 Pin Female 2.90 
15 Pin Cover 1.80 
25 Pin Mile 2.50 
25 Pin Femele 3.50 
1 pc. Grey Hood 1.85 
2 pc. Bl ick Hood 1.60 
2 pc . Grey Hood 1.70 
37 Pin Male 3.95 

~~ ~1~ ~~e~le ~ •••• ~.~ .... ~ ~:~ 
~ ~: ~ ~ea~eale ~16~uLf,T ~:gg 
50 Pin Cover 2.50 
Hardware Set (2 pair) 1.00 

Connector for CENTRONICS 700 SERIES: 

PRICE 
5·. 
1.30 
1.75 
1.30 
1.60 
2.70 
1.60 
2.20 
3.10 
1.35 
1.50 
1.40 
3.75 
5.25 
1.80 
4.75 
6.00 
2.30 

.60 

10·24 
1. 10 
1.45 
1.10 
1.55 
2.45 
1.30 
2.0S 
2.95 
1.20 
1.35 
1.25 
3.50 
4.90 
1.60 
' .60 
5.75 
2.20 

.70 

Amphenol 57·30360 lor back of Cent ronics 700 Series printers 1·4- S9.OO 5·up-S7.50 

P,rt _ 

P08P02 
P14P02 
P16P02 
P18P02 

8STO 
I<SO 
16STG 
185TO 
20STG 

8CS2 
t4CS2 
16CS2 
18CS2 
20CS2 

No_ of 
Pins 

8 
14 
16 
18 

1-24 
.30 
.35 
.38 
.52 
.60 

1-24 
.25 
.25 
.25 
.29 
.34 

DIP PLUGS 
PRICE 

1·24 25·99 100·499 P,rt _ No. 01 

.41 

.48 

.55 

.67 

Pins 
.36 .29 P22P02 22 
.42 .34 P24P02 24 
.47 .38 P28P02 28 
.57 .46 P40P02 40 

GOLD SOLDERTAIL STANDARD 
25-49 50-99 

.27 .24 

. 32 .29 

.35 .32 

.47 _ .43 

.56 .52 

225TO 
245TG 
28STO 
40STO 

TIN SOLDERTAIL . LOW PROFILE 
25-49 50·99 

.16 :15 

. 18 .16 

.20 .18 

.28 .27 

.32 .30 

22CS2 
24CS2 
28C52 
4OCS2 

PRICE 
1-24 25·99 

.75 .67 

.79 .71 
1.10 .93 
1.25 1.07 

1-24 25·49 
.70 .63 
.70 .63 

1.10 1.00 
1.75 1.55 

1-24 25·49 
.J7 .36 
.38 .37 
.45 ,44 
.63 .62 

100-499 

.63 

.66 

.81 

.9' 

50·99 
.57 
.57 
.90 

1.45 

50-99 
.35 
.36 
.'3 
,61 

mIDi 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 
8 pin· .40 .36 .34 .31 

14 pi n· .45 .39 .37 .34 
.16 pin· .50 .42 .40 .36 

.70 

.90 

.95 

. 95 
1.25 
1.65 

.60 

.80 

.85 

.85 
1.15 
1.45 

.55 

.75 

.80 

.80 
1.00 
1.35 

.50 

.65 

.70 

.70 

.95 
1.20 

.27 

.32 

.34 

.45 

.62 

.65 

.65 

.90 
1.10 

All sockel. are GOLD 3 level closed enlrv • End and Side stacable. 2 level. Solder Tail. Low 
Prol ile. Tin Sockets and Dip Plugs available. CALL FOR QUOTATION 

FLAT RIBBON 
CABLE ASSEMBLIES 
AT AFFORDABLE PRICES 

• Choice oiJ types of end connectors molded 
on an d factory tested . 

• Daisy chain and single' end also available. 
• 5 popular sizes to choose from : 

20. 26. 34. 40 and 50 contacts. each 
with line-by-line probe access holes. 

DOUBLE END SINGLE END DAISVCH AIN 

No. Elec lric Pink Rainbow 13 connector.' 

• Choice of 2 cable types and 5 lengths. 
FLAT RIBBON CABLE 

Siranded. 28 AWG w ith lamina ted PVC insu lation . 
"Electric Pink" cable has red stripe on one edge fo r ori · 

enta tion . Used only on double· end and daisy chain as­
semblies . 

" Rainbow" cable is coded in standard lO-color se · 
quence o n iranI. Se fpen!lne str iping on back aids in identi· 
fYlng wire number and wil e group dur ing tear ·down sepa· 
raTi on fOf d isCfete wire term inations. Used only on single· 
end lumocrs. 

PCB ,JUMPERS 

ContaCIS '" 
20 

92405206·R 
$5.69 

26 
924053·06·R 

&:646 

34 
924Q54 ·06·A 

.796 

40 
924055·Q6·R 

$9.29 

50 
924056 06 ~ 

510 10 

SOCKET ,JUMPERS 
DOUBLE END SINGLE END DOUBLE ENO JUMPER ASSEMBLIES 

No Electric Pink Rainbow 
No. Elec tric Pink Cable 

Contacl~ B" ,." Contac ts '" 1S" 36" 

20 924031 06 R 924042 J6 R 20 924002·06·R 924002·16·A 924002 ·J6·R 
5257 $2.5S $370 $4.16 $ 4.85 

26 
924033 06 R 92404336·R 

26 
924003·06·A 924003· IS·R 924003·')6·R 

$3 32 $331 54.78 $ S.38 56_28 

34 , 92403406 R 924Q44·36·R J4 924Q04·06 ·R 924(X)4 · IB·R 924004·)6·R 
$395 $413 5625 • 705 $ 8.2S 

40 
924035 06 R 92404536 R 

40 
914005 06 R 924005· 18·R 924005·J6·R 

54 57 "94 5733 58.27 .968 

50 
924{J36 06 R 924()46 J6 R 

50 
9] 4006 06 R 924006 ' B·R 24006 36 R 

5~ 62 S597 S9 1S 51031 5120S 

Elec1ric Pink ,." ." 924062·J6·R 924002·D6·R 
$4.11 '8.42 

924063·36·R 924093·06·R 
$4.88 $9.54 

924064·36·R 924004·06·R 
$6.15 $11.74 

92406S·36·R 924005-06-R 
$720 $13.70 

92~·36· R 924096·06·R 
$8.21 514.86 

SINGLE END 
Rainbow 

36" 

924012·36·R 924072-06·R 
$3.12 • S .... 

924013·36·R 924073·D6·R 
$4.D4 $ 7.02 

924014·36·A 924074 ·06·R 
SS.30 $ 918 

924015·J6·R 924075·06·R 
$6.22 $10.76 

924016·J6·R 924076·06· R 
$773 51343 

double-row Ideal mates for 
JUMPER HEADERS "GREAT JUMPERS" 

II • Solder to PC boards 
for instant plug· in 
access via soc~et -
co nnector jumpers 

" 8 " 

• .025" square posta are 
molded into plastic 
header strip on a 
.10" x .10" matrix 

No. Dim. 
STRAIGHT Posts "A" 

20 1.0 

26 1.3 

34 1.7 

40 2.0 

50 2.5 

No. Dim. 

• Choice of straight 
or right angle con­
figurations 

Dim. Part Price 
" B" Number 2 sets 

0.9 923862 ·R $ .98 
1.2 923863·R $ 1.28 

1.6 923864· R $ 1.64 

1.9 923865·R $ 1.94 

2.4 923866·R $ 2 .36 

Dim. Part 
. ... . .. . .. . .. . .. . ' . . .. . .. . .. . . : . ' •• ••• • '~1 2)1 ~~" RIGHT·ANGLE Posts "A" 

Pric~ 
"B" Number 2 sets 

~ ' O15 ,1 =Ill. 20 1.0 0.9 923S72-R $ 1.20 
26 13 1.2 923873· R $ 1.52 
34 1.6 S 1.96 
40 

50 

FLAT RIBBON CABLE ASSEMBLIES 
WITH DIP CONNECTORS 

• Available with 14. 16. 24 and 40 contacts. 
• Mate with standard IC sockets. 
• Fully assembled and tested. 
• Integral molded·on strain relief. 
• Llne·by,line proboability. 

A P PIP Jumpers are th~ low·cost. high· 
Quali ty solution for jumpering within a PC 

'.J/A:, -....... "",J '{ 
~" O-tl ::.. 
,,; -tl .,:::: 
z. ' .' 
I }'/ \'1\ , 

No. 
Contactl 

14 

16 

24 

40 

board; i between PC_ boards • 
backpJanes interfacing In· 
put/Output signals; and more. 

All assemblies use rainbow cable. Stan­
dard lengths are 6. 12. 18.24 and 36 inches. 

DOUBLE-ENDED OA"'W D'"""P'""" '===rJ 
DIP JUMPERS -" =-

R R 
Length Length l~ngth Length Length ," 12" 18" 24" 36" 

9241 06·6·R 924106·12·R 924 106·18-R 924106·24-R 924106-J6·R 
'2.41 52.61 '2.82 '3.02 ' 3.43 

924116·6·R 924116·12-R 924116-18·R 924116·24·R 924116·J6-R 
$2 .65 $2.88 S3.ll '3.34 $3.80 

924126·6·R 924126·12·R 924126·18-R 924 126·24-R 924126·36·R 
54 .1S $4.50 ' 4.85 .520 '5.90 

9241J6·6·R 924136·12·R 924136·18-R 924136·24-R 9241 J6-36·R 
$6.93 'Hu $8.11 '8.70 '9.88 

ELECTRONICS 
Sepulveda. CA 91343 

Terms: Visa . MC. BAC. Check. Money Order. C.O.D. U.S. Funds Only. CA residents add 6'10 sales tax . 
Minimum order $10.00. Prepaid U.S. orders less than $75.00 include 5 '10 shipping and handling. 
minimum $2.50. Excess refunded . Just In case . .. please include your phone no. 

Prices subject to change without notice. OEM and In.itlt,uUon,al
' 

We will do our besl to maintain prices thru June 1979. Inq'!lrle~ Invited. 
phone orders welcome (213) 894-8171, (800) 423·5633 



TRS-80 Microcomputer Technical 
Reference Handbook 

Radio Shack has published a tech­
nical reference handbook for their 
TRS-80 microcomputer system_ The 
illustrated 108 page book is intended 
primarily for technically orie.nted per­
sons with a good working knowledge 
of digital logic circuits. Written in a 
straightforward, infor-mal manner, the 
TRS-80 Microcomputer Technical Ref­
erence Handbook includes technical 
information and schematic diagrams 
for both Level I and II TRS-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 ­
able from Radio Shack stores and deal­
ers. For further information, contact 
Radio 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 of computing and only ele­
mentary mathematical skill. 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 
fundamental. The programmir]g tech­
nique of incremental refinement is im­
parted by consisten t exam pie th rough­
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. I t is 
published 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 Instruction Handbook 

The Z80 InstructIon Handbook by 
Nat Wadsworth is a handy L compact 
reference providing a clear detailed 
explanation 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 alphabetically -along with 
machine codes and timing information. 
This 128 page book is priced at $4 .95. 
For further information, contact Scelbi 
Publications, POB 133 PP STN, Milford 
CT 06460. 

Circle 570 on inquiry card. 

Connect Your Computer to an 
Automatic Musical Instrumert 

Vestal Press has recentlJ announced 
the release of its 15th catalog. It con­
tains all types of automatic musical in­
struments including music boxes, car­
ousel organs, orchestrions (mechanical 
orchestras), reproducing pi anos (player 
pianos that play with full artistic fidel­
ity), violin playing machines, an d all 
sorts of unusual music dev ices. The cata­
log is available for $2 from Vestal Press , 
Dept B, POB 97, Vestal NY 13850. 

Circle 571 on inquiry card. 

Free Catalogs from Hayden Book 
Company 

Two new catalogs that include per­
sonJI computing and professional com­
puting books are available from Hayden 
Book Co Inc. They feature Hayden's 
new and forthcoming books on introduc­
tory computing, programming, and appli­
cations and advanced technology. For 
free copies of either the personal or the 
professional computing catalog, write to 
Hayden Book Co Inc, 50 Essex St, Ro­
chelle Park N J 07662. 

Circle 572 on inquiry card. 

TRS-80 Monthly Newsletter 

Th e TRS-80 Monthly Newsletter con­
tains articles and programs (with com­
plete program I istings and instructions) 
related to business, personal finance, 
money management, games, practical 
applications and gambling. The programs 
are also available on cassette or floppy 
disk . A summary of the latest TRS:80 
system developments and a list of 
TRS-80 related software are published in 
every issue. A one year subscription to 
this newsletter is $24. For more informa­
tion, contact Mathem atical Applications 
Service, POB 149 RS, New City NY 
10956. 

Circle 573 on inquiry card. 

Comprehensive Microprocessor Design 
Manual Announced by TI 

This self-teaching microprocessor 
design manual, written for both begin­
ners and exper.ts, is available from Texas 
Instruments Inc, Mail Station 54, POB 

. 225012, Dallas TX 7522.2.9900 Family 
Systems Design and Data Book offers 
more than 1,000 pages of educational 
and applications information that can 
help users develop a deeper understand­
ing of the complex 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, 
covering the complete TI 9900 family 
of microprocessors, microcomputers, 
peripheral support circuits, assembled 
microcomputer modules, software and 
development systems. Chapter Three 
moves step-by-step ' through a "first 
encounter" with a 9900, describing basic 
concepts in an introductory application. 
Ch ap ters Four, Five, and Six cover hard­
ware and software design, architecture 
and interfacing techniques, programming 
methods and the instruction set. 

Chapter Seven contains reference 
materials for development systems used 
by experienced system designers to 
develop 9900 software programs, debug, 
and prototype final systems. It also 
includes in-depthi technical specifications 
on all currently available products in 
the 9900 family. 

Chapter Nine offers detailed examples 
of real world uses of TI 's 9900 product 
family in the design of a low cost data 
terminal, a floppy disk controller, and 
a simulated industrial control applica­
tion. 

The 9900 Family Systems Design 
and Data Book is priced at $9.95 (soft 
cover) . 

Circle 574 on inquiry card . 
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Microchess for the PET and Apple 
Computers 

Microchess 2.0, develeped by Pete r 
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 plays 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 current 
position on a graphic chessboard. You 
can play white or black, set up and 
play from special board positions, or 
watch the computer pl'!y against itself. 
Microchess 2.0 is available for $19.95 
from Personal Software, POB 136, 
Cambridge MA 02138 . 

Circle 609 on inquiry card. 

New Publication on Patching and Pro­
grammil1g from Polyphony 

The Source is a compilation of analog 
music sy nthesizer patch ch~rts which 
have appeared in Polyphony magazine 
plus some extras . The magazine and this 
book adhere to two impor tant concepts: 
to show the average synthesist how to do 
it, and to promote and publish informa­
tion exchange between synth esists. The 
first of the six chapters in the h'andbook 
is spent familiarizing the reader with the 
standard symbology used to represent 
various synthesizer modules. Another 

270 June 1979 © BYTE PubJications Inc 

MISCELLANEOUS 

On Screen Text Editors for 8080 
Systems 

Two Daisy text editing programs 
allow fully interactive visible text edit­
ing and advanced word processing 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 
tha t th e 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 allows calling disk files 
while formatting, and has 26 in-memory 
buffers. Also included is a mail merge 
program which is useful in producing 
form letters and labels. 

The TSA/os version is $125 for Daisy, 
and $~OO for WPD aisy. The CPIM 
version is $175 for Daisy; $350 for 
WPDaisy. For further information , con­
tact TSA Software Inc, 39 Williams Dr, 
Monroe CT 06468. 

Circle 611 on inquiry card. 

Multi-Universal Integrated Circuit 
Plug~ ln Adapter 

This mul ti-universal integrated circuit 
plug- in adapter accepts integrated circuit 
patterns of up to 40 leads, including 
large scale integration, med ium scale 
integra tion, and programmable memory 
devices. The adapter is used for mount­
ing a variety of mixed devices which will 
then plug into any -standard universal 
integrated circuit packaging panel. 

The PIN 640-MUI adapter will accept 
the following packages : single-in-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-plated cir­
cuitry. The plug-in contacts are brass, tin 
plated, with a gold plated berrylium cop­
per four-tine spring socket mem ber. 

They are available at prices ranging 
from $2 to $6 per unit. For more in­
formation, contact Garry Manufac turing 
Co, 1010 Jersey Av, New Brunswick 
NJ 08902. 

Circle 612 on inquiry card. 

chapter contains patches wh ich are most 
useful for actually playing tunes. In the 
techniques chapter is found a multitude , 
of patches which provide insigh t into 
how to use modules efficiently and imag­
inatively. The final chapter on software 
contains the basis for an understanding 
of a few of today's newest musical tools. 
Program listings for computer music are 
provided. This 124 page book costs $4 
and is available from Polyphony Publish­
ing Co, 1020 W Wilshire Blvd, Okl ahoma 
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 Avalon, Palo Alto 
CA 94306. The family, called RS232-X, 
switches serial RS-232 peripherals be­
tween several driving sources. Model 
RS232-X3 al!ows three driving Sources. 
By turning the three position switch 
mounted on the RS232-X3, the user 
can select the driving device that will 
exchange data with the peripheral unit. 
A unique arrangement allows the cascad­
ing of two or more RS232-X switches, 
th ereby expanding the selection from 
three devices to five or more. Model 
RS232-XF, is similar to the RS232-X3 
but switches additional signals. Both 
com e with 25 pin female connectors. 
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 ca rd. 

Analog Interface 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 generation, 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, 
Iigh t sensors, or oth er devices to be 
digiti ze d. A modified version, ADA K·1 
PET, plugs directly into Commodore 
PET comp uters. The software casse tte 
supplied with this version includes pro­
grams for machin e lan guage coding, 
music generation, Fourier waveform 
synthesis, analog to digital conversion 
and several paddle input games. Both 
versions are completely tested and 'in­
clude connectors and instructions. 
ADAK-1 is priced at $69.50 and the 
ADAK-1 PET version is $99.50. For 
further information, contact Technical 
Hardware Inc, POB 3609, Fullerton CA 
92634. 

Circle 614 on inquiry card. 



*MEMORY SALE! have it your way . .. 
16K $295.001! (4MHz) (Reg.$SlO.OO) S2K $48S.00!! (4MHz) (Reg.$620.00J 

ALL BOARDS ASSEMBLED AND TESTED ...... (KIT PRICING AVAILABLE) 

• Extended addressing allows board 
to exist anywhere in 256K memory 
on standard S-1 00 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 

161 

l21 

Z-80 CPU (one serial chip set, less eprom) $195.00 (Reg. $280.00) 

• 2 Parallel + 2 Serial Port 
• 2 M Hz or 4 M Hz 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 Sariyo 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 
control I er) 

DOUBLE DENSITY DISC CONTROLLER $385.00 

• CPM* Compatible, TARBELL Pin-out compatible 
• On/Board Boot 
• 2 or 4 MHz Jumpe.r Selectable 
• 8 inch Single or Double sided (5.25 inch available) 
• 52 S~ctors, runs CPM*, IBM Format 

ORDER NOW!! 

SALES 
_ AND 

SERVICE 

*CPM is a trademark of Digital Research, Inc. 

East: 
DELTA PRODUCTS 
1254 South Cedar Road 
New Lenox, Illinois 60451 

Tel (815) 485-9072 

Circle 89 on inquiry card . Dealer inquiries invited. 
Personal checks must clear before shipment • 90 day unconditional warranty • B of A, M/C Okay 
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.:.--'L:::':»::EI ' Computer Products 

* DISK DRIVES * 
B51 5Yo" $295.00 
by Micru PeripheralS, Inc. Operates 
In eithe. single density (125KB, 
unformatted) or double density 
(250KB. unformatted) modes, UP 
to 40 tracks. with a track·to·track 
access time of only 5 ms. 

1R $495.00 
ugart Single·slded 8" floppy 

k drive. 
FD8·100 $395.00 
GSI/Siemens. Runs cooler and 
Quieter than 801 (8") 

SA400' $325.00 
Single density 5'10, 3$-Track ·drlve. 

avaUable 

Vista V80 
Mini DisH 

SYSTEM 
FOR TRS-80 

$395. 

o 

Includes disk drive, power supply, 
regulator board, and compact cale. 
The V·SO offers 23% more storage 
capacity. Simply take It out of Ihe box, 
plug In the cable, and It's ready to run. 
Requires 16K, Level II, expansion 
Interface. 

$24.95 

14 PIN 
16 PIN 

39t each 
4Jt each 

100 for $35 
Socke ts til t' end a nd side s tack · 
abl t', c l o ~ec1 t!lltlV . 

EXPANDOR'S BLACK BOX PRINTER 
This 64·character ASCII impact printer 
with 80·column capability is portable 
and uses standard 8'"'' paper and reg· 
ular typewriter ribbon . Base, cover 
and parallel interface are included. 
Assembled and complete with manual 

and documentation. only $470.00 
(90 day manufacturer's warranty) 

TRS·80 I nterface Cable for Black Box Printer 
with rll.ltllig (Onneltors. $48 .00 

(11l1/St be used WI til expansion module, • 8v / 1 
aUlp puwer supply rt'Qulrcd I 

Box Printer .00 

TRENDCOM 100 
Intelligent Printer 

~ 
Interface & Cable 

for TRS-80 
$4~.00 

• 40 character per second rate 
• Low cost thermal paper 
• 96 character set 
• Microprocessor controlled 

Interface & Cable 
for Apple 

$60.00 
• Bidirectional look·ahead printing 

• Quiet operation • No external power supplies • Only two 
driven parts • High reliability • Clear 5 x 7 characters 
• Attractive metal and plastic case 2 rolls of paper for $5.00 

1-100 MOTH Ell 10Ali01 
JADE 6·SLOT 
K,I 
A5semhl.d & Tesled 
Bare Board 

541.95 
556.95 
524.95 

9-SLOT "LITTLE MOTHER" 

K,I 585.00 
Assembled & Tesled 599.00 
Bare Board 535.00 

13-SLOT "QUIET MOTHER" 

K'I 595.00 
Assm. & Tesled 5110.00 
Bare Board 540.00 

22-SLOT "STREAKER" 

As<m. & TeSied $149.00 

J.A..~:EJ 

VIDEO INT.ERFACE 
5-100 Compatible Serial Inter· 
face with Sockets Included . 
Kit $117.95 
Assembled & Tested $159.95 
Bare Board wlmanual $ 35.00 

Z80A SPECIAL 
4MHz CPU Chip * $14.95,* 

Convert your T.V . set into a 
Video Monitor 

. Kit $8.95 

J.A..::I:»E 
PARALLEUSERIAL 

INTERFACE 

5·100 com pal'ble
b 

2 serial I/O 
p or~:/J~~~~I~e l 1/. $124.95 

Assembled & Tested:' 
JG,P/SA $179.95 

$ 30 .00 8are Board w/Manual 

Integral Data Systems 
'" 

t) Check the ImpreSSive 
features on Integral's 
IP-125 Impact Printer 

only $799 

MAINFRAMES 

Accomodatel all 5-100 
Moiher Boardl. Built-In card 
cage with card guld... Lighted 
relet switch. Rotron whllper Ian. 

Include. heavy duty power 
supply. (+ avolll DC@3OAMPS, 
+ 16 voltl DC @ 4 AMPS, -8 vol II 
DC may be added. 

$389.00 

.. or TIM 
FLOPPY DISKS 

5% in. Minidiskettes 
Soft sector, 10 sector, 0, ' 16 sectof 

$4.40 .. ch or 
box of 10 for $40.00 

8 in . Standard Floppy Disks 
50ft Sector 

$4.75 each-IO for $42 .50 

FLOPPY DISK INTERFA 
JADE FLOPPY DISK (Tarbell 
board) 

Kit $195 .00 
Assembled & Tested $250.00 

S.D. Computer Products 
VERSA-FLOPPY 

KII 515995 
Assemb led & Tested 523900 

LOADED WITH EXTRAS AT NO EXTRA COST 

- M,crOP l oceuol c onllolle r _ Sell.1 RS232t: Inlerta<.e _ Par~lIel T I L level ," I e r l~ce _ F u ll 
up pel ~nd lower c ase ASCII char~clel ,411 (9& cll ara clersl _ full 8 ·.· ·· IflCh wrde paper _ LUle 
len91 h 0180 co lumns 01110 characters per lOc h - Impacl prrntlllq _ 1./001 onol l il. _ ()rd.na • ., 
PdPel tOil, t~ntoIO. o r ,heel - !,ell.al 0 .. ,,0 1.le l u 1200 011\ pel lecunO - Mull lole line Dultel 
o f 2~6 cnalacten - Inuanlaneou, prlnl r.te til 100 chara c lers per second _ Mulliple c o ple\ 
w,tnoul oIC1justmenl - Reonkonq liDDon meCnant\,n - f 'ont panel opela tor contr ulS _ Attr~ctlve 
tabte l OP c o nsnte 

IP·225 Integral Data System IP·225 Tractor Feed Printer 
-All standard features of IP·125 
- Tractor feed paper drive 
- Forms Control Option (P1250) 

IP-125 Integral Data System IP-125 Friction Feed Printer 
- 96 upper & lower case ASCII character set 
- Enhanced character control 
-Serial RS232C Interface (std. factory wiring) 
- Parallel TTL I nterface· (factory wired on req.) 
- 80 column line 
- 256 multiline buffer 

$949 

$799 

_ Plugboards 
8800V -( 

3690·12 
CARD EXTENDER 

Card E.'tnder h •• 100 con,actl . SO pet '1(_ 
on 1]f> Ctnl.,. . Altached connKtor •• com · 

Gen PurpoH' D, I. P . dOlrdl 
Wllh Bus Plnern lor Solder 01 

Wne Wrlp . Epo .... G tln 1/16 ·· 
.... pin con . spICed . 1 S6 . 

p.,rbl. w.th 5·100 Bu. Svuem. . 115.00 1117 . .. .. . 4.5" . . .. 110.10 

~:!!~ ~2/4 Pift .. '.~ ~t.' • .- ... . "2.c.l 1171·2 '.5". 4,5" .. . . 11.14 

BYTE June 1979 

In.velsal Mlcrocomp uter/procen ol 
plugboard. Uae w;lh S· l00 bus . Com . 
plell! with heal lin k & hardwale . 
5.3". 10· ' . 1/ 16 '· , 

8801·1 
Same 1\ BBOOv elcept plain . teu 
POwel buH'1 & hut ,onlt 

1-4 5.9 10·]4 

j,[OOV-= ·I'.~ ~n.H 
1I0t-.1 14.15 1~4!.~ 

- .' 
:~~ ,'~:\, ,11"~j~~ .. 

, '" " " .'\:'~ '~t 

P p l ttern plugboards lOr IC ', 
Epa • ., G lau 1/16" 44 pon con. 

'PKed , I'56 . 

3662 &.5" • 4.5" . . . S7.15 
3112·21.1" .4.5" ... Sl1.45 

H. ·Denlily Dual ·rn · l,ne Plu g· 
board lor Wore W,ap wllh 

POwel & Grd. 8 .... ' Epa • ., 
G la" 1116·' 44 Pin con . t.PlCed 
.156. 

31121.'''.4.5'' . . .. SI0.'7 
JlI2·21.5" • 4.5" .... SUI 

Circle 195 on inquiry card. 



PLACE ORDERS TOLL FREE 100/421-5101 ConUnentei U.S. 
100/212-1710 In ... C.Nfomle 

LEEDEX MONITOR 
• 12 " Black and White 
• 1 2MHZ Bandwidth 
• Handsome Plastic Case 

$139.00 

TIE 
.. M. 
$179 

KIM-l Module monil­
or, programs stored In 
2048 ROM Bytes, User 
Manual, Wall size 
schematic, Hardware 
manual. Programming 
manual. Programmers 
reference card,and 
Keyboard display. 

... $245 
877'" 6502 - based single board 
computer with keyboard/dis· 
play, K I M·l hardware compa· 
tlble, complete documentation , 

SYM-1 CASE $39.95 
MICROPROCESSORS 

F8 

m~2(~~:.II) 
CDPI802CD 
6502 
6800 
6802 
8008· 1 
8035 
8035·8 
8080A 
8085 
TM59900TL 

8080A SUPPORT DEVICES 
821 2 
8214 
8216 

m:f~~~l\ 
8226 
8228 
8238 
8243 
8251 
8253 
8255 
8257 
8259 
8275 
8279 

USRT 
52350 

UARTS 
AY5· 1013A 
AY5· 1014A 
TR 1602B 
TM56011 
IM6403 

BAUD RATE GENERATORS 
Mel4411 
14411 Cry~lal 

6800 PRODUCT 
6810P 
6820P 
6821P 
6828P 
6834P 
6850P 
6852P 
6860P 
6862P 
6871P 
6875P 
6880P 

CHARACTER GENERATORS 
2513 Uppe' (·12,51 
2513 Lowe' (·12 +5) 
2513 Uppe< (5 "lilt) 
2513 Lower (5 volt) 
MCM6511 up scan 
MCM65 71 A down sen 

PROMS 
1702A 
2708 
2716 !5+12) TI 
2716 5 ... ) INTEL 
2758 5v) 

DYNAMIC RAMS 
4160/4116 (200ns) 
2104/4096 
21078-4 
TMS4027/4096 (300n'l 

STATIC RAMS 1-15 
21 L02 (450ns) $ 1.50 
21L02 (250n.) $ 1.75 
2101·1 $ 2.95 
2111 · 1 $3.25 
2112·1 $ 2.95 

FLOPPY DISK CONTROLLERS 
1771801 
1791 

KEYBOARD CHIPS 
AY5·2376 
AY5·3600 
MM5740 

$16 .95 
$20.00 
$14 .95 
$17 .95 
51'-1 .95 
516,95 
$25 .-00 
$12 .!!5 
520.011 
52 1.00 
510.00 
$23.00 
$49.95 

$ 2.90 
5 4.65 
$ 2. 75 
$ 4.30 
5 9.95 
$ 2.75 
5 6.40 
$ 6.40 
$ 8.00 
$ 7.50 
520.00 
$ 6.45 
$20.00 
$20.00 
$75.00 
$18.50 

$10.95 

$ 5.25 
$ 8.25 
$ 5.25 
$ 5.95 
$ 9.00 

$10.00 
$ 4.95 

$ 4.00 
$ 6.60 
$ 6.60 
$11.25 
$16.95 
5 8.65 
$11.00 
$ 9.25 
$12 .00 
$28 .75 
$ 8.75 
$ 2.50 

$ 6.75 
$ 6.75 
$ 9.75 
$10.95 
$10.95 
$10.95 

$5.00, 
S 9.95 
$60.00 
$60.00 
$30.00 

$12 .50 
$ 4.00 
$ 3.95 
$ 4.00 

16-100 
$ 1.20 
$ 1.50 
$ 2.60 
$ 3.00 
~ 2.65 

$39.95 
$49.95 

$13.75 
$13.75 
$18.00 

Circle 195 on inquiry card. 

JADE' 
DOUBLE DENSITY Ii NEW! 

Controller Board JADE zao BOARD 

KIT: $249.00 
Assmb. & Tstd: $299.00 

IMPROV.D D •• IGN AND 
nATUR •• 

• ON BOARD 2708 0,2716 fPROM 

.Slngle or Double Denslly Recording 

.Full Size or Mini Floppy 

• VERY RfllABL EAT 4 MHZ OR 

2 MHZ 

• POWER ON JUMP AND RE SE T 
.CP/M Compalable In ellher density 

.Programmed Data Transfer. no DMA 

.Controls up to .8 drives 

• ON BOARD USART (8 2S1) 

K,t 
.IBM formalin ellher denslly 

.Software Selectable Densily 

Assembled & Tested 

• This conlroler utilizes lhe proven 
reliablllly of the IBM slandard formal 
as well as Ihe lasle.1 phase· locked· 
loop for data seperatlon .• All clocks 
are generated from an on~board 
cyrstal oscilialor • Righi precompen · 
saUon Is used to enhanced data 
recovery rellabillly In lhe double 
densily mode. Densily selection Is 
enltirely transparent to the user _ 
Single and double denslly dlskelles 
can be mixed on the same system. 

A KIM·l compatible machine with 
on·board printer and a real keyboard! 

$375.00 w/1K RAM 
$450.00 w/4K RAM 

4K assembler/editor in ROM: $ 80.00 
SK BASIC in ROM: $100.00 
Power supply : $ 59.95 
Case for AIM·65 : $ 49.95 , 

Special Package Price: $599.00 
AIM·65 (4K), Power Supply, Case. and b'K B 

LM....!::k 

SIl~.oo 
$115 ,00 

FEATURES & BENEFITS 
• 80 characler by 24 line formal (Model 57) • 
Complelely self conlalned lermlnal eleclronlcs, jusl 
add CCTV monllor and key board. No support 
software required. Swllch seleclable modes: Half 
Duplex, Full Duplex. Block mode. Block mode 
allows for ediling before Iransmil • Keyboard 
Inlerface provided • Fully assembled. sockeled. 
tested, burned In, and guaranteed 'or a full year 
from dale of purchase. Video Is swllch seleclable 
"Black·on·Whlle" or "Whlle·on·Black" 

ZIP* 
DIp® II 

Sockets 

5-100 EDGE CO .... ECTORS 

iiiillll:: iiilli 
Solde' tad $3. 25 each 

10 for $35.00 
W"e W.ap $4 .00 each 

10 tm $40.00 

J .A..I»::E: 

~~!:l l 'j llllllll llg 

·ZERO 
INSERTION FORCE 

locket. 

Computer Products 
4901 w. ROSECRANS AVENUE 
Deparlmenl "F" 3 
HAWTHORNE. CALIFORNIA 90250 
U.SA 

Telephone : 
(213) 679-3313 
(800) 421·5809 Continenlal U.S . 
(800) 262·1710 Inside California 

~ i.) .Z~ 
CaSh, checkS, money orders, and credit cards accepted. Add 
freight charge of $2.50 for orders under 10 Ibs. and S1.00 serylce 
charge for orders under $10.00. Add 6% 511es tax on III pa,ts 
delivered in California. Discounts IYlilibie .It OEM qUlntltles. 

WRITE FOR OUR FREE CATALOG 
All prices subject to change without notice. 

Mlmorv 
ElPllllIOn I ... lor 
TIl·" and Ipplll 

'" 4116', 
& Everything a person needl to 
'f add 16K of memory. Chipi 
~ come neatly packaged with 
~ ('alY to follow dlrectlonl. In 

minutes your machine II 
ready for gamel and more 

advanced software. 

$82.00 

DYNAMIC RAM BOARDS 
EXPANDABLE TO 64K 

32K VERSION. KITS 
Uses4115(SKxl, 250ns) Dynamic 
RAM's, can be expanded in SK 
' ncrements up to 32K : 

IK $159.00. 24K $249.00 
16K $199.00 321:( $299.00 

450ns 
300ns 

450ns 
300ns 

4115 SALE 
8 for $39.95 , 

JADE 8K 
Kits: 450ns $125.'5 

250ns $14'.75 
Assembled & Tested: 

450ns $13'.75 
250ns $1.'.75 

BAre Board: I 25,00 
16K - U_ 2114'1 (low power) 
Assembled & Tested: 

RAM ,. (250n.) $375.00 
RAM U8(450n.) 1325.00 

16K with ma"..ment 

BYTE June 1979 273 
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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 PETPILOT language processor 
and editar which is suitable for preparing 
long pragrams of up to 80,000 char­
acte rs. Th e product features full BASIC 
in compute statements as well as two 
new keywords designed to make PI LOT 
programming easier and faster. All lan­
guage features of the most recent PI LOT 
standard are implemented . Only the tape 
drive supplied with the PET is required 
to. run any PILOT program. While simple 
PI LOT programs can be created on a 
single drive PET, authars 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, 31336 
Via Colinas, Westlake Village CA 91361. 
Programs are compiled to run under the 
company's 005-68 disk operating system 
for scientific applications, number 
crunching and multidimensional array, 
processing. The compiler is also com ple-

SOFTWARE 

programs will need the second cassette 
drive offered by Commodore. 

The package offered by the PET­
PI LOT project contains both programs, 
a sample PI LOT program, a teacher's 
manual, a quick , reference card, and 
licenses to run the programs on a single 
PET. A tutorial cou rse of 4 one hour 
lessons in effective use of PI LOT is also 
ava ilable. The basic package costs $12, 
and the tutorial is an extra $8. Both 
products can be ordered by specifying 
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 Lin king 
Loader for loading the object listing 
into any portion of memory specified. 

Requiring 24 K bytes of user pro­
grammable memory, the compiler has a 
data initialization capability, features 
arithmetic and logical I F statements, and 
handles sequential access fi·les so that up 
to fQur files can be opened at anyone 
time. FORTRAN library subroutines can 
also be built. 

The 6800 FORTRAN compiler is 
priced at $99. 

Circle 621 on Inquiry ca rd . 

KIM-l Control System 

PCROS is a Process Control Real­
time Operating System for the KIM-l 
microcomputer board. The operating 
,system is designed to function in the 1 K 
byte KIM-1 programmable memory. 
PCROS can control up to twelve switches 
and is driven by a real time clock rou tine 
that makes use of the KIM-1 timer and 
interrupt circuitry. 

A process control language inter­
preter has been included as an integral 
part of PCROS. The interpreter utilizes 
the on board KIM -1 keyboard and di­
play_ The process control language inter­
preter provides nine commands far appli­
cation program development : set swit­
ches, hold full-se.cond current settings 
(up to 255), hold quarter-second current 
settings (up to 255), repeat cammand 
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 further. 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 

EXCLUSIVELY AT ALL PARTICIPATING Compute,land® STORES. 

274 June 1979 © BYTE Publications Inc Circle 75 on inquiry card . 
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I::::: 16K EPROM CARO-S 100 BUSS 8K LOW POWER RAM KIT-S 100 BUSS :::::: 
••••.. 250 NS SALE'. . .•••• •••••• • ••••• ••.... $59.95 ...... •••••• • ••••• •••••• • ••••• •••••. KIT ...... 
•••••• • ••••• •••••• • ••••• ...... OUR ...... 
•••••. BEST .••••• 

I::::: SelLING I $129 KIT I :::::: •••••• • ••••• ...... KIT! ...... •••••• • ••••• 
...... (450 NS RAMS!) .••••• •••••. USES 2708's! .••••• 
•••••• • ••••• •••••. Thousands of personal and business systems around Thousands of computer systems rely on this rugged. work ...... 
I::::: the world use this board with complete satisfaction. horse. RAM board. Designed for error-free. NO HASSLE. :::::: 
I::::: Puts 16K of software on line at ALL TIMES! Kit features systems l)se. :::::: 
I::::: a top quality soldermasked and silk-screened PC board KIT FEATURES: :::::: 
.:::::: and first run parts and sockets. All parts (except 2708's) 1. Doubled sided PC Board with solder Blank PC Boa$rd

29
w.

9
/
5
D.ocumentation :::: •••• 

mask and silk screen layout. Gold 
.::::: are included. Any number of EPROM locations may be plated contact fingers. Low Profile Socket Set ... 13.50 :::::: 
...... disabled to avoid any memory conflicts. Fully buffered 2. All sockets included. Support IC's (TTL & Regulators) •••••• 
•••••. d h WA T ST TE 3. Fully buffered on all address and data $9.75 ..... . ...... an as I A capabilities. lines. Bypass CAP's (Disc & Tantalums) ..... . 
•••••• $4.50 ..... . 
•••••. OUR 450NS 2708'5 ASSEMBLED 4. Phantom is jumper selectable to pin ..... 1 •••••. T 67. • •••• 
•••••• ARE $8.95 EA. WI H AND FULLY TESTED 5. FOUR 7805 I 'd d ASSEMBLED AND FULLy .... . 

:
..... PURCHASE OF KIT ADD $25 regu ators are provi e . BURNED IN ADD $30 ..... . 
..... on card. .. •••• 

•••••• • ••••• 
: ••••• ::.:.:. 16K STATI,C RAM KIT -S 100 BUSS ::.:.:.:.1 COMPLEMENTARY POWER TRANSISTORS •••••• • ••••• ••.... .. ...• I::::: I $295 KIT I SILICON NPN AND PNP. TO-220 CASEp :::::1 
...... .. VCEO-40V PD·30WATTS (i# ••••• j 
...... FOR AUDIO POWER AMPS. ETC .•••• 
•••••• • •••• ...... ' .:;~ ....• 
.•••••. YOUR CHOICE •••••• 
...... FULLY TIP29 - NPN .••••• 
...... STATIC, AT ...... 
• :::::: DYNAMIC PRICES TIP30 - PNP 3 FOR $1 :::::: 

••••• • ••••• 
...... WHY THE 2114 RAM CHIP? .. ···1 
•••••• KIT FEATURES: 16K DYNAMIC RAM CHIP NOT ASSOCIATED ••••• I::::: ~:~e~~ti~e(~j~~4t~!1I2~~~h!~~~ti~~~~Za~:~~i~:. ~: A~~es~a~~r:~ lo~~~~ar~~L~~IO~~r~Ujtry. 16K X , Bits. 16 Pin Package. Same as Mostek 4116-4. 250 NS access. 410 WITH ::::: • 
•••••• availabi li1y. and quality will all be good! Next, the (Cromemco Standard!). Allows up to 512K on NS cycle time. Our best price yet lor this stateot the art RAM. 32Kand 64K DIGITAL RESEARCH •••••• 
•••••• 2114 is FULLY STATICl We feellhis is the ONLY line! RAM boards using th is chip are readily available. These are new, full y OF CALIFORNIA. • ••••• 

• way to go on Ihe S.·1OO Buss! We've ali heard the 3. Uses 2114 (450NS) 4K Stalic Rams. guaranleed devices by a maior mfg. VERY LIMITED STOCKI THE SUPPLIERS OF ...... 
••••• HORROR slories about some Dynamic Ram 4. ON BOARD SELECTABLE WAIT STATES. • ••••• 

:
: •• :: Boards having trouble with OMA anq FLOPPY 5. Double sided PC Board. wilh solder mask and 8 FOR 89.95 CPM SOFTWARE. .. •••• 
•• DISC DRIVES. Who needs these kinds of silkscr~enedlayout.Goldplatedcontactfingers. 2708 EPROMS ...••• 

•••••• problems? And finally . even among other 4K 6, All address and data lines fully buffered. 450 NSf ••••• : 
•• : •••• Static RAM's the 2114 stands out! Not all4K static 7. Kit includes ALL parts and sockets. • •••• 

.... Rams are created equall Some of Ihe other 4K's 8. PHANTOM is iumpered 10 PIN 67. Now full speed! Prime new units from a major U.S. .. •••• 
•••••••• have clocked chip enable lines and various timing 9. LOW POWER: under 2 amps TYPICAL from the •••••• 

•••• windowslu,t .. crltlcllasDynamic RAM's. Some .aVoIlBuss. Mfg. 450 N.S. Access time. 1K x 8. Equiv. to 4-1702 ...... 
•• : •••• of our competitor's 16K boards use these "t ricky" 10. Blank PC Board can be populated as any •••••• 

.... devices. Bul nol us! The2114 is the ONLY logical mullipleof4K. A's in one package. .. •••• I::::: choice for a trouble-free. straightforward design. $9
95 

:::::: 
•••••. BLANK PC BOARD W/DATA-$33 $ 4 FOR $sgaa ..... : I::::: LOW PROFILE SOCKET SET -$12 ASSEMBLED & TESTED-ADD $301 &.7& ea. :::::. 
...... SUPPORT IC'S & CAPS-$19.95 2114 RAM'S-8 FOR $69.95 PRICE CUT ...... 
•••••• • ••••• •••••• • ••••• •••••• • ••••• ••.... .. ...• 
I ···.. .. ..• : •.... . ...• 
~ .. ~: •••••• • •••• ••.... ..···1 •••••• • •••• •••••• • •••• 
~.. -I •••••• • •••• •••••• • •••• •••••• • ••••• •••••• • ••••• ...... . ...• : 
•••••• • •••• •••••• • ••••• •••••• • ••••• •••••• • ••••• •••••• • ••••• •••••• • ••••• ...... .. ...• 
•••••• • ••••• •••••• • ••••• •••••• • ••••• I::::: ..•••• ••.... . ...• :' 
I::::: 0 ig ita I R esea rch orporat ion TERMS: Add 30< poslage. we pay bal'ance. Orders under $15 add 75< handlong. No ::: •••••••• 
•••• C.O.D. We accepl Visa, MasterCharge, and American Express cards Tax. Res add 

I •.. :: , (OF TEXAS) 5% Tax. Foreign orders (except Canada .add 20% P & H. 90 Day Money Back •••••• 

..... POBOX 401247Y GARLAND TEXAS 75040 • (214) 271-2461 Guaranleo on all ilems. :: •••• 
•••• ::.~. • t .':':: •• •.. .. ~ .... ; ; : ; ; ; : : : : ; : : : : : ; : : ; ; : ; ; : : : : ; : : ; ; ; ; ; ; : : ; ; ; ; ; ; ; : : ; : : : ; ; : : : : ; ; : ; ; : : : : ; : ; ; ; : : : ; ; : ; : ; ; ; : ; : ; : ........ . .. . .... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ... ..• . ~l···················································· .................. :::::::::::::::::; •• • ::&::::::::::::;;::::::::::::::::::::::::::;:::::::::::::::::::::::::: .................. . 
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II PET II 
only $795 ~5~~D 

• 14K ROM Operating system 
• 8K RAM Memory 
. 9" Video Monitor 
• Buill ,n Key bo ard 
• Digit ally controlled tape 

l oday's best va lue ,n perso nal computers. along with the lales l 
In penpherals. are always in slock al the COM PUTER FACTO RY 

The PET is now a truly sqphisticated 
Business System with the Floppy 
Disk and Printer which makes 
ideal ,cost efficient business 
system for most professional and 
special ized fields: medicine. 
law. research . engineering . 
education . etc . 

PET 2001-
16K$995 
32K$1295 

• 16 o r 32K Byle~ 
DynamiC RAM. 14K 

Operating System 
• Upper/ Lower Case and 

Graphics 
• Full Sized Business Keyboard 
• Full Screen Edit ing 
• Opera ling system will support 

multiple Languages (BASIC 
resident) 

• Machine Language MOnllor 
• 8K ROM ExpanSion Sockets 
. 9" CRT 

• Bottom and Aear Tractor Feed 
S • 8';"" Paper Width 

• 6504 Microprocessor Controlled 
• 150 cps BI-dlrectional 
• 4K ROM' 'IlK RAM 
, Upper/Lower Case and Graphics 
, 7 x 6 Dot Matri;/' 

DUAL DRIVE FLOPPY 
DISK 2040 $1295 

PET 
MUSIC BOX 

Add music and sound 
eHects to your 
programs. Compose. 
play. ,nd hear music on 

. your pel. Com:rletelY 
. self-contalne (no 

wiring). Free 3 
programs Including Star 
Wars theme. sound 
eHects. etc. $39. 

: ~~h\~~~~ ;~~:af~a n S fe , SA L E 
• Plugs inlo IEEE Port 
• 6504 Microprocessor 
• BK ROM Operat ing System. 
• BK ROM Encoding and 

Decod;ng Come In Or Call For 
: ~~e~AS~ng le 0' Dual s;ded Special Low Prices 

D;skeltes WE'RE MOVING TO 
SINGLE DRIVE LARGER QUARTERS 
FLOPPY UNIT AND MUST SELL 
2041 $895 EVERYTHING IN OUR 

INVENTORY 
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BILLINGS MICROSYSTEM 
EXPANDABLE TO NEUII 
2 MEGABYTES rr. 
features: • 320 K Storage 
• 12" CRT 
• 64K RAM 

• Graphics 
.94 Keys 

• Z-80 • 2 RS-232 ports 
• Dual mini floppy • 1 parallel port 

This super advanced full function program will allow 
you to create text from PET or terminal keyboard. 
• INSERT· DELETE. CENTER. UNDERLINE. 
FULL SCREEN EDITING • MOVE LINES OR 
BLOCKS. SAVE TEXT ON TAPE. AUTO PRINT 
FEATURE .... $45 

This fantastic program disk allows the statistician, 
mathematician, trader in stocks, money or 
commodities, the ability to maintain 30 database 
series of up to 300 values and plot 3 dlNerent moving 
averages of a series al the same time, in 3 different 
colors, Files can be updated. deleted. changed, 
extended, etc. 
A sure value disk at only $401 
Word Processing For Apple on dlsk ... $SO .-IIIIIIII ANDERSON JACOBSON 

8411/0Tltfminal 
Idlll lor word procminl and IfNll bUll ' 

't5cpsPrinloUI Pa"I1.1 

~~.MMlti~IIIiMI*!'" : ~~~ K~~~~d~:~~;~ Pfintinl 
$1095 

inven tory and Wide seler:tion o f compu ter AXIOM (Parallel) .. . . . 
prin rers assures you o f findlllg the print er AXIOM (SerIal) . . , . .. ,. 
beSI SUited fo r your needs and TRENOCOM . .. •....•. 
speCI ficat ions. The fo llOWing printers work INTEGRAL DATA .. , .. 
well wIt h a ll known personal compu ters QUME or DIABLO . .. . . 

1.-- ~ ~ Open 
I II Min Credit Card '" "'~ , Mon.-Fri. 
'- = Order $75 f~""< '" " . 10-6 

~h7n~~s~~~~'~:edp~ I~O{~~~'~~~~~ ~a~~~~d~~~ Sat. 10-4 
• Add S 5 shlpptng lor computers . 53 fo r 
boards.· S.25 each casselle la pe. 

, Reli,bl. h"vvduly Mtch,nilllJ 
• CompilitlyRelurtlilh.dbyA.J. 



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 and modifying basic programs. It 
is provided on a North Star Diskette 
for $15 .00. 

Potter's Programs 
22444 Lakeland 

St. Clair Shores. MI 48081 
(313) 573-8000 

"" "";: :" Circle 310 on h)qulry card. ,y, 

( SHORT CASSETIES 

_ Ltst SUlCI 10 for $7.50 50 for $32.50 

! MICROSETIE CO. 
777. Palomar Ave . . Sunnyvale. CA 94086 

Duplication Services 

Mlcrosette also offers professional 
duplication services for Commo­
dore PET and Radio Shack TRS-80 
Level I and Level II cassettes. Our 
service provides mastering. quality 
control. all material including two­
piece box. affixing of your labels or 
supplying our blank labels and ship­
ping. Prices start at $2.00 each in 
100 quantity. 

MICROSETIE CO. 
777 Palomar Ave .. Sunnyvale. CA 94086 

Circle 229 on Inquiry card. 

RECYCLE(D) 
COMPUTERS ............................................... 

BUY -{:r SELL -{:r SWAP 

Hardware & Software 
NEW PRODUCT ANNOUNCEMENTS 

22p~r-t. 

Mailed 1st Class every 3 Weeks 

I yr. (Is issues) 1:1 $3.75 

I •••••••••••••••••••••••••••• • •• ••••••••••••••• 

ON LINE .,.,@ .. 
D~IH 111111 t . \)ubh'l!rr .... . t.IJbh,brb hli,;; 

24696 Banta Cruz Hwy .• LOB Oat.os , CA 95000 
T" MiT .... ~ TO 0111 . ..... 1 .. 0.'.'1><1: C .. .. M 01 ""lUi 10 ~ou Ii 10 U~" .. 

..................... 1' 
Circle 288 onJnqulry card. 

SUPPLIES 

~. 
I~, ... · 

fa. 
• FLOPPY DISKS. MINI OR 

STANDARD MEMOREX OR 3M 
• 3M DATA CA RTRIDGES 

DC300A. DCIOOA 
• 3M DIGITAL CASSETTES 
• 3M OR MEMOREX AUDIO 

CASSETTES. C-GO 
• 3M DISK CARTRIDGES 

WE OFFER, 
• COMPETITIVE PRICING 
• IMMEDIATE DELIVERIES 

!Any Quant ity) 

• UNCONDITIONAL GUARANTEE 

BETA BUSINESS SYSTEMS 
8369 V ICKERS ST •• fG 

~ SAN OlEGO, CA 92111 raa1 
IiiiiiI "'415654505 ~ 

Circle 27 on Inquiry card. 

BASIC 
SUBROUTINE 

LIBRARY 
Volume 1 

• ARRA YS • minimum, maximum , sums. 
searching, sorting. 

• MATRIX ALGEBRA - addition. subtrac· 
tion, mulliplicali o n, tran s po s iti o n , 
determinant . inversion. 

• SIMULTANEOUS EQUATIONS - n OIl­
sy mm et ri ca l , sy mmelrical, banded, 
three·diagonal. 
Any routine you'll ever need, involving 
arrays, matrix algebra or simultaneous 
equations, can be found in (his com· 
prehens ive co llccl ion of subroutine.s . 
compactible with any version of BASI C 
having subscripted variables. 
Numerous exa mples show how to incor­
porate those subroutines into your pro­
gram s or how 10 use them as stand 
a lone programs. 
Order now and save days of work. 

518.00 U.S. plus 52.00 ror handling 
and poslage. 

VM Professional Application 
Software, Inc. 
2703 Bainbridge Avenue 
BURNABY, B.C. V5A 2S7 

Circle 379 on inquiry card . . 

~~!M~~s2' 
SAVE 10%, 15% or more on ALL 

Computers, Peripherals. Software. 
and ALL .other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship­
ments. 

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 

• -r. 

Circle 314 on inquiry card. 

, 
" 

• CRT INTERFACES •• 
black. white/colo,. 

Monitor. • Combination Rcv! Imonltor sets 
• Modulator klti • B-W Cameras • Color 
Cameras • Audio Subcarrler kits • Pam 

Dealers welcomed. Well established program. 

~ 
13-B ATV Research Dakota CIIY. 

Broadway ~ HE. 6813f 

Circle 19 on inquiry card. 

ADVERTISE YOUR 

PROGRAMS IN OUR NEW 

Co ••• puter 
Software 
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 

• PerSci and Shugart 
• Quick turnaround 
• Factory trained on 

PerSci 

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 lLi ST 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 parity odd or even, 
5 t o 8 data bits , and 1 
or 2 stop bits. D.T.R. 
line • Requires +5, 
- 12 VDC. Board only 
$19.95 Part No. 801 0, 
with parts $59.95 Part 
No. 801 OA, assembled 
$79.95 Part No. 801 0 
C. No connectors pro­
vided, see below. 

EIA/RS.232 con­
nec tor Per t No . 
0B25P $6.CD, with 
S', B cond uc tor 
c.bIe S 'GSS PW't 
No. 082 !5P9, • 3' ribbon cable 

with . t tached cem-

& .' nectoratofitTAS· 
BO and our .,ri,1 
bo. rd S 19.95 Part 
No. 3CA&4o. 

RS-2321 nL~}. 

INTERFACE 
• Converts TTL to RS-
232, and converts RS-
232 to TTL. Two sep­
arate circuits • Re­
quires -12 and +12 
volts. All connections 
go to a 10 pin gold 
plated edge connector 
• Board only $4.50 
Part No. 232, with 
parts $7.00 Part 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 
coils, only low cost 
components. TTL in­
put and output-serial 
• Connect 8 0 speak­
er and I:rystal mic. 
directly to board • 
Uses XA FSK demod­
ulator • Requires +5 
volts • 80ard only 
$7.60 Part No. 109, 
with parts $27.50 Part 
NO. 109A 

MINIDISK 

Box of 10 

$29.95 

RS-2321 TTY~} 
INTERFACE 

APPLE Iloilo • 

SERIAL 1/0 
INTERFACE 

, >'- '" 
~, : e ~ 

. . 
;" . ,':IIII1It;IIIJ J I;; 

T.V: 
TYPEWRITER 

• Stand alone TVT 
• 32 char/line, 16 
lines, modifications for 
64 char/line included 

Baud rata is continuously adjustable from 0 • Parallel ASCII (TTLI 
to 30,000 • Plugs into any peripheral input. Video output 
connector • low current drain. RS-232 in'put • 1 K on board memory 
and output. On board switch selectable 5 to • Output for computer 
B data bit s, 1 or 2 stop bits, and parity or no controlled curser. 
parity either odd or even. Jumper selectable Auto scroll • Non-
address. SOFTWARE. Input snd Output destructive curser .• . 
routine from monitor or BASIC to teletype or Curser inputs: up, down, 
other serial printer • Program for using en left, right, home, EOL. 
Apple II for e video or an intelligent tarminal. EOS • Scroll up, down 
Also can output in correspondanca code to • Requires +5 volts 
interface with some selectrics . • Also at 1.5 amps, and ~ 12 
watches DTR • Board only $15.00 Part No. volts at 30 mA' . All 
2, with parts $42.00 Part No. 2A,assambled 7400, TTL chips. 
$62.00 Part No. 2C Char. gen. 2513 • 1-----------------4 Upper case only. Board only $39.00 

8K EPROM PIICEON 

Saves programs on PROM permanently (until 
erased via UV light) up to 8K bytes. Programs 
may be directly run from the program sever 
such as fixed routines or assemblers . • S-
100 bus compatible. Room for 8K bytes of 
EPROM non-volatile memory (2708'51.. On­
board 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 and 
computers without a front panel. Program 
saver software available. Solder mask both 
sides • Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
board with parts but no EPROMS $139, with 
4 EPROMS $179, with 8 EPROMS $219. 

Part No. 106, with 
parts $145.00 Part 
No. 106A 

UART& 
BAUD RATE 
GENERATOR~} 

• Converts serial to 
parallel and parallel to 
serial • low cost on 
board baud rate gener­
etor • Baud rates: 
110, 150, 300, 600, 
1200, and 2400 • 
low power drain +5 
volts and -12 volts 

• Converts RS-232 to required • TTL com-
20mA current loop, patible • All characters 
and 20mA current loop contain a start bit , 5 
to RS-232 • Two sep- to 8 data bits, 1 or 2 
arate circuits. Re- 1 _________________ .. stop bits, and either 
quires + 12 -and -12 odd or even parity . • All 
volts • Board only WAMECO INC. connectionsgotoa44 
$4.50 Part No. 600, iWmc/;n.. pin gold plated edge 

. with parts $7.00 Part connector. Board onJy 
No. 600A FDC-1 FLOPPY CONTROllER BOARD will $12.00 Part No. 101, 

drive shugart, pertek, remic 5' & 8' drives with parts $35.00 Part 
up to 8 drives, on board PROM with power No. 1 01 A, 44 pin adge 
boot Ull , will operate with CPM [not connector $4.00 Part 
included). PCBD . .. ............ $42.95 No 44P 

FPB-1 Front Panel. [Finally) AMSAI size hex : 
disIlJ!!yS. Byte or instruction single ste~ 
PC80 . .. . . . ... .. . . ... . ... . ... . $42.95 

MEM-1A 8Kx8 fully buffered, S-100, uses 
2102 type RAMS. 
PCBD ............... $24.95, $168 Kit 

QMB-12 MOTHER BOARD, 13 slot termi-
nated, S-100 board only ... . ... $34.95 

TAPE ::: . 
INTERFACE 

• Play and record Kan­
sas City Standard tapes 
• Converts a low cost 
tape recorder to a 
digital recorder • Works 
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 Part No. 111 , 
with parts $27.50 Part 
No. 111A 

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 and 
STR08E are debounced 
and available in t r ue 
and 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 Part No . 
44P. 

5-100 BUS-::­
ACTIVE TERMINATOR 

$89.95 Kit 
CPU-1 8080A Processor board S-1 DO with 

8 level vector interrupt PCBD . . $25.95 
$89.95 Kit 

RTC-1 Realtime clock board. Two independ­
ent interrupts. Software programmable. 
PCBD . . . . . . . . . . . .. $25.95, $60.95 Kit 

EPM-1 1702A 4K EPROM 
card PCBD ... ... . " . .. ....... . .. $25.95 

$49.95 with Ilarts less EPROMS 
EPM-2 2708/2716 16K/ 32K 

DC POWER SUPPLY':} 
• Board supplies e reguleted +5 
volts at 3 amps., +12, -12, end - 5 
volts et 1 amp . • Power required is 
8 volts AC et 3 amps., and 24 volts 
AC C.T. at 1.5 amps . • Board only 
$12.50 Part No. 60B5, with parts 
excluding transformers $42.50 
Part No. 6085A 
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EPROM card PCBD .... . . . .. .. $24.95 
. $49.95 with l1arts less EPROMS 
QMB-9 MOTHER BOARD. Short Version of 

QMB-12. 9 Slots PCBO ....... 1 $30.95 
$67.95 Kit 

MEM-2 16Kx8 Fully 8uffered 2114 80ard 
PCBO ............ $25.95, $269.95 Kit 

ONIC SYSTEMS Dept. B, 

Circle 125 on inqui ry card . 



The I MI}\'~IKtlNS 1000 
A completely refurbished 
IBM Selectric Terminal with 
built-in ASCII Interface. 

Features: 

• 300Baud 
• 14.9 characters per second 

printout 
• Reliable heaVy duty Selectric 

mechanism 
• RS-232C Interface 
• Documentation included 
• 60 day warranty -parts and 

labor 
• High quality Selectric printing 

Off-line use as typewriter 
• Optional tractor feed avaliable 
• 15 inch carriage width 

HOW TO ORDER 
DATA·TRANS 1.000 
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 1000 terminal. The on board connector 
provides RS-232 serial in and out. Sold only as an assembled and 
tested unit for $330.00. Part No. TA 1000C 

Circle 126 on inquiry card. 

.... ---

tl1PPkZ1I 
With 16K $1024.00 

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 (no prom) has FSK 
encoder / decoder for 
direct connections to 
low eost 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. 112A 

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' Joumal. Recom­
mended by Apple • 
Power required is 12 
volts AC C.T .. or +5 
volts DC • Board only 
$7.60 part No. 107. 
with parts $1 3.50 Part 
NO. 107A 
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Circle 115 on inquiry card. 

Siemens FDDI2(}8 Drive 
All S iemon's options included 
in this dr ive which can be con­
figured hard or soft and single 
or double density. (O thers g}ve 
only stripped unit) $425.0U 

"Power One" Model CP206 
Floppy Power Unit. For two 
drives going fu lI ~out, and pass­
ably more on less severe service. 
2.8A@24V, 2.5A@5V, 0.5A@-5V. 
8eautiful quality. $99.00 

a D1SKETIES (Standard) 

8" Boxed 10 $39.00 
5V." Boxed 1 o · $34.95 

Tarbell ("It Works" ) Interface 
(I ncludes cable set for 2 drives) 
$265.00 BUT ON L Y $219.00 

Electrolabs 
PO B 6721, Stanford, CA 94305 
415·321·5601 800·227·8266 
Visa, American Exp ress, Maste r 

I 
:1 ... 
I 

--
SHRINKS ------22W. · 

Low Profile SOCket Sp'ectacular!l! 
Featurln9 a kind of ' Mexican Hand· 
shake" principle, these sockets w ill 
NOT let your IC's vibrate outll In 
8,14,16,18,20,22,24,28 &40 let/pin 
1000+: .75/pin, 20,000+: .65/pin 

10 Megabyte 
SUPER DISK !II NEW 

PRODUCT 
RELEASE !!I 

NEW Breakthrough 

with purchase of two drives. 
your media --__ 
RELlABL Y !! ---

In Size. Weight (39Ibs) 
Power (125W) Perform­
ance (3600rpm) and 
cost effectiveness (10 
MBy and controller 

Cable Kits 10' with 50 condo 
cable and connectors a nd also 
Molex connectors and power 
cable: For one drive: $27.50 
For two dr ives: $33.95, and 
f or three drives: $38.95 

for $6750.00) For 
PDP·11, LSI-" AND ____ _ 

S-100 machines 

ESAT200B (Bi-Lingual) 80X24 

Used Sylvania 12" Video 
Monitors. Composite video 
15mhz, 115vac, SO/60hz 
New Tube. As shown $109 
OEM style without case: 
$99, Anti-glare tube option 

. add $12. Specify p4 or p 39 

Communicating Terminal 
Scrolling, Full Cursor, Bell, 8X8 
m atrix , 256 addressable characters 
11 Q.19,200 baud, etc, etc ••••.. 
This terminal has been purchased 
by many agencies, universitle! & 
companies. Fully stand-alone, It Is 
the only dual f ont term Inal of any 
kind for less than $2500. 
Supplied complete and fully guaran­
teed : (many graphics applications) 

a5= :I CALIFORNIA COMPUTER SYSTEMS 
18K RAM BOARD. Fully buffered addressable In 4K 
blocks. IEEE standard for bank addressing 2114's 
peBO ... ............ . ..................................... ..... ........ $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. 
peBD ... ... .. ......... ... ................. ......... ..................... . $29.95 
PT-2 PROTO BOARD. Similar to PT·l except set­
up to handle solder tall sockets. 
peBD ........... .. ....... ......................... .................. $29.95 

SS,7 
FORMeRLY CYleRCOM/80LID stAT! MUSIC. 

PB·1 2708& 2716 Programming Board with provisions 
for 4K or 8K EPROM. No external supplies require 
textool sockets. Kit ............. ............... .. ......... ... $124.95 
CB-1 8080 Proceesor Soard. 2K of PROM 256 BYTE . 
RAM power onl rest Vector Jump Parallel port with 
status Kit ................ $119.00 peBD ................ $30.95 
MB-88 Basic 8KX8 ram uses 2102 type rams, S-100 
buss. Kit 450 NSEC ..... .. . $139.9? PCBD ........ $26.95 
MB-7 16KX8, Static RAM uses uP410 Prolectlon, 
fully buffered KI t... ............. $299.95 
MB-'A 2708 EROM Board. S·100. 8K8X or 16Kx8 
kit without PROMS 575.00 ................... PCBD $28.95 
MB-I 4KX8 RAMI PROM Board uses 2112 RAMS Or 
82S129 PROM kit without RAMS or PROMS $72.00 
10-2 S·loo 8 bit parallel 110 port. '" 01 boards Is lor 
kludglng. Kit .......... 546.00 PCBD ......... $26.95 
10-4 Two serial 1/ 0 ports with lull handshaking 
20/60 ma current loop: Two parallel I/O ports. 
Kit ..... ... ... ... .. 5130.00 PCBD ..........•..... $26.95 
VB-1B 64 x 16 video board, upper lower case Greek, 
composite and parallel video with software, S-100. 
KIt... .. .... ... .... 5125.oo PCBD ... .... .. .... ... $26.95 
Altair Compatible Mother Board, 11 x l1V. x ~" . 
Board only ...... $39.95. With 15 connectors ...... $94.95 
Extended Board lull size. Board only ...... ...... 5 9.49 
With connector .......................................... ... ...... $13.45 
8P-1 Synthesizer Board S-loo 
peBD ............... $42.95 KIT .. .............. 5135.95 

280 BYTE lune 1979 

$349.00 

WAMECO INC. 
FDC-1 FLOPPY CONTROLLER BOARD will drive 
shugart, pertek, remic 5" & 8" drives up to 8 drives, 
on board PROM with power boot uP. will operate 
with CPM (not Included). 
PCBD ....................................................... ............. $42.95 
FPB-1 Front Panel. IMSAI size, hex displays. Byte. 
or Instruction single step. 
PCBD .. .... ... .... ...... ......... ........ ................... ............ $47.50 
MEM·1 8KX8 lully buffered, S-100, uses 2102 type 
rams. PCBD ................................. .... ............ ...... 525.95 
OM-12 MOTHER BOARD, 13 slot. terminated, S-100 
board only ... ............................ ....... ....... ............... $34.95 
CPU·1 8080A Processor board S·100 with 8 level 
vector Interrupt PCBD .. .. ........... ..... ....... .• .. .. ...... $28.95 
RTC-1 Realtime clock board. Two Independent in-
terrupts. Soltware programmable. peBD ....... $23.95 
EPM·1 1702A 4K Eprom card PCBD ... .. ........... $25.95 
EPM-2 2708/ 2716 18K/32K 
EPROM CARD PCBD ....................................... 525.95 
OM-I MOTHER BOARD. Short Version 01 QM-12. 
9 Slots PCBD ...................................................... $30.95 
MEM·2 16K x 8 Fully Buffered 
2114 Board PCBD ....................... ...................... $26.95 

8080A .... ..... ....... 59.95 2114 (450 NS) low pwr .. $7.2S 
8212 .................... 2.49 2114 (250 NS) low pwr ... 7.99 
8214 .................... 4.49 2102A-2L ... ...... . .......... . 1.50 
8224 .................... 3.49 2102A-4L ...................... . 1.20 
8708 .................... 9.49 1702A-6 ................... .. .... 4.50 
5101·1P ...... .... .... 6.90 1702A INTEL (not prlme)4.oo 
S101-8P ......... ..... 8.40 4116 .. .... .... ... .......... .. 8/89.95 

(415) 592·1800 
P. O. BOil 424 • San Carlos, Call1omia 94070 

Please send lor IC. Xis tor 
and Computer parts list 

JUNE SPECIAL SALE 
ON PREPAID ORDERS 

(ch.rge c.rd. not Included on thl. offer) 

5% OFF ON WAMECO PCBD's 
MIKOS PARTS ASSORTMENT 

WITH BOARDS AND 
CCS COMPUTER PRODUCTS 

(11m nol Included) 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM-2 with MIKOS #7 16K ram 
with L2114 450 NSEC ...... ....... ......................... 5235.95 
MEM-2 with MIKOS #13 16K ram 
with L2114 250 NSEC .......... .... ........ ... ... .... ... .. $269.95 
MEM-l with MIKOS ' #1 450 NSEC 8K 
RAM ................................................................... 5119.95 
CPU-I with MIKOS #2 8080A CPU .............. $94.95 
MEM-l with MIKOS #3 250 NSEC 8K 
RAM ....... ... ........ ............................................. .... $1«.95 
OM·12 with MIKOS #4 13 slot mother 
boa rd ... ....... ........... ..... .... ............. ....... ... .. .. .... .. ... 589.95 
RTC-l with MIKOS #5 real time clock ........ $54.95 
VB-1B withl MIKOS #6 video board less 
molex connectors ........ .................................... 599.95 
EMP-l with MIKOS #10 4K 1702 less 
EPROMS ... .............................................. .. ... ...... 549.95 
EPM-2 wilh MIKOS #11 16-32K EPROMS 
less EPROMS ....... ............ ............................. ... 559.95 
OM·9 with MIKOS #12 9 slol mother 
board ......... ............. ........................ ... ..... .. ....... ... 579.95 
FPB·l with MIKOS #14 all parts 
for Iront panel ................... ........... ................... $134.95 

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY PRIME 
PARTS. KITS INCLUDE ALL PARTS LISTEO AS REOUIRED 
FOR THE COMPLETE KIT LESS PARTS LISTED. ALL SOCKETS 
INCLUDED. 

VISA or MASTERCHARGE. Send account number, Interbank 
numbet, expiration date and sign your order. Approx. po.tage 
will be added. Check or money order will be .ent POll p.ld In 
U.S . If you are not • regular cUllomer. pl .... u .. ch.rge, 
c •• hl,,'. check or pottll money ordar. Otherwl.. IMre will 
be • two-w.ek del.y ror check. 10 cl .. r. Calif. ,.,Idenlt add 
6% tax. Money back 30 d.y guarani". We clnnot accept ,. 
tumed IC', Ihl h.ve been aoldered to. Prtcil .ubJect to 
change without notice. 110 IIIIttI ..... orde" '1.10 ""IDe ........ 
on ord.~ .... tltln S10.00. 

Circle 230 on inquiry card. 



RCA Cosmac Super Elf Computer $106.95 
Compare features before you decide to buy any tecto monitor setect and singte step . Large. on 
other computer. There is no other computer on board displays provide output and optional high 
the market today that has all the desirable bene- and low address . There is a 44 pin standard 
fits of the Super Ell for so little money. The Super connector for PC cards and a 50 pin connector for 
Elf is a smalf single board com puter that does the Quest Super Expansion Board . Power supply 
many big things . It is an excellent computer for and sockets for alf IC's are included in the price 
tra ining and for learning programming with its plus a detailed 127 pg. instru ction manual which 
machine language and yet it is easily expanded now includes over 40 pgs . of software info . in-
with additionaf memory. Tiny Basic . ASCIf cluding a series of lessons to help get you started 
Keyboards. video character generation. etc. and a music program and graphics larget game. 
The Super Ell includes a ROM monitor for pro­
gram loading . editing and execution with SINGLE 
STEP lor program debugging which is not in­
cluded in others at the same price. With SINGLE 
STEP you can seethe microp rocessor chi p opera­
ting with the unique Quest address and data bus 
displays belore . during and aHer executing in­
strucl ions. Also . CPU mode and in struction cycle 
are decoded and displayed on eight LED indicator 
lamps . . 

An RCA 1861 video graphics chip allows you 10 
connect to your own TVwith an inexpensive video 
modulator to do graphics and games. There is a 
speaker system included lor writing your own 
music or using many mu sic programs already 
written . The speaker amplilier may also be used 
to drive relays lor control purposes. 
A 24 key HEX keyboard includes t6 HEX keys 
plus load. reset. run , wait , Input. memory pro-

Remember. other computers only oller Super Elf 
leatures at additional cost or not al all. Compare 
belore you buy. Super Ell Kit SI06.95. High 
address option SB.95 . Low address oplion 
S9 .95. Custom Cabinet with drilled and labelled 
plexiglass Iront panel S24.95. NiCad Ballery 
Memory Saver Kit S6 .95 . All kils and options 
also come completely assembled and tested . 

Quesldata . a 12 page monthly software publica­
tion for 1802 computer users is avai lable by sub­
scription for S 12.00 per year. 

Attention Elf Owners 
New producls in hardware and software 
coming ·soon. 

TinY BasIc cassette 510.00. on ROM 538.00. 
original Ell kit board 514 .95. 

Super Expansion Board with Cassette Interface $89.95 
This is truly an astounding value! This board has 
been designed to allow you to decide how you 
want it optioned. The Super expansion Board 
comes with 4K 01 low power RAM lully address­
able anywhere in 64K with buill-in memory pro­
tect and a cassette Inlerlace. Provisions have 
been made lor all other options on the same 
board and it lits neatly into the hardwood cabinet 
alongside th e Super Ell . The board in cludes slots 
for up 10 6K of EPROM (2708. 2758. 2716 or TI 
271 6) and is fulty sockeled . EPROM can be used 
fortbe monitor and Tiny Basic or other purposes. 
A IK Super ROM Monitor $19.95 is available as 
an on board option in 2708 EPROM which has 
been preprogrammed with a program loaderl 
edilor and error checking multi file cassette 
readl write soHware. (relocatible cassette file ) 
another exclusive from Quest. It includes register 
save and readout . block move capabili ty and 
video graphics driver with blinking cursor. Break 
pOints can be used with Ihe register save feature 
to isolate program bugs quickly. then follow with 
single step . The Super Monitor is written with 
subroutines allowing users to take advantage of 
monitor functions simply by calling them up. 

Auto Clock Kit $15.95 
OC clock w~h 4'.50" displays. Uses National 
MA-t 012 module wnh alarm option. Includes 
light dimmer. crystal lime base PC boards . Fully 
regulated. camp. instructs. Add $3.95 for beau­
tiful dark gray case. Best value anywhere. 

RCA Cosmac VIP Kit $229.00 
Video computer with games and graphics . 
Fully assem. and test. $249.00 

Not a Cheap Clock Kit $14.95 
Includes everything except case. 2-PC boards . 
6- .50" LED Displays . 5314 clock chip . trans­
former. all co mponents and full instructions . 
Orange displays also avail. Same kll w/. 80" 
displays. Red only. S21.95 Case $11.75 

60 Hz Crystal Time Base Kit $4.40 
Converts digilal clocks Irom AC line Irequency 
10 cryslallime base . Outs landing accuracy . Kit 
includes: PC board . IC. crystal. resislors. ca­
pacitors and trimmer 

Improvements and revisions are easily done with 
the monitor. 11 you have the Super Expansion 
Board and Super Monitor the monitor is up and 
running at the push of a button . 
Other on board options include Paraltel Inpul 
and Output Porls with lull handshake. They 
allow easy connection 01 an ASCIt keyboa rd to the 
input port. RS 232 and 20 ma Current Loop for 
teletype or other device are on board and if yo u 
need more memory there are two S-l 00 slots for 
static RAM Dr video boards . A Godbout BK RAM 
board is available for 5t35.00. Also a tK Super 
Monitor version 2 with video driver for full capa­
biltty display with Tiny Basic and a video interface 
board. Parallel I/O Ports $9.85. RS 232 $4.50 . 
TTY 20 ma tl F Sl .95. S-100 $4 .50. A 50 pfn 
conneclor sel with ribbon cabl e is available al 
$12.50 for easy conneclio n belween th e Super 
Ell and Ihe Super Expansion Board. 
The Power Supply Kil for Ihe Super Expansion 
Board is a 5 amp supply wnh m ulliple posilive 
and negalive voltages $29.95. Add S4. 00 lor 
shipping . Prepunched frame $5.00. Case 
SI0.00. Add 51.50 for shipping . 

Digital Temperature Meter Kit 
Indoor and outdoor. Switches back and forth . 
Beaulilul. 50" LED readouls . Nolhing like it 
available. Needs no addilional parts for com­
plele. lull operalion . Wi ll measure - 100- to 
+ 200' F. lenlhs 01 a degree. air Dr liquid . 
Veryaccurafe . $39 .95 
Beauti ful woodg rain case w/bozel $11 .75 

NiCad Battery Fixer/Charger Kit 
Opens shorted cells Ihat won't hold a charge 
and then charges them up. all in one kilwnull 
parts and inslruclions. S7.25 

PROM Eraser Will erase 25 PROMs in 
15 minules . Ultraviolet. assembled S34.50 

Rockwell AIM 65 Computer 
6502 based single board wilh full ASCII keyboard 
and 20 column thermal prinler. 20 char. al­
phanumeric display . ROM monitor. fully expa nd­
able. $375 .00. 4K version S450.00. 4K Assem­
bler $85 .00 . 8K Basic Inle rpreler $100.00. 
Power supp ly assembled in case S60.00 . 

P.O. Box 4430X Santa Clara, CA 95054 
Same day shipmenl. Firslline paris only. 
Factory l esled. Guaranleed money back. 
Quality IC's and other componen ts at fac­
lory prices . 

INTEGRATED CIRCUITS 
17 

.17 

" " .17 
.63 

" 1.39 
.20 
50 

" OJ 

" " " 49 .. 
2.00 

." 
" A3 

.59 ., 
" " " J9 

lM379M 
lM380N 
lM381 

"0 1,00 
' .60 
1,60 
.40 
.28 ." 67 ." ." 62 

" .82 
1.10 
1.27 
2.00 
2.15 ." 1.15 
7.SO 
3,00 ' 
17' 
1.!i0 
.60 

U5 

" 50 ." .43 
79 

C045B5 
C040192 
"COO 74C04 
74Cl0 
74C14 
74C2O 

""" 14C48 
14C14 
74C16 
14C90 
14C93 
14Cl54 
74C'60 
74CH5 
14CI92 
74C221 
74C905 
74C906 
74C914 
7JC922 
74C923 
74e925 
74C926 
14C927 

1. 10 
' .00 
.28 
.JJ 
28 

2.10 
.28 
.28 

1,95 

" '" 'IS 
1.40 
' .00 
1 . 4~ I." 1.65 
2,00 
' .00 ." 1.95 
' .50 
' .SO 
6.95 
6.95 
6.95 

will call only: (408) 988·1640 
Wal Ave . 

COPI8020 
COP1B6! 
6820 
68SO 
'502 

25.00 
12.95 
9.95 

1295 
12.50 

ICSOCKETS 
Solder Tin low Pl1llU e 
PlH IUP PIN IUP 

B 1522 30 
'4 , IJ 24 .35 
16 1628 ,42 
18 27 16 .5B 
20 29 40 .57 

31e.,I .. ", w'JClgeld 
,. PIn 2~ 

21~VfI U 11th""" 20 

WIRE WRAP lEVEL 3 
PIN PIN 
14 2524 B6 
16 3328 \ ,00 
18 51401.23 

Uo4RT/fIFO 

CLOCk MODULES Compltle almndoc:ks 
rndy Ie hook up .... It" Ir~nslormef ana 
sw~ches. V"Y compact with .50' Ind 
84" di91Is . 

MAl0D2A, C or E .SO· 
102P3TrudaflMr 
MAI010A, CorE .84" 
102P2Trulformel 
Sp.d.llranllormlt,nJllil 

•• lttllndt npllrcbued 
. {madul, 

MAlOOJ tlr moduli ,3" 
;runlfuOf,dllpll , 

RESISTO RS \'wan 5". 

8.115 
2.2S 

IUS 
2.25 

2.95 

15.95 

IOperlype03 lOOOptr lype .Ol2 
25pertylM! .025 350piece~cl 

l00pertyl)t .oIS 5 lIer Iype 615 

KEYBOARDS 
S6 key ASCII teybOifCllut 567,50 
fuUy ~ssemG1ed 77.50 
53 key o45CII keybGard kJI 6000 
Fulyassemflled70.ooEndosurrl495 

LEOS 
ReclT01B 15 
Green, Vellow T018 20 

7'0anl 
7400N 
14021'1 
74041'1 
7409N 
7410N 
74\4N 
74201'1 
1422N 
74301'1 
74421'1 
7445N 
14471'1 
74481'1 
7450"1 
lJ74N 
H7SN 
7485N 
74891'1 
7490N 
7492N 
7493N 
749SN 
74100N 
74107N 
74121 N 
741231'1 
74125N 
H145N 
741501'1 
HISIN 
7415411 
?4157N 
74161N 
14162N 
741631'1 
74174N 
74175N 
74190N 
H192N 
74193N 
742211'1 
74298N 
74365N 
74366N 
H367N 

69 
95 
69 

1.00 
69 
87 

.87 
87 

.96 

.90 

lM741eH 
LM141N 
LM747H/H 
W748N 
lM 1303N 
lMI304 
lM I305 
LMI307 
lMI310 
lMI4S8 
lMI800 
LM18 12 
lM I889 
lM2111 
lM2902 
lMJ90011 
lM390S 
lM3909N 
Mt:1458V 
NE55(1N 
NESS5V 
NfSSOA 
NES05A 
IlE566V 
NE567V 
NE570B 
NE571B 
mos 
7Bl08 
79105 
7aMOS 
75108 
7S491CH 
15492CN 
75494CH 

1.00 
1.50 
'20 
' .00 
' .DO 
.60 
.60 
.70 

INTERFACE 
809' . !IS AVS ' 1013 5.50 ~~:r:: ~::noe , Vellow Jumbo ~ 
""" "97 

.95 AV5·1014 
~:~~ rs~~ ~~ a~:~,I~~!~I::~O~:f~ .95 3341 

74LSDonL 
74L500N 
14l502N 
74l SIJ4tl 
74l505'1 
lJLS08N 
74l510N 
74l513N 
74l514N 
14L520N 
1~LS22N 
74l528N 
74L53ON 
74L533N 
74L538N 
74lS74N 
74LS7SN 
74lS!lOIl 
74l593N 
74l595N 
74l5107H 
74t5112N 
741511311 
74L5132N 
7'l5136N 
74l5151'" 
74t5155N 
74L5157N 
74LSI62N 
74L5163N 
74L5174N 
74l519ON 
74t5221N 
74LS256N 
7~lS361N 

LINEAR 
CA3045 
CA3046 
CA308\ 
CAJDB2 
CA:l)89 
lM301ANJAH 
U.1305H 
lM307N 
lM308N 
lM30911 
lMJ{)g1( 
LM311t1,'N 
lM317T1{ 
lM318 
lM3201(·5 
LM323)(·5 
lM3201(· 12 
lM3201(· 15 
lMl20T·5 
lM320J.8 
lM320T· 12 
lM32OT· 15 
lMJ24N 
lMJJ9N 
lM34(]!( '5 
lM3401(·8 
l 
l 
l 

lM340J.8 

t~~:gtl ~ 
lM340f.18 
lM340J.24 
lM34311 
lM350 
LM370 
LM377 

'" B7 

" '" '" " .95 

" 1.15 

" " 89 

" Alo 0 CONI/ERTER 
8OJ88 4,50 
B700CJ 13.95 

" ." 
870lCN 15.95 
8750CJ 13 ,95 

" ." 
l DI30 9.95 
9400CJVlF 740 

." ." 40 

ICL1103 9.50 
ICL7101 14 ,25 
8702 17,95 

" 25 CMOS 
2~ C034001 F~Jf . 
41 C04000 

.25 C04OO1 

.39 C04002 

.30 C04CI06 
Ll 5 C04007 

47 C04008 
51 C04009 

.51 C040IO 
I.S9 CD4011 
.35 C04012 
~ C04013 
35 C04014 
72 C04015 
35 C04016 
67 C04011 
67 C04(118 
67 C04019 
91 C04020 
.91 C04021 
,95 CD4022 

106 C04023 
1.95 C04024 

67 C04025 
1.35 CO~026 

90 
67 

1.80 
1.90 
29' 

" .87 

" 89 

'" '50 .. 
292 
OJ' 1.60 

'" 1.60 
1.60 
'60 
1.60 
1.50 
,OJ 
1.15 

'" 1.35 
1.35 ," OJ, 
1.35 
1.25 

'" 1,25 
' .25 
'.25 
'" ' .50 
7,50 
1.15 
'DO 

C04027 
C04028 
C04029 
C040JO 
C04035 
C04040 
CD4G42 
C0404J 
C04044 
C04046 
CD4049 
C04OSO 
C04051 
C04060 
C04066 
co_ 
co_ 
CD4070 
C04071 
C04072 
CD4073 
C04075 
C04016 
C04078 
C040SI 
C04082 
C04 116 
C04490 
CDJ507 
C04508 
CO~510 
C0451 I 
C04515 
C04516 
C04518 
e04520 
C04527 
e04528 
CD4553 
eD4566 
C04S83 

... .,. 
21 
.21 

1.10 
.21 
.21 
.J9 
.J9 
.21 
.21 
.J6 ... 
.86 
.J6 
.94 ... 
.21 

1,02 
1.02 
.86 
.21 ." .21 

\ ,51 
.J6 
.79 

1.02 
.21 

'" 1.02 
.71 
.6J 
6J 

1.67 
.J6 
J6 

'" "2 
71 

" '" .'0 ." .21 
21 

.21 
1.15 ... 
." .21 
.47 

' .50 
l.DO 
4.25 

'" " 2.52 
1.10 
1.02 
1.02 
1,51 

79 
' .50 
2.25 
4,50 

.098 
Bl09 
sno 
BTl3 
BT20 
BTl 3 
8T24 
8T25 
8T26 
8T28 
B191 
8198 

." 1.25 
' .50 
' .00 
' .50 
3.10 
3.50 
' .20 
1.6!J 
2,75 
1.69 
1,69 

MOS/MEMORYRAM 
2101-1 3,95 
2102· ! .95 
2102AL,4 1.60 
21 L02·1 1.18 
21F02 1.25 
2104A-4 4.95 
21078 U5 
2111·\ 375 
2112·2 395 
211"L-3 6.15 
4116 10.95 
25138 6,30 
MM5262 40 
MM 52BO 3,00 
MM5320 9.95 
MM5330 5,94 
P04110·3 4.00 
PD4110·4 5.00 
PSl01l 13.95 
4200A 9.95 
82525 2.90 
91l02A UO 
tlOO165·5 6,95 
MM57100 45(1 
GIAY385QO·l 995 
MCM6571A 9.95 
9368 350 
4100 10.00 
416 16.00 

ClOCIlS 
MM5309 
MM5311 
MM5312 
IAM531] 
MM5314 
MM5315 
MM5316 
MMS318 
MM5369 
MMS841 
MM5B65 
CT70DI 
CT7002 
CT7010 
CT7015 
MM5315AA1N 
MM5315ABlN 
720' 
7207 
720. 
720. 
OS0026CN 
OS0056CN 
MM53104 

' .00 
3.60 

"0 
' .60 
'90 
'.DO 
' .00 
'.60 
2. 10 

1 • . 45 
7.95 
5.80. 

10.95 
B.95 
U5 
l .90 
4." 

16.50 
1,50 

1595 
4.95 
3.75 
3.15 
2.50 

MICROPROCESSOR 
6800 17.50 
6802 24.95 
808OAlI'llhclata B.95 
S08S 27.00 
ZBOA 19,75 
B212 290 
82101 B.oo 
B216 290 
8224 2.90 
B228 535 
8251 8.50 
8253 10.00 
B255 9.25 
8257 19.50 
B25!J 19 .50 
1802CPp1u. 13 95 
1802DPplu, 17.95 
1!6IP 1150 
COPI802CO 19,95 

Multi-volt Computer Power Supply 
8v 5 amp. '" 18v .5 amp. 5v 1.5 amp. - 5v 
.5 amp. 12v .5 amp. - 12 option. ::: 5v. = 12v 
are regulaled. Kil $29.95. Kil with punched frame 
$34 .95. Woodg rain case $10.00 . 

PROM 
!702A 
N82523 
NB2S123 
N82S126 
N825129 
H82S131 
NB2S136 
N82S137 
2708 
OMBm .'" 271GTI 
21 161n1el 

CRYSTALS 
1 MHz 
'M'" 4 MHz 
5Mllz 

10 MHz 
18 MHz 
20M'" 
32MHI 
32168MHi 
1,8432 MHz 

518SMttz 
5 , 71~3 MHz 
65536MHI 
14,31BI8MIt.z 
IB 432 MHz 
22, 11801 Mit! 

CONNECTORS 

3.95 
2" 3.50 
3.75 

'" l .75 
B.75 
8.75 

10,SO 
2.90 , . ., 

29.50 
4B.00 

4,50 
4.50 
4.25 
4,25 
4.25 
3.90 , . ., 
' .90 
' .DO 
4.50 
1.20 
1,95 
4.50 
' .50 
4.50 
4,50 
4.50 
4.50 , . ." 
4.25 
4.50 
4.SO 

44 pln~~f 2,75 
100 pin edge 4.50 
100 pin eIIgeWW4,75 

KfY80ARD (NCOOERS 
AY5·2316 512.50 
AY5-3600 13.50 
14C922 5.50 
74C923 5.50 
HOOI65-5 6,95 

IC Tt.1 Clipi , 
Rell .55 
BLIck .!:>5 

10 
47 ." 

l(eyef BOO 14 .50 
romp, w/Spe1: .lsock. 

AO .. 
.JO 
.20 

" ." ." ." ... ... 

CONTINENTAL SPECiAlTIES In .tttll: 

f:AX~~~ I~n:,:ltb~~~~a~r~ le~IW~5 
OtC WIRE WRAP TOOLS In stock 
Putl.bl.MutUm" . r SII.1I(1 
DIGITAL THERMOMETER $41.$0 
BIn. Opel Genelilpulposeormedotaf 
32 -230 F, Disposable probe COvtl 

~~pac~c:.~~~Cl~M;h~~ ~omo4:Sro cln 

COMPUTER BOARD KITS 
BKRAMBoaJdKC S13500 
41( EPROM Kit 114,95 
liD Boare! K~ « ,SO 
E.tlel1d!l~Ie!w/conneClof 1250 
16K EPROM bDarclkJIw/o PROMS 74.50 

::o~fJfli: Pl.DIs.1t Kit ~~.~ 
SPECIALPROOUCTS 
MM586S5toPw,'cn Ttlll!r 9.00 
PC board 7.50 
SWl1cllu Mom Pushbunon .21 

3 pos s~de :25 
Encod,r Hoo165-5 6.!J5 
3 Dign Unlwerul 
Counter Bo. rdII" 
Operalcs 5-18 '0'011 DC 10 5 MHi 

~:ke I:Zt~ife~ ~j!ft~, 10:~g 
hra1ronlul00A L~lc 
AnilrurtCli S235,00 
Molleliorriooer 

hp,andellCit 
Mo1ie115OBu$ 

Gr~bllel IIrt 
Slncl.lrlVtOlgl1 

5229.011 

SJ6900 

Mullirnl ler 
Clock C.lend., 1111 
TRANSFORMERS 

SSU5 
S23,95 

6'0'300 ma 3,25 

i~}11~!~~~:.'~"rMr 1.25 ~~ 3,75 
250 rna wall plu~ 2.95 
CT 250 rna waD phs; 3.5(1 
CT-looma 3,95 

10'0' I 2~mpwll! plug 4.85 
12V6imp 12.95 

LEOS 
CA 2702.90 
CC .125 ,3!J 

CAlCA .3OO 1.00 
CC .JOO!.25 
CA .300 1,00 

CAlCC ,SOOI.90 
CAJCC .6ClO1.95 

CC .600 1.95 
CC .357 .1O 

CCICA ,SOD 1.35 
CClCA .5OO .00 
COCA .8OO 2.20 

.60 

.50 
1.75 
1.75 
1.00 
.60 
.J> 

9.50 

TRANSISTORS 
2HI893 
2N2222A 
2H2369 
2N2904A 
2N290704 
2N30S3 
2N3638 
2N3643 
2113904 
2N3906 
2H3055 
2H44oo 
2N4401 
2NJ402 

.69 COMPUTER GRADE CAPS 

.25 1600 mId 200'0' 

.7S 2000 mid 45'0' 

.20 3200 50V 

.60 5500 25V 
'00 5&00 40'0' 

TlP]1 
TlP33A 

6100 4l)V 
o CDllntcIoI1RS232 6100 SOV 
25 PlnSubmniatures 1700 SOV 
DB25P 2.95 8000 55'0' 
OB2SS 3.9510000 20'0' 
Cow UO 12000 30'0' 
RS232CompieleStt6.50 35000 25V 
DE9P 1.50 55000 25'0' 
DE9S 1.95 82000 15'0' 
DAISP 2.10 60000 40'0' 
OA15S 3.10 76000 40'0' 

120000 tOY 

4.'" 
2,50 
2.50 
2.50 
' .00 
' .00 
' .00 
2.50 
2.'" 
2.50 
' .50 
' .00 
' .DO 
' .00 
' .00 
' .00 
' .00 

Stopwatch Kit $26.95 
Full six digil ballery operaled . 2-5 volts . 
3.2768 MHz crystal accuracy. Times to 59 
min .. 59 sec .. 991/100 sec: Times sid .. split 
and Taylor . 7205 chip. all components minus 
case. Full instructions. 

Video Modulator Kit $8.95 
Convert your TV sel inlo a high quality monilor 
wilhoul aNecling normal usag e. Complete kil 
with full instruclions. 

2.5 MHz Frequency Counter Kit 
Complete killess case $37.50 

Hickok 3Y2 Digit LCD Multimeter 
BalllAC oper. 0.l mv-l00DY. 5 ranges . 0.5% 
acc ur. Resis tance 6 low power ranges 0.1 
ohm-20M ohm. OC curro .Ot to 10Oma. Hand 
held . V2" LCD displays. aula zero; polarity. over-

30 MHz Frequency Counter Kit 
Complete kil less case $47 .75 
Prescaler kit to 350 MHz $19.95 

79 IC Update Master Manual $35 00 
Complele IC data seleclor. 2500 pg . masler ref­
erence guide . Over 50.000 cross relerences. Free 
up dale service Ihrough t979 . Dom eslic poslage 
$3.50. Foreigv $5.00. 1978 Ie Master closeout 
SI9.50. 

95. 

S-100 Computer Boards 
BK Static RAM Kit Godboul 

t 6K Sialic RAM Kil 
24K Sialic RAM Kil 
32K Dynamic RAM Kil 
64K Dynamic RAM Kil 
8K! t6K Eprom Ktt (less PROMS) 

$135 .00 
265.00 
423.00 
310 .00 
470.00 
S89.00 

$139.00 Video Interface Kil 
Molherboard $39. Extender Board SB.99 

TEAMS: S5 .00 min. order U.S . Funds. Calil restdents add 6% tax. FREE S d I - I NEW 1979 
BankAmertcard and Master Charge accepted . : en or your copy 0 our 
Shipping charges wtll be added on charge cards . QUEST CATALOG. Include 28 c stamp. 
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Circle 384 on inquiry card . 

OTRS-80 Complete System 
Includes: CPU/Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual , 
and Game Cassette. 

~ Line Printer 
@Mini Disk System 
eC-10 Cassettes 
@Verbatum Diskettes 

Description 
lRS-SO Complete System 
Level 11-4K RAM 
lRS-SO Complete System 
Level II-16K RAM 
Expansion Interface 
Pertec FD200 Disk Drive 
BASF 6106 

Each 

$ 628 .20 

$ 
$ 
$ 

889 .20 
269.10 
3S5.00 

$ 495.00 

1 MEG + 
OF DISK MEMORY 
on line for TRS-BO 
$2195 

Centronics 779 Printer 
Centronics 101 Printer 
Anadex DP-SOOO Printer 
Centronics P1 Printer 
560 (selectric) Printer 
Memory Unit (installed) 

$1299.00 Includes-Operating System (CP/M) 

(kit) 
Verbatum Diskettes 

Maxell Diskettes 

C-10 Cassettes 

$1400.00 
$ 995.00 
$ 445.00 
$ 975.00 
$ 13S.00 
$ 9S.00 

ea. $ 4.95 
3 $ 12.00 

10 $ 37.00 
ea. $ 7.50 

3 $ 21.00 
10 $ 60.00 
5 $ 4.50 

25 $ 1S.75 
C-30 Cassettes 12 $ 23.95 

,HUH Electron ic S-100 Interface 
to lRS-SO 
Kit $280.00 Assembled $350.00 

Outlet Heurs: Mon.-Fri. ; 9 am.-7 pm. 
Sat. 12-5 pm. 

Write or call for new innovations-­
Printers, Disks, Etc. 

W?@ataro~ 
777 Henderson Boulevard N-6 
Folcroft Industrial Park 
Folcroft PA 19032 
(215) 461-5300 
In Washington, DC area: 

Paper (9112 1/ x 11" fanfold , (703) 938-1099 
3500 sheets) $ 29.95 , 

. Classroom Instruction offered in level II Basic-$49.95; and DOS/Disk Basic-$69.95 

p--------- • • . BECK/AN ENTERPRISES T Satisfaction Guaranteed • ---------, All Prime Quality - New Parts Only 

• EDGE CARD CONNECTORS: GOLD PLATED. (Not Gold Flashl 
BODY: Non brittle. Solvent res .• G.E. Valox. 
CONTACTS: Bifurcated ; PhoslBronze : Gold over Nickel. 

I ABBREVIATIONS: SIT Solder Tail ; SIE Sold. Eyelet : 
W/W Wire Wrap 3 : SW/W Short WIWrap; 

I PART # Description Row Sp. 1-4 5-9 10-24 
5010 5011 00 SIT ALTA IR . 140 TIs ~O 3.30 
5020 5011 00 SIT IMSAI .250 3 .95 3 .75 3 .50 

I 
5030 50/100 W/W IMSAI .250 4 .10 3 .90 3.70 
5040 50/ 100 SI E ALTIIMSAI .140 5.00 4 .50 4 .25 
5050 5011 00 SIT CROMEMCO .250 6 .25 6 .00 5.75 
1450 IMSAI CARO GUIOES 0 .16 0 . 14 0 .12 

I . '00" Contact Center Connectors. ' 
1020 13/ 26 SI E Imsai MIO: .140 2. 10 1.85 1. 75 
1040 25150 SIE .140 2 .95 2 .75 2 .50 

I 
1050 25150 SIT .140 3 .00 2 .80 2 .60 
1060 36172 WIW Vector. .200 4 .80 4 .60 4 .30 
1065 36172 SIT Vector. .200 4 .00 3 .75 3 .50 
1070 40/80 SIE PET .140 4.80 4 .50 4 .30 

I 
1075 40l BO WIW PET .200 5.00 4 .65 4.35 
1080 40l BO SIT PET .140 4 .90 4 .60 4 .25 
1085 , 43 /8 5 SI E Cos .ELF .140 5 .00 4 .7'5 4 .50 
1090 4318 6 SIT Cos . ELF .140 5 .10 4 .85 4 .60 

I 
1093 43/86 SIT Cos . ELF .200 4 .95 4 .70 4 .45 
1095 43186 W /W Cos. ELF .200 5 .50 5 .20 4 .90 
POLARIZING KEYS: For Above 0 .10 0 .10 0 .10 

I 
.156" Contact Center Connectors. 
1550 61- SIE PET, Etc .140 1.30 1.10 0 .90 
1560 6117 SIT PET:NSC . .140 1.35 1. 15 0 .95 
157 5 12/ 24 SIE PET .140 2 .15 1.95 1.7 5 

I 
1580 12/24 SIT PET .140 2.10 1.90 1.70 
1590 1 5/30 SIE GRI Keybd . . 140 2 .25 2 .05 1.B5 
1620 18/36 SI E .140 2.40 2 .20 2.00 
1650 2214 4 SI E KIM, VECTOR .140 2 .20 2 .00 1.80 

I 
1660 22144 SIT KIM,VEC TOR .140 2 .00 1.80 1.70 
1670 22 /44 W /W KIM, VECTOR .200 2.40 2.20 2.00 
1690 3617 2 W /W .200 3 .90 3 .75 3.50 
1710 36172 SIE .140 3 .50 3 .30 3.10 

I 17 20 36172 SIT .200 3 .30 3 .10 2.90 
1730 4 3/86 SIT Mot. 6800 .140 4.40 4 .15 3 .90 
1740 4318 6 SIT Mot. 6 800 .200 4 .35 4 .10 3 .85 
1750 43/86 W/W Mot. 6800 .200 4.45 4 .25 4 .10 

I POLARIZING KEYS: For Above 0 .10 0 .10 0 .10 ._---------282 BYTE June 1979 

"R-S-23-2-&" 'D-' -T-Y-PE-S-U-B-M-IN-I-A-TU·R-E·C·O·N-N-E·C-TO·R·S·: .................. ~IIII 
QUANTITY 1-4 5-9 10-24 I.C. SOCKETS. GOLD. I 
DE9P Male 1:45 US US WIRE WRAP 3 TURN. 
DE 9S Female 1.93 1.80 1.70 14 pin $0 .36 ea . 
DEl l0963· 1 2pc. Grey Hood 1. 20 1.10 1.00 . 16pin 0 .38 ea . 
DA1 5P Male 1.95 1.80 1.70 I 
DA 15S Female 2.80 2.60 2.40 
DA 5 121 1· 1 l pc . Grey Hood 1. 25 1.15 1.10 
OAl l 0963-2 2pc. Grey Hood ' 1.22 1.10 1.05 I.C. SOCKETS. 
OB 25P Male 2 .20 2 .10 1.90 Dip Soldor. Tin. I 
0 825S Female 3 .20 3 .00 2.70 14 pin $0.15 ea. 
OB5121 2· 1 l pc. Grey Hood 1.301 .20 1.10 16pin 0 . 17ea. 
OB51226· 1A 2pc. Black Hood 1.40 1.30 1.20 I 
OB11 096 3-3 2pc. Grey Hood 1. 35 1.25 1.15 
OC37P Male 3 .70 3.50 3.35 
OC37S Fema le 4 .90 4 .70 4.40 8080 PRIME 
OCll 0963-4 2pc . Grey Hood 1.95 1.85 1.75 $8 .00 ea. I 
0 0 50P Male 4 .40 4 .30 4 .10 
0 0 50S Female I 4 .90 4 .70 4 .50 
00512 16· 1 l pc. Grey H00d 2 .30 2.10 1.90 
00110963-5 2pc. Grey Hood. 2.40 2 .20 2 .00 
0 204 18-2 Hardware Sets 0 .75 0 .70 0.65 

CONNECTORS FOR CENTRONICS 700 SERIES: 

2708 EPROMS PRIME I 
$14.00 ea . 

Price: $9 .00ea . 5 pes . $7 .50ea . 
Amhpenol 57-30360 For Bock of Centronics ' 700 ' Series: I 
WHISPER FANS: Excellent for Comput er cabinet cooling. Ex tremely quiet. 
Oim . 4-3/4 " x 1-1/ 2" thick . U.L. Listed . 1-4 5-9 10 -24 

$22.00 $i9."00 $18.00 I 
WRITE FOR L A RGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE 
WELCOME. . 

WE A RE CONNECTOR (EDGE CARD) SPECIALISTS. IF YOU DQ NOT SEE I 
WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL 
REPL Y. ' 

TERMS: M inimum Order $ 70.00: Add $ 7.25 for handling and shipping. All orOO" I 
over $25.00 in USA and Canada: WE PAY THE SHIPPING. 
NOTE: CA residen ts please add 6 96 sales tax. 

• NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. I 
MA IL ORDERS TO'Beckian Enterprises 

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 Z801l·0 
• A complele single board ZSOA 

CPU and seriallparalielfO syslem 
• Fully S·100 Bus compallble, 

IMSAI, ALTAIR 
• ZeoA CPU (4MSs version of Ihe 

zeo) 
• 158 instructions - superset of 

and upward compalible from Ihe 
808O's 78 inslruclions 

• 1 K (2708). 2K (2716), or 4K (2732) 
EPROM onboard wllh Z80 

• ~~n~~:rgr1~~~M can be hard· 
ware andlor software deselected 

• 2MHs or 4MHs operalion Is 
swilch seleclable 

• 0 or 1 wall slale for all cycles Is 
swllch seleclable 

• Full veclored Inlerrupt capablilly 
17 blls) wllh NMlll bll) 

• 2 RS·232C serial ports wllh 8251 
USARTs 

• Serial baud rales swllch 
seleclable 

• 1 8·bll parallel port wilh 2 control 
lines wllh ZeoA·PIO 

• Gold Conlacts for higher rella· 
bllily 

• Power requirements: + BV @ 
8OOmA, + 16V, @ 86mA, - 16V 
@ loomA 

• Operaling temperalure 0··55·C 
• Will operale wllh or wilhoul 

IMSAIfALTAIR fronl panel 
• Low power sholilky tr l·slale buf­

fers on all address and dala lines 
• Fully warranted for 120 days from 

dale of shipmen I 

$360.00 

MICROBYTE 16K STATIC RAM BOARD · 
• Fully S100 Bus Compalible. 

IMSAI, SOL, ALTAIR, ALPHA 
MICRO 

• Uses Nalional 's Low Power 5257 
4K x 1 Sialic Rams 

• 2 MHz or 4 MHz operalion . 
• On board single 5 amp regulalor 
• Thermally designed heal sink 

(board operaling lemperalure O' 
- 70'C) 

• In puis fully low power Shollky 

~~~~~'~ :~~~:~a ~r~~~red on all 
• Phanlom is lumper seleclable to 

pin 67 
• Each 4K bank addressable 10 any 

4K sial wilh In a 64K boundary. 
• 4K hardware or software select· 

able 
• Seleclable port address 
• 4K banks can be selected or dis­

abled on power on clear or reset 

• Will operate wllh or wilhoul fronl 
panel ' 

• Compalible wilh ALPHA MICRO, 
wllh e,'ended memory manage· 
ment for seleclion beyond 64K 

• No DMA restriclion 
• Low power consumplion 1.3 amp 
• Fully warranted for 120 days from 

date of shlpmenl 

~ 
- -

450 NS $340. 00 

300 NS $360.00 

MICROBYTE 32K STATIC RAM BOARD 
• Fully S100 Bus Compalible, 

IMSAI, SOL, ALTAIR, ALPHA 
MICRO 

• Uses Nalional 's Low Power 5257 
4K x 1 Stalic Rams 

• 2 MHz or 4 MHz operation 
• On board single 5 amp regulalor 
• Thermally designed heal sink 

(board operating temperature O· 
- 70'C) 

• Inputs fully low power Shollky 
Schmlll Trigger buffered on all 
address and data lines 

• Phantom Is lumper seleclable 10 
pin 67 

• Each 4K bank addressable 10 any 
4K sial wllh in a 64K boundary. 

• 4K hardware or software select­
able 

• One on board 8-blt outpul port 
enables or disables the 32K In 4K 
blocks 

• Selectable port address 
• 4K banks can be selected or dis­

abled on power on clear or reset 

• Will operate wllh or wilhout front 
panel 

• Compatible with ALPHA MICRO, 
wllh e, 'ended memory manage· 
ment for seleclion beyond 64K 

• No DMA reslrlctlon 
• Low power consumption 2.3 -

2.5 amps 
• Fully warranled for 120 days from 

dale of shipmenl 

I 
450 NS $650.00 

300 NS $680.00 

I 
MICROBYTE DISK 

CONTROLLER 
, • IBM 3740 Soli Sectored Compal· 

Ible 
• zeo or 8080 compalible on S· loo 

Bus 
• Single densily runs bolh min i and 

tull size drives, runs CPM, on 
Shugart, Perscl, Memorex etc. 

• Seleclable port/address 
• On bard 270812716 for boolslrap 

or monitor program 
• No hardware Jumpers, uses plug 

In modules for dlfferenl drives 
• Uses 1771 B.Ql conl roller chip 
• Assembled and tested 

$250.00 

MICROBYTE MOTHERBOARD 

• Active Diode termination 
• Sial for IMSAI fronl panel 
• Terminal block connection tor 

easy hook-up 

• Extra wide ground plane 
• Silk screen and solder mask 
• Assembled and I.sled 

9 SLOT $135.°0 
20 SLOT $200,00 

Circle 11 on inquiry card . 

8251 IMSAI CONN. 
PROGRAMMABLE/U-ART 

TESTED @ 4 MHZ 
$6.°0 each 

100 PIN-SOLDERTAIL 
GOLD CONTACTS 

$3.25 each or 10 12.75 ea. 

2708's 
LOW POWER 

450 NS. 

$9.00 each 
8 for $69.°0 

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 

5 VOLT ONLY 
LOW POWER 
HIGH SPEED 

$45.°0 ON PARTS & LABOR 
Mfg. BY' Lobo Drive $385.° 0 Limited aty. 

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 (lin) 
1-24 25-99 100·499 500 up 

14 PIN .18 .17 .15 .13 .1 @ 12 VOLTS 
16 PIN .19 .18 .16 .14 CERAMIC CAP 
18 PIN .24 .23 .20 .18 9C1: 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 

PROMI 
PROGRAMMER 

SHUGART 

801·Disk Drive 
WITH CABINET & POWER SUPPLY 

ASSEMBLED & TESTED 

PROGRAMS 270B I 
.2716 I 2732 

ORDERING INFORMATION: 
Name, Address, Phone 
Ship by: UPS or P.P. 
Shipping Charge: Add $2.50 up to 
5 Ibs., all excess shipping 
charges will be refunded . Credit 

cards will be charged appropriate 
freight. 

1 YR PARTS & LABOR 
Mfg. By Lobo Drive 

$585.°0 

TERMS: 
We accept cash, check, money 
orders, Visa, and Master Charge 
cards. . 
COD's: on approval only 
Open Acct's: companies may 

i nq U i re 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 270S or 2176 interchangeable ..... .... .. . $30.00 

* FDC-1 FLOPPY DISC CONTROLLER BOARD * QMB-9 9 SLOT MOTHER BOARD 
Controls up to S 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 'SOSOA CPU Board * RTC REALTIME 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 I.NVITED, UNIVERSITY DISCOUNTS AVAILABLE 
AT YOUR LOCAL DEALER 

(W m£'/;nc. WAMECO INC.111 GLENN WAY #8, BELMONT, CA 94002 (415) 592-6141 

COMMERCIAL GRADE PERIPHERALS FOR THE MICROCOMPUTER 

PRINTER 

TERMINALS 

PIS •• , •• , __ • . . . 
• j t~ I~ :~ p . 

• • f t 

MODEMS 

,I 

TAPE DRIVES 

eASCII SELECTRIC PRINTER/TYPEWRITER : Why settle for less than ePOS 103/202 "MIX or MATCH" MODEM: BELL 103 and/or BELL 202 
letter-quality printout from your computer? Refurbished IBM Model 725 FREQUENCIES: Unique POS control design permits use in one housing of 
can be used as off·line typewriter or on·line printer. Complete with solenoidS, both Bell -<:ompatible 103 (0 - 300 baud) and 202 (0 - 1200 baud) modem 
power supply, case and ASCII interface card (TTL to CPU paralll;1 port,) ,nodules originally made , by VADIC Corp. ,for a.telephone company subsidiary . 
Interface includes programmable ASCII translation table on EPROM with up to FEATURES : RS·232 serial interface, auto.answer, auto-dial, LED display, 
S tables for use with various type spheres. Feedback signals on completion of 
each print cycle insures fastest printing speed (15 cps.) tel epho ne line interface via acoustic coupler , manual DAA, or auto·answer 
Price: programmed w/3 translation tables (one type sphere) : . .... , ... $695.00 DAA (sold separately .) FULL Y ADJUSTED; no special tools required. 

eSELECTRIC I/O TERMINALS (by GTE/Information Systems). Both ASCII 3,000 mile range over standard dial·up telephone lines. 
& IBM code versions with microcomputer interface softwa re & hardware (RS. -POS 103 MODEM (with Auto Answer , Auto Dian . ... , . .. . , $199.95, 
232 connector,) Cassette drive models permit up to 2400 baud data transfer ':' POS 202 MODEM (Half·Duplex with Reverse Channel). , , . . .. , $249,95 
rate as well as off·line data storage, use as memory typewriter, & use as data - POS 202 MODEM (Half ·Duplex w/Rev, Ch., Auto·Answer) . . . .. . $279.95 
entry device for office personnel familiar with Selectric typewri ters but not - POS 103/202 MODEM (Auto·Answer , Auto·Dia l). , ...... . . , $399.95 

ePOS· l00 NRZl TAPE DRIVE CCNTROLLER!FORMATT'ER : Designed as 
computers. Wide·carri.age, interchangeable type spheres; optional built ·in interface between S.100 bus mCPU and 9·track, SOO BPI , NRZl tape drive. 
modem, All units cleaned, adjusted & warranted, Allows microcomputerist to read and write IBM-<:ompatible )1," mag tapes, 

Model 5541 (I BM Correspondence code) . , , . , ..... .... ,$695.00 Software provided for SOSO or Z·SO systems. Requires modification for drives 
Model 5550 (corres. code, built·in cassette drive) .. , , ' . , . . . $1195,00 of various mfrs. 
Model f;560 (ASCII code, built·in cassette drive). , ... ' , , . , .$1295.00 Price : (Includes S·100 card, controller card , 10' cable, software listing) . $750.00 

elBM SELECTRIC 725 TYPEWRITER I/O w/solenoids switches & magnet -NRZl TAPE DRIVE by WILLARD LABS. 9·track, BOO BPI, NRZl format, 
driver PCB !from GTE/IS terminal) plus ins,tructions for BOBO printer ·driver 12"/soc., 1200 ft. reels (10 megabyte capacity) Fully tested and warranted $599.00 
i'nterface hardware & software. -CONVERT 15" IBM OFFICE SELECTRIC TO I/O TYPEWRITER : Kit 

a) Typewriter mechanism complete, cleaned & adjusted, , , , $375.00 includes assembled solenoids, switches, wire harness, magnet driver PCB plus 
b) Case from terminal & power supply(+24V, ±12V, +5V @5AI. . $ 75.00 instructions for installation and mCPU interface ... , " .. ... .... ... $200.00 

eDIGITAL CASSETTE DRIVE (from GTE/IS Terminal) : lS00 baud, 6"/sec ; 
eDIABLO HYTYPE I Model 1200 PRINTER MECHANISM: used, complete AC motor; fwd /rewnd circuitry plus tape head, no read /write electronics $25. 

and tested . Requires power supply, case & mCPU interface. 15 day return eFORMS TRACTORS, Moore Variable width "F.orm A .Liner" for print terminals : 
privilege - no other w~rranties. LIMITED QUANTITY! .. , ..... , $750,00 a) Mode l 565P for 15" Carriage IBM Selectrics (new) : .. , , ... , . . , . ,$50,00 

- 6' Ribbon cable & connector for printer Main Logic PCB · .. , .. , $10.00 b) Model KB1 for QUME or DIABLO Hytype I or II printers (new): . . . , $90,00 
- 14-pin Wi nchester.connector & 1S" power supply cabl e , , , , ' . , , . $5.00 -POWER SUPPLI ES for Disk Drive, mCPU. tested under load shown : ' 
-"As·is" spare printer PC~:s for parts (Logic . He~t Sink, Control) : ea . $20.00 -No. 519, (w/fan & AC cord) : +5V reg .• ± 12V reg .• +24V. @4A (10 lb.) , , $29,95 
-New Pin·feed Platen (14 ) : $50 ,f bought w/pnnter; separately ... $100.00 - LAMBDA No. LMEE5 w/OV protect : +5V reg. @25A (35Ib.), .. . , , $59.95 .. _____________ '!'!"" ____ NO RISKI 15 DAY APPROVAL ON ALL MAIL·ORDERS __________________ • 

Full documentation included PLUS interface instructions ji. PACIFIC OFFICE SYSTEMS, INC. ~ Call or write for details. quantity prices, catalog, 15 day 
where indicated. All equipment is shipped insured FOB t~~~ 2600 EI Camino Rea l, Suite 502 ~ return privilege PLUS 90 day no charge replacement of 
Palo Alto within 14 days after check clears or COD Palo Alto, Calif, 94306 G defective parts . All orders shipped from stock. No back 
order is received. Prices may change without notice. ,\ (415) 321.3S66 orders, no substitutions. MIC & VISA accepted. 
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POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

Circle 354 on inquiry card . 

ITEM USED IN PRI. WINDING SECONDARY WINDING OUTPUTS SIZE 
W x DxH 

UNIT 
PRICE NO. KIT NO. TAPS 2x 8 Vac 2x 14 Vac 2x 24 Vac 

T 1 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 lOA 2x 2.5A 2x 2.5A 

3:%" x 3%"x3Vs" 
3¥4"x4~i!"x3Vs" 
33/4" x 43fs" x 3Vs" 
33f4" x 3%" x 3Vs" 

19.95 
25.95 
27.95 
19.95 T4 4 OV, 110V, 120V 2x 4.5A 2x 4.5A 

POWER SUPPLY KITS (OPEN FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 
ITEM USED FOR @+8 Vdc @-8 Vdc @+16Vdc @-16Vdc @+28 Vdc SIZE WxDxH UNIT PRICE 

KIT 1 18 CARDS SOURCE 18A 2.5A 2.5A 12"x6"x4'l's" 46.95 
KIT 2 SYSTEM SOURCE 25A 3A 3A 12"x6"x4W' 54.95 
KIT 3 DISC SYSTEM 18A lA 2A 2A 4A 14"x 6"x 4'l's" 62.95 
KIT 4 DISC SOURCE 8A lA 8A 10"x 6"x4'l's" 44.95 
EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS., BRIDGE RECTIFIERS, FUSE & HOLDER, TERMINAL BLOCK, BASE 
PLATE, MOUNTING PARTS AND INSTRUCTIONS. 

REGULATED POWER SUPPLY "R1" ASSY. & TESTED, OPEN FRAME, SIZE: 9" (W) x 5" (D) x 5" (H) ....... . $49.95 
SPECS: +5V.'± 1%, @ 5A, OVERCURRENT PROTECTION, 5% ADJ. FOR + 5V. +24V UNREG. @ 5A FOR PRINTERS OR DISCS. 
REMARK : IDEAL FOR ROCKWELL AIM-65 MICROCOMPUTER. ALSO UNREG, - 8V@ 8A ATIAINABLE FOR USE IN S-100 BUS, 

SHIPPING FOR EACH TRANSFORMER: $4.75. FOR EACH POWER SUPPLY: $5.00 IN CALIF, $7.00 IN OTHER STATES. CALIF. RESIDENTS ADD 6% SALES TAX- OEM WELCOME. 

SUNNY INTERNATIONAL STORE: . __ 
MAIL ORDER: 7245 E ALONDRA BLVD III 
P.O. BOX 4296 (TRANSFORMERS MANUFACTURER) PARAMOUNT, CA 90723' ~ TORRANCE, CA 90510 Telephone : (213) 633-8327 STORE HOURS: 9 AM-6 PM -- __ I!J 

COMPUCOLOR II 
HERE IS A SURPRISINGLY 
AFFORDABLE COMPUTER 
THAT MAKES THE COMPE­
TITION LOOK TWICE II 

STANDARD FEATURES 
• 13" COLOR CRT 
• SPECIAL GRAPHICS PKG. 

' . EXTENDED DISK BASIC 
• MINI DISK DRIVE 
• 8 K RAM MEMORY 
* 72 KEY KEYBOARD 

IS HERE!! 
PRICE & OPTIONS 

MODEL 3 - 8K USER RAM -1495 .00 
MODEL 4-16K USER RAM-1695.00 
MODEL 5 - 32K USER RAM -1995.00 
2nd DISK DRIVE - 400.00 
EXPANDED KEYBOARD - 135 .00 
FORMATTED DISKETTE 5.00 
MANY PROGRAMS AVAILABLE * 

TO ORDER-----­
SEND CHECK OR MONEY ORDER 
CALIF. RES. add 6% TAX 
shipping 1% all orders 

CATALOG - 50e 

HOLLYWOOD 
SYSTEMS 

9100 SUNSET BLVD. 
, SUITE 112 

, L.A. CALIF. 90069 
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MUST SELL: SwTPC 6800 computer system, in­
cludes 16 K programmable memory, two serial 
ports, PerCom Data CIS-30 plus cassette storage 
unit, software and manuals. $525 buys everything; 
shipped post paid. Don Domek, 535 Burlington, 
Billings MT 59101, (406) 248-3477. 

FOR SA LE : One SO sales expandoram set up with 
integrated circuits for 16 K (fat 115-41); has. prob­
lem. Data can be enterAd and TPtrieved but pro­
grams will not run, $200. CFI add-on memory for 
IBM system III, mod 6 or 10, 16 K . Working con­
dition, with cables, $2000 or best offer. Norm 
DalY, 53 Kaufman Rd, Cheektowaga NY 14225, 
(716) 892-8829. 

FOR SALE: KIM system KIM·1 Computer, Enclo­
sures Group case, miniature 4 K w ire wrap memory 
'':11 L02s), TVT -6 video interface, surplus video 
monitor, Radio Shack ASCII keyboard, oscillator/ 
driver board and speaker, I/O (input/output) con­
nector block, 5 V, 1 A supply, 5 V, 2 A +/12 V, 
1 A supply. All for $450. Ron Kushnier, 3108 
Addison Ct, Cornwells Heights PA 19020, (215) 
757-9057. 

FOR SALE: IMSAI 4 K static, $80. MITS 4 K 
dynamic, $50. Tarbell cassette board, $90. MITS 
ACR, $70. MITS disk drive with BASIC and 
FORTRAN, $1,300. MITS-Okidata printer with 
controller, $1,500. All boards fully socketed and 
fa'ctory checked out. Make offer. For trade: 8080 
FORTRAN MITS disk version for 8080 C080L or 
MITS timesharing 8ASIC. Manuals available . K R 
Roberts, 10560 Main St, Suite 515, Fairfax VA, 
22030, (703) 591-0008 or 378-7266. 

FOR SALE: SwTPC MF-68 minifloppy disk sys­
tem, $850. CT -64 terminal with two pages mem­
ory, screen read board, etc. Also CT-VM monitor, 
$450. Two MP-8M memory boards, $190 each. 
Expandor black box printer with base, cover and 
case of paper, $390. Will make good price on TSC 
disk software to purchaser of minifloppy. All units 
Bre complete with documentation, were assembled 
by a professional and are 100 percent functional. 
John Gorman, 143 Chenault Rd, Lexington KY 
40502. 

FOR SALE ; Digital Group Z-80 26 K, dress cab­
inet, 64 character TV controller, two Phi-Decks 
and controller, PHIMON, Business BASIC etc. 
Original cost over $3,000. Will sell for $1,995. 
William C Dewberry Jr, 314 Interbay Av, 
Pensacola F L 32597, (904) 456-1061. 

FOR SALE: A complete computer system consist­
ing of an Altair 8800-A with 36 K of static pro­
grammable memory, a North Star 5 inch floppy 
disk drive, VDM-1, 3P+S, Cherry Switch keyboard, 
ALS-8, Sanvo video monitor, Bytesaver. and a real 
time clock . Highest offer above $1700 accepted . 
Also, Sol motherboard computer for $500. Juan 
Rivera, 354 Marshall Dr, Welnut Creek CA 94598, 
(415) 935-3235. 

FOR SALE: Used Selectric I/O (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 
interface and drive information $50. Shipping 
extra. Ted Becker, 317 158th St SE, Bothell WA 
98011, (206) 743·1321 . . 

WANTED: Back issues of BYTE, Interface Age, 
Popular Electronics, Popular Mechanics, Radio 
Electronics and Scientific American in good 
condition . Send details of holdings and price. 
Also, I have some duplicates of the above maga­
zines to sell or swap. SASE would be appreciated. 
Michael Carter, 62B Escondido Village, Stanford 
CA 94305. 
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FOR SALE: AMD9511 arithmetic integrated cir· 
cuit on S-100 card with BASIC-E. Calculate SIN 
(Xl in 2.8 ms in BASIC. $250. G Lyons, 280 
HenderSon St, JerSey City NJ 07302, (201) 451-
2905. 

WANTED: MicrocomputerS; TAS-80, PET, 
Apple; any condition and quantity .. Immediate 
cash available or trade for DEC PDP8e, f, m. 4 K 
PDP8m with teletypewriter interface $1100. Port­
acorn briefcase ASCII terminals with modems 
$595. K2DCY. Box 637.. W Caldwell NJ 07006, 
(201) 226·9185 . 

FOR SALE : Digital Group 10 . K Z-80 system, 
assembled, includes MINI-BASIC, MAXI·BASIC, 
A.ssembler II, Editor, Op-sys, and all documenta­
tion . Asking $1000 . Will consider selling compo­
nents separately. Also 8 K of 21 L02 integrated 
circuits, 450ns; ~nusrid, $65. J E Tucker, Box 
4338, APO NY 09223. 

FOR SALE: Surplus pipe organ parts. Direct 
electric chests, keyboards, console, cable, and 
various ranks of pipes. Low pressure, good to 
excellent condition with reasonable to ridicu­
lously low prices. Also Friden Flexowriter, P~tter 
high speed photo tape reader, 8 level punch and 
reader with power supply anc! interface electronics. 
Ferranti tape spoolers, other readers. Prefer pick­
ups. Andy LaTorre, 45 Ellis Av, Northport NY 
11768, (516) 757~1913. 

FOR SALE: Vista 5 1/4 inch floppy disk drive 
with 5-100 controller and cables. Factory assem­
bled , mint condition . Too small for my needs. In­
cludes CP·M, BASIC-E compiler. VOS assembler, 
text editor, other utili t ies, plus five diskettes of 
software and games. Paid $750; asking $500. 
Also, new cabinet and power supply for above . 
Paid $80, asking $50. David ~chwinck, 2221 SW 
14th , Lincoln NE 68522'. 

WANT TO TRADE : Have a Kenwood KT5300 
tuner and KA 7300 integrated amplifier with 
CT-F9191 Pioneer cassette and Infinity 2000 II 
speakers in excellent condition . Worth $2600 
new. Would like a good computer system with 
mini disk of similar value. Leroy A McDaniel, 
916 N 4th St, McAllen TX 7B501 . 

FOR SALE: Comple!!! assembled and running 
microcomputer system. Includes 680b mother 
board with cabinet and power supply, 16 K static 
memory, 6BO KCACR cassette interface, 8 K 
BASIC on cassette, J~ssembler and Editor on 
paper tape , SwTPC. CT-l024 terminal system 
complete with all options plus cabinet for key­
board, scrolling conversion kit , and fully socketed 
with 74LS series if,1tegr,lted circuits. Asking $1000 
US. R Pieracci, 43 Mayfield Rd, Regina 
Saskatchewan CANADA, S4V OB7. 

v'lANTED : Manuals fo r Wang BAS system. Also, 
-software suitable for Wang 2200C cassette based 
computer. J E Thompson, POB 128, Monee I L 
60449. 

FOR SALE : Four 8 K memory boards for Heath­
kit H8(WH8-8); assembled, tested and burned in. 
Heathkit price, $250 , 'ach ; asking $195 eech or 
four for $750. Henr,! Fale, 2918 S 7th St, 
Sheboygan WI 53081, (414) 452-4172. 

FOR SALE: Intel SDK-85 development kit; 
fully assembled. 3 K programmable memory, 
cassette interface (software in 2708). Powermate 
PS 5 V/6 A. All integrated circuits socketed; 
contain all connectors. Packaged inside attache 
case. Full documentation. First money order for 
$375 gets it; I pay shipping. L StrOll, 211-05 
85th Av, Holli s Hills NY 11427, (212) 464-7341 . 

NEW UNCLASSIFIED POLlCl' 

Readers who have equipment. software or other items 
to buy. sell or swap should send in a clear'y typed notice 
to that effec t To be considered for publication. an adver· 
tisement must be clearly noncommlucisf. typed double 
splICed on plsin white PlIPer, contllin 75 words Of less, and 
include complete name and address information. 

These notices are free of charge and will be printed one 
time only on a space available basis. Notices can be .c. 
~Pted from individuals or bona fide computer users clubs 
only. We can engage in no correspondence on these and 
your confirmation of placement is appearance in an issue of 
BYTE. 

Please note that it may take three or four months (or an 
ad to appear in the magaline . • 

FOR SALE: SwTPC M6800 with 8 K memory 
$300; MP-A processor board $100; AC-30 $65; 4 K 
memory board~ $60; MSI 2708 erasable read only 
memory board $85; Digital Group Phi-Deck 
system, two drives, controller (not working)' soft­
ware, $250: above items fully socketed. Phillips 
Digital cassette drives, simple interface $125; 
Heathkit oscilloscope I/O (input/output) 105 
15 MHz, dual trace $425; Sola constant volt· 
age xfmer, 750 W $150. Jim Georgoulis, 504 Fort 
Drum Dr, Austin TX 78745. (512) 441·6568. 

FOR SALE: Two MITS Altair 4 K memory boards, 
model 88-4MCD, assembled and in service now, 
no bad bits. Includes original documentation. 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 N E, Conyers GA 
30208. 

FOR SALE: IMSAI microcomputer with 28 K 
programmable memory, read only memory board, 
Tarbell cassette interface, poly video board, key­
board, monitor, and cassette tape recorder. All 
documented and working, $1300. Leo Breiman, 
905 Centinela Av, Santa Monica CA 90403, 
(213) 828-2840 or 829-741l. 

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 Rd, 
Whitefish MT 59937, (406) 862-3854. 

FOR SALE OR TRADE: SO Sales, 16 K Expand­
oram (has sockets for 32 K) . This board will not 
work with DMA or any application that requires 
wait states. I prefer to trade for static memory. 
I will sell for $200 ONO. Wayne Miller, 905 
Fairmount Blvd, Jefferson City MO 65101. 

FOR SALE: One Processor Technology VDM-1 
board kit , $130; one Processor Technology 8 K 
programmable memory board kit, $170. Both kits 
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 
I/O (input/output) board. Ribbon cable and edga 
connector included. I will include all driving and 
applications software I have written to date. Ex­
cellent 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, 
NEC2102L-450. Used over 50 hours ; $129. 
J Grina, 1284 Fifield PI, St Paul MN 55108. 

FOR SALE: Model 123P Expandor/Mite printer. 
Complete with case and interface electronics. 
Ready to ·plug into any 8 bit parallel port. Full 
documentation. $325 postpaid. A P Stumpf, 
Box 1603, Litchfield Park AZ 85340, (602) 
935·2053. 

F9R SALE: A limited number of BYTE, Volume 
1 # 1, in mint condition. Never been opened. 
Highest bids can have them while they last. Joe 
Haran, 607 Painters Xing, Chadds Ford PA 19317, 
(215) 358·3346. 

FOR SALE: Digital Group Z-80 26 K system, 
keyboard, dual Phi-Decks, printer. All working, 
in dress cabinets; lots of software. No reasonable 
offer refused. Scott Bishop, 2221 Charlotte Dr, 
Maitland FL 32751, (305) 869-4203. 



Ctn of Memory and Video Driver on Eprom assembled 

J V· kit $ 19995 ondt .... d$339.95 ... ..---~-..;~~i7J~_ 

OPTIONAL: • Sockets $10.00. 2K Memory $30.00. 4K 
M~mory $60.00 • Video Driver Eprom $20.00 • Text 
Editor Eprom (Includes Video Driver $75.00) 

S-J 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. 

ml2JltINiW1BrLI.fHhfD 
15 MHZ DUAL TRACE 

Portable 
Scope 

BIG PRIC!399. 
MODEL MS-215 

• B.attery or A.C. Operated • External and Internal Trigger 
• Time Base-.1 m Sec'/Div. Into 21 Calibrated Ranges • 
3% Accuracy. Input Impedence 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- J 5 Single Trace Scope $299. e 3% DIGIT DMM 
LCDRead~ut 

SI ZE: 1.3" H 2.7" W 4.0" D 

• .5% Accuracy • AC-DC 
1-1000V • Ohms 1K-10M 

• Current ImA-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 

$13995 

• Power: + 5V 200mA MODEL PM-349 

• Auto Zero. Update Rate: 3 Rdg. / Sec. 

American or European TV Compati­
ble (CRT Controls Programable) 

Dealer Inquires Invited 

ASCII Keyboard Kit $77. 

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 " //0 Board KIt 
Plugs into Slot of Mother Board 

.1 8 Bit Parallel Output Port (Expands to 3 Ports) ·1 Input 
Port • 15mA Output Current Sink or Source • Can be 
u~ed for peripheral equipment such as printers, floppy 
diSCS, cassettes, paper tapes, etc. • 1 free software listing 
for SWTP PR40 or IBM selectric. 
PRICE: 1. lnput and 1 Output Port $49.00 

1 Input and 3 Output Ports $64.00 
Dealer Inquiries Invited 

SHIPPING $3.50/ California residents add 6% sales tax 

ELEClRONICS,WAREHOUSE Inc. 
15820 Hawthorne Boulevard 

Lawndale, CA 90260 
(213) 370-5551 



To get further information on the products advertised in BYTE, fill out the reader service card with your name and address. Then circle 
the appropriate numbers for the advertisers you select from the list. A dda 75 cent stamp to the card, then drop it in the mail. Not only do 
yoti gain information, but our advertisers are encouraged to use the marketplace provided by BYTE. This helps us bring y ou a bigger BYTE. 

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. 

1 Aaron Associates 205 Data Set Cable Co 237 207 Maxwell Data Products 105 314 Radio Shack Authorized Sale. Center 277 
2 Administrative Systems 150 96 DOC Publications 241 McGraw Hill Book Co 25 322 RCA B5 
4 Advanced Computer Products 251 89 Delta Products 271 215 Measurement Sys & Controls 1 73 3 23 Realty Software 67 
5 American Square Computers 245 84 Digital Engineering Inc 193 216 Measurement Sys & Controls 231 The Recreational Programmer 245 
7 Anadex 82.83 98 Digital Equipment Corp IBook Div.113 213 Micro Ap 169 325 RNB 233 

15 Apple Computer 1 9 86 Digital Pathways 1 71 214 Micro Architect 245 326 RNB 243 
10 apple tv & computing 247 95 DRCICAI154 217 MicroComputer Technology 147 316 S·100 Inc 203 
11 ASAP Computer Products Inc 283 100 DRCITXI275 220 MicroDaSys 189 317 Sara Tech Computers 210 
19 ATV Research 277 114 Eclectic IDiv of Tanol 66 219 Micro Diversions 35 331 S C Digital 237 
20 Avery Labels 231 115 Electrolabs 280 221 Micro Focus LTD. 11 3 318 Scelbi Computer Consulting Inc 219 
21 Avionic Enterprises Inc 245 120 Electronic Control Technology 239 222 Micromail 72 Scient ific Research 11 5 
22 base 2. inc. 101 125 Electronic Systems 278 204 Micro Mike's 21 6 319 Michael Shroyor Software 185 
23 8asic Time 1 75 126 Electronic Systems 279 . Micropolis 190. 191 . Shugart 6.7 
30 Beckian Enterprises, 282 130 Electronics Warehouse 287 228 Micro Pro International 48 320 Sierra Cybernetic Systems 21 5 
27 Beta 8usiness Systems 277 132 Epoch Data Devices 247 229 MicrosBtte 277 327 Ed Smith's Software Works 194 

Bits Inc 181. 200. 2 11 133 Exidy 54 . 55 Microsoft 195 328 Smoke Signal 8roadcasting 73 
33 Body Peripherals 1 22 134 Federal Communications Corp 123 232 Micro Software ICAII 241 . Software Development & Training 215 
34 Broadcast Computer Systems, 231 135 Forethought Products 205 231 The Micro Works 206 340 Solid State Sales 265 
31 Business Applications Software 163 141 GRill 233 Micro World 139 350 Southwest Technical Products Corp CII 
32 8uss/Charles Flota 21 5 142 H Geller 194 234 Miken Optical 245 351 Speakeasy Software 1 31 . 8YTE Back Issues 21 7 143 General Scientific Corp 245 230 Mikos 280 335 SSM 77 
36 8YTE Books 113. 125-128. 133. 199 . 2118 144 Gimix 247 236 Mini Computer Suppliers 220 352 Stirling/Bekdorf 1 24 
37 California Computer Systems 22. 23 150 Godbout 159 255 Morrow/Thinker Toys CIII 353 Structured Systems Group 5 
39 California Digital 259 153 Go Forms 37 256 Morrow/Thinker Toys 39 358 Sunflex Co Inc 246 
40 Cambridge Development Labs 222 154 Gowan Industries 247 257 Mountain Hardware 226 354 Sunny Internetional 285 
45 Central Data 111 152 Graham Dorian 247 258 National Small Computer Show 107 357 SuperSoft 202 
46 Chatsworth Data 1 2 151 GRT 81 281 NEECO 155 356 Sybex Inc 1 57 
47 Chrislin Industries 207 159 H & E Computronics 1 54 282 NEECO 165 355 Synchro Sound 43 
50 "Compucolor" IDiv Intelligent Sysl 27 160 Hayden Book Co 2 1 2 280 Netronics :2 2 5 360 Terbell Electronics 135 
51 Compucqlor IDiv Intelligent Sysl 69 161 Hexagon Systems 202 283 Newman Computer Exchange 263 363 Technical Systems Consultants 137 
53 CompuMax Associates 1 41 1.70 Hobby World 36 . 255 285 North Star Computer 45 364 Technology Systems South 237 
52 The Computer Cookbook 63 174 Hollywood Systems 285 284 Ohio Micro Systems 109 365 Terrapin 235 

Computer Factory NY 276 171 Houston Instruments 29 onComputing 33 266 Texas Instruments 31 
Computer Headwear 227 172 HUH 187 288 On Line 277 366 Texas Instruments 179 
Computer Lab NJ 239 169 HUH 187 368 Oregon Software 21 7 3/M Compeny 91 

75 Computerland 8. 9. 274 176 Independent Business Systems 213 292 Osborne & Associates 1 83 371 Tara Systems Limited 231 
66 Computer Mart of NJ & PA 21 177 Infinite Inc 247 
67 Computer Packages Unlimited 245 173 Info 2000 151 
77 Computer Service Center 277 178 Inmac 223 
73 Compute x Corp 235 180 Intecolor IDiv Intelligent Sysl 65 
71 Computhink 229 179 Integrand 189 
78 CT Micro Computer 58. 215. 233. 243 175 Interactive Microware Inc 241 
82 Covox 218 181 Internatinal Peripheral Systems 59 
83 Creative Software 118 190 Ithaca Audio 281 
87 Cromemco 1, 2 195 Jade Co 272. 273 
72 Custom Computing 247 200 Jameco 256.257 
74 Cutting Edge of Technology 133 183 Key Supply Co 2 17. 231 
85 Cybernetics Inc 204 203 Leedex Corp 235 
90 Cybertron 277 Lifeboat Associates 120, 121 
88 Cygol 231 202 Mad Hatter Software 97 
91 Data Discount Center 20 1 199 The Mail Mart 247 
94 Datamation 21 4 205 Marketlin. Systems 221 
93 DataSearch 1 92 206 Marinchip Systems 103 

" 
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Article No. ARTICLE 

1 Albus: A Model' of the Brain for Robot Control 
2 Allen: Simple Maze Traversal Algorithms 
3 Ciarcia: Mind Over Matter 
4 Watson: More Colors for Your Apple 
5 Dawes: 'A Home for Your Computer 
6 Gupton: Talk to a Turtle 
7 Stanfield: My Computer Runs Mazes 
8 Johnston: Computer Generated Maps 
9 Powers: The Nature of Robots 

10 Melton: The 1802 Op Codes 
11 Reid -Green: History of Computing: The IBM 7070 
12 Kiehn : Artificial Intelligence and Entropy 
13 Ruckdeschel: BASIC Text Editor 
14 Halsema: Bubble Memories 
15 Radhakrishnan. Bhat: Stacks in Microprocessors 
16 Van den Bout: Designing a Command Language 
17 Linker: Timesharing: Squeezing the Most from Your Micro 
18 Honess: Three Types of Pseudorandom Sequences 
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290 OSI CIV. 57. 89 372 Trans Date 204 
Owens & Associates 203 374 TRS-80 Software Exchenge 197 

295 Pacific Exchanges 231 373 TSA Softwere 241 
296 Pacific Office Systems 284 380 Ucatan 245 
297 PAIA 221 383 US Brokers Co IDiv. CM Corpl 247 
301 Per Com Date 116. 117 382 US Robotics 119 
305 Per Com Data 253 381 Vector Electronics 51 
302 Personal Software Inc 142. 143 378 Vista 201 . Potomac Micro Magic 227 393 Vista 161 
310 Potters Programs 277 379 V M Professional Application Softwere 277 
312 Priority I 266. 267. 268 384 VR Data 282 
300 Processor Technology 94. 95 387 Wemeco 284 
307 Program Design Inc 209 388 Western Digital Corp 32 
308 PRS 46,47 389 Wintek 231 
306 Quality Software 163 391 Worldwide Electronics 231 
311 Quest Electronics 281 392 XComp 217 
313 RACET Computes 192 400 Xitex 239 

401 Zs Systems 247 

*Correspond directly with Company 

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

PAGE 

10 
36 
49 
60 
70 
74 
86 

100 
132 
146 
148 
152 
156 
166 
168 
176 
228 
234 

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 
l-8000." Two articles shared second plaoe, 
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/2DTM single/double density disk 
memory from Thinker ToysTM is fully equipped, fully 
assembled, and fully guaranteed to perform perfectly. 

DISCUS/2DTM 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 
built-in power supply. 

DOS, and DISK-ATETM assembler/editor. Patches for 
CP/M* are also included. CP/M: MicroSoft Disk 
BASIC and FORTRAN are also available at extra cost. 

DISCUS/2DTM 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/2DTM for you. Or, if unavailable locally, write 
Thinker Toys,TM 5221 Central Ave., Richmond, CA 
94804. Or call (415) 524-2101 weekdays, 10-5 Pacific 
Time. (FOB Berkeley. Cal. res. add tax.) 

· CP/M 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 I/O 
interfacing a snap. GMorrow makes disk memory for 

The DISCUS/2DTM system is fully integrated with Th'¥ ToysTM 
innovations by deSigner/inventor George Morrow. l~ l"'er Software includes BASIC-VTM virtual disk BASIC, .I.,I"ft,; 

Circle 255 on inquiry card . "See us in booths 98 and 99 at the NCC" 
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