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Someday all terminals will be smart..• ••.. 
+ 128 Funct ions- soft ware contro lled + 82 x 16 or 92 x 22 format-p lus graphics 
+ 7 x 12 matrix , upper/ lower case letters + Printer output port 
+ 50 to 38,400 baud-selectable + "CHERRY" key board 

CT-82 Intelligent Terminal , assem bled and tes ted .......$795 .00 ppd in Cont. U.S. 


SOUTHWEST T ECHNICAL PRODUCTS CORPORATION 
219 W. RHAPSODY 
SAN ANTONIO , T EXAS 78216 
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Here's how you can be fully computerized 

for so much less than you thought 


BUSINESS - EDUCATION - ENGINEERING- MANUFACTURING 

We are pleased to an nounce the first 
profess ional time-sharing system in the 
microcomputer field. 

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

all of the tasks you usually associate with 
much more expensive time-sharing com­
puters. Yet it's priced at an alm ost un­
be lievably 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 1h 
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. 

PROGRAMMERS LOVE OUR BASIC 
This new system is based on Cro­

mem co ' s we ll-known System Three 
Computer and our new Multi-User 
BASIC softwa re package. 

Programmers tell us that Cromemco 
Multi-User BASIC is the best in the fie ld. 
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, NOLIST, 
and many more. 

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

• 	 Terminals and printer are inlerrupt­
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 thi s beaut i ful new system at your 
dealer. See its rugged professio nal qual­
ity. Evaluate it. Benchmark it for speed 
with your own routine (you' ll be agree ­
ably su rpri sed, we gua rantee you). 

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

Look into it now because you can 
have the capabi liti es of a fully co mpu ­
terized operation much quicker and for 
much less than you ever thought. 

C3 Cronaenaco 
nco poroted 

Microcomputer Systems 
280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Programmable 
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UART with 


Interval Timers 


4 MHz Z·SOA 

Completely Buffered 
Bus Interface 

lK RAM 
Capacily Expandability 

The single card computer 

with the features 


that help you in real life 

COMPLETE COMPUTER 

In this advanced card you get a pro­
fessiona l quality computer that meets 
today's engineering needs. And it's one 
that's complete. It lets you be up and 
running fast. All you need is a power 
su pply and your ROM software. 

The computer itself is super. Fast 
4 MHz operation. Capacity for BK bytes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE ­
SAVER~ PROM card). There's also 1K of 
on-board static RAM. Further, you get 
straightforward interfacing through an 
RS-232 seria l interface with ultra-fast 
speed of up to 76,800 baud - software 
programmab le. 

Oth er fea tures include 24 bits of bi ­
d irect iona 1 paral lel 1/ 0 and five on­
board progra mmable timers. 

Add to that vectored interrupts. 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro­

memco single card computer gives you 
enormous expandability if you eve r need 
it. And it's easy to expand. First, you 
can expand with th e new Cromemco 
32 K BYTESAVER PROM card mentioned 
above. Then there's Cromemco's broad 
line of 5100-bus-compatible memory 
and 1/ 0 interface cards. Cards with fea­
tures such as relay interface, analog 
interface, graphics interface, opto­
isolator input, and A/ D and DI A con­
version. RAM and ROM ca rds, too. 

Card Cage 32K BYTESAVER PROM card 

EASY TO USE 
Another convenience that makes the 

Model sec computer easy to use is our 
Z-80 monitor and 3K Control BASIC (in 
two ROMs). With this optional software 
you're ready to go. The monitor gives 
you 12 commands. The BASIC, with 36 
commands/functions, will directly ac­
cess 1/0 ports and memory locations ­
and call machine language subroutines. 

Finally, to simplify things to the ulti ­
mate, we even have convenient card 
cages. Rugged card cages. They hold 
cards firmly. No jiggling out of sockets. 

AVAILABLE NOW/LOW PRICE 
The Cromemco Model SCC is avail ­

able now at a low price of only $450 
factory assembled ($395 kit). 

So act today. Get this high-capability 
computer working for you right away. 

C3 Cromemeo 
Incorporated 
Specialists in computers and peripherals 
280 BERNARDO AVE ..• MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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10 THE TOY STORE BEGINS AT HOME, by Steve Ciarcia 

Build a challenging musical game in BASIC 


26 SIMULATING PHYSICAL SYSTEMS, The Two-Dimensional Ideal Gas, by Mark Zimmermann 

Experiment with physical models on your computer 


46 SOURCES OF NUMERICAL ERROR , by Daniel R Buskirk 

learn how to control errors from rounding and truncating 


84 MARSPORT : The Three-Dimensional Celestial Mechanics Simulation for the HP 67/97, by DD Hinrichs 

Pilot a spaceship to a soft landing on the Martian surface 
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The Standard Data Encryption Algorithm on a KIM-1 computer. Part 2 of two parts. 
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Viewing constellations from other parts of the galaxy, and related matters 
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Using a pocket calculator to implement a field cipher 

166 LIFE CAN BE EASY, by Randy Soderstrom 
A simple implementation of Life 
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Relative sine and cosine values in one byte 
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Randy Soderstrom provides a quick and 
simple Life program for the 8080 in his 
article Life Can Be Easy. page 7661'9 t~is E\'TE 

This month 's cover painting by Robert 
Tinney is called "Infinite Regression" - an 
appropriate way to introduce you to several 
articles in this issue dealing with computer 
simulation. 

The term "simulation " can have a 
bewildering variety of meanings; we have 
restricted ourselves herein to simulations of 
galaxy projections, digi ial circuits, celestial 
mechanics, and an ideal two-dimensional gas 
- all using your personal computer or pro­
grammable calculator. 

By adding special controls to a micro­
computer, a user can input special informa­
tion or inform at ion in particular form s. The 
addition of four switches and four colored 
lights allows your computer to play a 
memory game such as the ones found in 
del?artment stores. Steve Ciarcia tells how 
The Toy Store Begins at Home. page 70 

There Is more than one way to peel 
an Apple, or in this case to interface an 
Apple 11. Richard Campbell gel5 to the core 
of the problem in Cross-Pollinating the 
Apple II. page 20 

One fascinating use of a computer 
is performing experiments quickly and 
easily . The experimenter can define proper­
ties and change parameters in a program 
rather than having to rebuild equipment. 
Mark Zimmermann discusses Simulation of 
Physical Systems, specifically The Two-
Dimensional Ideal Gas. page 26 

An importan r area of numerical calcu­
lations is the control of errors: rounding 
errors, truncation errors, and so on. Daniel 
R Buskirk has some commenl5 on this very 
necessary study in Sources of Numerical 
Error. page 46 

Wouldn't it be nice 10 have a 1ype 
of memory in your computer that would 
answer questions such as , "Which of my 
employees are over 35 and make more than 
$20,000?" Such a memory is known as an 
associative memory. Randy Smith introduces 
us to the world of Smart Memory in part 1 
of this 2 part series. page 54 

Have you ever wondered what our 
gal ax y looks like from one million light 
years ;iway ' Perhaps you want to srudy the 
formation of the Andromeda galaxy or 
incorpora te a known star cluster into a 
space war game. In either case you'll want 
to have A Simulated View of the Galaxy as 
discussed by Mark Dahmkc. page 66 

Delmer D Hinrichs presents a com­
bination three-dimensional Mars lander 
and introduction LO celestial mechanics 
in Marsport Here I Come: The Three­
Dimensional Celestial Mechanics Simu­
lation for the HP 67 /97. page 84 

The Standard Data Encryption Algo­
rithm by Robert V Mcushaw discusses its 
implementation on the basic KIM -1 system. 
A detailed description. of the algorithm and 
generalized flowcharts arc also given. 

page I 10 

In everyday life we wait in lines before 
we can do particular things. The same 
happens with computers. The study of 
waiting, called Queuing Theory , and how 
computers handle the situation is discussed 
by Len Gorney. page 132 

The pocket calcu lator can be used 
to encipher and decipher messages. John 
Costas provides us with working examples of 
Cryptography in the Field , Part 2: Using the 
Pocket Calculator. page 744 

When working with trigonometric quan­
tities, it is not always necessary to arrive at 
the precise value. Often a relationship 
between the desired value and the entire 
range of allowable values is su fficient. 
Robert Grappe! discusses such an implemen­
tation in An Easy Way to Calculate Sines 
and Cosines. page 770 

In The Power of the HP -67 Programmable 
Calculator, Part 2, Robert C Arp Jr con · 
eludes his discussion of the HP-67 with a 
practical applications program for solving 
simultaneous equations. page 776 

The abi lity to microprogram a pro­
cessor increases the power and usefulness 
of that processor to a particular user. 
Microprogramming all ows one machine to 
appear as several different processors while 
using the same hardware. Ben E Cline gives 
us An Introduction to Microprogramming 
and shows how it can be used. page 2 70 

Could you use a pocket-size alph a· 
numeric terminal? One of the main pro­
blems with this type of device is lhe si ze of 
the video screen used for output. By using 7 
segment displays, Daniel Chester has thought 
of a way to make A Digital Alphanumeric 
Display. page 2 78 

Is it practical to use microcomputers 
for timesharing? In Microcomputer Time­
sharing, Kenneih J Johnso.n reviews some of 
the techniques developed for large computers 
with an eye toward utilizing them on a 
microcomputer. page 224 

Artificial intelligence (Al) on a pro­
grammable calculator? Why not? A Binary 
Guessing Game shows you how. Au 1hors 
Mark Zimmermann and James Blodgell 
describe a pattern recognition algorithm 
that tries to outguess the operato r , often 
with remarkable success. page 236 
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Howtobuy

a personal computer. 

Suddenly everyone is talking about personal computers. 
Are you ready for one? The best way to find out is to 
read Apple Computer's "Consumer Guide to Personal 
Computing." It will answer your unanswered questions 
and show you how useful and how much fun personal 
computers can be. And it will help you choose a 
computer that meets your personal needs. 

Who uses personal computers. 
Thousands of people have already discovered the Apple 
computer-businessmen, students, hobbyists. They're 
using their Apples for financial management, complex 
problem solving-and just plain fun. 
You can use your Apple to 
analyze the stock market, 
manage your personal 
finances, control your 
home environment, and 
to invent an unlimited 
number of sound and 
action video games. 
That's just the beginning. 

What to look for. 
Once you've unlocked the 
power of the personal 
computer, you'll be 

-

using your Apple in ways you never dreamed of. 
That's when the capabilities of the computer you buy 
will really count. You don't want to be limited by 
the availability of pre-programmed cartridges. You'll 
want a computer, like Apple, that you can also program 
yourself. You don't want to settle for a black and white 
display. You'll want a computer, like Apple, that can 
turn any color tv into a dazzling array of color graphics.* 
The more you learn about computers, the more your 
imagination will demand. So you'll want a computer 
that can grow with you as your skill and experience 
with computers grows. Apple's the one. 

How to get one. 
The quickest way is 
to get a free copy of 
the Consumer Guide 
to Personal Computing. 
Get yours by calling 
800/538-9696. Or by 
writing us. Then visit 
your local Apple dealer. 
We'll give you his name 
and address when 
you call. 

"Apple II plugs into any slandard TV using 
nn inexpensive modul•tor (nol included). 
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Altos Computer Systems 
2378-B Walsh Avenue 
Santo Clora . CA 95050 

Apple Computer 
10260 Bandley Dr. 
Cupertino. CA 95014 

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

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

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

North Siar Computer 
2547 9th Street 
Berkeley. CA 94710 

Percom Data 
318 Barnes 
Garland. TX 75042 

Polymorphic Systems 
460 Ward Dr. 
Santo Barbara. CA 93111 

Problem Solver Systems 
20834 Lassen Street 
Chatsworth. CA 91311 

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

SD Sales 
3401 W. Kingsley 
Garland. TX 75040 

Smoke Signal Broadcasting 
6304 Yucca 
Hol lywood . CA 90028 

Technlco Inc. 
9130 Red Branch Rood 
Columbia . MD 21045 

Texas Electronic Instruments 
5636 Etheridge 
Houston. TX 77087 

Thinker Toys 
1201 10th Street 
Berkeley. CA 94710 

Vista Computer Company 
2807 Oregon Court 
Torrance. CA 90503 

On the Importance of Backups 

by Carl Helmers 

The other day I had a problem us ing my com puter system which many 
readers may have had. The lesson to be lea rned from my experience forms the 
subject of th is essay. 

This prob lem is one of zappi ng the file structure of a disk. Soo ner or later 
eve ryone who uses a small computer system will encoun ter a simi lar situatio n. 
One could be tempted to th ink, naively, that such pro blems are limited to 
large com puter systems with large sensitive flyi ng head d isk media, but this is 
by no means the case . Floppy disks can be logically zapped just as easily . 

I, like many of ou r reade rs with systems, have not been letting my system 
lie idle in the house. In the years sin ce starting this publication with my 
associates in 1975, I have been suffe ring withdrawal sy mptoms from big 
computers and assoc iated time sharing software. In my case it was everyone's 
favo ri te target of cr iticism, TSO runni ng on a large IBM 360 system. Well, 
finally small computers got to the point where they could support my sty le 
of language, Pascal. Last summer, I bought the Northwest Microcomputer 
Syste ms model 85/P with UCS D Pascal as its operating system, filing system, 
editor and high level language package. 

(An aside: at present, the opt ions are hardly limited to the 85/P as many 
other small compute r manufacturers have begu n offering versions of th is 
excel lent software; at present one can get it on machines ranging from a dual 
mini-floppy Apple II or North Star Horizon, to machines with fu ll size 
flopp ies like my 85/P, or the Cro memco system we are usi ng at BYTE as an 
ed ito rial compu ter, to the most exotic of all Pascal machines, the Western 
Digital " Pascal Micro Engine" which directly executes the p-code inter· 
mediate output of the UCSD compi ler. Recent word from Apple has it that 
the UCSD Pascal system with full Tu rtle graphics wi ll be availab le in Jun e of 
th is year for approx imate ly $400 hardware and software cost. The hardware 
consists of a special 16 K programmable memory card added to a 48 K Apple 
11 with single or dual disks. The software is the complete UCSD system of 
editor, fil e system, Pascal compiler and utilities.) 

Recently I have been writing my editorials fo r BYTE using the excellent 
screen oriented ed itor program of the UCS D system. I have been learni ng 
Pascal so that I can make it my principal software development tool. I have 
been learning the de tai ls of using Pascal as a significant hardware oriented 
programm ing aid, a limited functio n with the 85/P bu t one wh ich wil l blos­
som to full fru ition when I get the Pascal microengine sometime in the 
coming months. 

All th is is but a prelude. I have also learned anew the opportu nities for 
making foolish mistakes . One of the most fool ish is that of not periodically 
back ing up fi les agai nst possible losse . The losses I refer to can stem from 
numerous causes. 

We all, qui te naturall y, assume that the systems software is perfect, but 
there is that nagging 1 percent of doubt that everyone has. So even if we had 
perfect media, it wou ld be necessary to back up files by copying from one 
disk to anothe r as insurance aga inst software fai lure . But that is hard ly the 
major problem. 

Continued on page 196. 
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"I own a fast-growing business and before I 
bought my computer system I put in a lot of la te 
hours keeping up with my accounting and 
inventory control. Now the computer does my 
number crunching q uickly, so I have t ime after 
hours to have some fun with the system. My son 
and I started out playing Star Trek on the system. 
and now we're learning to p lay chess . 

" When I was shopping around for my system. 
the guys in the computer stores demonstrated a ll 
the unique features of the minifloppy. I've got to 
admit that at first I d idn't really understand a ll the 
technica l details . But now that I use the system 
every day. I really appreciate the minifloppy's fast 
random access and data transfer. I like the 
reliability. too. 

' Tm g lad I went with Shugart drives. Look, 
when you lay out your own money for a system. 
you want dependable performance and good 
value . Do what I did . Ask for the system with the 
m inifloppy." 

If it lsn't Shugart, 
it isn't minitloppy. 

~@Shugart Associates 
435 Oakmead Parkway. Sunnyvale . California 94086 

For a llst of manufacturers fea turing Shugart's mlnltloppy In their systems, circle reader response numbe r. 
TM mlnlfloppy Is a registered trademark of Shug a rt Ass ociates 
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SUCCESSFUL TRANSFORMATION 

thorough ly enjoyed the article 
"Fast Fourier Transforms on You r 
Ho me Computer," by William D Stan ley 
and Steven J Peterson (December 1978 
BYTE, page 14). I have the program 
running on Radio Shack TRS-80 disk 
BAS IC. I also tried the BASIC code in 
" Tic-Tac-Toe in BASIC" (December 
1978 BYTE, page 174). It wou ld be 
helpfu l if Mike Stoddard, the author, 
had explained th e characteristics of his 
source machine . I spen t some time 
converting the "215" enclosed in back· 
slashes to CH R$ (215) for formatt ing 
purposes. 

I enjoy your magazine and use It 
regularly. Keep it up. 

Jose ph X Brenn an 
POB 302 

Upland CA 91786 

Another problem wilh " Tic· Tac- Toe in 
BASIC" was th e accidental omission of 
program lines 2590 1hrough 3080. The 
missing lines were printed In the " B YTE's 
Bugs" section of the February 1979 
BYTE, page 43. .. .CH . 

MAKING CENTS 

Being an avid reade r of BYTE I have 
received many helpfu l hints about how 
to use my computer more efficient ly. I 
have enclosed a simple program that puts 
do llars and ce nts into business programs. 

A lot of small businesses need cal­
culated results in a print out in the form 
of at least two digits, complete with Os 
after th e decimal poi n t (eg: "$2.00") . 
Most systems automatically eli minate 
trai lin g Os. The enclosed program can be 
used as a subroutine to perform this 
task . The variable must be made equal to 
X prev ious to using the subroutine. 

As you can see, the program returns 
even if there is no need to add Os. Sev­
eral small businesses are using this simple 
answe r to the zero problem. 

1000 C=O 

1010 LET A$=STR$(X) 

1020 LET l=LEN{A$) 

1030 LET H=l -1 

1040 IF X=INT(X) TH EN PRINT 


MID$(A$,1,H) ; ".00": RETURN 
1050 FOR A=1 TO 9 
1060 LET B=C+.1 
1070 IF X=INT(X) +B TH EN PRIN T 

MID$IA$,1,Hl ; "O" : R ETURN 
1080 LET C=B 
1090 NEXT A 
1100 PRINTA$ 
11 10 RETURN 

Jam cs Thebeau It, Sr 
Rte 12 POB 94 

Mansfield OH 44903 
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DIGICAST DATA 

just read Mr Halsema's article, 
"The Digicast System : Receiving Data 
and In formation ove r your FM Radio" 
(J anuary 1979 BYTE , page 'IOO) and I 
no ted a few technical deficiencies in 
his description of an FM station's 
signal spect ru m. 

Mr Halsema describes the L·R dif· 
ference signal cen tered around 38 Khz 
as the pilot carrier. In actua l practice, 
1he sta tion transmi ts a 19 Khz (±2 Hz) 
stereo pilot tone at 8 to 10 percent 
modu lation. This is the syncl1roni zing 
signal used by the receiver in demodu­
lating the L +R and L- R signals into dis­
crete L and R channels. 

In FM broadcas ting, the 75 Khz 
deviation Mr Halsema refers to is the 
100 percent modu lation poi n t. We 
could get into mod ulation index and 
other parameters, but th e BYTE letters 
column is not the place for th is. Suffice 
it to say that "high fide lity mus ic" 
transmission is not restricted by the 
current modul ation limits. 

Two fac t.o rs that may li mit tl1e 
growth of d igicasting in metropolitan 
areas arc present. Assuming that the 67 
Khz SCA (Subsidiary Communications 
Authorization) signal is used for digi­
casting, the fi rs t factor is the "loudness" 
game that many stations get caught up in 
in the quest for larger market shares. The 
19 Kh z pilot eats up 10 percent of the 
modulation capab ili ty. The 67 Khz SCA 
signal eats up another 10 percent of the 
modulation capab ility . This leaves a 
maximum of 80 percent modulation 
capabi li ty for your main carrier program 
material. While this is only a 1 db to 
2 db decrease in "loudness" compared 
to a nonSCA or a mono station, there 
are many programming and time sales 
people who believe that they need to be 
the loudest station on the dial. The 
second factor is that some major market 
broadcasters subscribe to music syndica­
tion se rviccs. Some of these services 
(notably Jim Schul ke's S RP service) have 
been known to write clauses into their 
contracts that forbid the subscribing 
station from using an SCA signal. 

As a sidenote, two years ago while I 
was stil l in broadcast engineering, I was 
co ntacted by an outfit ca lled Cables & 
Wireless Ltd. They were looking for an 
SCA signal to use for elec tron ic message 
(or mail) se rvi ce. My station was under a 
"no SCA signal" c lause with a music 
syndicator and I had to turn them down, 
but recently Computer Decisions maga­
zine published an art icle on electronic 
mail th at briefly discussed the Cables & 
Wireless Ltd system . 

I look forward to digicasting with 
great anticip ation but I fear th at it will 
become mired in the infini te jungle of 
federal regulations. 

Noel M Moss 
Uni Card 

1034 S Brentwood Blvd 
St Louis MO 63117 

Continued on page 206. 
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BEFmYll BUY CllPllll#I, VISll1 

CllPITERllll 


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

We're Computerl ond , the # 1 
computer store cha in in the U.S. What's 
meaningfu l about that fact is, that 
Computerlond hos been chosen by more 
people as having what they 've been 
looking for. And, since you 're look ing , let 
us tel l you what you 'II f ind, when you visit 
a Computerlond store . 

You ' l l f ind a product line that's 
con tinually eva luated to provide you with 
the w idest and best select ion in qua li ty, 
brand name microcomputers anywh ere. 
You ' l l f ind on enthusiastic and 
know ledgeable staff able to interpret a l l 
the equ ipment specification s, in terms of 
how they apply to you , and in a way 
you ' ll understand. You ' l l f ind demonstrat ion 
areas wh ere you con get a firsthand 
experience of runn ing a computer yourself . 

COMPUTERS 

FIR BISlllESS 


You' l l find educat ional materials to give 
you a total insight into the worl d of 
microcomputers. 

You ·11 f ind a full y equipped serv ice 
deportment to prov ide whatever assistance 
is requ ired to keep your compu ter runn ing 
in top·notch condi ti on. You ' ll f ind computer 
user 's cl ubs lo joi n, where you co n sh ore 
ideas wi th people os enthusiastic as 
yourself. And, with each new vi sit, you 'll 
f ind exci tement - from the people you dea l 
wi th, the equ ipmen t they offer, and from 
your own ever·growing personal 
involvement. 

Enough about us. How about what 
computers do. To attempt to describe all 
the things your computer might do, would 
be to describe your imag ination. So 
instead, we 'l l br iefly l ist same of the many 
things for wh ich small compu ters o re 
a lready bei ng used. 

In busin ess, the advent of the 
versat ile and compact microcompute r has 
put the benef its of compu ting wi th in reoch 
o f small companies. With systems starting 
a t less than $6000, the businessman con 

COMPUTERS 

FIRTHE HIME 


compu teri ze things like accounting, 
inventory control, record keeping , word 
processing and more. The net resul t is the 
reduction o f administrat ive overhead and 
the improvement of efficiency w hich allows 
the business to be managed more 
effectively. 

In the home, a computer con be used 
for personal budget ing , tracking the stock 
market, evaluating investment opportunities, 
controlling heat ing to conserve energy, 
runn ing securi ty a la rm systems, automating 
the garden 's watering, storing rec ipes, 
designing challenging games, tutoring the 
chil dren ... and the list goes on . 

In industry, the basic applica tions ore 
in engineering development, process 
control, and sc ienti f ic and ana lytica l work . 
Users of microcomputers in industry 
hove found them to be rel iable, cost­
effective too ls wh ich provide computing 
capabil ity to many who would otherwise 
hove to wa it for time on a big computer, 
o r work with no computer at all. 

CllPmRS 

FIR lllllSlllY 


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

W hether you wont o computer for the 
home, business or industry, come to 
Computerland first . We'l l make i t easy for 
you to own your first computer. Because, 
simply pu t, we reolly wont your business. 
When you come right down to it, that's 
what makes us #1 . 

ComputerLand Corp. Computerland Europe 
14400 Catalina St. Europa Terrassen 
San Leandro, CA 94577 8 Rue Jean Engllng Compute1Land® 
(415) 895-9363 Oommeldange, Luxembourg 
Franchise Opportunities Worldwide. Phone 43 29 05 Telex 2423WE KNOW SMALL COMPUTERS 
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The Toy Store Begins at Home 


Simon is a trademark 
of the Milton Bradley 
Corporation. 

,._Figure 7 a: Hardware tone ::> 

generator for the musical ... 
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tone sequencer. The com­ 0 

puter plays a sequence of 
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lights and associated tones .. 
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A B INTERFACE OUTPUT 
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FROM 
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OUTPU T 

Steve Ciarcia 
POB 582 

Glastonbury CT 06033 

"Mister? Mister?" 
A little boy was tugging on my sleeve. 

It startled me that in today's sophisticated 
society anyone would attempt to attract 
my attention by such an obvious, though 
effective, means. Impatient and undaunted 
by the scowl I flashed in his direction, he 
said, "Mister? Do you know where the toy 
department is?" 

I have never acquired what some people 
call the ability to commune with children. 
Perplexed therefore as to the presentation of 
a proper reply, I considered an indignant, 
wave-of-the-hand dismissal of "Over there, 
kid. " On the other hand, should I consider a 
character reversal with a Santa Claus im ita­
tion and invite the young man to hop up on 
my shoulder while we looked over the store 
directory together? The latter seemed hardly 
my style and the former was much too harsh 
even considering his still firm attachment to 
my sleeve. 

"Mister? Mister?" 
The delay only heightened his fervor . 
I looked up and found myself staring 

straight at the shirt pocket button of a very 
large man . Instantly I calculated that this 
male figure dressed in jeans, heavy boots 
and a woolen shirt was a foot taller than I. 

2 

His relationship with the boy was quickly 
clarified as he said in a deep paternal voice, 
"Corne on Brucie, I think it's over there 
where that crowd is ." I waited for Paul 
Bunyan and son to be safe ly on their way 
before I made my next move. 

Stark reality returned, however, when 
I remembered that I, too, was looking for 
the toy department. It verges on hurn ii ia­
tion actua lly . Why do they have to cate­
gorize everything? just because an item is 
manufactured by a toy company doesn't 
immediately classify it as a toy. I mean, big 
people have constructive leisure time manip­
ulatives and little people have toys. Depart­
ment stores sho uld realize the embarrassment 
of crossing th is Iine and have an "amuse­
ments for the sophisticated" department and 
a "toys for tots" department. 

Finding the toy department was no prob­
lem . I simply stood where I was and slowly 
rotated 360°. The noise peaked at about 
160' SSE and I cautiously proceeded in that 
direction. The noise in my immediate vicin­
ity became sharply am plified as two young 
boys raced by, carrying some unidentifiable 
toy devices. 

I spied my objective ahead - the elec­
tronic games counter. I got into line between 
two youngsters and their parents. Were these 
PG or R rated games? I saw no parents with 
the kids playing basketball in the next aisle. 
Perhaps the cost of computerized games war­
ranted closer parental scrutiny. $5 for a 
hockey stick is one thing, but $50 for a talk­
ing plastic robot is another. All the games at 
this counter incorporated microprocessors as 
their intelligence. Some simulated war games 

Figure 7b: Details of the 
circuit in figure la, show­
ing one of the four light 
and sound generating sec­
tions. 

Copyright © 1979 by Steven 

A Ciarcia. All rights reserved. 
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Photo 7: Player console for the computerized musical tone game. Players 
attempt to repeat a sequence of tones and corresponding ligh ts chosen by 
the computer at random. 

and produced authen tic battle sou nds whil e 
others proved to be fo rmidab le chal lengers 
in games of chance. 

I looked th ro ugh the prod ucts in the case, 
hoping to spo t the one I so desperately 
wanted. Would this be another sto re that 
was comple tely sold out? Wou ld I never get 
my Simon ? 

"Sir? Can I he lp yo u?" the salesman 
asked . His attitude was surpris in gly pleas­
ant considering tha t he worked in the store's 
combat zone. 

"I don 't see it !" 
"See what, si r?" 
Still vaguely pl easant, hi s to ne changed 

to "I 've had a long day, bud dy. Let's not 
play 20 questi ons." 

"S imon of course!" I rep lied. " But I 
know you do n't have any. No one does ." 

"You 're in luc k, sir. I believe we re-

Photo 2: Bottom view of the player's console. The ribbon connector attaches 
to the user's personal computer. 
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ceived a back ordered shipment yesterday. 
I'll check." 

A young gi rl beh ind me said, "Did you 
hear that, mommy? They have Simon! 
can practice for the competiti on after all." 

I sa id, "Competition? Simon?" 
"Sure. Every body's got one. Exce pt me, 

th at is. We have contests in school to see 
wh o can remember the longest tune. It's 
fun. Oh, I can't wait!" she responded, 
tugging on my sleeve. 

"Tha t sounds exciting. I hope you do 
well in th e contest, " I sa id. 

The salesman returned . 
" I have one le ft. You're in luck." 
I hardl y had tim e to smile as he passed 

it to me. I heard a whim pe r from behi nd me 
and sensed the littl e girl's disa ppoi ntment. 
Say ing nothing I turn ed to look at her . She 
tr ied to hide her anguish. 

"What is your name, little girl?" I asked, 
stoopin g down a bit to be more at her leve l. 

" Bre nda, " she sa id wistful ly. 
"Th at's a coincidence. I have a litt le ... er, 

girl named Brenda too." I had to catch 
myse lf - as I have a fe male Sco ttish Terrier 
named Brenda. Paren ts might get upset if 
you compare their children to dogs . "She's 
a little smaller th an you arc." 

" Is Simon fo r her, Mister?" 
" No, she likes pl ay in g with tennis ba ll s. 

But no matter. I've onl y been looking at 
th is game. I'm not sure I real ly wan t to buy 
it just yet. Would you like it ?" 

She offered several re lieved thank-yous 
as I bolted fo r the door. I was in a hurry 
to get to the department store two blocks 
up the street before they closed .... 

Musical Gam es Are Addicting 

Some t im e ago I was in a stu ffy business 
meetin g. Wh en it became apparent to the 
chairman that most of the attendees were 
asleep, he pulled out a saucer shaped objec t 
with fo ur colored areas on it and sl id it along 
the table. It stopped in front of me and went 
"beep" and lit a red ligh t. Instructed to 
respond in ki nd, I pressed the red area which 
turned out to be an oversized lighted push­
button . The saucer rep I ied "beep-boop" 
and lit the red and green lights sequentially . 
It became immedi ately ap parent that the 
plastic saucer was a game and the objec t was 
to dupl icate the sequential tones it played. 
The task became increasingly di fficu lt as it 
added anothe r note each time around. If 
missed, it made a sou nd like a "raspberry" 
befo re starting a new game. 

Thi s "game" turned out to be Simon, 
from Mil ton Bradley Corporation. It uses 
a microprocessor to synthesize the tones, 
li ght th e ligh ts, and generate the sequence. 



''If this M-XVI from CCS had been 
available in the '30s, I would have had 
the secret ofinvisibility wrapped up 
in halfthe time:' THE INVISIBLE MAN 

The place was alive with "mad 
doctors" 40 years ago. For good 
reasons . They couldn 't get what they 
wanted. Labs were piled high with 
incomplete kits, defective gear, and 
undecipherable support documentation. 

All that 's history now that Cal ifor­
nia Computer Systems has arrived on 
the computer hobbyist scene. We 'll see 
that no electronics maverick goes 
away mad. 

Three proofs positive: our new 
M-XVI Static RAM Module for S-100 bus 
systems . .. our new PT-1 Wire-Wrap 
Board . . . and our new Soldertail 
Prototyping Board. The M-XVI features 
include: ful ly static design , use of 
popular 2114 static RAMs, ability to 
meet IEEE proposed S-100 signal stan­
dards, full buffering , addressabili ty in 
4K blocks, and bank select by bank 
port and bank byte. The PT-1 Wire-Wrap 
Board has all S-100 signals specified 
and provisions for four regulators. The 
Soldertail Board has all S-100 signals 
labelled, provisions for four regulators, 
and can accept 16-24-and-40 pin 
spac ing . 

Take a tip from the Invisible 
Man. He's quit derailing 

trains , robbing banks, 
and scaring helpless 
damsels since CCS 
gave him what he 
wants . If you 're look ing 
for sat isfact ion , too. 

'.:.~~~-_.check out our new 
product line today at your nearby 
computer store. 

• ' 	 California Co-ter Systems 
· 	 309 Laurelwood Road 

Santa Clara , CA 95050 
(408) 988-1620 

So	- Nobody Goes Away Mad. 
Circle 37 on inquiry card. 



Build Your Own Musical Game home computer is the packaging and 1/0 
(input/output} interface. With the exception 

It is only logical that any of the $30 to of addressable memory, the microprocessor 
$50 electronic toys in department stores in a battleship game has a processing capa­
can be simulated with the average $6000 bility comparable to the more general pur­
personal computer. (This is why critics pose processors like the 8080 and 6800. The 
frequently call computers illogical.} The major difference is that single chip com­
distinguishing feature between a toy built puters incorporate limited quantities of pro­
around a microprocessor and the average grammable memory, read only memory, and 

1/0 in one package. This is the most cost­
effective approach for a dedicated task like 

Figure 2: Flowchart for the computerized musical game. a game. The most popular single chip com-
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puter in the computer games market is the 
Texas Instruments TMS 1000. Customized 
versions of this integrated circuit are used in 
the majority of electronic games. 

Presuming that we can write a program 
on our large computer that accompl ishes 
the same logical objective as the dedicated 
game, the only real difference becomes 1/0. 
Most personal computers incorporate ASCI I 
keyboards, video disp lays, and tape cassette 
interfaces for 1/0. Electronic board games 
use a few switch inputs (constant closures) 
and lights or buzzers for output and, because 
there is little operating system overhead, 
sound effects are directly synthesized by 
program timing loops. Theoretical ly, if we 
attach these switches and lights to a con­
venient 1/0 port on our computer we should 
be able to program a similar or even more 
challenging game. 

Building a musical game that tests the 
players' ability to memorize a string of tones 
is a simple task. Input to the computer con­
sists of four switches, one for each of four 
tones. Output from the computer is like­
wise four signals which light four colored 
Iigh ts on the player console. Each I igh t 
corresponds to a distinctive tone. 

The game is simple to play. The computer 
plays a tone and the player responds by 

pressing the button for that same tone. Next, 
the computer plays two notes and the player 
replies accordingly. Each correct exchange 
results in adding one more note to the string. 
Eventual ly either the player misses by being 
unable to rep lay the exact tone sequence, 
or wins by attaining some preset number of 
notes without failure . The former is signified 
by an ungracious combination of tones and 
the latter by a distinctive tune played by the 
computer in celebration . 

There are two possible design approaches. 
One is to use machine language and a "bare 
bones" interface consisting of four switches 
and four lights directly connected to a paral­
lel input and output port. Timing loops 
written into the software produce the tones. 
This method uses the least hardware but 
requires cons iderably more software. 

The second alternative is to use a high 
level language such as BASIC and use an 
external hardware interface for tone genera­
tion. This is the approach I have taken. Ex­
perimenters wishing to use another approach 
can easi ly fo llow the logic flow of BASIC 
and in this way I am not confining the 
reader to a particular microprocessor. Also, 
on-the-spot program variations to accommo­
date individual players are more easily 
implemented in a high level language. 

OVERBYTES AND UNDERPRICES THE COMPETITION 

Introducing i bsthe 

PA SCAL OPERATING SYSTEM: The smoothest, most convenient 
operating system available, featuring a powerful screen oriented 
text editor, the fast PASCAL compiler, f ile and library handling 
system, linker, library, BASIC compi ler, and more. 

Z-80 MICROCOM PUTER: Northstar based 4 MHz S-1 00 
microcomputer with 64k RAM, serial and pa rallel ports, dual 
Micropolis quad density (630 kbytes formatted) disk drives. 

60 cps DOT MATR IX PRINTER: Cent ron ics 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. 

RETAIL ibs PRICE
$5885. Microcomputer/Dua l Drive/64k/Pascal $4695 $3995 

Complete with the Printer/tractor feed/paper stacker $1250 $1 0 95 

fantastic UCSD Pascal Terminal $8 80 $795 
$6825 $5885Operating System 

Buy comple te system and receive all cables and box of disks free. 

Lbs independent business systems, inc . • 5476 Cleo Ct . • L ivermore, CA 94550 • (415) 443-3131 
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Heathkit Personal Computers 
are "System Designed..­
Read about them in the 

I 
II 

HEATHKIT CATALOG 
Complete descriptions of the best in 
personal computers - now available in 
kit and assembled versions 
In the world of personal computing, compatibility of design and 
operation is an important consideration. The computer hobbyist 
or small business user of today doesn·t have time to iron out 
hardware and software problems that can arise from a " shot­
gun" approach to system design. 
Heathkit Personal Computer Systems are just that - systems. 
They were designed around each other for total complementary 
performance. Expansion within the computer itself and with our 
peripheral devices is always a trouble-free transition. 
You can start with our low-cost 
8-bit H8 Computer and just 4K 
of memory as an introduction to 
computing . Its easy to use octal 
data entry and 9-digit octal read­
out make learning a simple mat­
ter. As your abilit ies grow, so can 
your computer. Add more mem­
ory and one or more peripherals 
like the H9 Video Terminal with its ASCII keyboard for convenient 
en try and display of your programs. And you can store your 
programs in one of three ways tool Choose our new WH17 
Floppy Disk System (single and dual drives available) for the 
ultimate storage mode. Its expanded 40-track hard sectored 
diskette has 102K Bytes of available storage so you can store 
hundreds of programs on one disk. If paper tape storage is your 
preference, choose our H10 Paper Tape Reader/Punch . For the 
most in economy. we offer a cassette player/recorder too. The HS 
is indeed a complete system. 

The ultimate personal computer is our 16-bit H11A. Very few 
people will ever need more computing power than our H1 1A has 
to offer. Based on the world-famous DEcie- PDP-11 /03, it has 
enough capability for virtually any program-small business or 
hobby. The H11A offers unequalled software, too , so the number 
of useful applications is virtually unlimited. The H11A has its own 

Heath Co., Dept. 334-520, Benton Harbor, Ml 49022 
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Floppy Disk System , the WH27. And what a floppy it is! Fully­
compatible with the DEC RX01"' floppy for the PDP-11/03, the 
WH27 lets you take advantage of all existing PDP-11/ 03 software 
in adctition to those you develop on your own . Dual drives give 
you 512K Bytes of program and data storage. The WH27's Z80 
microprocessor-based controller permits a head motion of only 
6 mS (versus DEC's 10 mS) for data access times that are con­
siderably faster. Other features include built-in self test on power· 
up; mechanical interlock to prevent disk damage; write protect 
function that precludes written-over disks; complete HT11 disk 
operating system software that includes extended BASIC with 
files and virtual arrays , utilities (with macro-assembler), text 
ed itor and more. An extended FORTRAN which supports the 
ANSI standard (1966 FORTRAN IV) will be optionally available 
soon. 
Read more about Heath system-designed computers and other 
outstanding kits (nearly 400 in all) in the latest Heathkit Catalog . 
It's FREE. 

I r y ur FRI c py today! 
Or bring this coupon lo your nearby Heathkit Electronic 
Center (Units of Schlumberger Products Corporation) 
where Heathkit products are displayed , sold and 
serviced. 

~ HEATH ~--------------.,
:r;~m.mg.1§ Heath Company Dept. 334-520 I 

Benton Harbor, Michigan 49022 
I I 

Please send me my FREE Heathkit Catalog. I 
I am not on your mailing list. I 

I 
Address _ __________________ I 

I 
City _ _____________ State ___ _ I 

Zip _ ___CP-162 I 
Specifications subject to change without nollce. __.. 
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Photo 3: Corner of the 
circuit cellar showing the 
64 K dual floppy disk 
Z-80 system used by the 
author to drive the musical 
tone game. 

Listing !: Program for the 
musical tone game, written 
in 8 K Zapple BASIC. 

90 REM 

92 REM .. CIARCIA'S CIRCUIT CELLAR COPYRIGHT 1979 •• 

94 REM 


100 PRINT" THIS IS A M USICAL GAME TO TEST YOUR MEMORY" 
105 REM 
110 REM 
115 REM FIRST THING WE DD IS SET UP A TABLE OF 64 
120 REM RANDOM NUMBERS WITHIN THE CHOICES OF 1,2,4, ORB. 
125 REM THESE NUMBERS ARE SINGLE BITS WHICH INDICATE A 
130 REM PARTICULAR TONE ANO COLORED LIGHT. 
135 REM THE COMPUTER INTERFACE IS BITS 0 THRU 3 OF 1/0 PORT 3 
140 REM 
200 DIM R(64) :DIM S(64) :DIM A (64) 
205 A=O 
210 FOR S=O TO 63 
220 R c 1NT(RNOl1)• 10) 
230 IF R> 3 THEN 220 
240 R(S)=255-21\R :REM THE INPUT TO THE INTERFACE IS LOW TRUE LOGIC 
245 REM TO TURN ON A TONE ALL BITS ARE HIGH EXCEPT THE 
247 REM ONE WHICH IS TO BE COMMUNICATED 
250 NEXT S 
260 REM 
270 REM 
400 S=O :A=A+1 
410 OUT 3,R(Sl :GOSUB 2000 :REM TURN ON TONE 
420 OUT 3.255 :REM TURN OFF TONE 
425 S=S+1 
430 IF S=A THEN 450 ELSE 410 
450 S=O 
460 W=INP(3) 
465 IF W<> 255 THEN 470 ELSE 460 : REM HAS A BUTTON BEEN PUSHED? 
470 IF W=RISl THEN 480 ELSE 600 
480 S=S+1 
481 REM A IS PRESET TO EQUAL WIN NUMBER . THIS CAN BE 1 TO 64 TONES 
482 IF A=16 THEN PRINT"YOU WIN" :GOTO 700 
490 W=INP(3) 
495 IF W<>255 THEN 490 :REM HAS THE PLAYER RELEASED THE BUTTON? 
500 IF S=A THEN 580 
510 GOTO 460 
520 REM 
530 REM 
580 REM RETRY DELAY 
585 FOR T =O TO 3 :GOSUB 2000 :NEXT T 
590 GOTO 400 
600 PRINT"SORRY,YOU MISSED IT .. .. . YOU HAO " ; A ; " NOTES IN THE 

SEQUENCE" 

605 PRINT"TRY AGAIN" 

610 OUT 3,0 : REM T UAN ON A LL TONES 

620 FOR T =O TO 3 :GOSUB 2000 :NEXT T 

625 OUT 3,255 

630 GOTO 205 

700 FOR T=O TO 6 :REM PLAY TUNE TO INDICATE A WINNER 

705 OUT 3,254 :GOSUB 2050 :OUT 3,253 :GOSUB 2050 

710 OUT 3,251 :GOSUB 2050 :OUT 3.247 :GOSUB 2050 

715 OUT 3,255 : NEXT T 

720 GOTO 205 


1980 REM 
1990 REM THE VALUE OF Tl SETS THE TONE DURATION 
2000 FOR T1=0 TO 250 :NEXT T1 :RETURN 
2050 REM WIN DELAY TIMER 
2060 FOR 01 =OTO 80 :NE XT 01 :RETURN 
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Figu re 1 a illustrates the hardware inter­
face of this musical game; photos 1 and 2 
demonstrate typical layouts. A more de­
tailed description of an individual tone 
generating section is given in figure 1b. 
No rmal ly , both signal points A and Bare at 
a high logic level and the tone is off. The 
tone and light can be turned on by either 
a low output signal from the computer or 
the pushbutton being pressed . The resulting 
high level output of ICla turns on the 
oscillator formed from ICl b and I Cl c and 
drives the light through transistor Q1 . 

A flowchart of the software as written 
in BASIC is shown in figure 2. When the 
game is initialized, a random number gen­
erator sets up a tone sequence of 64 notes. 
After playing the first note it waits for the 
player's response and then repeats the action 
addi ng another note. The software is written 
so that the speed of player response is not 
important. Pl ayer frustration is strictly 
limi ted to remembering the tone sequence. 
The BASIC program which plays this game is 
shown in listing 1. 

I have found that th is game is a good way 
to demonstrate my computer to people 
totally unfamiliar with them. Some of my 
more computer oriented friends jokingly 
suggest that I may be doing things the hard 
way using a 64 K byte dual disk Z-80 system 
for the ga me. 

If you have any questions, good ideas or 
comments on this or previous articles, please 
write to me, enclosing a self-addressed, 
stamped envelope. Eventually I answer them 
all. 

Next month, the "Circuit Cellar" topic 
will be communication on a laser light 
beam.• 



Specifications: 
S-100 compatible. MFM 
encod ing, 35 tracks with ten 
512-byte sectors per track . 
179,200 bytes on double 
density SA-400 and North Star 
BASIC, DOS, and Monitor 
included . 

For further Information, write 
for full color catalog or contact 
your local computer store. 

New from North Star 
Double Density Performance at 
Single Density Prices 
The new HORIZON computer and 
Micro Disk System now record in dou­
ble density! That means each new 
Shugart SA-400 minifloppy disk drive 
accesses 180K bytes of on-line infor­
mation . All double density HORIZON 
computers and Micro Disk Systems 
have a redesigned controller which 
allows the use of quadruple capacity 
disk drives as they become available in 
early 1979. A three-drive North Star 
System with quadruple capacity disk 
drives will access over a megabyte of 
on-line information. But, best of all 
there's no price increase for double 
density models. 

North Star BASIC and DOS have been 
upgraded to accommodate the in ­
creased capacity and yet run existing 
programs with little or no change. The 
new disk system also supports single 

density, so existing single density disk­
ettes can still be used. Single density 
SA-400 drives previously purchased 
with North Star systems can also be 
used. 

Pricing 
HORIZON with one double density 
SA-400 minifloppy (180K bytes), 16K 
RAM , Z80A processor and serial 1/0 
port : $1599 kit , $1899 assembled. 

MICRO DISK SYSTEM with one double 
density SA-400 minifloppy, controller 
board and power regulation: $699 kit, 
$799 assembled . (Cabinet and power 
supply $39 extra each.) 

N oRTH S TAR * C OMPUTERS 
2547 Ninth Street 
Berkeley, Ca lifornia 94710 
(415) 549-0858 
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Cross-Pollinating the Apple II 


About the Author 

Richard Campbell is 
a software engineer 
working for Lexitron 
Corporation, a manu­
facturer of 8080 based 
text processors. His 
hobbies include com­
puting, flying and 
photography. 

Richard Campbell 

7032 Quakertown 
Canoga Park CA 91306 

I have an Apple 11 personal computer, 
whic h I like a great dea l. I have noticed 
that most construction ar ticles dealing with 
custom interfaces for the App le assum e that 
one must use Motorola or MOS Tech nology 

intel Silicon Gate MOS 8251 

PROGRAMMABLE COMMUNICATION INTERFACE 

• 	 Synchronous and Asynchronous • Baud Ral DC 10 

Operat ion 


• 	Synchrooou s: 

5·8 Bi l Charnc l4!rs 

lntornal or Extcrn 11I Chru ac 1cr 


Synchroni 1 ~ · 1 

Automl'.'l:ttc Synr •-- C 

PIN CONFIGURA1 ION 

0 
JO 

• 

Photo 7: The serial interface circuit as constructed using the Intel 8257 pro­
grammable communications interface. Point-to-point wiring on an Apple 
prototype board was used. The board is pictured lying on page 72-46 of the 
Intel Component Data Catalog. 
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periphera l integrated circuits. Since I use the 
In tel 8080family of devices in my work, and 
want to add a seria l interface to my Apple, 
I've decided to try a I it tie crossbreeding. The 
in terface was designed to be RS-232 compat­
ib le and to allow receiving and transmitting 
with the abil ity to add modem control sig­
nals easily in the future. 

Circuit Des ign 

The hea rt of the interface is the Intel 
8251 programmable com munications inter­
face. The 8251 performs serial-to-parallel 
and paral lel-to-serial conversion. The oper­
at ing characteristics and mode of the 8251 
are programmab le by sending th e proper 
bytes to it from the Apple bus. The inter­
face is set up to handle asy nchronous 
com mun ica tions. National Semiconductor's 
1488 and 1489 integrated circuits hand le 
the RS-232 and TTL (transistor-transistor 
logic) level conversions. Since I am using 
on ly one of four buffers per chip, many 
other RS-232 signals could easily be added 
such as Data Set Ready and Clear To Send. 

Data rate generation is handled by divid­
ing the 7 MHz signal from the App le bus by 
8, using a 74LS161 sy nchronous 4 bit cou n­
ter. Th is 895.125 kHz output is app lied to 
the input of National Semiconductor's 
MM5307AA programmable divider. Four 
switches select the data rate as shown in 
tabl e 2. The resu lting data rates are 3 per­
cent low, but in actua l practice this is close 
enough . Two gates of a 74LS04 device are 
required to interface the 8251 circuit to the 
Apple bus. 

Construction 

The circuit was constructed using point­
to-po in t wiring on an Apple prototype board. 
Th is board comes with a manual which pro­
vides an excellent explanation of the Apple 
bus. Nothing is particularly critical about the 
wiring (a lthough I wouldn't run the 7 MHz 
signal all around). A 0.1 µF capacitor sho ul d 
be placed near each integrated circuit be­



ttOurreputationrests ondigits, 

decin1a1 points,anddetails. 


We wouldn't trust them to anythingless 

than ScotcliBrandData Cartridges!' 


Bill Birkett, Vice Pres ide nt, 
Trade G raphics, Inc. , 
Livonia, M ic higan 

T he unique design of a data 
cartridge provides great rel iabi liry, 
high sto rage capacity and long 
tape life . And where c uld y u 
possibly get bette r data cartr idge 
than Scorch Brand , made by 
3M, the people wh invented rh 
d a ta cart ridge system itself? 

3M controls every rep in manu­
facturing. Top qualiry magnetic 
rap and pr cisi n component are 
part f every corch Dara Cartrid e. 
Over twenty-five years f ervic 
r the c mputer ind u try a ur 
you f rh utm t re liability. 

Scotch Dara Cartridge are 
available in miniarnre DC lOOA, 
the standard-size DC OOA and 
now, an ex tra-length DC 300XL 
with 50% more torage capacity. 
They are compatible with most 
ca rt ridge systems includ ing 
Hewlett-Packard, IBM, J CR, 
Tektronix and Tl. 

Ti find ut where you can find 
Scorch Dara Cartridges or virtually 
any o the r data recording medi u m, 
call to ll-free: 800-328-1300. 
(In Minne ora, cal l coll ect: 
612-736-9625 .) Ask for rhe 
Dara Recordi ng Prod uct Division. 

If it's worth remembering, 
it's worth Scotch 
Data Recording Products. 

3NI 
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Photo 2: Th e serial inter­
face board installed inside 
the Apple 11. 

0300 A9 CE LOA #$CE 
0302 80 Cl CO STA $COC1 SET 8251 MO DE (SEE 8251 DATA SHEET) 
0305 A9 27 LO A # $27 
0307 80 C1 CO STA SCOCl SET 8251 COMMAND 
030A 20 58 FC JSR $FC58 CLEAR TH E SCR EEN AND HOME 
0300 A9 60 LOA #$60 GET CURSO R CHAR 
030F 20 ED FD JSR $F DED PUT CURSOR ON SCREEN 
0312 C6 24 DEC $24 BACKUP SCREEN INDEX TO OVERWRITE 

CURSOR 
0314 AD Cl CO LOA $COC 1 CHECK 8251 STATUS 
0317 29 02 AND #$02 MASK OFF RECE IVE READY BIT 
03 19 FO 12 BEG $0320 BRANCH IF NOT READY 
031 B A9 AO LOA :#$AO GET A BLAN K 
0310 20 ED FD JSR $F DED OVERWR ITE T H E CURSOR 
0320 C6 24 DEC $24 BACKUP SCREEN INDEX 
0322 AD CO CO LOA $COCO GET CHAR FROM 8251 
0325 09 80 ORA #$80 SET BIT 7 HI GH 
0327 20 ED FD JSR $F DED PUT CHA R ON THE SCREEN 
032A 4C OD 03 JMP $0300 PUT UP NEXT CURSOR AN D LOOP 
0320 2C 00 CO BIT scooo CHAR ENTERED ON KEYBOARD ? 
0330 10 E2 BPL $031 4 BRANCH I F NO 
0332 AD 00 CO LOA scooo GET CHA R FROM KEYBOARD 
0335 80 CO CO STA $COCO OUTPUT CHAR TO BE SENT BY 8251 
0338 AD 10 CO LOA $C010 RESET KEYBOARD 
033B 4C 14 03 JMP $031 4 CHECK FOR NEXT CHAR 

Listing 1: Program in assembler language for the 6502 pro essor. This enables 
the Apple II to function as a full duplex terminal. 

Photo 3: The serial inter­
face is used here to con­
nect the Apple II to on 
Intel SDK-80 microcom­
puter. 

tween ground and +5 V. The +12 V and 
- 12 V suppl y lines shou ld also be decoup led 
to ground usi ng 0.1 µF capacitors. Do not 
use high val ue electrolytic capacitors, since 
this interfe res with the App le's switching 
power supply. The RS-23 2 input, ou tpUL, 
and ground shou ld go to a standard D B25 
conn ec tor. 

Using the Interface 

Listing 1 conta in s a program, entered 
with the App le 's assembler, that sets the 
Ap ple up fo r use as a terminal. Data received 
from the input port is displayed on the 
screen, an d whatever is typed on the key­
board is sent out the transmit lin e. This pro­
gram operates the Appl e as a ful I duplex 
terminal. In other words, there i no internal 
logical connec tion between the keyboard 
and the sc reen. The characters that are typed 
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Figure 7: Schematic diagram for the serial interface. 

Table 7: Power wiring 
table for figure 7. N umber 

IC1 

• IC2 

' 
I IC3 

~ IC4 

-

T ype 


74LS04 


8251 


74 LS161 
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14 
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Data Rate Selection 

S4 S3 S2 S1 Data Rate (bps) 

c c c N 50 

c c N c 75 

c c N N 110 

c N c c 134.5 

c N c N 150 

c N N c 300 

c N N N 600 

N c c c 900 

N c c N 1200 

N c N c 1800 

N c N N 2400 

N N c c 3600 

N N c N 4800 

N N N c 7200 

N N N N 9600 


C = closed N = open (not closed) 

8251 set for 716 mode 

Table 2: Switch settings to select various 
data rates for this serial interface. A dual 
in line pin-type switch may be used. 

appear on the screen only if the device you 
are communicating with echoes them back 
to you. With this program the board has 
communicated perfectly with an Intel single 
board computer at a data transmission rate 
of 600 bits per second. 

Conclusion 

Some experimenters have faced difficulty 
in at tempting to inter face th e App le 11 to 
such devices as the Motorola 6820 PIA (per­
ipheral interface adapter). Mos t of the prob­
lems stem from a 25 ns timing delay on the 
bus lines of th e Apple. I advise erstwhil e 
in terfacers not to become bogged down in 
this sort of thing; there are too many new 
and useful in tegrated circu its available with 
which to work. 

Not all highly programmable devi ces are 
as fussy about timing as are the standard 
suppon devices fo r the 6800 and 6502 pro­
cessors. My design shows that other fami li es 
o f circuits may be util ized without much 
trouble. The design using the 8251 device 
has suffered no t iming glitches such as th e 
ones that pl ague circuits using the 6820 
device. 

The moral is to keep your eyes open to 
discover new and versatil e integrated cir­
cuits and to experiment with them, what­
ever processor you use. Signetics has 
invented an interface ci rcuit, the 2651, 
which is sim il ar to the 8251. The principal 
difference is a built-in data ra te generator. 
If I can obtain one, I know wh at my next 
experiment will be. • 

EPROMs out at 

the touch ofa finger. 


After programming a 2708 or 2716 EPROM you won't 
need a screwdriver to pry it out of SSM's new PB1 board 
equipped withTextool sockets. Just flip the lever and lift it 
ou t. And on the same board there are 4 sockets waiting for 
2708 or 2716 EPROM s that ca n be independently addressed 
to any 4k or Bk boundary above BOOO hex. Two boards in one. 

PBl has two separate programming circuits so 270B or 
2716 (5v ) type of EPROMs can be programmed without 
modifying the board. Programming voltage is generated 
on-board by a DC-DC converter; no need for an externa l 
power supply. Programming sockets are Dip Switch 
ad dressable to any 4k boundary. And complete software is 
provided for programming and verifying EPROMs. 

With our Magic Mapping™ feature, unused EPROM sockets 
don't take memory space, so you are never committed to the 
fu ll 4k ur Bk of memory.The board can be configured for 0 to 
4 wait states. Use fast or slow EPROMs. All lines are buffered . 

The PBl kit is available at over 150 retai l locations or 
directly fro m SSM for $139.95 (withTextool sockets) or 
$119.95 (with out Textool sockets ). All SSM kits are backed 
by a 90 day warranty. A ssembled, one yea r warranty. 

SSM manufactures a fu ll line of S-100 boards, including 
CPU, Video, 1/0, RAM, EPROM, Music, Prototyping, 
Terminator, Extender and Mother boards. For complete 
detai ls just send fo r our new, free brochure. 

PBt 2708/2716 Programmer & 4k/8k EPROM Board 

Programming 
power supply addressing switches 

21 16 Wa lsh Ave. , Santa Clara, CA 95050 
( 408) 246-2707 

We used to be Solid State Music. We sti ll make the blue boards. 
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Simulating Physical Systems 

The Two-Dimensional Ideal Gas 


Mark Zimmermann 
Caltech 130-33 
Pasadena CA 91125 

Computers are becomi ng increasingly val ­
uable in the sciences, fo r data reduction and 
analysis and for the simulation of physical 
systems. With a machine to do the repe ti­
tious work, an astronomer can follow the 
orbits of hundreds or thousands of stars as 
they are affected by their mutua l gravita­
tional fields and move to make a globu lar 
cluster or a spira l galaxy. A chemist can fo l­
low molecu les in a liquid as they attract 
and repel and undergo chemical reactions. A 
physicist can watch the atoms of a gas mov­
ing from a low entropy, high ly ordered state 
toward a more probable chaotic configu ra­
tion, and can fo llow th e ran dom walk mo­
tion of any specific particl e as it suffers col­
lisions with the rest of the gas. 

How does one go abou t setting up a phys­
ica l simulation? It's necessary to deter­
mine the most important laws th at govern 
the system under in vestigation. A star 

Photo 7: In itial configuration for a run of the ideal gas model. 
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cluster, for example, is contro lled mainly 
by Newton's law of gravitat ion . The nuclear 
reactions which power ind ividual stars are 
interesting, but probably not very important 
to the structure of the cluster as a whole. 
(An exce ption might be a cl uster of extremely 
massive stars; such stars could run out of 
fuel and blow up before there was time for 
their orb its to settle down.) 

The first step in programming any phys­
ical system is to cut away al l the features 
except those which are crucial to it - in 
other words, to make a model. If the correct 
effects and features have been included, the 
mode l will act enough like the physical 
system to be useful and accurate, and the 
model wi ll be small and simple enough to be 
computable in a reasonab le amount of time 
and space. 

Second ly, one must take the equations 
that govern the model and translate (and 
sometimes simpl ify) them into a form 
which a machine can handle. Today, only 
a few very hi gh-level systems (such as 
MACSYMA, REDUCE , SHEEP, and 
FORMAC) ca n handle abstract equations 
and funct ions, and even these sophisticated 
systems can't do very much . Un til people 
learn how to exp lain the details of problem 
solving mathematics better, most mach ines 
are best at manipulation of discrete, finite 
precision numbers. So, if one wants to 
compute the flight of a Frisbee, one needs 
to turn the continuous differential equations 
for its motions into discrete difference 
equations. It's analogous to the way one 
plots a diagonal line on a teletypewriter ­
the conti nuous line is broken up into a 
discrete set of points that the prin ter then 
apprnx imates as best it can. If the printer 
can ty pe smaller, the approximation is 
better. Similarly, if the smooth equations 
describi ng the Frisbee 's flight are broken 
up into tinier steps, then the approximate 
solution the machine generates comes 
closer to the actual motion. 



Finally, given the model of the physical 
system to be simulated, and given a transla­
tion of the equations control ling that model 
into a machine acceptable form, the rest is 
easy: just write the program! Ah, if it were 
only so. To avoid gross errors and smaller 
bugs, it's best to write in a high-level lan­
guage (BASIC, FORTRAN, Pascal, etc}, but 
then the resulting code usually runs un ac­
ceptably slowly. It seems to be a general 
consequence of Murphy's Law ("Anything 
that can go wrong, will!") that any physical 
system interesting enough to be worth 
simulating is too complex to be effectively 
simulated. So, compromises are always 
necessary. Astronomers try to simulate 
galaxies using a thousand point masses and 
an approximate force law, instead of usin g 
the actual ten billion stars with 1/r2 fields . 
Chemists sett le for a few hundred molecules 
in their "liquid," instead of 1023 or so. All 
they can do is hope that enough of the 
many-body collective effects show up for 
their too small models to be interesting, and 
that the cost of computing comes down 
enough for them to simulate bigger systems 
next year. As calculations get cheaper, that 
last hope seems to be the best. 

Another way to compromise between the 
human speed and efficiency of programming 
in a high-level language, and the computer 
speed and efficiency of programming in 
mach ine language is obvious : do both, and 
produce a hybrid program. The BASIC (or 
Pascal, or whatever) program provides the 
framework and handles non-time-critical 
tasks; it the n calls machin e language modules 
to perform the innermost loops, the ti me­
consu ming parts of the program which are 
simple enough to write accurately and 
rapidly in such a low-level langu age. As a 
developmental too l, this top-down approach 
is infinitely better than writing all machine 
language code and then spending days 
debugging it. In fact, if the program can be 
entirely written in the high -level language 

Photo 2: One time step later, particle number 0 has moved ten units to the 
right and is colliding with particle number 37 at X=lO, Y=O. 

Photo 3: A view of the simulation 702 time steps after starting. 
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Figure 7: 90 degree type 
collision for two particles 
with equal and opposite 
initial velocities. 0 

Photo 4: A velocity distribution histogram after 702 steps. Note the energy 
error (possibly due to roundoff and truncation error, or maybe I acciden­
tally hit the G key). Energy error is worse at these low energies when mosl 
particles have only very small velocities. 

Photo 5: Configuration for a high temperature gas with a total energy of 
7 20 7 units. 
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and then run (s lowly, perhaps) on smal I, 
special cases to test ou t the fundamenta l 
equations, so much the better. The machine 
language subroutines can then be written 
and subs ti tu ted in onl y as necessary . 

With th is 3 step approach (model, trans­
late, program). sim ulati ng physical systems 
isn't necessar ily easy, but it is systematic 
and can be interest ing and educational. 

Th e Idea l Gas 

As an appl ication of the above princip lcs, 
I've programmed in BAS IC and 6502 mach inc 
language (on a Commodore PET) a simula­
tio n of an idea l gas - a gas made of pointlike 
particles that inte ract onl y by direct co l Ii­
sions. An actual gas, of course, is made of 
molecules or ato ms wh ich have size and 
internal structure. The molecu les may react 
when they co ll ide with sufficient energy, 
and they may influence each other (via 
electr ical forces) even when they are quite 
far apart. The gas may condense into a liqu id 
or so lid phase if its temperature is low 
enough and its pressure high enough. 

The model I made does not incl ude those 
features. It doesn't even include the three 
dimensions in which the phys ical gas moves' 
For speed and simplicity, I restricted the gas 
particles to move in two dimensions within 
the 50 by 80 cell "box" of the PET's video 
screen . The two-d imensional gas is interesting 
in itse lf, and it ac tually occurs, approxi­
mately , when atoms get adsorbed on the 
sur face of some crystals. The adsorbed 
particles are re latively free to move from 
place to place on the crystal surface, but 
th ey are not free to leave the surface if the 
temperatur·e is low enough. (If this physical 
system isn't exciti ng enough for you, you 
can imagi ne that the program is simu lating a 
large number of balls on a bi lliard table, or 
perhaps hockey pucks sliding on ice.) 

Severa l other features of the model I 
made are important. I used only 256 gas 
particles for two reasons: it made the 
machine language routines simpler, and 
more partic les would have fil led up too la rge 
a frac tion of the screen. As a genera l rule, 
the errors in simulating a random process 
shrink as 1NN, where N is the number of 
objects in the simulation. For example, if 
a po llster asks 100 random ly chosen people 
for their opinion on some issue, he or she 
typically makes abo ut 1 /"-lfOO = 10% errors 
in estimating the general opinion based on 
the finite sample. If the average number of 
molecules in one cub ic centimeter of air is 

Text cont inued on page 32 . 



Graphics for small systems 
were too expensive... 

Until Now 
plotters 

The perfect small system output device 

• 	 Disp lays data in easy to read graphical 

format 


• Both serial and parallel inputs built-In 
• Uses standard 81/2" x 11" paper 
• Plotting speed up to 2.4 ips 

The perfect small system input device• 	 Resolution of both 0.01 and 0.005 in. 
• Baud rate and step size easily changed • Resolution and repeatability of 0.005 In . 
• Completely assembled and ready to use • Origin is completely relocatable 
• 	 Priced at $1085 * • RS232C and 8 bit parallel interface se· 


lect able at the connector 

• Accuracies of ± 0.015 in . (0.4mm) 

• Opt ional LC display shows 
actual values being inputted 

•Digit izing surface 11" x 11 " 
• Priced at $795 * 

vf Y.6501 
I 
~ 

(Optional LC display) 

111 .. ,- 0 • I T,L U H 

" 

.•• 
......
• 


hau an IDIV ISION OF BAUBCH & LOMB @ 
·u.s. Domestic Price Only '• 	 1 'frumenT
TM Trademark of Houston Instrument 

ONE HOUSTON SQUARE AUSTIN, TEXAS 78753 
(512) 837-2820 TWX 910-881 -2022 

For rush literature requests 
"the graphics · recorder company"or local sal es office In formation only, 

persons outs ide Texas cal l toll free 1·800·531·5205. Rochesterlaan 6 8240 Glste l Belgium
EUROPEAN OFFICE Phone 0591277445 Telex Bausch 81399 
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Now you can put your S-100 system solidly into 
a full-size, single/double density, 600K bytes/side 
disk memory for just $1149 complete. 

DISCUS/2D™ single/double density disk 
memory from Thinker Toys™ is fully equipped, fully 
assembled, and fully guaranteed to perform perfectly. 

DISCUS/2D™ is a second generation disk 
memory system that's compatible with the new IBM 
System 34 format. The disk drive is a full-size Shugart 
800R,·the standard of reliability and performance in 
disk drives. It's delivered in a handsome cabinet with 
bui lt-in power supply. 

The S-100 controller utilizes the amazing Western 
Digital 1791 dual·density controller chip . . . plus 
power-on jump circuitry, 1K of RAM, 1K of ROM with 
built-in monitor, and a hardware UART to make 1/0 
interfacing a·snap. 

The DISCUS/20™ system Is fully integrated with 
innovations by designer/inventor George Morrow. 
Software includes BASIC-V™ virtual disk BASIC, 

DOS, and DISK-ATE™ assembler/editor. Patches tor 
CP/M * are also included. CP/M~ Microsoft Disk 
BASIC and FORTRAN are also available at extra cost. 

DISCUS/20™ 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 you are. 

Ask your local computer store to order the 
DISCUS/20™ for you. Or, if unavailable locally, write 
ThinkerToysTM 120110th St., Berkeley CA 94710. 
Or call (415) 524-2101 weekdays, 10-5 Pacific Time. 
(FOB Berkeley. Cal. res. add tax.) 

'CP/M Is a trademark of Digital Research. 
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ASK FOR THINKER TOY 1
m PRODUCTS AT YOUR LOCAL DEALER NOW 

ALABAMA 

Jack Robertson a Assoc1a1es 

Conioumr Stoic 

SB6 Sh~de c,es1 Ro;id 
Btrm1ngham. AL 35226 

t2051 328-9890 


ALA SKA 

Comoure1 Cache 

529 I S11ce1 

Ancnorage AK 995 10 

~907f277·79 1 4 

ARIZONA 
'Computerland -Phoen1x 

B11Cmo re Plaza 
3160 E Camelback 
Phoen1:ii: , AZ 85016 
16021 955.5727 

ARKANSAS 

M ic rosys1ems 

RoulC' 1. Box 765 

Rogers . AR 72756 


CALIFORNIA 
Advanced Computer Producls Inc 
1310Eas1 Edinger 
San1a Ana . CA 92705 
(7 11'1 558-8813 

Bingham Electronics 
I00 VallCCHOS way 
Los Gatos. CA 95030 

t408 t 395·0010 


Byte Shop-Berkeley 
~Compute r Center) 

15\4 Univcrs11y Avenue 

Be1keley, CA 94703 

141 St 845·6366 


Byte Shop-Hayward 

t 122 ·· s· S1tce1 

Hayward . CA 94541 

1'11 51537·2983 


Byte Shop-Lawndale 

16508 Haw1horne Blvd 

L..awndate . CA 90260 

(213]371-242 1 


By1c o l Palo Alto ·• 

2233 E.l Car"mno Real 

PJ lo Allo . CA 94306 

( i1 l51327-8080 


ByH~ oi S3n Diego 

8038 Cla1remen1 Mesa Blvd 

San Diego, CA 9211 I 

t7141565·800B 


6y1e 01 Palo Allo-n 

475 Sacramonlo 

San f'ranc1sco. CA 941 l1 

(41 5/ 434·2983 


Byte Shop-San Rafael 

:509 ·a·· Francisco Bl vel 

San Raracl, CA 94901 

1•151457·9311 


Byte Shop-San1a Clara 

3400 El Camino Real 

Santa Clara CA 9505 1 

14081249-4221 


Computer Cen ter . Inc 

4014 Geary B lvd 

San Francisco. CA 94 I 18 

141 51387-2513 


Compulcr Components 

5648 Sepulveda Blvd 

Van Nuys_CA 914i 11 

12 131786-7411 


•compule rland . Inc 
14400 C;Jlalina Stree1 
San Leandro. CA 94577 
I• 151895·9363 

"ColT'pulc rland-Et Cerri lo 
1107 4 San Pablo Avenue 
El C<!rrilo. CA 9d 530 
14151233·5010 

·Corrouterland-San Francisco 
1 17 Fremont $!reel 
San Francisco. CA 94 105 
lr.15~546-1 592 

Data Machmes. Inc 

1226 Folsom Slreer 

San Francisco. CA 94103 

141 51864·7200 

D1g1 ca 1Deh Compulor Srort? 

BO VI El Cami no Real 

Mt View. CA 94040 

14 15)96 1·2670 


Elec1ron1cs En1e rp11 ses 

Rio Linda. CA 95673 

~9 1 6199 1 -20 1 0 

I C.E House Inc 

398 N E Streel 

PO Bo:w. 336 

San Bermirdmo. Cf\ 92401 

17 1' I 888-3690 


ln1 e9rn teo Compu1er Sys tems 

3304 Pico Blvd 

Sania M onica . CA 90405 

12 131 450·2060 


l<nalsa Compu!Qr $ys1ems 

500 So Lake Avenue 

Pasadena. CA 91 10 1 

(2131684·33 1I 


Logic Systems 

57 17 Bryce Canyon Plac.e 

SacrJmento . CA 95642 

t9161331 . 7 176 


ACC 

50.'> Cypress Poin t D11ve 

Ml View, CA 94043 

1415 1969·4969 


M ax Comouting Systems 

741 7 W1nd1ng way 

Fmr Oaks. CA 95628 

1916)961·5617 


Mic ro-Sun Compuler Cen1c1 

!Formerly By!c-Walnut Croel<l 

2969 Nonh Mam 

W<llnu1 Creek. CA 9 45 5 

t• I 5) 933·6252 


Omega Enterprises 

92 1 N La Jolla Avenue 

Ho llywood. CA 90046 

(213) 65'1 4 22111 

12 131656·7368 


PC Comou iers 

10 166 S.:1n Pablo Avenue 

El Ccmfo. CA 94530 

141 5) 527·6657 


Pilgrim Compuler PrOducls 

1444 P1oneer Way 

Et Caton. CA 2020 

17141278-8764 

Redding Computer Service 

6 1OW Cyoress Avenue 

Redding, CA 9600 1 

f916J2d6- 1170 


COLORADO 
Comou1er Techno logy 
631 1 Federal Blvd 
Denver, CO 60221 
13031,127-4438 

CONNECTICUT 

R & R Cornpurer Store 

130 Jefferson Avenue 

New London. CT 06320 

12031 44 7-1079 


FLORIDA 

Byte Shop-Ft Lauderdale 

10.14 E Oakland Park Blvd 

Fl Lauderdale . FL 33334 

13051561 -BYT E 


Byte Shop 

7625 Bird Ft oad 

Miami, FL 33155 

13051 264 ·8YTE 


Computer Ct?nter of chc 
Palm Beaches 


2827 Exchange Courl 

Wesl Palm Beach . FL 3:3~09 


13051689·3233 


0191 tal Desig n Cenlcr 

60 1 Golden Harbour Orrve 

Boca Raton . FL 33432 

13051994-4826 


M1crocomouter Systems. Inc 

144 S Dale Mabry 

Tampa , FL 33609 

1813) 879·4225 


GEORG IA 

Micro Business Systems 

103 Commer1cal Avenue 

Carroll lon. GA 301 17 

1404) 834-7705 


HAWAII 
Mahala M i<: rosys tems Lid 
PO Bo' 8523 

Honolulu_HI 968 15 

lll081 922·2152 


ILLI NOIS 

Bies Systems 

(Formetly-The Compu1e1 S:ore) 

7037 W. North Avenue 

Oak ParM, IL 60302 

13 121386·3323 


·computcrland-Pcona 
4507 N S1erhng 
Peona . IL 6161 4 
1309 ) 688~6252 

Compuler Sta11on 

3659 Nameoki Road 

G ranire City. IL 62040 

16181452- 1860 


llhn1M1crocomou1ers 

612 E. Ogden Avenue 

Naoerv1lle. IL 60540 

13 121420-8813 


Ldltpule Computet MiHI . Inc 

4446 Oakton Street 

Skokie. IL 60076 

t312) 674- 1383 


INOIANA 
Aud1ospec1a11s1s 

40 1 Norlh Michigan 

South Bend. IN 4660 I 

12191234·5001 


KANSAS 
Compuler Center !Byte Sl'lao ::e 1) 
5815 Johnson Drive 
Mission, KS 66202 
19 13) 432-BYTE 

MARYLAND 
·comou1crland ·Rockv1llo 

1 06!; Frede rn::k Rd I R1 3551 
Roc kville _MO 20855 
1:30 I) 9itS4 7676 

MASSACHUSEns 
Compule r Marl , Inc 

1395 M;;un S1ree1 

Wa llham MA 021 

(6171 !399-45 40 


Compu tor Sno1>·Cam l)r1c100 

286 Norlolk S tr ei r 

Comb11dgc. MA 02 139 

1617 t 247 ·0"100 


MICHIGAN 

Tne Abacus 

RI I , Box 193. US·3 1 

Berri en Srm nus. Ml r191 03 

161614 29-3034 


'Comouterland-Soulhlic ld 
29673 Normvmsrc-m H igh way 
Sou thfield. Ml ,16034 
13 l31356-8I 1 I 

Cornou1e1 Maf1·Royar O<lk 

1800 W M Milo Road 

Royal Oak . M l '\8073 

1313) 576-0900 


Mic ro Compu ter W01lct 
31 :3 M 1ch1g;:in NE 

Gri1nd Rapids. Ml '1 9503 

1616t 115 1-8972 


Ncn t .ond Ass.oc1nm s. 

42 t5 Shelland Dnvo 

A1rn Arbor Ml 48 10•1 

13 13 1973·0979 


Tr1 -C111es Com r)u !J.H Mm l 

3 145 Sha tl uck 

Sii.g ln(IW , M l 11 8602 

15 171790· 1360 


M INN ESOTA 
M1c::rOt>rOg rammmg , loc 

IJ5 1 Lare lndus111al 61vd 

Burnsville. MN 55337 

J6 12J S!:M-35 10 


NEBRASKA 

Omriha Compu tei1 Srorl! 

45-10 S 84 1h SHec1 

Omr1ha NE 68127 

1•1 021 592·3500 


NEVADA 

By!e-Rcno 1Cybot Sense . Inc I 

4104 S Kiet zka L ~ne 


Reno. NV 89509 

t702 t 826·8080 


NEW HAMPSHIAE 
·compu1a,la1id- Na sh LJa 

..i 19 Amhers t S1ree1 

Nashuri . NH OJ060 

16031889·5238 


M1c roc;Clmp1,.iers. Inc 

36 Ot1c1son Str oe r 

NJShua . NH 03060 

1603) 889· 1606 


NEW JER SEY 

App lied Compulor Researc h 


Sys lems 

·145 Brick Blvd 

Bncklown . NJ OB7?3 

120 11..:77-•1222 


Atlan tic Microsys1oms 

e2" MMyknoll Rolle! 

Me tuchen. NJ 060•l0 

120 11 s~ig.0189 


The Computer Emom 1um 
AvemJe s o f Commorco/ Bldg 103 
2428 Roule 38 • 
Che rr y Hi ll NJ OSOO::' 
1609 1667-7555 

5· 100. Int 

7 Whll O P13CO 

Cla rk, NJ 07066 

12011382-1318 


NEW YORK 
Byre Shop-New 'fork 

130 E l\Otl'l S1r ac 1 

New York. NY 10016 

t2 12J 8B94 "'·204 


Tho Compu ter Corner. Inc 

While Pla ins Ma ll 

200 Hamll1on Avenue 

Whi le Pl;:iins. NY 10601 

tOt il JWHY-DATA 


Comou10r En tarpn sos 

PO Box 71 

Fayau o ...dlc. NY 13 6 

13151637-6208 


Compu\(!'1 Ma1 t·NL!'w Yo11< , Inc. 

11e Mad ison Avenue 

Now York , NY 100 16 

12121686-7923 


Comput1u Mic rosyslems 

131 1 No11h(?rn Blvd 

M.a nh4l SSe t. Ny I I030 

15 16 t 627 -3600 


Comp u1er Shop o1 s.,.racuse. Inc 
3470 E11e B lvd Easr 
Ocw1t1 . NY 132 1-1 
~3 1 5) "'16-1 2f.14 

H ome Computer Cente1 

67 1 Monroe Avenue 

Rochester . NY 14607 

1716) 24·1· 237 


Long 1s1and Comtiuler 
General Sloro 


103 AUan11c Avenue 

Lynbrook. NY 11563 

t5l61887· 1500 


Mitro World Comguter Slore 

435 Mam S1rce1 

Johnson C1 l y, NY 13790 

16071 795·9800 


M1n1M icro Mari Inc 

1618 James Street 

Syracuse, NY 13202 

13 151 42 ~-4467 

NORTH CAROLINA 

Fu turowor ld 

251~ Unive rsity Drive 

Durham. NC 27707 

19 19] 469-7486 


OH IO 

Byte Shop-Ohio 

19524 Cen ter Ridge Road 

Rocky R1ve1. O H 4411 6 

12161333·326 1 


·compu1c rland -Cleve1and 
1268 Som Cen1cr Road 

Clevelard , OH 441 24 

12 161461 · 1200 


OKLAHOMA 

Mlcroh th lcs. Inc 

29\6 N MacArthur Blvd 

Oklahoma C11y. OK 73127 

~il05l 9 47-5646 


OREGON 

Byle Shop-Beav r ton 

3 482 SW Cedar Hi lls Blvd 

6eave11on. OR 97005 

15031644·2686 


PENNSYLVANIA 

Byte o l Pennsytvama 

1045 Lancaslor Avonue 

Bryn Mawr. PA 19010 

12 1Si 525·77 12 


Ma1ke 11inc Systems. 1oc 

2337 Philmon! Avenue 

Hun11nodon Valley. PA 19006 

illOOI 523·5355 


SOUTH CAROLINA 

Byte Shoo :;32 

1920 B lossom S1ree1 

P08ox5 144 

Columbia. SC 2920~ 

ill03t 77 1·7B24 


TE XAS 

Eitsl Te )'.as Computers 

305 Cle mson Drive 

Tyler . TX 75703 

12141561 ·2635 

f21 1it561·1648 


M1c;: robyte-Abacos 

2218 Crawford 

Hou s1on . TX 77002 

17131 757· I 128 


M ic ro Mike·s 

905 Buchanan 

Amarill o . TX 79 10 1 

18061372-3633 


Neighborhood Computer Store 
11902 34lh S t1 ee 1 n:20 
Lubbock. TX 794 I0 
18061797-1•168 

UTAH 

Byte a l Salt Lake C11y 

26 1 South Si.ate 

Sall Lake City, UT 84111 

rso 11355.10111 


·computerland ol Sall Lake C11 y 
161 E 2nd South 
Sall Lake C11y, UT 841 11 
16011364·4416 

VIRGINIA 
·compurcr land ol Tysons Corner 

811 11 Old Cour thouse Road 
Vie nna . VA 22 180 
1703) 893-0420 

The Compu1e1 Place 

27 18 Colonial Avenue SW 

Roanoke. VA 24015 

t 7031902·3661 


The Compulor Systems S1ore 

\9S4 Chain Bndge Rood 

Mclean , VA 22 102 

17031 521·8333 


n cd 1-PGMS 

79 16 V'IJB>stpark Duve 

Mel oan. VA 22 102 

1703) 693·7200 


WASHINGTON 
·compu1crland/ SKC 

1500 Soulh 3361h Stme t 

Fed eral Way. WA 96003 

i2061927·B585 

12061836·9363 


Personal Compulers. Inc 

South to.: Freya 

Spokane. WA 99?.02 

15091 53,1.3955 


WI SCONSIN 

Lancer Elect ro nics. Inc 

2700 S Chicago Avenue 

So Mi lwaukee . WI 53 172 

1414) 762·6500 


AUSTRALIA 
Au l oma11011 S1a1harn Pl y Lid 
4 7 8ircl'l Stree1 
Banks!own. NSW 2200 
1021709·4 144 

BELGIUM 
Puls ion 
Avenue Albert Mah1els. •31081 
8 ·4020 
Liege 

CANAOA 
The Byle Shop-Vancoove• 
2151 B urratd Sl r~e l 
Vancouver . BC V6J 3H7 
(604 ) 736-051 I 

Comoumar1 
~ 11 RooseveH Avenue 
Ollawa . Ontano K 2A 3X9 
16131725-3192 

Custom Compu11ng Systems. tnc 
204 2 nd Avenue N 
Sas\ta1oon. Sask S7K 20 5 
13061242·7808 

Home Computer Center 
610 1 Yonge S1roo1 
W1Uovldale. Onlano M2M 3W2 
14161222·1165 

Orthon Compuler Comp.any 
1241 t S1ony Plain Road 
Edmonton_Alberta TSN 3N3 
1403) 488·2921 

P.aci11c Compu1er S1ore 
4509 Rupert S treet 
Vancouver . SC VSR 2J4 
1604) 038·3282 

TJ B Mic rosystems. Ltd 
10991 124th SHee1 
Edmonion. Alberta T5M OH9 
14031455 ·5298 

Tnnlrorncs. Ltd 
185 Queen Slfeet W 
To1on10. O nta rio H 5V 1z1 
14 6 i 598-0260 

ENGLAND 
AEM SY51cms Lid 
1"l.A Loncton Street 
Southport England 
10704179761 

lnleram Compu1er $yStems Lrd 
59 Moreton Strecl 
V1c1or1a . London S w 1 
0 1·834 026 112733 

GER MA NY 
Comoutershoti GMB H 
D-'1$00 Fre1bu1g Im Brelsgilu 
Adolhauserstrassc 29 
Wesl Germany 

JAPAN 
Supe r Brain 
1- t 5-16 Soookanda 
Ch1yoda·Ku. Tokyo 

MEX ICO 
I TES.0 
13 42-B N!i'los Heroes 
Guadala1a ra 

SINGAPORE 
Og Oepartmen!al Stoic 
100 Upper Cross Streel 
Srngapore 1 
917785 

Sys-Tech Pte Lid 
5568 Rcx:hor Centre 
Rochor Road. Singapore 'I 
29276• 5 

<j!
Thinker 
Thys·· 
•Th1n1<or Tov™ PmcJuc: ls may tie 
ourchased from all CompulcrlancJTM 
stores worldwide 
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Decimal Memory Address 
5632 t hru 5799 

5800 thru 6036 

6144 thru 6399 
6400 thru 6655 
6656 thru 6911 
6912 thru 7167 
7168 th ru 7423 
7424 thru 7679 
7680 thru 7935 
7936 thru 8 191 
10 

11 thru 25 

26 ,27 
28 

29,30 
31,32 
6050 thru 6074 

6075 th ru 6099 

6100 thru 6114 

5632 thru 5654 
5655 thru 5660 
5661 thru 5679 
5680 thru 5685 
5686 t hru 5689 

5690 thru 5726 
5727 thru 5746 
574 7 thru 5779 
5780 thru 5799 
5800 thru 5809 
5810 thru 5824 

5825 thru 5848 

5849 thru 5866 

5867 thru 5882 

5883 thru 5886 

5887 thru 6036 

6037 thru 6049 

Contents Or Function 
Move partic les one step forward in time, 
bouncing off walls as necessa ry. 
Plot part icles on screen, col liding ones 
which fall in same cell on the 50 by 80 gri d. 
High bytes o f X coordi nates. 
Low bytes o f X coord in ates . 
H igh bytes of Y coordinates. 
Low bytes of Y coord inates. 
H igh bytes o f V X veloci ties . 
Low bytes of V X ve locities. 
High by t es of VY velocities. 
Low bytes of VY velocities . 
Curren t screen charac ter at loca t ion to 
be plo tted. 
Table of PET Y. graphics sy mbols; transla tes 
to and from "binary graphics sy mbols ." 
Low, high bytes of current screen address. 
"Binary graphics symbol" to be put on to 
cu rrent location ( 1, 2, 4 , or 8). 
H igh, low bytes of M =(A+B+C+0)/2 . 
High, low bytes of TEMP=M - 8 . 
Low bytes of table of lef t ends of screen 
lines. 
Hi gh bytes o f table o f left ends of screen 
lines . 
Table of graphics symbols , in order def ined 
to be 1, 2, 3, 4, ... , 15 in "bi nary graphics 
symbols ." 
Move X coordinate . 
Check to see i f in box ; fix if not. 
Move Y coordinate. 
Check to see i f in box ; fix if not . 
Increment co unter; do next particle i f not 
done. 
Fix if gone off left edge. 
Fix i f gone off right edge. 
Fix if gone of f bottom. 
Fix if gone o ff top. 
T ransfer tab le to page 0 of memory . 
Put address of sc reen left edge o f line to be 
p lotted into 26,27. 
Pu t "binary graphics symbol " to be p lotted 
into 28, and add location in line to be 
plotted to 26,27 . 
Find cu rrent graphics symbol w hich occu· 
pies space to be p lo tted in; look up in table 
and t rans late to "binary graphics sy mbo l. " 
Pl ot particle if space to wh ich it goes isn't 
already occupied . 
Increment counter and go back to 5810 if 
no t through . 
A collision has occurred! Scan back to see 
which particle has co ll ided w i th th e one 
about to be plotted, and fi x their veloci t ies, 
as in text. 
This space intentionally left b lank . 

Table 7: Comments on Gas machine language modules given in /isling 2. 

Photo 6: Velocity histogram for the high temperature gas shown in photo 5. 
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Text continued from page 28: 

3 X ·101 9, then the fractional fl uctuation in 
this num ber is about 1/1\/3 X 1019 "'=' 0.2 
parts per billion - smal l, but measurable. 
(The human ear is sensitive eno ugh to barely 
hear these fl uctuations - try it, if you can 
fi nd a quie t enough place!) So, the errors 
th at the 256 particle gas model will tend to 
make are or the o rd er· of 1 /'1256 "'=' 6% - not 
terrib ly bad. 

A second important feature of my mode l 
is the way it handles col lisions. Time is 
broken into steps, and two par ticles wh ich 
end a timestep in the same cel l are considered 
to co ll ide. It would be far mo re complicated 
to ca lcu late distances between partic les as 
they move and to declar-e a co llisio n only if 
their center-to-center· di ranee fel l be low a 
certain lim it. It also turns ou t not to matter 
much , as far as the final equilibrium state of 
the gas is concerned. Actua l collisions are 
sometimes graz ing, sometimes head-on, and 
ge nera lly everywhere in between, depending 
on the detail s of the interactions between 
th e moleCL1 les an d their impact parameters. 
None of that rea lly matters for our purposes. 

The important feature of all collisions in 
gasses is that the col l is ions al ways conserve 
energy an d momentum. Energy is iust 

2kinetic energy for pointlike particles : Y:i rnv . 
To simplify th e arithm etic, I let al l of my 
gas particles have mass m = 2, so their ener­
gies are iust the squares of the ir velocities. 
In two dim ensions, veloc ity has components 
along the X and Y axes; ca ll them V X and 
VY. The momentum of a particle is just its 
mass tim es its ve loc ity. Momentum thus has 
X and Y components, each of wh ich must 
separate ly be conserved, that is, remai n con· 
stant during a collision. 

To be specific, sup pose that VX and VY 
are arrays, and that particles numbered 1 
and 2 are colliding. If arrays WX and WY are 
used to hold the ir veloc ities after the colli­
sion, then conservation of energy says that 
(tota l energy after)=(tota l energy before), 
that is, WX( l )2 +WY(l )2+WX(2)2+WY(2)2= 
VX(l )2+VY(l )2+VX(2)2+VY(2) 2. Conser· 
vat ion of X momentum says that WX(l )+ 
WX(2) =VX(l )+VX(2), and conserving Y 
momentum implies that WY(l )+WY(2)= 
VY(l )+VY(2). 

Now, if the velocities before the co l­
l is ion are known, then there are four ve­
loc ities afterwards to solve for: WX(l), 
WY(l), WX(2), and WY(2) . Th ree equations 
are not enough informatio n to solve fo r fo ur 
unk nowns. The missing equation contai ns 
the detail s of the collision - whether it is 
head-on or glanc ing or what. One migh t 
write out this fo urth equation (it's done in 
most fres hm an ph ys ics textbooks) in terms 
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Listing 7: BA S IC program for the PET which simulates an ideal gas. This 
program uses the assembly language modules shown in listing 2. The notation of the scattering angle, and then use the 
used in this listing is described in table 3. detai ls of the particles' positions to choose 

1 REM POKE 135,22 FOR SAFETY!! (KEEP BAS IC BOUNDED ) 

10 REM GAS COPYR IGHT 1978 MARK Z IMMERMANN 

15 REM GRAPHICS SYMBOLS FOR PLOT S IN DATA STATEMENTS 

20 DATA 100, 111, 121 , 98, 248, 247 , 227, 160, 101, 116, 117, 97 , 246, 234, 


231. 160 
30 D IM UP(7), R l (7) , VY(20),VX(20) : FOR l=O TO 7: READ UP (I ) : NEX T I 
35 REM UP ARRAY IS FOR UPWARD GRAPH. RI FOR R IGHTWARD ; VY & VX 

HOLD VE LOC ITIES 
40 FOR 1=0 TO 7: READ Rl(I) : NEXT I 

45 REM SC$ DRAWS THE AXES FOR THE GRAPHS 

50 SC$="cls 10 .Jbd IQQ' lbd IQQ' lbdb5J bd lbd 1!2.Q' lbd lbdbO J bd IM liW 


)bd lbdbb - 5 J " 

60 SC$=SC$+"bd lbd lbd lbd lbdbbb-10.Jbd lrrrrrrrrd- 10 ubbT( bd- 512.!! 

~bdO~---, .. 

70 SC$=SC$+" bd5u---rbbd 1Ohom e" 
80 REM MEMORY -A LLOCATl0NS:6144·6399, H I BYTES OF X COORDINATES 
82 REM 6400-6655 , LO BYT ES OF X; 6656-6911 , HI BYTES OF Y 
84 REM 6912-7167. LO BYTES OF Y ; 7168-7423, HI BYTES OF VX; 7424 ·7679. 

LO VX 

86 REM 7680-7935, HI BYTES OF VY ; 7936-8191 , LO BYTES OF VY 

90 PRINT " HIT 'R'TO RESET TIMER" 

95 PR INT" 'S' TO MOVE SLOWER " 


100 PRINT " 'F ' FOR FAST ER" 

105 PR INT " 'G ' TO GOOSE PARTICLE ;;Q" 

110 PRINT " AND ANY OT HER KEY TO PLOT VELOCITIES" 

115 REM 120-140 Fl L L THE VELOCITI ES WITH ZEROES AND THE LO BYTES 


OF POSITIONS 
117 REM TO CENTER T HE PAR TI CLES IN THEIR RESPECTIVE SQUARES 
120 FOR l =O TO 255 
130 POKE 7168+1,0 : POKE 7424+ 1,0 : POKE 7680+1,0: POKE 7936+ 1,0 
140 POKE 6400+1,128: POKE 69 12+1,128: NEXT I 
150 REM ARRANGE PART ICLES NICE LY HERE 
160 FOR l =O TO 39 : FOR J=O TO 5 
180 POKE 6144+1'6+J,2*1 : POKE 6656+1•6+J,2 J :NEXT J : NEXT I 
190 REM USE UP ALL PARTICLES ! 
200 FOR 1=240 TO 255: POKE 6 144+1,2"(1-240) : POKE 6656+1 .20: NEXT I 
300 DE =30 : REM PRELIMINARY T IME DELAY 
350 
400 SYSl5632) : REM MOVE ONE TIMESTEP 
420 
450 PR INT "c/s" ;: N=N+ 1 :RE M CL EAR SCREEN ; N COUNTS TIME 
480 
500 SYS(5800) :REM PLOT & COLLIDE THEM! 
520 
540 PRINT N :T =TI 
550 XO= INT(PEEK(6144)/2) : YO= INT(PEEK(6656) / 2) : POKE 33728+X0 - 40·Yo, 

42 :REM MARK :CO 

560 IF (Tl-T) < DE GOTO 560 : REM DELAY 

600 GET A$: IF A$=" " GOTO 400 

610 IF A$="R " THEN AS="": N=O:GOTO 400 

620 IF A$=" S" THEN A$="" :DE =2*DE : GOTO 400 

630 IF A$="G" THEN A$="" : POKE 7168,10: GOTO 400 

640 IF A$=" F " THEN A$="":DE =DE/2 : GOTO 400 

650 A$="": E=O:PRINT SCS 

670 FOR l=O TO 20 : VX(l) =O: VY(l) =O: NEXT I : REM CLEAR 


ACCUMULATORS 
700 FOR l =O TO 255: H X=PEEK(7168+ 1) : HY=PEEKl7680+ 1) : LX =PEEK l7424+1) 
720 LY =PEEK(7936+1): REM CA LCULATE VELOCITIES, ADJUST IF NEGATIVE 
740 IF HX > 127 THEN HX=HX - 255 : LX =LX - 256 
760 IF HY > 127 THEN HY =HY - 255 : L Y=L Y - 256 
780 VX =HX + LX/256 : VY =HY +LY /256 : E=vx•vx +vY · vY +E: REM ADD UP 

ENERGY 
785 : : : : : : : :REM NOW COMES PLOTTING : : : : : : : : 

790 VX =INT(VX) : VY =INT(VY) : IF(VX > 10)0R(VX < - 10) THEN VX = 


SGN(VX)*10 

795 REM LIMITS PLOTS TO BETWEEN - 10& 10 

800 IF (VY > 10) OR (VY < - 10) THEN VY =SGN(VY) '10 

810 VX =VX +10:VY =VY +10 

815 REM ACCUMULAT E COUNTS IN VX & VY ARRAYS; SCALARS VX & VY 


ARE D IFFERENT!! 

820 VXIVX)=VX(VX)+l : VY(VY) =VY(VY) +1 : AX =33582+VX- 40' INT IVXIVX)/8) 
825 REM CALCULATE AX AND AY, ADDRESSES FOR PLOT OF A G IV EN VX 

AND VX(VX), ETC. 
830 AY=33572-40'VY+INT(V Y( V Y)/8) 
840 CX =UP(VX(VX) - 8' INT(VX(VX) /8)) : CY=A l (V Y(VY) - 8' INT( V Y(VY)/8)) 
845 REM ex & CY ARE GRAPH ICS CH AR ACT ERS USED FOR SOME vx OR VY 
850 POKE A X,CX : POKE AY,CY 
860 NEXT I 

1000 PR INTTA8(10);"ENERGY=";E 
1020 GET A$ : I F AS="" GOTO 1020 : REM WAIT UNT I L DONE LOOK IN G AT 

GRA PHS 
1100 GOTO 400 
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that angle, but that would invo lve calcu­
lating sines and cosines of the angle, and it's 
un necessarily slow and complicated (espe­
cially to program in machine language) . 
Instead, I chose one special type of colli­
sion, which enabled WX(1). WX(2), WY(l). 
and WY(2) to be calculated using only addi­
tion, subtraction, and div ision by 2. (I 
can program those') This special coll ision 
scatters two partic les by 90 degrees, if they 
approach each other with opposite ve ­
locities, as shown in figure 1. The resulting 
equations for the velocities after the co ll i­
sion are simple. Let M=(VX(l )+VY(1 )+ 
VX(2)+VY(2))/2. Then WX(1 )=M - VY(l), 
WY(1 )=M - VX(2), WX(2)=M - VY(2), and 
WY(2)=M - VX(l ). It's an exercise in ele­
mentary algebra to see that these values for 
the velocities after the collis ion conserve 
energy and momentum. 

So that's the spec ific mode l: a two-di­
mensi onal gas made of 256 particles on a 50 
by 80 grid, which make 90 degree type col li­
sions whenever two fa ll in the same cell. 
Now for step 2: make the equations of 
motion computable. The equation that 
governs the particles' positions between 
col lisio ns is, in words, that the time-rate­
of-change of the position is the veloc ity; the 
velocity is cons tant. It's the simplest differ­
ential equation imagi nable, and the so lution 
is also simpl e: partic les move in straight lines 
at constant speed between collisions. But in 
a machine, noth ing moves continuously . 
It's rather like Zeno's Paradox: if you look 
at an arrow in fl ight, at some moment it cer­
tainl y is wh ere it is, not somewhere else ­
it's at a defin ite location, not smeared out or 
blu1Ted. So, how can the arrow move? Zeno 
cou ldn't answer this (or chose not to) , but 
later mathematicians (Newton, Leibnitz, and 
others) did. Their answer involves looking at 
the motion as a series of tiny discrete jumps. 
The computer can do that too. If a particle 
is at posit ion X, Y at one moment, an d has 
velocity VX, VY, then a time T later it will 
be at X+TXVX, Y+TXVY. When I wrote 
the ori ginal (high-level language) version of 
this sim ul ation, I used precise ly these "time­
step" form ulae; in the machine language 
version, I set T = 1 for simplicity. I also 
chose a specific precision arithmetic: two 
bytes for each number, in 2's complement 
notation, with the decimal point (it's really 
a binary point!) between the two bytes. The 
high byte (to the left of the point) gives a 
number that can be direct ly plotted on the 
screen; the low byte keeps several decimal 
places of accu racy and holds down roundoff 

Tex t continued on page 38. 
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The C1P MF 

IHRLLENliEI 

'" 

Here it is at last... THE FIRST 
FLOPPY DISK BASED COMPUTER 


FOR UNDER 51000 


sgg5 

Complete mini·floppy computer system 
10K ROM and 12K RAM 
Instant program and data retrieval 

The Challenger 1 P Min i-disk system features 
Ohio Sc ientific 's ult ra- fast BAS IC-in-ROM, fu ll 
graphics display capabili ty and a la rge libra ry 
of instant loading persona l applications soft­
ware on mini-floppies includ ing programs for 
entertainment , educat ion, personal finance . 
sma ll business and now home control.I 

The C1 P MF configuration is very powerfu l 
However. to meet your growth needs it can be 
directly expanded to 32K static RAM and a sec­
ond floppy by si mply plugging these options in . It 
also suports a pri nter, modem, real time clock 
and AC remote interface as wel l as tt1e OS-650 
V3.0 developmen t orien ted operating system. 

Or Start with the C1 P 
CASSETTE BASED 
Computer for just $349. 

The cassette based Cha llenger 1 P offers the 
same great features of the min i-disk system 
includ ing a large software library except it has 
4K RAM and conse rvative program retrieval 
time. Once fami liar with pe rsonal compute rs, 
you'l l be anxious to expand your system to the 
more powerful C1 P MF. 

You can move up to mini-disk performance at 
any ti me by adding more memory and the disk 
drive. Contact your local Oh io Scienti f ic dealer 
or the factory today. 

• 80111 systems requ ire a video monitor , modified TV or RF 
conver ter and home te levision for ope ration . Ohio Scien tific 
offers the AC-3 combination 12" black and white TV/monitor 
for use with eit er system at $1 15.00 reta il. 

All prices. suggested retai l. 

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 
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Listing 2: The 6502 assembly language modules for use with the ideal gas 
program. 

LABEL MNEMON IC 

BEGINMOVE: 	 LO X #0 
LO Y #0 

TOP : 	 LOA VXLO,X 
CLC 
ADC X LO,X 
STA X LO ,X 
LO A VXH l ,X 
ADC XHl,X 
STA X Hl,X 
BMI NEGX 
CMP #80 
BCS BIGX 

RETX : 	 LOA VYLO,X 
CLC 
ADC VLO,X 
STA YLO,X 
LOA VYHl,X 
ADC YHl,X 
STA YHl,X 
BMI NEGY 
CMP # 50 
BCS BIGY 

RETY : 	 INX 
BNE TOP 
RTS 

NEGX: 	 TYA 
SEC 
SBC XLO,X 
STA XLO,X 
TYA 
SBC X H l,X 
STA X H l,X 

REFLVX: 	 TYA 
SEC 
SBC VXLO,X 
STA VXLO,X 
TYA 
SB C VXHl,X 
STA V XHl,X 
JMP RETX 

B IGX · 	 LOA #255 
SEC 
SBC XLO,X 
STA X LO,X 
LO A # 159 
SBC XHl,X 
STA XH l ,X 
JMP REFLVX 

NEGY : 	 TYA 
SEC 
SBC YLO ,X 
STA YLO,X 
TYA 
SBC YHl,X 
STA YHl,X 

REFLVY : 	 T YA 
SEC 
SBC VYLO,X 
STA VYLO,X 
TYA 
SBC VYHl,X 
STA VY H l,X 
JMP RETY 

BIGY : 	 LOA # 255 
SEC 
SBC YLO,X 
STA YLO,X 
LOA #99 
SBC YHl,X 
STA YHl,X 
JMP REFLVY 

COMMENTS 

;i n itialize particle counter 

;clear Y regis ter 

;move x coord inate of particle 

;by adding VX to X 


;bounce off left wall i f x.LT .O 

;bounce off right wall if x.GE.80 

;move y coordinate 

;by adding VY to Y 


;bounce off bottom if y. LT.O 

;bounce off top i f y .G E.50 

;do all 256 particles 
;back to BASIC control 

;prepare to reflect -x to x 
;by subtracting from 0 

;another 0 in accumu lator 

;reflect ve locity vx also 

;return to main program 
;prepare to reflect x to 160 - x 
;(actually , 159.99...- x) 

;reflect velocity vx using previous code 

;reflect y to - y 

;re fl ect velocity vy also 

;return to main program 

;prepare to reflect y to 99.99 ...-y 

;use previous code to reflect vy 

Listing 2 continued on nex t page. 

BEGIN MOVE 5632 
BEGIN PLOT 5800 
XH I 6144 
XLO 6400 
Y HI 6656 
Y LO 691 2 
VXHI 7168 
VXLO 7424 
VYHI 7680 
VYLO 7936 
OLDCHAR 10 
GRAFTAB 11 
ADORN OW 26 
NEWSY MB 28 
MH I 29 
MLO 3 0 
TMPHI 31 
T M PLO 32 
SCRTABLO 6050 
SCRTABHI 6075 
SYMBTAB 6100 

Table 2: Specific addresses used in the 8 K 
byte PET Gas program. Addresses are given 
in decimal. 

els clear screen . 
b backspace (cursor left). 
d down (cursor down) . 

ri ght (cursor right}. 
u up (cursor up). 
home cu rsor home. 

Table 3: The PET uses special graphics sym­
bols to denote cursor control characters. 
Since these special characters cannot be 
typeset, the above notation is used in the 
program. 

Text continued from page 34 : 

or trunca tion errors. When an X coordinate 
ends up less than 0 or greater than 80, I 
reflect the particl e off the left or right wal l 
and reverse its X velocity; when a Y coordi­
nate falls outside the box's range (0 to 50), 
I do the same for it. (Since I don't check for 
arithmetic overflows, if velocities get la rger 
tha n about 32, there is a chance for error; 
th is isn 't a serious restr iction, in practice.) 
In this format, ad dition and subtraction are 
trivial , and the on ly tr ick to dividing by 2 is 
to get the sign bit correct after sh ifti ng 
right. 

That's all the r·e is to the model. Th e 
details that are exp lained in the remarks 
in the BAS IC listing (listing 1), and in the 
commentary about the li sti ng 2 machine lan­
guage modules in table 1, are probably of 
interes t main ly to 6502 system users, espe· 
cially PET owners who can use the program 
without mod ification. (At top speed, it 
makes about seven timesteps per second! ) 
Much more interesting in general are the 
"bel ls and whistles" that can be added to the 
bare model for conven ience and physical 
insight. 
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Listing 2, continued: 

BEG INPL OT : 
LOOP01: 

TOPP LOT : 

SKIP01 : 

SKIP02: 

SKIP03 : 

LOOP02: 

FOUND IT : 

INCRX: 

HIT : 

LOOP03: 
SEEK : 

LOX # 15 ;transfer graph ics symbol table to page 0 
LOA SYMBTAB-1,X ;bin ary symbols al low quarter-character 
STA GRAFTAB - 1 ,X ;high reso lution graphics 
DEX 
BNE LOOP01 
LOA Y H l,X ;get a particle 's y coord inate 
LSR A ;divide by 2 
TAY 
LOA SCRTASLO ,Y ;look up screen address in tab le 
STA AD DR NOW ;for left end of screen li ne to be 
LOA SCRT ASHl ,Y ;plo t ted on 
STA ADD RN OW +1 ;and store on page 0 
LOA # 1 
sec SK IP01 ;if carry is clear then y coordi nate was even 
L OA #4 ;before division by 2 
STA N EWSY MS ;store #c1 or # 4 here, i f y even o r odd 
LOA XH l ,X ;get particle's x coordina te 
LS R A ;divide by 2 
sec SK IP02 ;skip i f x was even 
ASL NEWSYMS ;double NEWSY MS i f x odd 
ADC ADDRNOW ;add x/2 to le ft edge address 
STA ADDRNOW ; to get plott ing address 
sec SK IP03 ;skip i f no ca rry 
INC ADDRNOW+1 
LOY #0 
LOA (ADDRNOW) ,Y ;get sy mbol currently occupying 

partic le's 
STA OLDCHAR ;target plotting cel l, 0 LDCHAR = 

GRAFTAB- 1 
LOY ;';'15 ;prepare to look up symbol in table 
CMP OLD CHAR, Y 
SEQ FOUND IT ;exit when found in table 
DEY 
JMP LOOP02 ;have no fear, it w il l always be found! - OLD· 

CHAR =GRAFTAB - 1 
T V A ;b inary symbol in Y register, one bit for each Y. 

cel l 
AND NEWSYMS ;check for a col lision 
SN E HIT ;a h i t!!! no need to p lo t , but must coll ide ve loc­

i t ies now 
TYA ;resto re o ld b in ary symbol to accumu lator 
ORA N EWSY M S ;add new bit 
TA Y 
LDA 0 LDCHAR, Y ;look up new plotting symbol 
LOY #0 
STA (ADDR NOW ),Y ;plot new symbol 
INX ;increment pa rt icl e counter 
SNE TOPPLOT ;loop until done 
RTS ;back to BASIC control 
TXA 
TAY ; transfer particle cou n ter to Y register 
LOA X Hl ,X ;collid ing partic le's x coordinate in accumul ator 
DEY 
CMP XHl,Y ;look for the (previously plotted) colli d ing part ic le 
SNE SEEK ;loop unti l fo und a matching x coordinate 
LOA YHl,X ;do their y coord inates match too?? 
CMP YHl,Y 
SNE LOOP03 ;i f not, keep looking 
LOA VXLO,X ;match found - prepare to co ll ide velocities 
CLC 
ADC VX LO,Y 
STA MLO ;M LO and MHI store M=(VX1+VY1+VX2+ 

VY2) /2 
LDA VXHl ,X 
ADC V XH l ,Y 
STA MHI 
LOA MLO 
CLC 
ADC VY LO,X 
STA MLO 
LOA M HI 
ADC V YH l ,X 
STA M HI 
LOA M LO 
CLC 
ADC VY LO,Y 
STA MLO 
LOA MHI 
ADC V YHl,Y ;now we've got the sum, mu st d iv ide by 2 

to get M 
CMP # 128 ;first, essen t ial to set carry f lag for proper 

d ivision 

Listing 2 continued on next page. 

First, it's easy to write a loop to add up 
the kinetic energy of each part icl e; the total 
energy of the system should be conserved . 
Roun doff (from the division by 2, in par­
ticu lar) does make small errors occur, but 
I've fo und them to be tiny even afte r hun­
dreds of timesteps. It is interesting to note 
that the energy is directl y proportional to 
the temperature of the system. The eye can 
easi ly tell th e difference between "hot" and 
"cold" gasses, with some experi ence . 

It is also in teresting to plot the veloci ties 
of the gas partic les. In theory, after lots of 
collisions have occurred, the distributions 
of VX and VY veloc ities should be bel l 
shaped (also ca lled "Gaussian" or "normal") 
curves (see photos). It's quite satisfying to 
see a ridi cu lous initial distrib ution, with all 
the particles at rest except fo r one, evolve 
as co l I is ions happen toward the normal 
curve. (The width of th e dist ribution is pro­
portional to the square root of the tempera­
ture.) There are fluctuatio ns away from this 
equilibr·ium distribution, of course, but they 
ar·e sma ll , roughl y 1/YN""'6%in this model. 

Another educa tional phenomenon th at 
thi s model can illu strate is cal led Brownian 
motion, the "random walk" that a particle 
in the gas executes as it is buffeted by other 
ob jects. It's a 1 li ne addi tion to the or igina l 
program to change the symbol for one pa1·­
ticl e (number 0, fo r examp le) to something 
distinctive, so its motion ca n be fol lowed. 
(An ;isteri k w;is used in th e photos here.) 
On long timescales, the net motion of a 
particu lar particle is less than o ne might 
expec t - the average distance it moves is 
not (avera e speed)X(time), but (;iverage 
speed)X (time). (Al bert Einstein got h is 
Nobel Pri ze partly fo r his explanation of 
Brownian mot ion, publi shed in 1905.) 

There are many other "theoretical 
experiments" that one can do with this 
mode l of a gas. One could count the col­
lisions off a wal l and check th e ideal gas 
law which relates pressure, de nsity, and 
temperature . Another experiment cou ld be 
to measure the "speed of sou nd" in the gas, 
by giving a push to the particles on one sid e 
of the box, and seeing how long it takes 
the result ing dens ity wave to move across . 
(The box may be too small and th e gas too 
dilute to do this clea nl y, however; I'm not 
sure.) It might be nice to connect up the 
screen edges, so that particl es which move 
off the ri ght side appear at the left, etc. 
That way, one cou ld set up a "wind" (a net 
nonzero momentum in some direction) and 
it would las t forever (with in ro undoff) with­
out hi tt in g any box walls . Ano th er possi­
bil ity is to evolve a system forward in tim e 
for a whil e, and then reverse all velocities. 
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Effec ti vely, this reverses time - if roundoff is Listing 2, continued: 
un important, the particles shou ld retrace 
their paths and return to the initial con· 
f iguration, like a movie run backwards! 

This simu lation of a gas is extraord inari ly 
sim ple in princip le, but dis pl ays a surprising 
wealth of realistic physical phenomena. It's 
not surprising that sl ightly more complicated 
laws, acting on larger numbers of parti cles, 
can make galax ies and DNA molecules, 
snowflakes and cyclones . Th e chall enge is to 
simplify and then simulate them! • 
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in particular .) 

3. 	 Reif, F. Statistical Physics (Berkeley Physics 
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ROA A 
STA M H I 
ROA MLO 
LOA MLO 

SEC 
SBC VYLO ,X 
STA TMPLO 
LOA MHI 
SBC VY H l ,X 
STA TMPHI 
LOA M LO 
SEC 
SBC VXLO,Y 
STA VYLO,X 
LOA MH I 
SBC VXHl,Y 
STA VYHl,X 
LOA M LO 
SEC 
SBC VYLO,Y 
STA VXLO,Y 
LOA MH I 
SBC VYHl,Y 
STA VX Hl ,Y 
LOA M LO 
SEC 
SBC VXLO,X 
STA VYLO,Y 
LOA M H I 
SBC VXHl,X 
STA VY H l ,Y 
LOA TMPLO 
STA VXLO,X 
LOA TMPHI 
STA VX Hl,X 
JM P INCR X 

;o therwise sign bit wi l l be lost!! I 

;d ivision by 2 completed 
;calculate after-collision velocities now, 
as described 
;i n tex t 

;save in temporary place 

;proceed to collide al l velocit ies 

;collis ion fi ni shed - go back to ma in program 

This new concept In terminal equipment Is e 
for TTY type terminal replacement as well es for 
32n replacemenr. 

• Typewriter style keyboard. 
• 80 x 24 character display. 
• Hand-fed Hollerith type card and/or 

badge reader. • Half or Full duplex. 
• Printer interface. ·-........• Compatible with modems for 

remote use 
• 12" diagonal screen. 

• Switch selectable baud rate and bit 
pattern to 9.6K BPS. 

$850 without reader. 
1995 wltti single reader 
2595 with dual reader. 

/ 

"Requires Phone 1·s P1 ·5 conlroller for 3271 or 3272 emulatlon. 

PHOnE 1 
P.O. Box 1522 • Rockford , Illinois 61110 
Phone 815/962-8927 
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Adaptive Information 
Processing: An 
Introductory Survey 
by Jeffrey R Sampson 
Springer-Verlag, 
New Yori? 7976 
274 pages 
$14.80 

A book that deals with theoretica l com­
pu ting machines, the biology of an amoeba, 
and a very good checkers prngram should 
pique the interest of many readers. Adaptive 
Information Processing: An Introductory 
Survey is exce ll ent for someone who w;rnts 
a thorough overview of the su biects covered . 

The book deals with three broad topics: 
informalion and au tom a ta, biological in ror­
mation systems and artificial in tel ligence. 
The second and thi1·d ai-e at opposite ends 
of the spectrum of adaptive informalion 
processors : living organisms and "inte lli ­
gent" computer programs that m1m1c 
hum an thou ght. But the first topic, which 
deals with the natu re of informCltion and 
with certain imaginary, icle<:tlizcd comput in g 
machines, surnmai-izcs a body of knowledge 
that sets an upper bound on the transmission 
of data and on the problem solving limits of 
any computer. It is only in the li ght o f these 
li mitations th at th e later examinati on of 
living and nonlivin g infonnation processing 
systems becomes meaningful. 

The first section has five chapters 011 

commu nication theory, coding in fo1w ation, 
Finite au Loma ta, Turing machines, and 
cel lul ar automata . The last three sub jects 
refer Lo three leve ls of idea li zed computin g 
machines that mathematicians and compu tcr 
scientists have devi ed and stud ied to deter­
mine what problems can and cannot be 
so lved on a given machine. Most important 
are two facts : firstly, the Turing machine 
is capable of solving any problem th ;i t any 
computer can solve; an cl secondly, !"here <:1re 
certain problems that a Tur ing machine can­
not solve. This implies that the1·c arc pro­
blems insoluble by comput er. The fourth 
chapter is especially good fo1· its conden­
sation of the work done along these lines, in 
particular, the famo us "halting" problem for 
the universal Turing machine. 

The "Biological Information Processing" 
section devotes a ch<:1ptC1" each to info rrna­
tion processors on fou 1· levels: the biochem i­
ca l, genetic, neural, and ne1·vou s system lev­
els. The fi1·st chapter gives a concise descrip­
tion of the role of enzymes and DNA in the 
processes of biological information transfer. 
The fifth chapter deals with limited attempts 
of scientis ts to simu late various leve ls of bio­
logical processes via computer programs. 

The final section deals with five artificial 
intel ligence topics: pattern recogn 1t1on, 
game play in g, thern·em proving, gcne1·alizecl 
problem olvers and natLffa l language proces­
si ng. Herc, the auth o1· adm its th at his mate­
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Sol:The small computer that won't 

fence you in. 


A lot or s mantic nonsense is 
being to ·sect around by some of the 
makers of so-ca lled ''personal" 
computers. To hear them tell it , an 
inves tment of a few hundred 
doll ars will give you a computer 
Lo run your small business, do 
financial planning, analyze data in 
the engineering or sc ientific 
lab - and when clay is clone pl ay 
games by the hour. 

Well , the game part is true. 
T he rest of the claims should be 
taken with a gra in of sal t. Only 
a few personal computers have the 
capacity to grow and hand le 
meaningful work in a very real 
sen e. And they don't come 
for peanuts. 

Remember, there's no 
free lunch. 

So before you buy any personal 
computer consider Sol ~" I t 
costs more al the start but Jes in 
the end. I t can grow with your 
abili ty to use it. Sol is n t cheap. 
But i t"s not a delusion either. 

Sol small computers are at the 
very top of the microc mputer 

spectrum. They stand up to the 
capabi l it i s of min i systems 
costing four times as much. 

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

ol is the small computer 
system to do the general ledger and 
the payro ll . Solve engineering 
and cient ifi c problems. Use i t for 
word processing. Program it 
for computer aided instruction. 
Use it anywhere you want 
versatil e computer power ! 

Build computer power 
with our software. 

A t Proce or Te hnology we've 
tai lored a group f high-level 
languag s. an ass mbler and other 
package t suit the wide 
capabi l it ies of our hardware. 

Our exc lusive xtenclecl BAS IC 
is a fine exampl . Th is BAS IC 
fea tur s com pl et matrix functions. 
Il comes on cass tt or in a 
disk version which ha random as 
well as sequential fi les . 

Processor Technology FORTRAN 
is simi lar to FORT RA IV and 

has a full se t of extensions designed 
for the ·'stand alone" computer 
environment. 

Our PILOT is an exce llent tex t 
or iented language for teachers. 

Sold and serviced only by the 
best dealers. 

Sol Systems are sold and serviced 
by an ou tstanding group of 
convenient ly 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 
ore not created equal 
and Sol users know it to their 
everlasting satisfaction. 

ProcessorTechnology 




rial emphasizes the heuristic prngramm ing 
school of thought, which favo rs the methods 
th at produce the maximum amount of intel­
ligence, rather than those schoo ls that lry to 
model hum an thought processes. Eac h chap­
ter in this section describes th e tem1inology, 
basic concepts, and techniques of the sub­
ject. The game playing chapter is useful for 
readers interested in designing sophisticated 
game playi ng programs. 

These last chapte rs desc1·i be the most im· 
press ive "inte lligent" programs in several 
fields: Guzman's See, which analyzes and 
recognizes solid geometric fo rm s from a 
video picture; Samuels' checker playing pro­
gram, one of the most successfu l ga me play­
ing programs ; the theorem proving Logic 
Theorist and the Genera l Problem Solve1· 
(both by Newell , Shaw, and Sim on) ; Weizen­

baum 's Eli za and Raphael's Si r, both wri t ten 
to appear to understand conversational 
English. 

Each chapter ends with a complete bibli­
ography and a short set of exercises. A lot of 
material is presented in a short space, and 
the reada bi lity of the book varies with the 
reader's fa miliarity with the basic concepts 
of the subject being presented . Except for 
this one necessary shortcoming, the book 
still manages to cover some of the most im­
portant ideas and programs in computer 
science history. The section on biological in­
for matio n processing systems augments th e 
book's value. 

Gregg Williams 

1605 Eastmoreland #3 
Memphis TN 38104• 

BASIC Programming for 
Scientists and Engineers 
by Wilbert N Hubin 
Prentice-Hall Inc, Engle­
wood Cliffs, NJ 79 78 
$9.95 paperbound 

With personal computers currentl y fo l· 
lowing a geometric growth curve, I think 
BASIC will become Lhe Esperanto of the 
cognoscenti ; it nearly is now. Sin ce the 
profess ional comm unity forms a large user 
group, I fee l the science and engi ncer in g 
people wil l need Lhc ability to work in other 
languages besides the ubiquitous FORTRAN. 
Mr Hubin's f ine book is one of Lhc best" 
fi rst books of BASIC that I have seen. It is 
su itable for both the ex peri enced pro­
grammers seeki ng to add BAS IC to Lheir 
repertoires, and fo r the beginning science 
students who need both computer and 
Lcchnical problem solving experience. 

The first portion of the book is devoted 
to learning the language. The various state ­
ments of BAS IC arc defined and illustrated, 
and there is a discussion of elementary ter­
minal usage as well as hints fo r using BAS IC 
in the most effic ient manner. Eac h type of 
statement has rev iew questions and problems 
for each subsection, and, for the in secure 
among us, answers. Hints on troubleshooting 
are a ni ce bonus fo r the newcomer, si nce it 
takes a little ACL (ilccumulated computer 
lore) before one develops a feel for de ­
bugging code. Segments of programs show 
ju t how code consisting of BAS IC tatc ­
ment can be used to accomp lish the reader's 
purpose . 

The chapter on flowcharting ably demon ­
st rates the fu nd amentals of this art, dis ­
cus cs their applications, and then provides 
a diverse sampling of problems to sharpen 
the reader's skills. The autho r' editorial on 
flowchart in g may even bring old hand s back 
to the fo Id of those who do cu mcm programs 
before they become ope ratio nal. Handil y, 
once aga in , so lu tion flowcharts MC in the 
ppcndix . 

The concludi ng two chapte1·s are devoted 

to so lving technical problems with a com­
puter. The prob lems dese rve a mention here , 
since they form a nucleus of problems suit­
able for a science course. Equations of mo­
tion , ce nters of mass, Hermite polynomials, 
and others serve to show the student how to 
apply the com pu ter to classroom concepts. 
The range of prob lems is supe1·b, from simu l­
taneous equat ions and least squares fit to 

solutions of differential eq uations and error 
analysis. Each ap plicat ion mastered will 
mea n a valuable addition to the reader's 
sk ill s. The problems are drawn from th e 
gam ut of the engineering ra nks and the 
physical sciences, and footnotes refer th e 
reader to th e jou rnals of science. Comple­
tion of these exerci ses will give the prac­
titioner a mastery of BAS IC and a few 
fund amentals of science. 

The append ices offer a sum mary of 
BAS IC statements and the meaning of each. 
There is a short example of terminal usage 
employi ng a Digital Equipment Corp PDP -1 1 
as an example. Especially handy is the sec­
tion on BASIC error messages, although it is 
a bit brief. In familiariz ing yourself with a 
new mach ine or la nguage, deciphering the 
error messages is usually a headache. Th e 
computer's opin ion of the defects in a 
program is often exp ressed in a cryptic 
manner . 

While machines vary, begi nn ers' mis­
takes do not , and the co mmon ones are 
listed . In addition, th ere is a useful index. 
The bib I iography focuses on books applying 
computers to the physical sciences . Through· 
out the book, the print is well-displayed and 
easy to read. If you are th inking of learning 
BASIC, think of this book . 

Noel K Julkowski 
18755 V an Buren St 
Salinas CA 93901 • 
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INTERTEC'S 

INTE<rlBE. 
VIDEO DISPLAY TERMINAL 

ATTENTION RETAILERS : 

lnterTube Terminals are easy to sell 
for one simple reason . They 
outperform the competition so well 
that it 's embarrassing to have any 
other terminal on display. Add to that 
fnterTube's rugged design which 
insures you of the reliability that 
brings customers back. And modular 
design engineering that makes 
servicing a snap! 

But best of all, the lnterTube is 
readily available. Just a quick call and 
you'll have units in stock. 
Immediately! And our scheduled 
delivery program will help you keep 
them in stock. 

Good margins, good service, good 
delivery. Simple? You bet it is! 
lnterTube dealerships are now 
available in many areas. Contact us 
today and start selling from stock 
tomorrow! 

9i1Fr INTE~TEC ·· 

The lnterTube Video Display Termina l 
is truly representative of the latest 
state-of-the-art advances in 
microprocessor technology. Its bas ic 
teletypewriter compatabi li ty 
combined with its numerous "smart" 
terminal features sat isfy the universal 
requirement for a low-cost, high 
performance video terminal. 

You get everything you need for 
cleaner input and faster throughput. 
An upper and lower case character set 
displayed on a sharp 8 X 10 dot matrix. 
A full 24 line by 80 character screen. A 
status line which is displayed in 
half-intensity . A complete ASCII 
keyboard with an 18-key numeric pad. 

You get full cursor addressing, 
automatic repeat of all keys, individual 
backspace and shiftlock keys. A 
graphics mode to facilitate easy design 
and display of all types of forms. 
And you get everything your operators 
need to make their jobs a pleasure. A 
hooded display that cuts glare and 
gives extra privacy. A wide bandwidth 
monitor for sharp images everywhere on 
the screen. Below-t he-line character 
descenders to make reading easier. A 
programmable white-on-black or 
black-on-white display, and a self-test 
mode for easy maintainability . 

You get high powered text editing with 
such features as character and line 
insert/delete, full and/or partial block 
transmit, programmable end -of-line 
terminators, and protected fields. All 
standard. And all for a retail price you 
won't believe .. . only $874. Incredible! 

::!:IJJk ~.:.,,.~, 2300 Bcood Rim Ro•d • Col"mbi•, Sooth ~rnlioo 29210 • B03 / 79B-9100 • TWX o810-666-2115 
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Sources of Numerical Error 


Daniel R Buski rk 
POB 21 1 
T he Rockefeller University 
New York NY 10021 

About the Author 

A growing number of microcomputer 
enthusiasts are find ing the need to perform 
control operations, evaluate complicated 
mathematical expressions and analyze statis­
tical data. In short, many hackers wa nt 
to tackle problems conventio nally left 
to larger com puters . To do th is, they must 
become acquainted with error analysis. 

Programmers need to be concerned 
about errors in any program involving the 
eval uation of a function or algebraic ex­
pression, or one which involves a large 
number of simple but re petitive operations. 
Even in contro l app li cations, it is often 
critical to be aware of the potential for 
error. 

What do we mean by error? The riumer­
ical ana lyst, a professional mathematician 
involved with the design and analysis of 
numerical algorithm s, recogni zes three dis­
ti nct ty pes of error. The first is the blunder, 
which is not an error at all in the mat he­
matica l sense. A blunder is a gross error: a 
mistake in program logic, a typograp hica l 
error, or perhaps only a misp laced decimal 
point. The mathemat ician, like the rest 
of us, must shrug his shoulders at a blunder, 
and hope to do better next tim e. Blunders 
need not concern us here. 

Certain ly blu nders account for the vast 
majority of errors; but what other types of 
errors are there if we ignore blunders? One 
type is the truncation error. For example, 
take the infin ite series representation of the 
funct ion sin(x) : 

x
si n (x) = 


1! 3! 5 ! 


If we were to use this relation to evaluate 
sin(x) in a computer, we could not carry 
this series on forever. Whenever we stop, 
we have failed to evaluate the r·e maining 
terms in the expression, or truncated the 
series. Those who understand a little ca lcu­
lus wi ll recognize that this series converges" 
that is, it gets arbitrarily close to the correct 
value when sufficiently many terms are 
calculated. But there must always be a 
sma ll but finite truncation error (if th is 
computatio n is carr ied out on a digital 
computer). 

Another calculation involving truncation 
error is the evaluat ion of integrals using the 
trapezo idal rule . Though an infi ni te series of 
tra pezo ids, each approaching zero width, 
wi l I give us the area un der the curve (its 
defi nite integral ) exactly, any comp uter 
evaluat ion must settle for a finite number of 
trapezo ids. Thus there wil l be tru ncat ion 
erro r. To be sure, it is generally possib le to 
avo id the co nsideration of truncation errnr 
by simply requir ing that the truncation 
error be less than the precisio n of the whole 
ca lculation. However, the clever programmer 
recognizes that there are usual ly several 
different in finite series representations of 
any function. Often, one of these series will 
req uire significantly fewer terms to come 
with in the requ ired precision. 

The error of most concern to numerical 
programmers is not truncation enor but 
rather roundoff error. Since the wo r·d length 
in most computers is fixed, any number· 
that exceeds this length must be rounded 
off befo re it can be stored in the computer's 
memory. This error is the most significant, 
so we shall consider it in more deta i I. 

Although almost all "big" computers 
store num bers in binary digits, the following 
examples are given in base ten because it is 
more fami lar (and it is similar to the binary 
coded dec imal format often used in micro­
computer floati ng point packages). 

Most computers store a real number by 
breaking it down into a mantissa and an 
ex ponent, much like scie ntific notat ion. 
A word whic h looks like this : 

Daniel Buskirk is currently a graduate fellow at Rockefeller University, 
where he is studying neurobiology. He has a bachelor's degree in mathe­
matics and zoology. His current professional interest is the application of 
mathematical and computer methods to the study of neuronal structure. 
When not working, he enjoys photography, playing the piano, and, of course, 
fiddling with microcomputers. 
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Our Two Bits 


1 .· ·"' . I " ·" "'...! ~ 

Bit Pad'" is the low-cost digitizer for small computer systems. Better th:~ 
joystick or keyboard for entering graphic information, it converts any 

point on a page, any distance into its digital equivalents . It's also a menu for 
data entry. You assign a value or an instruction to any location on the pad. 

At the touch of a stylus, it 's entered into your system . 

Who can use it? Anyone from the educator and the engineer to the hobbyist 
and the computer games enthusiast. The data structure is byte oriented for 
easy compatibility with small computers, so you can add a power supply, 

stand alone display, cross-hair cursor and many other options. 

Bit Pad by Summagraphics. The leading manufacturer of data tablet digitizers. 
Bit Pad. The only words you need to say when considering digitizers. 

$1,000 creativity prize. Just write an article on an original Bit Pad application 
and submit it to any national small-computer periodical. If the editors publish 

it-and the dec ision is solely theirs - Summagraph ics will pay you $1,000. 

Dealer inquiries invited 
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x 

mantissa ex ponent 

wou ld 1-e prese nt the r·ea l number 0.7352 x 
1o5 or 735 20. Now, if we wish to store a 
number larger than fou r· dec imal places, we 
must rou nd it o ff. (It is true th at our ex­
ponent here is limited to two decimal 
places. Any exponent with three 01· mo re 
places in th is case re prese nts an overflow 
cond ition. Since ove rflow is gene ra lly eas il y 
avo ided, we will not discuss it here.) Con­
sider the numbers 81931 1724 and 0. 76 ·1253_ 
In the first case, ro unding off to 0.893 1 x 
10 7 represents an erro r of 724. Th e er-ror 
in roundi ng the second is 53 x 10- 6. Thu s, 
it is most common for the numerical ana lyst 
to speak of relative error ra th er than abso­
lute errnr. In this case, both errnrs will be 
on the order of 1o- 4 of the va lue bein g 
stored in memory . 

If thi s error seems tr ivial, let us look at 
an exa mple, albeit a co ntr·ived one (more 
real istic examples wil l be examined later). 
For insta nce, if we wish to eva lu ate th e 
ex pressio n: 

a-b 

where a = .89136 and b = .89134. Roundi ng 
a and b and subtract in g, we get 10,000 
rather than 50,000, th e co1-rect answer. 
Thus our answer was off by a fac to r· of 
five even though our round off er-ror was 
very smal l. It might be argued that doub le 
precis ion ca lcu latio n wou ld have elimin ated 
the proble m comp lete ly. Clearly, accuracy 
in creases with increased word length, but 
roundoff neve r disappears . Since some hand 
calcu lato rs use up to 13 decimal d igi ts in 
stor ing numbers whil e displayi ng ten digits, 
we might ex pect them to have " mo1-e than 
enough" accuracy. Bu t in many engineeri ng 
and statistica l prob lems, calcu lato rs can 
make significant errors. The reader con­
cerned with ca lculato r accu racy might wish 
to read the short article by Bern ard Co le in 
the November 25 1976 iss ue of Electronics. 

The reason for the probl em with ro un d­
off, even with 13 digit accui-acy, is the 
situation most frustrating fo r numerical· 
programmers. Rou ncloff occu r·s at every 
step of any program. 1n a very long progra m, 
roundoff erro r may have bee n introduced 
many mill ions of t imes. This error may 
propagate itse lf and accum ul ate in to a very 
large error in the resul t. Programs in wh ich 
thi s propagation of error is likely to occur 
(find ing the inverse of a large matri x, fo r 

instance) are generally so complicated 
that it is impossib le to predict precisely 
what the effect of constant roundi ng off 
will be. Often the numerica l analyst resorts 
to probabi lity theory to get an idea of how 
much error is like ly to be in the resu lts. 

Erro rs often become crit ical when fu nc­
t ions are calculated. Let us assume we have a 
value fo r the varia ble x stored in memory. 
There is some error associa ted with 
(perhaps rou ndoff error, or maybe x is the 
result of a physical measurement). We' ll ca ll 
this error 8. Th us x = x0 + 8, where x0 is the 
unk nown true value of x. It may be very 
easy to calculate some function of x, f(x). 
but what is the error of the r·csul t? Let us 
define the error of th e resu lt as E. Then: 

If we know our ini tia l erro r 8 is small, 
we would like to assume the error € is 
mall as wel l. If the funct ion is simple, or 

involves on ly one var iab le, we can be confi­
dent the resu lting error is not large if neither 
8 nor th e deriva t ive of the fu nction at is x0 
lar·ge. Bu t what about Functions of more 
than one variable? What about com pl ex 
algo rithms such as th e solution lo simul ­
taneous equations, ofte n done usi ng a 
process mathematici ans know as Gau ssian 
elimin ation? Very often, small errors in the 
in put va lues wi ll yield resLilts wh ich are off 
by a significantly large amount . So large, 
in fac t, tha t th e resul ts are worth less and the 
programming is futile. This situatio n is d is­
tressingly comm on in everyday problems in 
science, enginee ring and th e socia l scie nces. 
Numerica l anal ysts ca ll a problem well 
posed if small erro rs in input st il l result 
in a re li able answer. However, eve n a well 
posed proble m can be so lved in accurate ly 
if the programmer has not chose n his algo­
r·ithm cautiously. 

With al l th is ta lk about errors, what can 
be done? Is there any hope at al l of obtai n­
ing consistently reli able results? Un fo rtu­
nately, there are no general meth ods. How­
ever, the programmer wh o is aware o f how 
errors can occur is in a better pos it ion to 
compensate fo r them. For instance, let 's 
look at the general quadrat ic equatio n: 

x2 + 2bx + c = 0 

[Note: Th e expression on the left side of 
this equation is equivalent to the familiar 
form used to generate the quadratic formula, 
ax2 + bx + c. However, it leads directly to 
the computationally simpler form of the two 
roots X1 and X2 . . . CM] 
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If we have a computer· of word length t, 
we might reasonably hope to solve for x by 
using the form ulas 

x, - b + 

Th ese form ulae work we l I in most cases, but 
the astute programmer should notice that 
th ere is a prnblem if b < 0 and 

In that case: 

x2 = - b- \l'b2"=c 

will give an erroneous result. A programmer 
who tests for this condition can the n ca l ­
culate the correct result simply, using the 
relation 

For another example, consider the 
exper imenter who wishes to record the 
temperature of his home hourly, 24 hours 
a day, and print out the average of the last 
24 read ings (perhaps he also wants to exe­
cute some control operation based on th is 
average) . Being incl in ed toward effic iency, 
this fellow decides that after havi ng added 
24 readings for the f irst ave rage, for each of 
the succeedi ng averages he need only add the 
newest reading and subtract the oldest from 
his running total, rather than read all the 
readings every hou r. What might happen 
here is that srnal I errors which occur du ring 
the arithmetic are never disposed of and can 
accum ulate without any upper limit. Perhaps 
the error might eve ntually become as large 
as the measurement itself! I f this programmer 
were not quite so "efficient" and calculated 
using the last 24 readings each hour, the 
error would be, at most, 24 times the error 
for each data point. 

Folk wisdom claims, "The r·e's more than 
one way to ski n a cat." Likewise, there's 
more than one way to do most calcula­
t ions. A+B-A does not always equal B to 
a computer. Algebra te lls us that A(B+C) 
= AB+AC, but again, the computer some­
tim es disagrees. It is the programmer's 
responsibility and chall enge to understand 
his algorithms and to choose them wisely. 
The reward for the trouble is results he can 
trust! • 
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APPLE IWHEIS: 

You chose the best. 

Now, make it better! 


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

•Full ASCII character set (lower case) 
• 31 other, useful non-ASCII characters 
• 	User-defined characters with our 

Character Edit Cassette 
• Enhanced editing capabilities for 

program and data modification 
And , it works with your existing 
APPLE programs-Integer BASIC 
and Applesoft. 

• 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. 

The Superchip plugs into your APPLE with 
no modification. 

ORDER NOW SUPERCHIP $99.95 
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Character 
Edit Cassette $19.95 

Shipping Charge (each) $ .75 
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Robin C Moseley 
14 Standish Ci r 
Andover MA 01810 

A Comparison of 

Bar Code Encoding Schemes 

The purpose of th is art icle is to com pare 
some of the encodin g schemes wh ich might 
be used for bar code software. Th e three 
most important charac teri stics of an encod­
ing scheme are: 

• 	 Pack ing effic iency : how many data 
bytes per prin ted page. 

• 	 Vulnerab ility to wand speed changes 
and other timing errors. 

• 	 Number of storage by tes required fo r 
t1m 111g information, assuming post 
read processi ng of timing data. 

Other less important facto rs include human 
readability and the constancy of DC ou tput 
leve l. 

Three methods have previously been de­
fin ed in "A Proposed Standard for Pub­
lishing Binary Data in Mach ine Readable 
Form ," by Walter Banks and Carl Helmers, 
November· 1976 BYTE, page 10: bar width 
modulation (format 1 ), ratio recording 
(format 2) , and fixed gap bar width modu­
lation (format 3). The other schemes lis ted 
in table 1 inc lu de rrequency modu lation 
(FM) , phase encod in g (PE), non return 
to ze ro inverted (NRZI), synchron ized non ­
return to zero inverted (SN RZI) , modified 
frequ ency mod ul a tion (MFM), grou p coded 
recording (G RC) and ze ro modulation (ZM). 

In ph ase encoding (PE), a 1 is repr·esen ted 
by a transit ion from white to black and a 0 
by the opposite transition. Additional t ransi ­
tions are added to accou nt for success ive 1s 
o r Os . Th e frequency modul ation (FM) en­
coding method provides a transition in either 
dir·ection at eve ry bit boundary, and an addi­
tio nal tran sition to mark each 1. The 1-es ul t­
ing code is very simil ar to that created by 
the phase encoding meth od, since both pro­
vide tim ing in fo r·mation at least once pe r· bit. 

The non return to zero inverted (NRZ I) 
encoding scheme generates a black to white 
(or vice versa) transition ro r every ·1. The ab­
sence of a transit ion de notes a 0. This 
meth od has the disadvantage th at no ti ming 
in fo rmation is generated durin g a str ing of 
Qs. The synchronized nonreturn to zero in ­
verted (SNRZI) meth od adds a 1 to every 
byte to gua rantee at leas t one piece o r tim­
ing info rmati on per byte. If the red und an t 
clock t ransi ti ons are el iminated from the fre­
quency modul ation code, the number of 
transi ti ons per bi t is halved , do ubling the 
possible density of data for a given minimum 
modu le width; this is modified frequency 
mod ul ati on (M FM) . 

Zero modul ation (ZM) and group coded 
reco r·ding (GCR) are mod ifications of th e 
non return to zero inverted method whic h 
are desig ned to guaran tee timin g information 
at leas t once every two or three bits, respec­
tively. In group coded r·ecording, each 4 bit 

Table 7. Comparisons of various encoding schemes. Overheads such as parity and sync bytes 
were not included in the packing density calculations. The maximum timing bytes per data bit 
were determined assuming perfect bar codes and do not allow for such problems as dirty bar 
codes. 

Packing 

Average data 
Encoding scheme bit duration 

("modules") 

density 

Data bytes 
per page 

Timing 

Absoluate timing 
tolerance 
("modules") 

tole

Wand speed Constant DC 
tolerance level 

rances Memory requirement 

Maximum timing bytes 
per data bit 

Format 2 3 1170 0.5 25% No 2 
Format 3 2.5 1400 0.5 25% No 2 
FM/PE 2 1750 0.5 25% Yes 2 
Format 1 1.5 2330 0.5 25% No 1 
NRZI 1 3500 0 .5 6% No 1 
SNRZI 1.125 3100 0.5 10% No 1.125 
MFM 1 3500 0.25 12.5% No 1 
GCR 1.25 2800 0.5 16.7% No 1.25 
ZM 1.125 3100 0 .25 12.5% Yes 1.1 25 
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. in an effon to offer products ~hat meet the conti_nually _changix:ig demands of the microcomputer 
tndu scr , ~ARBELL ELECTRONICS 1s pleased to offer .1mmcd1ate delivery of these quality components 
and operating software. All TARBELL products are ava ilable from computer tore dealers everywhere . 

Tarbell Floppy Disk Interface 	 Tarbell Disk BASIC 
• 	 Runs n 8080, 8085 or Z80 
• earc hes a file q uickly for a tring. 

• 	 Plugs directly into • p to 64 files open at once . 

yo ur IM /\I or • Random J\ccc · . 

ALTA IR and handle • Assignment of 1/0. 

up to 4 ·randard sin­ • lph an umeric line labels allowed. 

gle drives in daisy­ • Read and Write tring r numeric 

chain. data. 

• 	 Operates at s tandard • Unlimited length of variable nam es 

250K per second 
 and strings. 
on normal disk for ­ • Procedu res with independent varia­
mat capacity of 256K bb. 

• umber system 10 dig its BCD inte ­bytes. 
ger or flo.tting point. 


CP/M Operating Sys­

• 	 Works wirh modified 

• ha in ro another program. 

tem and BA IC-E 
 • 	 Cause programs to c appe nded on-

t programs alrea in memory.Compiler. 
• 	 Cause in terpreter to enter ed it mode 

us ing l 5 single character clit com­
•I Jard ware includes+ extra I slots, 

builr-in phantom bootstrap and on ­
mand s.board crysta l cloc k . Use WD 1 77 1 


LS I hip. pecify drive for assemb led uni rs. 
 Occupies 24 1< of RAM . Tarbe ll BAS IC 
on CP/M Disk ..............$48 .• Fu ll 6-monrh warranty and extensive Complete disk subsystem with opera­


documentation. · ting sofrware available . Please inquire 
 S urcc on paper or CP/M Disk ... $25. 
CP/M and BASIC-Eon disk wi h • Kit $190 ..... .. A embled $265. for dera ils. 

manuals. 	 . .S lOO. 

Tarbell 32K RAM Memory 
• 	 321< Stat ic Memory 
• 	 S- 100 Bus C nnecror 
• 	 9 regulators provide excell e nt hear disrriburion. 
• · xrendcd add ress ing (bank switch in g.) 
• 	 Phanrnm line. 
• 	 Lo w power rcquiremenL 
• 	 20-Page operating manual. 
• 	 Full I -year warramy. 
• 	 Assembled and re red ful l pri ce nl y $625 
• 	 161< version also availabl e, assembled and rested on ly $390. 

Tarbell Cassette Interface Tarbell Cassette BASIC 
In cludes most features of ALTAIR Extended BA ' JC, plus 
these added features : 
• 	 Assignment of 1/0. 
• 	 Alphanumeric line labels. 
• 	 Unlimited length of variable name and stri ngs. 
• 	 Number ·ys tem 10 digits BCD integer or floating point. 
• 	 Procedures with independe nt variables. 
• 	 Read and Write string data. 
• 	 Multi -file capabi lity. 
Fu ll p ri ce with co mplete documen tatio n ........... .$48. 

Prepaid, COD, or cash on ly . California reside nts please add 
6% sal 'S tax. 
ALTA I R is a trade111arlz l tmde11a111e of Pertee Computer Corpo1·ntio11 
CPIM is a trnde111ark/1mde11a111e of Digital Researcb

•Plug direcrly into your IMSAI or ALTAIR. 
• 	 ·asrest transfer rare: 187 (srandard) ro 540 byte /second. 
• 	 Extremely reliable-Phase encoded (self-clocking). 
• 	 ..J. ex era srnrns line , a nd 4 extra con trol lines . 
• 	 37-page manual incl uded . 
• 	 Device code se lectab le by DIP-switch. 
• apab lc of ge nerating Kansas City rapes. 
• 	 No modificati n requir don audi casse re recorder. 950 DOVLEN PLACE• SUITE B• 	 Complete kit $1 20 ....... . .. . .... . Assembled $ 175. 
 CARSON. CALIFORNIA 90746• 1anual m ay be pu rchased separately . . 	 $8. 
• Full 6-monrh warranty o n kit and assembled uni cs. (213)538-4251. (213) 538-2254 
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Technical Forum is a (ea· 
1ure in tended as an in Ierac tive 
dialog on the technology o f 
personal compu ting. The sub· 
jec t molter is open-ended, and 
the in ten t is to foster dis· 
cussion and com munication 
am ong readers of 8 YTE. We 
ask tha t all corresponden ts 
supply their fu ll names and 
addresses t o be p r inted wi th 
their commentaries. 

uni t of data is mapped into a un iq ue 5 bit 
word chosen to ass ure no more than two 
consec utive Os. In zero mod ula tion each bit 
is mapp ed into two bits and the result en­
code d in nonre turn to zero inverted form at. 
The net resul t is co mparable to that pro­
vi de d by group cod ed record ing with the 
adv antage, useful in the magne ti c recording 
fi eld, of a consta nt DC leve l. 

All these schem es ca n be handled re la­
tive ly simp ly in software. Th e dec iding fac­
tor should be made on other grou nds. 

Table 1 compares the numbe r of data 
bytes which can be printed on an 8. 5 by 11 
inch (21 .6 by 27.5 cm) page, assumi ng a 
na rrow bar wid th of 0.014 inches (0.04 cm ) 
and a line to line spacing of 0.15 inc hes 
(0.38 cm) . Severa l of the methods li sted will 
prov ide between 2500 and 3500 bytes pe r· 
page. Since packing density is not particu­
larl y cri tica l in this appl ication, the choice 
should be made on the basis of the remain ­
ing and cruci al criter ion : vulnera bi lity to 
wan d speed changes and othe r timin g errors . 

It is in this area that the require ments of 
hand held optical readin g dive rge from those 
of machine driven magne tic recording. In the 
magne ti c r·ecord ing field , short term varia­
tions of the re lative veloc ity between the 
medi um and the head are hel d to a min i-

tiny-c Is a structure programming language designed 
to allow you to focus attention on the problem you 

want to solve - rather than the language you're using 
to solve it. With tiny-c you can expand your horizons 

far beyond the limits of BASIC. The tlny-c Owner's 
Manual (i r.icluding 8080 4o 

and PQP-11 s01Jirce c0de) is$ 
M111etline re111dal::ile e0pies of the • 

infe~prete r< are mv.eilall>le en selected media. 
iJ"0 ©rder y0ur ttny-.c Owmer's Mahw01 oall et write; 

tlnv c esseeietes, P.O. Box 269, Heimdal, 

ti•n N.J. 07733. (201) 671 -2296. 
YeU'll quickly GtJsepver tlny-c 
Is r:i~lJrally right for your 
liD~ . · needs. 

mum. The designer's main concern is with 
the abso lute value of the permiss ible phase 
error; ie: the amoun t by wh ich ti ming error· 
may apparen tly move a trans ition before 
playback errors occur. Th e speed of a hand 
held wand may vary widely from place to 
pl ace on the data track. In this case we are 
concerned wi th the permissible percent 
speed ch ange wh ich can occur between two 
tran si ti ons rel ative to the average speed over· 
the previous fe w transitions. This may be 
ca lcu lated as the percentage ratio of the per­
missible ph ase error to the maxi mum time 
wh ich can occur betwee n transitions. 

Table 1 expresses the timin g tolera nce of 
each scheme in term s of the permissible 
speed change and the abso lu te tim ing ermr. 
Since the mod ified frequency modula ti on 
and zero mod ulation methods have to dis­
tinguish between bars which are 1, ·1.5 and 
2 mod ules wide, they are both twice as sensi­
t ive as the others to absol ute erro rs such as 
pr in ti ng tolerances, and may be rejected for 
bar code prin t ing for this reaso n. 

The choi ce be tween the remai nder may 
be made on the basis of a comp romise be­
tween packing density and speed tolerance. 
The percent speed variations listed in tab le 1 
are permi ss ibl e only in the idea l case, in 
wh ich prin t ing to lerances and other t iming 
err·o r·s are ze ro. In real life , shor t term con­
sistency of wa nd speed is more cri tical than 
ta ble ·1 makes it appear to be. ASC/ I code 
pri nted by the non return to zero inverted 
method can have eight success ive zeros, even 
if the null characte r is no t permitted . Th is 
leads to a very low speed change tolerance . 
The sy nchronized nonre turn to zero in­
verted method reduces the number of con­
secutive zeros to fi ve by introduci ng an extra 
1 per byte. Nevertheless, th e speed tolerance 
is st il l low and bo th methods may be el imi­
nated fo r th is reason. 

Of the remain der, group coded recording 
has the grea test pac king de nsi ty, by 20 per­
ce nt, bu t the others have a 50 percent 
grea ter tole rance to speed variations. It is 
questi on abl e wh ether the software comp I ica­
t ion and lower speed tolerance of group 
coded record ing are wo rth wh ile in th is ap pli­
cation. 

This leaves freq uency mod ul ation, phase 
encod ing, bar wid th modula tion, rat io re­
cording and fixed gap bar wi dth mod ulation 
as altern at ives. All these methods have the 
same speed and absolu te timi ng to lerances. 
The choice may be made on the bas is of 
pac ki ng de nsity. The bar wid th modul ation 
method comes out fa r ahead of the other 
me thods. Bar width mo dula tion is the logi­
cal choice fo r the encod ing o f printed soft­
ware in te nded for recovery by a hand held 
light wand .• 
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Puzzl ing Machine Language Puzzler 

The " Machi ne Language Puzzler" 
in BYTE January 1979 , page 52 wa 
very in 1eres1 ing. Howevc r, I must dis­
ag ree wi 1h the aut hor's detailed analysis 
of how the program works. It is a CALL 
FFFD instruccion loca ted at add ress 
FF FD which repeated ly ca lls itself, 
push in g a return address of 0000 on 
the stack, unti l all of memory is zeroed 
in cluding the program itself. 

Let's lake a detai led look at wha t 
happens after memory locat ions 0001 
throu gh FF FC have been ze roed. Fi rs t, 
the CALL FFFD instruction is fe tched 
from locations FFFD , FFFE, and FFFF . 
Th is ca uses th e program counter to 
be loaded wit h FFFD, and Os are wriu en 
into loca1ions 0000 and FFFF. At 
lhis point th e CALL instru c tion has 
been cha nge d to a CALL OOF D, but the 
program docs not yet bra nch to ad dress 
OOFD as stated . The nex l ins1ruction is 
still fe lched starti ng at address FFFD , 
si nce 1h e CA LL FFFD was fe tched from 
memory bef ore loca lion FF FF changed 
from FF to 00. Now th e CA LL OOFD is 
fetched, Os are written into loca tions 
FFFE and FFFD, and the program starts 
executing NOPs al ad dress OOF D. Note 
that no NOPs are executed a t 
all until all of memory has been zeroed. 

In th e case whe re mem ory only 
exis ts at ad dresses 0000 to OOF F and 
FFOO to FFFF, opera tion of the pro­
gra m is ve ry complex. It proceeds as 
above throu gh zero ing all existing mem ­
ory and branching to a NOP at OOFD. 
When 1he FF (RST 7) is executed a t 
locacion 0100, a 0 101 is pushed on the 
stack al loca tions FFFC and FFFB. 
Memory continu es to fil l up with 01 Ols 
until a 01 is writte n a1 loca tion OOFF. 
Starting a t this point the return add ress 
pushed on 1he stac k may be 0101, 0102 , 
or 0103 dependin g on whe th er th e 
RST 7 is exec u ted at 0 100, 010 1, or 
0102. Remember th at one or two bytes 
of FF may be read as data of a LXI B, 
data instructions. The program ends up 
execut ing a complex sequence of LX I B, 
STAX B, and INX B inst ructions in a 
loop sta rting a l address 0038 and ending 
witl1 a RST 7 instruction a t 0100, 010 I, 
or 0 I02. The program will keep ch angin g 
itself as the stack wraps around foreve r. 

It is still an interest ing program. The 
net effec 1, in the first case, is still th e 
same. I wo nder if a similar program that 
ze ros ou l al l of memory includ ing i tscl f 
exists for other microprocessors as we ll? 

Keith Rubo w 
18454 Bel lefont Dr 
Azu sa, CA 91702 • 

D 

Not justa -,nachine 

thate111Ulates one. 

The Pascal engine doesn't merely interpret P-Code, its instruction 
setis P-Code. This powerful computer runs the full UCSD Pascal 
Operating System and includes all of the following items: 

•Pascal microengine™ with 32 bit FLOATING 
POINT instructions including floating point 
MULTIPLY & DIVIDE with provision for expanding 
instruction set to include double precision. 

• 	64K bytes (32K words) of RAM 
expandable to 128K bytes. (64K words) 

•FLOPPY DISC CONTROLLER with 
direct memory access (DMA) 
swi tch se lectable for : 
- single, or double density 
- 8" floppy or mini floppy 
-1 to 4 drives (same type) 

•Complete UCSD Pascal Operating System 
-PASCAL compi ler -File Manager 
-BASIC compiler -Scree n oriented editor 
-GRAPHIC package -Debugger 

•Two RS-232 asynchronous ports 
(110-19,200 baud) 

•Two 8-bit parallel ports 

•Auto test microdiagnostics 

• Documentat ion 

$2900 Complete with stylized low profile housing 

and power supply 


Special Introductory price $2500 through 4 / 30/7 9 

~CUTTING EDGE OF 

~ TECHNOLOGY,lnc. 


19th floor, 61 Broadway, New York, N.Y. 10006 
212-480-0480 
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Smart Memory Part I 


Randy C Smith 
115 Crosby Ct # 2 
Walnut Creek CA 94598 

About the Author 

Randy Smith is em­
ployed by Semionics 
Associates as the design 
engineer for the REM 
S-100 board and is the 
coinventor of REM. /-/is 
personal interests in­
clude artificial intelli­
gence research, es­
pecially language com ­
prehension. 

There is a u eful disti nct ion bei ng made 
today between two ty pes or disp lay term i­
nals: so-ca lled "d umb " term inals perform 
the necessary functions of data reception, 
transm issio n, and display. Th eir intelligent 
counterparts, however, are capable of per­
fo rming sophis ticated data manipulations on 
their own, relieving the hos t processor of 
some of th e routine burden. The same dis­
tinction coul d be drawn from memOl"y 
systems. In mos t machin es th e memory 
component fo rm s a passi ve bl ack board: 
its function, the principal one of any mem­
ory, is to remember. Yet memory sys tems 
can be built which Lake a more ac tive pro­
cessi ng ro le. 

Wh at kin ds of things could a smart 
memory do? The norm al random access 
memory has uni qu e addresses fo r its ce ll s, 
an d an add ress must be provi ded to read 
or write information, one cell at a Lim e. The 
concept of address or location as a necessa ry 
attribute of co ntent may be diffi cult fo r 
beginning progra mmers to gras p. A far more 
palatable idea to the human thin ker is that 
words, shapes,- or sou nds serve to "cal I up" 
the in fo rm at ion assoc iated with them. 

Suppose we distribute some intelligence 
th roughout our spec ial memory sys tem, 
anim ating it by changing each mem ory 
word in to a demon . These demons are 
ju mbled about together in a darkened cave, 
and their principal charac teristic is th at they 

MAS K 0 	 0 0 

1 1 l l @)
1------------------------1 ! 

-~;-~-:-:T-E~M....:T-C_H_l _1 ITOOL ________ IHAMMER ____ IBALL- PEEN- I 2 5 I:-8 
L-----------------------~ TAG 

COMPARAND x 	 x xIHAM MER _-- - · I 

X •DON 'T CARE 

EXAMPLE ITEM GENER IC QUA N · SUBTYPE FOR MAT CLASS IFICATION GROUP TIT Y 

Figure 7: An example of full word parallel in formation retrieval. 
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recognize when they are being spoken abou t. 
Aside fro m that, th ey are rather lazy, wo rk­
ing onl y when standing up , and sitting down 
fo r a snooze at the earli es t opportunity. For 
example, our demons mi ght represent inven­
tory information for a hardware store. 

"Al ri ght, everybody on your feet!" 
(Otherwise nobody would pay 
attention .) 

" I 	wa nt anyone who knows anything 
about hammers." 

(There is a resou nding thud as all 
sorts of appliance demons, chain ­
saw demons, etc sit down and 
resume their naps.) 

"Specifically, ba ll -peen hammers." 
(Claw hammer and jackhammer 
demons drop out, leaving, in this 
example, one solitary demon .) 

" How many do we have on hand?" 

We did not need to know wh ere the 
demo n was who answered us . A reply to our 
query ema nated from th e mouth of the cave. 
We don 't even know how many demons lurk 
insid e - si nce al l demons work simulta­
neously , we got our answer in a time inde­
pendent of their number . Consider wh at this 
means for in fo rmation retrieval: if th e pre­
ceding "program" takes N microseconds 
fo r· a file of 10 inventory items, and the fil e 
grows to 10,000,000 i terns, the process in g 
time required is stil l N microseconds. Therein 
lies one of the most ta ntalizing aspects of a 
rnemor·y system like this - ad ding mor·e 
inform ation (more memory) improves sys­
tem performance: 

• 	 Mor·e items are processed in the same 
time; 

• 	 There are no address space sat uration 
or segmentation problems, since ad­
dresses are not used - a sin gle bit 
signal (on/off) can distinguish accesses 
to thi s memory from normal add ressed 
memo ry requests. 

A memory having qu al ities like those just 
il lustrated is call ed an associative memo1y or 
CAM (content addressable m emory). Not 
too surp ris ingly, associative computer mem· 
or ies in vary ing forms have been proposed 
many tim es befo re. The reasons why peopl e 
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- - ENG IN EE R 45 F BLD BL - -
- - SE CR ETA R Y 33 F - - - -
- - - - - - - - -

JACK SON SU E - - - - - - -

- - JANI TOR 50 M - - 8/78 -

- - MANAGER - F - - - -
JONES M IK E ENG INE ER 38 M BR BR - -

- - - - F - - - -

- - ENGI NEE R 41 M BR BL - -

- - - - - - - - -

JETER BOB ENGIN EER 27 M BR BR 5/78 -

1 1 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 1 1 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 

(I ) SET 

12) JOB c " ENGIN EEn" 


131 HA IR = ""EJR " 

(4 ) EYES = "'BR " 
(5) LASTNAME = "' J 7?~ ?? 7"" 

(including the author) "reinvent" the con­
cep t wi th some regularity are twofold : the 
descriptions of this form of memory rarely 
make it past techn ical parall el machine 
architecture sym posia or journals into the 
more commonplace worl d; and the beauty 
and power of a memory that can by its very 
nature el iminate or ease searching, sortin g, 
table lookup, and pattern matching is so 
striki ng- the idea is so natu ral in hu ma n 
terms that it occurs to many ind iv iduals. 

Figure 1 shows a conceptual associative 
memory word holding info rmation from the 
previous example. It can be seen that a long 
word is desirable to store related data. Exact 
match was the only comparison function 
used (and is the basic, sometimes on ly, asso­
ciative function availa bl e in the integrated 
circuit forms of this memory). A mask is 
applied to all the words and selects th e part 
of th e words to be treated (either match ed 
against, or read out) . The comparand is the 
common information that all words test. 
Du e to the length of associative words, some 
rea l designs compare the words with the 
comparand one bi t at a tim e (bit serial, word 
parallel). This reduces the amount of com­
parison logic and the size of the data paths 
to reasonabl e levels, although a full word 
comparison takes longer. 

Comparisons are usuall y over lengths 
mu ch less than the ful l word size, so the 
compromise is a good one. Wi th each word 

(61 A GE > 25 
171 AG E < 30 

SEX = ..M .. !BJ 
191 READ (LASTNAME,F IRST NAME I 


(101 AEA DILASTRA ISE) 


there is one separate bit of information fo r 
th e response status, called the tag. The SET 
function forces the tags to th eir respon di ng 
state (1), thereby activati ng all words ini­
tially. A good survey of assoc iative memory 
articles and architectures is fou nd in Yau 
and Fung. There is also a new, easy to fo ll ow 
book on the subject by Foster (see bib lio­
graphy) . The ful l word paral lel des ign of 
figure 1 will be used for the examp les, since 
it is the simpl est conceptually. A more 
practical arch itecture that can be buil t for 
an S-100 computer wi ll be outlined in part 2. 

Selection 

More in telligence can be added to our 
demons . 

"Everybody up !" 
(1) 	 SET - Load personnel fil e fro m 

diskette . 

"Wh o, in my employ, - an engineer, 
bro wn hair and eyes, 
(2) JOB = "engineer" 

& (3 ) HA IR = "br" 

& (4) EYES = "br" 


las t name "j . . . " something, between 
25 and 30 years old - has been dating 
my daughter?" 

Text continued on page 58. 

Figure 2: Wh en selecting a 
final response, check that 
one of the response bits 
is still set after all ques­
tions have been asked and 
answered. 
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Ready to plug in and run the moment you receive 
it. Nothing else to buy, no extra memory. No 
" booting" with PerCom MINIDOS™, the remark­
able disk operating system on EPROM. Expand­
able to either two or three drives. Outstanding 
operating, utility and application programs. 

ful,ty 11ssembled and tested 
· shipping paid · · 

For more 
information 

see your local 
PerCom dealer 

('1E~(JIJMr 

PEROOMCATA°CONIPANY, INC. 
Dept e' 318 Barnes ·· Garland,Texas 75042 

(2i~) 21t·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/interlace card , and MINIDOS™. 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 MINI DOS'"• technical memo updates - helpful hints which 
supplement the manual instructions • a 90-day limited warranty. 

SOFTWARE FOR THE LF0-400 SYSTEM 

Disk operating and file management systems 


INDEX'" The most advanced disk operating qnd file management 

system available for the 6BOO. INterrupt Driven EXecutive operating 

system features file -and-device-independent, queue-buffered 

character stream 1/0. Linked-fi le 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 BK 

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 6BOO. 

Faster than SWTP BASIC. Handles data files. Programs may be 

prepared using a text editor described below . .. . . . ...... . . $49.95 

BASIC BANDAID'" Turn SWTP BK BASIC into a random access data 

file disk BASIC. Includes many speed improvements, and program 

disk CHAINing . .... . .. .. .. .. .... . . . . ... . ... ... ... . . .. . $17.95 

STRUBAL+' " A STRUctured BAsic Language compiler for the pro­

fessional programmer. 14-digit floating point, strings, scientific func­

tions, 2-dimensional arrays. Requires 16K RAM and Linkage Editor 

(see below) . Use one 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 tiles larger 

than avai lable 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 relocatable 

linking object code . Supports MACROS. Permits conditional 

assembly . . ... . . . ... . .... . . . . .. . . .. .. . . .. . . . . . . ...... . $79.95 

LINKAGE EDITOR - for STRUBAL+'" and the MACRO-Relocat ing 

assembler . . ..... . ..... .. . . . ..... .. ..... .... ...... . ... $49.95 

CROSS REFERENCE Uti lity 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 per diskette. Power­
ful search, sort. create and update capability . ... . .... . . .. . $99.95 

PERCOM FINDER'" General purpose information retrieval system 

and data base manager . .. ... .. . . .. . .. . ... . .. . . .. .. .. .. $99.95 

t w tt ademark ol PERCOM Da1a Cornp anv. 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 residents add 5% sales tax. 

PERCOM 'peripherals for personal computing' 

Ci rcle 301 on inquiry card . 



'DOD 

Add·on Mini·Diskfor ' the , f,~5·80* 
• .... .. c • • 

_ _,7 

Requires 16K RAM 1 
Level 11 BASIC and 
Expansion Interface. 

Circle 301 on inqui ry card . 

I I 

' Trademark ol Tandy Corporation, 

Dual and triple drives 
also ava ilab le. 

(~E~llCJM1·· · 
PERCOM DATA COMPANY, INC. 
Dept. 6 318 Barnes Garland, Texa,s 75042 

(214) 272•3421 

To Order Ca/11-800-527-1592 

BYTE Apr il 1979 57 



Text continued from page 55: 

& (5) LASTNAM E= " )?? ??????? ?? " 
&(6)AG E>25 
& (7) AGE < 30 
& (8) SEX = " m" 

" Has he had a ra ise lately? " 
(9) 	READ (LASTNAME , 


FIRSTNAME ) 

(10) 	READ(LASTRAIS E) 

Figure 2 shows anothe1· examp le of in­
form ation retri eval, this time with a person­
nel fil e, and aga in with a sin gle demon 
fin all y selected . Response of th e demo ns is 
shown after each step. An y of the relational 
comparisons as well as exac t match can be 
added eas il y to th e fun ction sc L. In fo rm ation 
has been bro ken down in to fi elds an d field 
lengths the user deemed mos t valuab le . 
Since this word fo rm at can be sto red on 
fl oppy disk with the data, th e drivin g pro­
gram or operatin g sys tem has easy access 
to it and can man ipulate th e mask to selec t 

Command 

(1) SET 
(2) MW FL 1,F L2,F L3,F L4,0 F 16 
(3) ADD LASTMO TO STD 
(4 ) R EGION= 'W' 
(5) ST D > 100 
(6) MW F L1 ,0 

(7) SET 
(8) REGION = ' E' 
(9 ) ST D > 75 

(10) MW F L2.0 

(11) SET 
(12) REGION = 'C ' 
(13) ST D > 50 
(14 ) MW F L3,0 

(15) SET 
(16) F L1,F L2,F L3 = 11 12 
(17) MWF L4 ,0 
(18) SET 
(19) F L4 = 1 
(20) QU ER Y 
(21) JUMP Z, (26) 
(22) R EAD (LAST NAM E, F IRSTNAME) 
(23 ) PR INT (LAST NAME,FIRSTNAME) 

(24) NXT 
(2 5) JUMP (20) 
(26 ) END 

A ction 

Activate all words. 

Initialize all four fl ags at once.• 

STD+-STD + LASTMO fo r all w ords. 

Select western reg ion sa lesmen. 


FL1 = 0 marks the members o f this 

group with sales to date over $100,000 . 


Eastern region sa lesmen w ith sales to 

date over $75 ,000. 


Central region salesmen w ith sales to 

date over $50,000. 


All sa lesmen not included in the three• 

subsets above have F L4 = 0 . 


The union of the th ree subsets 

Any members left in th is set? 

T ransfer to statement 26 i f not. 


Read the specif ied f ields of the f irst 

responder and print them . 

T urn of f firs t responder (select next 

one). 


Table l : A complete in­
MA SK 	 0

formation processing 
example with parallel 
update, and the use o f • MAS K FOR ONE - STEP FL AG MAN IPULATIONS 

disjunctive sets. 

the field req ues ted for each operation. A 
top level program could be as utterly read­
able as the one given with th e examp le. 
So fa r, onl y the fi rst step in uti lizing infor­
mation in the associative memory has been 
il lustrated - the selection process. The over­
all se t o f entr ies is logically reduced by 
se lection criteri a to the subset of in terest. 
Members of the small er set may now be up­
dated in para llel, or read out (i n part, if 
des ired) on some priority basis; th e fo rmer 
involves parallel writing of the associative 
words, and the latter, res ponder resol ution 
(when there is more than one answer). 

Multi wr ite 

Now that the demons we want are on 
thei r 	fee t, what kind of work c;1n they do 
bes ides checking their description? Th ey can 
all be told to change it at the po in t specified 
by the mas k (ie : all resp ond ing words can 
be made to change th eir values a t once to 
the 	 value on the comparand bus) . Thi s 
process of writing a comm on da tum, in 
parallel into all respond ing words, is called 
multiwrite respon ders by Foste r, and he calls 
associative memories possessing this ability 
CA PPS (content addressable para llel pro ­
cessors). Whole sets of ite ms can be updated 
(eg: 	 mar king certain bil ls as paid), or, if the 
selection cri terion is known to produce a 
unique resu lt, more specific infor mation can 
be written (change John Q Williams job title 
to manager ). 

Agai n, we can be send ing these associ­
a tive write commands into th e inter ior of 
a dark cave. We know which demons are 
reac ting, bu t we don 't know where they 
are, nor do we care . The nearest use o F 
address information occurs when the mask 
is changed to opera te on a specific fi eld 
(whose relative location inside each word 
has been previously established) . 

By setti ng th e mask to enabl e th e writin g 
of only a single bit (or bits). parallel program 
flags can be kept with each word, recording 
the word's membersh ip in some selec ted 
group , wi th the fl ag itse lf poss ibly beco min g 

STD • SALES TO DAT E 
($ IOOOsl 

LA ST MO • LAST MONT H'S 

SALES ( $1000s l 

IL AST NAME IFIRST NAME RE GION ISTD IL AST MO I l ~ l ~ l~ l ~ I 
FOR MAT 
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Words mith is the video text ed iting sysi;em you've been Power 
waiting for Its power, fl exibility and s1mphc1ty help you carve 
any te xt editing task down to size - in a way you can • Page Oriented P hilosophy. A document is a co llection of 
understand We wanted a system that; allows you to th ink 1n pages. Tt1e screen displays one entire page at a time. Simple 
traditional ways about text layout, yet at Lhe same wne makes random access page flipping commands take you quickly to 
the t radit ionally tedious operations such as cut and paste any page in the document. Equally efficient commands allow 
simple and fast. W e think we 've done 1t. W e wan t you to decide you to insert, delete. copy and move pages both within one 
lor yourse lf document and across documents. 

MergeFlexibility Documents 
I I-----. 

• 	 Logical/ Ph ysic al Page D istinction. Define your own 
hardcopy size. Wordsmith remembe rs the dif fe rence 
between the screen size and the hardcopy page size. 

n 

I 3 
I -

I ... 
Flip 

P ages• 	 Modu lar Hardcopy Driver. Drive a Qume•· Spnnt-5 or 

... 
...'"" TTY -like device direc tly now . Diab lo. NEC and other 


ha rdcopy devices soon. 
 • 	 Extens ive B lock Manipulation Capabilities . Using 
"windows", portions of text. charts, etc.. can be quickly and • 	 P ure T ext. Wor dsmith files are pure text with no control 
effortlessly moved around on the current page. or acrosscharacters mixed in . This universal forma t keeps you as 
pages. The shape and size of any window can be changed in compatible with the world as possible. Wha t you see on t he 
real t ime. with the contained text automaticallyscreen is what you get as hardcopy. 
reforma tt ing itself (he eding word and paragraph 

• 	 P age Templates. Snapshots of the block layout of a page boundaries! to conform to the new shape. 

can be saved as named disk files . then later recal led and 

superimposed on the current page. Use such "templates" 

for standard multicolumn layouts. common letter formats. 

and fixed-field forms. A single keystroke di spa tches you 

quickly from block to block as you fill 1n your page. 
 [g ~El[]]

Rec a ll a Move S et Up Cha nge Te xt Shapetemp late Text Blocks M ul tip le Text 
and hop Regi on s 
from_window 
to window. 

• 	 Instantaneou s Formatting. Compacting [extraneous 
blank deletion) and right justifying are simple commands 
that tidy up a full page or window's wor th of text in the blink 

• 	 Fi le Switching. Moving from document t o document to of an eye. Random access cursor movement. line and 
examine. copy, move and change text is like ro lling off a log. character insert and delete. line and page split and join. and 
You 're not confined to one disk fi le at a time anymore. a host of other line and character level commands help you 

put text in its place quickly and accurately. 

The 	 TM 
Simplicity wor-<nsrnft:b

• 	 Auto Wo r d B r eak. Forget the right margin . Wordsmith 
notices when you won 't be able to complete the current TEXT EDITOR 
word and moves it to the next line fo r you as you continue 

typing. 
 Oefirnng the New Generation of Text Editing 

• 	 Under s ta ndable Commands. The most frequently used from Micro Diversions, Inc. 

commands are single keystmkes. The rest are easily 
 8455-0 Tyco Rd. 

remembered abbreviations. 
 V ienna, V a. 22180 

(7031 827-0888 

• 	 Informative Status Lines. The top two screen lines 
constant ly display page number information. document • Dwect CP/ M "' ' and North Star DOS compatibility 

name. cursor posit ion. tab s tops and status / error 
 • Available for 40x86. 24x80 and 16x64 memory-mapped 
phrases. You'r e always in touch with your document. video boards 

• 	 Fully reentrant for efficient multi-programming environ­
ments l6K program space. 5K data areal 


Page 3 of 8 File=ADV 1 Cursor row 28. col 43 
 • 	 8080 and ZBD compat1bil1ty 

1 . CP/ M Or' North Star DOS 
Ordering version? 
Information: 2 . TTY or QUME interlace? 

• 	 P r otect ion Against Catastrophic Errors. It's nearly $200 3 . Brand and memory address of 
impossible to ru in your document with a s111gle bad lScreensphtter"" Owners. $801 video display board? 
command. Wordsmith's page oriented design and double­
checking user interface help you do wha t you mean! 

Manual only · $15 

Check. VISA. Maste1'charge 
4 . Ship on single or double 

density. 5" or 8" d1skett2? 

Inquire about our custom keyboard. 
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part offutu1·eselection cr iteria. Alternat ively, 
these ri, gs migh t be used to save ca1-ry or 
overflow in fo rmation duri ng pa1·a lle l ar ith ­
metic routines . In deed, comb ini ng these 
program vai-iab les with fur ther compa1·ison 
sequences make possible a whole list of 
paral lel Jssoc iative rnutines li ke: 

MAXIMUM 
MINIMUM 
NEXT GREATER THAN 
NEXT LESS THAN 
ADD or SUBTRACT constant 
ADD 01 SUBTRACT rields 
STRING SEARCH (pa t tern matc hing) 
SORT on any fi eld. 

Figure 3 demo nstrates the method of flag­
ging re pond ing wo rd s, tab le 1 shows a 
com plete informati on procc ing examp le 
with paralle l update, and the use of disjunc­
tive se ts. 

Responder Resolution 

Wh en it becomes necessary Lo get info1·­
mation ou t of th e words rather th<1n just 
updati ng them in place, some form or ar­
bitration is required to handle cases o f mul­
tiple res ponders. It is usefu l to have a que1y 
functi on Lo tel l if there arc any responding 
words. " Is anybody in thc1·e?" Any demo ns 
sitt ing down and as leep would not answer, 

SOFTWARE DEF INED WORD FORMAT WITH 

ONE BI T RESERVED FOR A FLAG---~ 


NA ME PHONE [ AGE [ STATE lo 

I) SET SELECT ALL WOR DS 

2) MWFLAG,O MULTIWRITE 0 IN FLAG BIT 
{ MASK ENABLES WRITING ONLY FLAG) 

ALL FLAGS AR E INITIALIZED TO A KNOWN STATE (0) 

51 I1I I L . 
• 

55 H OK 

60 11 [ IL 

3)AGE>50 

4) STATE -IL 

5) MW FLAG, I 

Figure 3: Multiwriting allows the user to write data inlo all locations that are 
responding at the same time. 
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and any amoun t of simu ltaneous yes replies 
would still be interpretable. In fac t, any 
answer at , II, except tota l si lence, indicates 
the1·e is at least one responder. A single, 
readable bit li ne on wh ich each word ORs its 
tag (responder = 1) would te ll the central 
processor whether 01· not any active words 
were left. (With some analog hardware we 
might even co unt the nu mber of responders 
by mea urin g the in tensity of th e answer. ) 

It is not acceptable to walk to the mouth 
of the cave an d yell inside, " I want the name 
of anyone who spe;i ks French." If on ly one 
standing demon meets this req uirement, the 
answer· you hear will be true , but in genera l 
yo u may expect to be greeted with an un· 
in te lli gible mixtu re of voices . To handle th e 
prnblem, a prior ity list can be implemented 
al the hardware leve l. All words in th e sys· 
tem are da isy-cha ined together to one word 
arbitra rily defined as havi ng the highest 
p1·io rity. Wh en an associative read is exe· 
cutcd, a small amou nt of time is all owed 
for the chai n to select the high est priority 
respon der, and that responde r alo ne is 
enabled to place it requested field(s) on the 
data in bus to the processor. With a co mpan­
ion fu nction, Next, wh ich turns off th e first 
1·esponder, information may be extracted 
ser ia lly from each ac tive word wi thout 
addresses an d without conflict. 

Without addressin g, we are able to do the 
fo llow in g: se lect via content those wo1·ds we 
wan t (in paralle l); process them in place (in 
para I lei) ; and read out their in formation 
(serially). 

Ente ring data in to an associa tive memory 
ini tially is a seri al operation, so provision is 
often made for random access addressing. 
With absolute fixed ad dresses, associative 
memory may be quickly loaded from sec­
ondary storage or main memory through 
OMA (direct memory access) or block 
tran fe rs. Random access reads and writes 
are both al lowed. To save address space 
wh en usi ng this addressable associa tive mem­
ory, the memory may be a1-ranged in to 
ban ks occupying the same locat ion . Ran­
dom access memory requests affec t o nl y 
the addressed memory section whose bank 
is selected; associative instruc tions ignore 
bank in fo rmation and activate th e whole 
memory . 

Given the addressing order now placed 
on the memory, an alternat ive to the prior· 
ity list responder reso lu tion hardware is 
availab le. Th e tags of words sequential in 
add1·ess space may be blocked into groups 
and fed to the central processor as data 
from special input ports or memo1·y loca­
ti ons. The processo r can then scan th e bits 
in order for ·is (responders). Since tag N 
re presents word N in the assoc iative mem­



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

Sound. VP-595 Simple Sound Board provides 256 
to_ne 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 mus ic 
synthesizer. 2 sound channels. Program control of frequency, 
time and amplitude envelope (voice) independently in each 
channel. Program directly from· sheet music ! Sync provision 
for controlling multiple VIPs, multi track reco rding 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-560EPROM Interface 
Board locates two 5-vo lt 2716 EPROMs (4K 
bytes total) anywhere in 32K of memory. 
VIP RAM can be re-allocated. $34.' 

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

Tiny BASIC~* VP-700 
Expanded Tiny BASIC Board 
puts this high-level language 
on you r VIP. BASIC stored 
in 4K of ROM. Ready for im­
mediate use- no loading 
necessary. Th is expanded 
BASIC includes the standard 
Tiny BASIC commands plus 
12 addit ional-includ ing 
color and sound control! 
Requires externa l ASCII 
encoded alpha-numeric 
keyboard . $39.· 

Auxiliary Keypads. Program 
your VIP for 2-player inter­
action games! 16-key keypad 
VP-580 with cable ($15') 
connects to sockets pro ­
vided on VP-590 Color Board 
or VP 585 Keyboard Interface 
Card ($1 o·) . 

COSMACVIP lets you add 

computer power a board at a time. 


With these new easy-to­ easy to program and operate. 
buy options, the versatile Powerful CHIP-8 interpre­
RCA COSMAC VIP tive language gets you into 
(CDP18S711) means even programming the first 
more excitement. More evening. Complete docu­
challenges in graphics, mentation provided. 
games and control func ­ Take the first step now. 
tions. For everyone, from Check your local com­
youngster to serious hobby­ puter store or electron ics 
ist. And the basic VIP com­ parts house. Or contact 
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 

RCA VIP Marketing, New Holland Avenue, 
Lancaster, PA 17604. Phone (717) 291-5848. 
·suggested re1a1/ pncc CDP18S711 does no! Include video monitor or casselle recorder. 
"'Available 1st Ouane1, 1979. 

monitor. Audio tone with a buil t-in speaker. 

Plus 8-bit input and 8-bit output port to inter­ The fun way 

face relays, sensors or other peripherals. It's into computers. 
 ncn 
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Photo 7: Video display 
of an inquiry to Semion­
1cs associati11e memory 
board, REM, and the re­
sponse. In the inquily, ? 
is a don 't care character 
which will match any thing. 

ory, an abso lutc word add rcss can be cle­
ri ved and inform ation read random access 
sty le. 

Th e accessi ng of data via address makes 
this second responder resolut ion techn iq ue 
nonassociative , bu t it is sometimes u cd to 
avoid the ex tens ive hardware of the priority 
Iist. 

The Real Time Pin ch 

Wh en the first generation of comput ers 
was being bui lt, hard w;ire was cri tically cx­
pen ive, and the vo n Ne umann architeC tLll"C­
a ge neral pLll"pose design wh ich tru ly min i­
mizes hardware through ser ial process ing ­
was not ser iously ques tioned. Wit h the 
plu mmet ing cost of electronic parts , min i­
mizing hMdware has become less import.int 
to the des igner. Th e desi re to ma xim ize 
throughput, parti cul arl y in mu ltiuser itu­
ations , hils led to the int roduction of par­
allel processi ng at all ;irchitectura l levels 
wi th th e concomitant increase in hard­
ware complexity - fro m multip roccssor 
systems, to machines incorporat ing mu l­
tipl e independent 1/0 (in put/output) chan­
nels, clown to di stributed processi ng logic, as 
in an assoc iative memory. The concept of a 
ge neral purpose parall el computer is qu ite 
hazy, so the thrust has been to bu ild 
speciali zed hardware for th e von Neuman n 
machine to deal with the pa ral lel com­
ponents of computing as they a1·e 
recogn ized. 

Some prod ucts for associative processing 
are commercially ava il able. On th e high end, 
STARAN is a very expens ive assoc iat ive 
machine fro m Goodyea r Aerospace, and 
may be the only mach ine of it kind for 
sa le. On onl y a slightly less grand leve l, 
th ere arc a few 16 bit or small er CA MS 
(in tcg1·atcd circu it assoc iative memory inte­
grated circuits), which even in quan tities of 
100 carry a price tag of about $ ·1.50+ per 
bit. They are fast par ts, some with speeds in 
th e 10 to 40 ns range. IBM also uses such 
fast, and small as oc iative merno rie in the 

virtual memory hardware of the 360/67 
for quick address loo kup. But associative 
memory for a l;nge com puter subsystem 
need not be nearly so fast, nor coul d it 
be to lerable at such a pr ice. Cost, in the 
wol'lcl of clec trnni cs, is no t necessarily 
a function of complex ity, bu t of vo lume . 

Unfortunately, large manu fac tu1·ers 
must u ually sec mi llions of projected sa les 
before ente1·ing the marketplace wi th 
anyth ing rea ll y new. Big businesses, mean­
whi le, cann ot afford to walk away from 
yea rs of accurnu l.tted software on the ir 
present machines, no mdtter how cum ber­
some. Software is ex pensi ve to cr-eate and 
ma in tai n, o big ins tall at ion iner ti a will 
keep sales volume at a trickle. Yet given the 
ubiquity of sorti ng, search in g, mergi ng, 
updating, an d linkin g in such business sys­
tems, it is no small iro ny that a judicious ly 
used associat ive memmy subsys tem could 
in mc1 ny cases greatly 1·ecJL1ce sof tware com­
plexity , and there fo re expe nse (not to even 
mcn tion greatly i11 creasc prog1·am speed). 
To review, costs wi ll not come clown, nor 
viab le products become avai lable unt il 
ex pected sa les vo lum e goes way up, and at 
$'1. 50 per bit. ... 

Th e cycle, rep rese ntat ive of la rge sca le 
business, may perhaps be broken at the 
new grass roo ts level - the home, small 
business, or research sys tem wh ere inerti a 
is al a minimum . An add ·in ,associative 
memory ca n be designed with off- th c·shel f 
in tcgrated circuits and random access 
memories for a cos t to memo1·y ratio of 
only 2 or 3 to 1. Th is mc1110 1·y des ign is 
di scussed in part 2 (May 1979 BYT E). 
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Horizon Disk Capacity 
Keeps Growing 
The Horizon is now capab le of 72Cl< 
bytes on-line I The Horizon con connect 
to four double density 5%" single-sided 
disk d rives. Each of those drives con 
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 con simply odd additional 
drives to up-grade their system. Each 
two-sided drive wi II access 360K bytes! 
That means the maximum on-line disk 
storage for the Horizon will increase to 
over 1.4 mil lion bytes ! 

New Cabinet 
for Disk Drives 
North Star additional disk drives are 
now available with the some high 
qua li ty 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 mountinq 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 Sl 29 in kit 
form. Assembled. with one d rive the 
ADC is $599. with two drives $999. 

Pascal Now Available 
for Horizon 
The much-heralded Pasca l language 
is now being offered for use with the 
North Star Horizon computer. North 

·. = : = l "-= ·. ~ . -~~ " ·. ~ .,, \,, .. 
I 

-
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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 al Son Diego. is 
now delivering a Pascal Program De­
velopment system. North Star Pascal is 
idea lly 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 5Y4'' 
diskettes for use with the Horizon or 
Micro Disk System. North Star Pascal 
will operate with either the Z80 or 8080 
microprocessor . 
Pascal . including documenta tion , Is 
available in either single or double 
density versions for $49. 
An auxiliary Pascal d iskette. contain­
ing an 8080/ Z80 assembler and some 
additional Pascal utilities. is available 
for S29. Complete Information Is avail­
able at your local retail computer 
store. 

Ci rcle 285 on inquiry card . 

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. Avai lable either with the Horizon or 
other S-100 bus computers. the RAM-32 
runs at full speed - no wait states ­
with the 4 MHz Z80A microprocessor 
(as well as with slower Z80 and 8080 
processors). Addressabi lity of the 
RAM-32 is switch-selectab le in four 8K 
regions. 
North Star RAM features like bonk­
switching and parity checking are 
standard. The parity checking capa­
bil ity means that the RAM-32 is con­
stantly diagnosing ttself. 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 I 
There is no extra charge for this impor­
tant capabi lity. 
A Horizon with 48K of RAM con be con­
figured by using one North Star 16K 
RAM board and a RAM-32 . Need 
more memory? 56K can be configured 
by using two RAM-32 boards with one 
8K region switched off. 

NORTH STAR MOS, ZPB, 
FPB FOR OTHER 
S-100 COMPUTERS 
Upgrade your system with these North 
Star products - available for any S-100 
computer : Micro Disk System - a 
complete 51/4 " f loppy disk system, Z80 
Processor Boord. or the Hardware 
Floating Point Boord. 

Horizon and RAM board prices are: 
Kit Assembled 

Horizon · 1-16K $1599 $1899 
Horizon · 1-32K 1849 2099 
Horizon - 2-32K 2249 2549 
RAM-32 599 659 
RAM-16 399 459 

~A typical Horizon configuration : CRT. Hori· 
zon computer. Additional Drive Cabine1 

(ADC). )J. 

NorthSldr 

Computers 
2547 Ninth Street 
Berke ley. California 94710 
(415) 549-0858 
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fpeol<eosy fo~ware·· 


FINANCIAL ANALYSIS 
SPORTSTRIVIA 
MICROTRlVIA 

APPLE·PET·TRS-80 

Now available at over 1,000 stores worldwide! 

fpeol<eosy foftwore ... 
Box 1220, Kemptville , Ontario, Canada, KOG !JO (613) 258-2451 

Havi ng identified the pages, you a re 
now ready Lo begin the actua l folding 
process. Grasp 1he bottom page ). Fold 
it up on top of page 1. Now take page 
I, and fold along the F-G seam so thaL 
the back side of page I contacts the bac k 
side of page D. Take care that page ) 
does not become u nfo lded from I. 

T ake heart, we're almos t through. 
Grasp the Lop edge of page G and fold 
along the C-D scam so that the front 
side of page G con tacts the back side of 
page A. Moving quickly now, fo ld the 
front side of page C to the front side of 
page B. Take the A-G aggregate, and fold 
the whole thing back onto page E. The 
fo ld ing process shou ld no w be complete, 
and the card re turned w its origi nal 
state. 

User options at this poi n t include: 
placi ng the ca rd in your pocket, plac in g 
the ca rd in a desk drawer, or binding 
lhe card wi th a paper clip. 

Note please, that these instructions 
are based on pre llmina ry folding infor­
mation provided by Motorola. It is 
possible th a t ac tu al prod uctio n sample 
of th e card wi ll 11ave a different foldout 
specification. 

In add ition to its unique topologica l 
properties, the card will be of interest 
because of the in formation printed on 
it. Incl uded are addressing mode sum­
maries, operation descriptions, register 
bit ass ignm en ts , vectors and stacking 
order, and miscellaneous data.... RS • 

NE Computer ized Bulle t in Board 

We have rece ived an announcemen t 
from the New England Computerized 
Bulletin Board System in formi ng us that 
they have been in operation si nce 
December 1977. In order to connect t.o 
the CBBS, a termin al with a modem or 
acoustic coup ler and a phone line is 
necessa ry. The procedure is as fol lows: 
set your termin al to 300, or 110 bps 
(30 or 10 charac ters per second) full 
duplex. Dial (617 }963-8310 and wai 1 for 
the carrier. Pl ace the phone in the 
aco ustic co up ler and hit carriage return 
on your terminal a few t imes. The CBBS 
will then respond and take yo u the rest 
of the way. • 

E¥TE's Eiis 

Motorola 6809 Card Folding 

A useful item of documentation fur­
nished with the Motorola 6809 micro­
processor is the MC6809 Microprocessor 
Instruction Set Summary ca rd. Prin ted 
on heavy stock, it contai ns vita l infor­
mation for the programmer in condensed 
form. This combin ation of heavy stock 
and condensed information gives this 
documen t an information density of 
4.72 x 107 characters per slug, a figure 
imagi nable only with advanced tech­
nology. 

Users who peruse the card, however, 
might have difficu lty in refoldi ng it to its 
original compact confi guration. There­
fore we present here he lpful instruc tion s 
to refold the ca rd. 

The first step is 10 diffcrcnl.iate be ­
tween the pages of the card. Lucki ly, 
this is much easier than integrat in g 
between the pages, or eve n read in g 
between the lines. Herc we employ the 
convention of using letters of the English 
alphabet. Upper case is preferred for 
cla rity , but lower case may be emp loyed 
if you are codi ng a word processing sys­
tem. 

Completely unfold the ca rd and 
stretch it out on a n at surface. Using a 
penc il , inscribe the letter A o n the top 
righ th and corner of the fi rst page, the 
page conta ini ng the ti tle and program ­
ming model. Move the pencil down to 
the second page, and inscribe the cha rac­
ter B In the top righthan d corner. Con· 
tinue this process , incrementi ng the 
alph abe ti c character clown th e le ngth of 
the card unti l you reach the last page, 
which shou ld bea r the appel lat io n ) . 
This completes the page d is tinction rou­
tine. 
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Ever_J.body.s making money 
seUin~ microcomputers.

Somebody sgoing to make money
servicing them. 

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and SmalJ Business Computers 

Seems likeeverytime you tum around, some­
body comes along with a new computer for 
home or business use.And they're being gobbled 
up to handle things like payrolls, bil ling, inven­
tory, and other jobs fo r businesses ofevery 
size .. .to perform household functions like 
budgeting, environmental systems control, 
indexing recipes, and more. 

Growing Demand for 
Computer Technicians.. . 
Learn in Your Spare Time 

Even before the microprocessor burst 
upon the scene, the U.S. Department of Labor 
forecast overa 100%increase in job openings for 
the decade through 1985. Most of them new 
jobs created bythe expanding world of the 
computer. NRI can train you at home to service 
both microcomputers and their big brothers. 
Train you at your convenience, \1~th clear!)' 
written "bite-size" lessons tliat you do evenings 
or weekends without quitting your present job. 
Assemble Your Own Microcomputer 

NRI training includes practical experi­
ence. You start 1~th meaningful experiments 
building and studying ci rcuits on the NRI 
Discovery 111b®Then you build your own 
test instruments likea transistorized volt-ohm 
meter. CMOS digital frequency counter... equip­
ment you learn on, use later in your work. 

And you build your own microcomput­
er, the only one designed for learning. It looks 
and operates like the finest of its kind, actually 
does more than many commercial units. But 

RI engineers have designed components and 
planned as<iembly so it demonstrates important 
principles, gives you working experience in 
detecting and correcting problems. It's tlie 

transceiver...TV/Audio/Video Systems Servicing 
1\~th training on lhe only designed-for-learning 
25" diagonal color TV 11~th state-of-the-art 

kind of "hands-on'" training you need to computer programming. \~Tith more than a 
repair and service uniL'i now 011 themarket. million students since 1914, NRI know> how 

Mail Coupon for Free Catalog to giveyou the mo t in home training for new 

No Salesman Will Call opportunity If coupon has been removed,


Send toru11· for our 100-page. full ­ write to RI Schools, 3939 WisconsinAve.,

color catalog. It descrihes NRl's new Mi­ Washington, D.C. 20016. 

crocomputer 'leclmology course in detail, 

shows all equipment, kits, and les.5011 plans. RUSH FOR FREE CATALOG 

And it also tells about r - - - - - ~ - - - - - - - - - -- - • 

other NRJ courses... NR~ Sch?-Ols . . 11,.,,.,.........~
NRI

• \td.r;1w.lfill Co ni inum~ '\~""'I"!~ All careercourses . 
Co1~1plete .Commun1-

1

Etlucalion Center '~~ :1ppro1l'li under GI,Bill. 
cations with 2-meter • r ~ .1959 11r,o;co1l!>in A1·c11 uc ~ ,_;.-s=- o Che.:k fo r tlc1lll~ 

C°j j \\':1shlng101>. II C. ~0016 · - . " t:~'
·Jn• .. i'IC:!S< che<k for onefree c:ualog 0111)'. ..~ 

• I 1• NO SALES.IL\N WILL CALL ~·-P. -~~ 

D f.o m1111t f'r l ~ l ec1ro 11lcs l ncludln~ 0 Digl lllEle.:uonics • Electronic 
~lrcrocm111m1ers Technolo~~· • B.1Sic Ell'<lronics 

D T\ / Audio/ \ldco S} ~ tcnts Sen icing 0 Small EngineRepair 
0 	 1:011 1pll'ti.: Conu11u1 1katlo1 tS Eleclronics 0 Electrical Appliance Serl'iclng 

with en • FCC Licenses • Ai"raft , 0 Automollre Mechanics 
Moh ile. ~tarlne Elrc 1ro11k's 0 Auto Air Conditionlng 

0 Cll Speml1s1.> C:ou~ 0 AirConditmning. llcfriger:uion, & lleatin~ 
D ,111i;11 eur ll:1tlio • Basic and Ad1·:mm.l Including Solar Technology 

(Ple-J.Se Pri nt) 

S!n.~I 

CU)'/St:lle tZI~ 

Accrt1liie<l by1hc Accrediting Commissionof theNational llome StudyCouncil 170 ·049 
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A Simulated View of the Galaxy 


Mark D ahmke 
8312 Selleck Hall 

600 N 15th St 
Lincoln NE 68508 

+90° 

-90° 

Figure 7: The celestial coordinate system. 
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RIGHT ASCENSION 

At one time or another, each of us lets 
our im aginat ion wander; perhaps to places 
fam ili ar to us, or places we have never been 
and can only dream about explori ng. Often, 
my imagination leads me to the questions: 
"What does our sun look like from neigh­
boring sta rs?" and "What do our fami l­
iar conste llat ions look like from other 
po in ts o f view?" Have you ever wish ed 
that you could trave l anywhere in the 
universe whenever you wa nted to 7 With 
the help of co mp uter and gr·a phics dis­
plays we can begin to ans we r some of 
these questions and have fun exploring 
what we know about the ga laxy at the 
same time. 

Getting Star ted 

Severa l things are needed to simulate 
the stars in our ga laxy; an algor·ithm that 
will al low us to shift our· position with 
respect to the Earth based coordinate sys ­
tem; acLUal or hypothe tical coordinates 
of stars; and a disp lay device on whic h to 
plot the resulting star maps. The first ver­
sion of this program \vas written four· years 
ago and run on an IBM 1130 computer. 

D Output was in th e fo rm o f a printer pl o t. 
c 
E 50 stars were entered, usi ng data on th e 
L 
I 50 brightest stars in our sky. Since posi­
N 
A 

tions given in star- ca talogs are in ce lest ial 
T (spherical) coordi nates, right asce nsion (RA) 
I 
0 	 correspond ing to longitude (0 Lo 23 hours),
N 	

declination (DEC) corresponding Lo la ti tude 
(-90 to +90 degrees), and distance in light 
years were entered directly into a d isk file. 
The program then per formed the necessary 
conversions to get va lues in r·adians . Fig­

Figure 2: A Miller projection is used for plotting the data. ure ·1 shows the celestial coordinate syste m. 
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The author wishes to 
thank TRC Photograph­
ic Specialists of Omaha 
NE for their help. 

Coordinate Transformations 

In order to display the stars as they 
wou ld appear from another point in space, 
their coordinates must be converted to a 
manageable form. Shifti ng the origin of the 
coordinate system appears to be the easiest 
way to obtain the desired resu lts. Declin a­
tion and right ascension must be converted 
to r·adians fast: 

RA= RA X 0.261799 

DEC= DEC X 0.01745 


where RA and DEC represent ri ght ascen­
sion and declination , r·espectively. Then the 
celestial coordinates can be converted to 
r·cctangul ar coordinates: 

X = R X cos (DEC) X cos (RA) 

Y = R X cos (DEC} X sin (RA) 


Z = R X sin (DEC) 


The resulting rectangular coordinates are in 
units of light years, because of the variab le 
R (distance). The coordinates may be kept 
in thr·ee arrays for easy manipulation. 

Next, the origin must be shifted to the 
new point of view. The celestial coor·dinates 
of the destination or new origin are given by 
the user of the program (through console 
input) and converted to rectangular co­
ordinates with the same set of equations 
used above. To shift the origin, the fol low­
ing three equations should be used: 

X := X - X0 , 

Y =Y-Y0 


and z ·= Z - z0: 


where X , Y , and Z are the rectangular
0 0 0 

Photo 7: Side view of our galaxy from 90,98 7 light years. 

coordinates of the new origin; X, Y, and Z 
are the old coordi nates of a star in the 
three arrays; and X ', Y · and Z' are the 
resulting shifted coordinates. 

To display the stars, the rectangular 
coordinates must be converted back to 
celestial coordinates: 

(R ' )2 = (X ' )2 + (Y ' )2 + (Z ' )2, 

RA ·= arcta n (Y '/Z ' ), 

DEC '= arcsin (Z '/ R ' ). 

It is also necessa ry to rnul ti ply by the ap ­
propriate scale factors Lo be compatib le 
with the screen or window dimensions of 
the disp lay device . The current version of 
the program displays the sta rs in the for m 
of a Mi ll er project ion, as shown in fig­
ure 2. This prnduces a distorted view on the 
top and bottom of the display but does 
show the entire sky. An alternate format 
magni fies the window Lo display only a 
50 by 50 degree frame. This gives the 
impress ion of look ing out the window of a 
spacesh ip, but makes navigatio n difficult. 

In o rder to sh ift the window, we must 
introduce some new variables to indicate A glossary is provided on 

page 80.in the program which rotations are requ ired. 
This can mos t easil y be accomplished by 
altering the equations used for shifting 
the origin: 

Text continued on page 70 
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HELLO FELLOW 
COMPUTERIST ... 

At th is time I wish to introduce myself . I am PERRY POLLOCK . the owner, manufacturer and designer 
of the products advertised in this issue of th is fine magazine. In th e issues to come, I wi ll be introducing 
more powerful interfaces for the various popular computers. 

To take advantage of this opportun ity , I would like to tell you a little about my beliefs, aims and policies. 
Starting ou t as a hobbies!, I rea lize your needs. concerns and most of all the req ui rements of a good . well 
designed and fa irly priced interfaces for your compu ter . It is my goal to supply you with the most for your 
investment and the highest quality poss ible. 

Al l the products are designed by me. Th ey are first drawn out and logica lly ana lyzed . Then they are 
wire wrapped and tested. When I am sa tis fied that it functions we ll . I hen I will etc h a sample prin ted circui t 
board , then and only then, will I commit th e design lo a mass produc tion run. 

Al l the parts used in our produc ts are of the highest qua lity. The manuals are wr itten so you can 
understand all the phases of construc ti on and operation . How many times have we bought a product and it 
lacked for a good, understandable manual. or has it had so many fl aws that we cou ld swear tha t we were 
re-design ing the product. ALL OF THI S IS IN THE PAST. These products are not offered unless they are 
ri ght Ill 

Another one of my aims is to let you know who you are dea ling wi th . How many times have we ordered 
a product and wondered who we were rea lly deal ing with . Then ... if we had problems. how difficult was ii to 
contac t them? Beca use of all this, I have chosen lo publi sh a picture of myself (I 'm not va in. really) and a 
picture of my wife Korri ne (pictured be low) I am avai lable 24 HOURS A DAY. I have a telephone answering 
se rvi ce tha t wi ll put your ca ll through lo me anytime day or night. or if you wish you can cal l me at home. 
(602) 886-5037 . If you have a problem, ques ti on or just want lo talk. give me a call. 

I have many exciting new products under development. It will be an exci ti ng yea r and I hope you will 
enjoy the in terfaces designed for you and I. I know these interfaces have made my computer more 
enjoyable for me and hopefully fo r you. ' 

Sincerely, 

Perry and Korri ne Pol lock 
Your fellow com puteris ts 
WORLD POWER SYSTEMS, INC. 

P.S.: My guara ntee . .. If you are 
not satisfied with the product. 
return ii to your dealer or me for a 
ful l refund within 5 days of 
purchase. 
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3 S+P INTERFACE CARD•.. 	 •••• 
~$ 1Ht . . 

, 

... .... ,.... .. " 

A POWERFUL 1/ 0 INTERFACE CARD FOR ANY S·100 BU S. THREE SERIAL PORTS AND ONE PARAL LEL PORT. FULLY 
HARDWARE OPERATED. NO SOFTWARE INIT IA LI ZATON REQU IRED. IN ADDI TION. TH IS BOARD WILL O PERATE 
WITH ANY SOFTWARE. USER IS ABLE TO SELECT STATUS BITS TO FIT ANY SO FTWARE CONF IGURATION . 

FEATURES 
• 	 SELECTABLE BAUD RATES: All baud rates are dip sw itch selectable . Each port can be set for its own baud rate . 

CRYSTAL CONTROLLED baud ra tes . Thi s interface ca rd can operate with any Micro-processor at any speed . The 3 5 .,. p 
does not depend on the CPU for its originating c lock . 110-9600 baud . 

• 	 EASY CONFIGURATION: Th e 3 S+P is easy to set. All po rt addresses are set by d ip switches . Each port can be assigned. 
independent of each other. 

• 	 SOFTWARE COMPATIBLE: The 3 S •P will be compati ble wilh most software arrang ements due to th e abil ity to set the 
status bits and the parity . Parity , character length. stop bits al l se t by d ip sw itches . Each port can be set to it's own 
ind ivid ua l ar rangemen t. 

• 	 HIGH QUALITY : The highest qual ity parts are used . P C. Boa rd 1s with pla ted through holes. solder mask. si lk screen 
legend and gold pla ted contac ts. 

• 	 OUTPUT ARRANGEMENT: All ou tputs terminate at th e top of th e ca rd via a 26 contacts. Standard 26 pin IDC connectors 
mate with each port. RS-232, current loop at each ser ial po rt and fu ll data lines at the para llel port connec tion. Operation 
is asynchronou s mode, but can be conf igu red for sy nch ronous ope ration by minor re-conf iguration . 

• 	 FULL DOCUMENTATION: A comple te manual of operation and construc tion is incl uded . Easy constructi on and 3 hours 
is the estimated construct ion time.Just plug in . set the swit ches and enjoy all Ihe d i fferent configu red software. NO MORE 
changing the softwa re to match your 1/ 0 board . Just sel the board and enjoy. 

Kit 	 Assembled 

$159.95 	 $189.95 
OPTIONS 

Connecti ng cables from 26 p in to standa rd DB-25 are separate. Mo lded fac tory ca bles are ava ilab le for S14.95 each. Cables 
have 26 pin IDC connector at one end and DB-25 female at other end . connec ted by ribbon cable . 

TERMS 
CASH WITH ORDER . VISA. MAST ER CHARGE . NO C .O D.'S 1 PERSO NAL CHECKS REQUIRE 3 WEEKS TO CLEAR . 

ORDER FROM 

WORLD POWER SYSTEMS, INC. 
1161 N. El Do rado Place. Tucson. Ari zona 8571 5 

24 Hour O rd er Phone No: 602-886-2537 

STOCKING DISTR IBUTOR FOR SOUTHERN CALlf'OR NIA CONTA CT · CAL IFORN IA DIGITAL 213-679-900 1 
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Table 7: Execution times of one iteration of the program with 11arious num­
bers ofstars. Times include plot or display device data transfer rates. 

Number of 
Stars IBM-1130 8080/BASIC 8080IASM IBM 370/158 

10 
100 
400 

4 minutes 
6 minutes 
8 minutes 

10 seconds 
100 seconds 
400 seconds 

0 .5 seconds 
5.0 seconds 

20.0 seconds 

0.1 seconds 
0.3 seconds 
1.0 seconds 

Table 2: Star coordinates taken from star atlases and catalogues. Besides 
using real stars, the author also input 300 "imitation" stars to fill out the 
galaxy to what it actually looks li/?e. The stars listed should be enough to 
produce interesting patterns in a reasonable amount of home computer time. 
Names (popular or scientific) are rough approximations in English alphabet. 
An asterisk represents ficticious "fill-out" stars to represent extragalactic 
objects. 

Name 
Right 

Ascension 
fhrs) 

Declination 
(degrees) 

A . CETUS 
A2. LIB 
THI. ERi 
SUN 
AND.GALAXY 

02.983 
14.800 
02.933 
00.000 
00.667 

003.900 
- 15.833 
-40.517 

0.000 
4.100 

AND. A 00.668 4.100 
B .,AND. 00.666 4 .200 

AND. c 00.665 4.400 
AND. D 00.668 4.300 
AND. E 00.667 4.500 
AND. F 00.660 4.000> * 
AND. G 00.656 4.400 
AND. H 00 .660 4.550 
AND. I 00.661 4.500 
AND. J ... 00.667 4.600 
EG224A 00 .667 041.001 
EG224B 00.669 041.000 
EG224C 00 .665 041 .001 
EG2240 00.666 041.002}· 
EG224E 00.665 041.001 
EG224F 00.668 040.999 
EG225COMP 00.630 041.420 
EG201COMP 00.667 040.600 
PLEIADES 03.733 023.950 
SIRIUS 6 .716 - 16.6 
A.CENTAUR I 14.600 - 60.6 
CANOPUS 6.380 - 52.6 
VEGA 18.586 38.733 
CAPELLA 05.216 045.950 
ARCTURUS 14.223 019.450 
PROCYON 07.612 005.350 
ARCHERNAR 01.598 -57 .483 
B CENTAUR I 14.005 - 60 .133 
ALTAIR 19.805 008.733 
ALDEBARON 04 .550 016.416 
SPICA 13.376 -10.900 
FORMALHAUT 22.915 -29.883 
DENEB 20.662 045.100 
RIGEL 05 .202 - 08 .250 
BETELGEUSE 05.875 007.400 
BELLATRIX 05.367 006 .300 
E. ORION 05 .567 -01 .233 
K. ORION 05.767 -09.683 
D. ORION 05.497 - 00.333 
L. ORION 05 .550 009.917 
ANTARES 16.438 -26.31 6 
REGULUS 10.095 012.216 
B. LEO 11.800 014.733 
G.LEO 10.300 019.983 
E. LEO 09.733 023.917 
TH . LEO 11.217 015.600 

Distance Magnitude 
(light yrs) 

250.0 2.8 
62.0 2.9 

120.0 3.4 
.1 - 9.0 

1500000.0 7.8 
1500000.0 7.8 
1500005.0 7.8 
1500010.0 7.8 
1501000.0 7.8 
1500100.0 7.8 
1500150.0 7.8 
1500050.0 7.8 
1510000.0 7.8 
1510001 .0 7.8 
1510000.0 7.8 
1500000.0 5.0 
1500000.0 5.0 
1500000.1 4.9 
1500001.0 5.0 
1500000.0 5.0 
1500000.0 5.0 
1500000.0 9.9 
1500000.0 9.5 

4300.0 4.7 
8.7 -1.4 
4.3 -.2 

2300.0 -.7 
23.0 .1 
42.0 .2 
32.0 .2 
10.0 .5 
70.0 .6 

130.0 .8 
18.0 .9 
54 .0 1.1 

190.0 1.2 
27.0 1.3 

465.0 1.3 
545.0 .3 
300.0 .9 
230.0 1.7 
300 .0 1.7 

2100.0 2.2 
600.0 2.5 

1600.0 3.7 
170.0 1.2 

70.0 1.3 
43 .0 2.2 
90.0 2.6 

100.0 3.1 
150.0 3.4 

Table 2 continued on next page. 

Text continued from page 67 

X :=X - X0, 
y .=y - Yo, 

and Z = Z - Z0, 

will become: 

x (X - XO) (cos¢) (cos e) + 

(Y ­ Y 
0 

) (sin 8) (cos¢)

(Z - Z 
0 

) (sin¢) 

+ 

Y (Y 

(X 

- Y 
0 

) 

- X 
0 

) 

(cose) 

(sine) 

­

Z = (Z 

(X 

- Z 
0 

) (cos¢) -

- XO) (cos e) (sin </>) -

(Y - Y 
0 

) (sin 8) (sin¢) 

where: 

e 

¢ 

= rotation about the x a
Y,Z pl ane, 
rotat ion abo ut the Z a
X,Y plane. 

x

xi

is on the 

s on the 

Also , when converting back to ce lestial 
coordinates, scale factors must be intro­
duced to produce a 50 by 50 degree field of 
view . The user may wish to experiment with 
other window formats. 

Expanding the Model 

Looking at the sky from various points 
of view in space is interesting, but l have 
fo und that anim at ion reall y shows th e power 
of the simulation technique, and of animated 
graphics. With the coord in ates of over 400 
stars (100 real stars and 300 that add the 
general shape of the Milky Way sp iral arms 
of our own galax y), we can begin the explo­
ration of our universe. Unfortunately, 400 
stars do not make a galaxy, or even a small 

About the Author 

Mark Dahmke is currently employed 
by the University of Nebraslw Computer 
Networ!? as a programmer/analyst in the 
Academic Computing Services section. He 
is also a senior computer science major. 
At home Mark owns an 8080 based sys­
tem with 32 K bytes of memory and a 
floppy disk drive. His work involves 
graphics, electronics, writing and systems 
programming. 
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We mal<e our Floppys 
as if your job depends 


on them. 

Because it does. 


In your work. data is too 1mpor1ant to lose So if you 
use a Floppy Disk wilh even a minor flaw - ii ea cl ropout ­
you nsk a lot That's why Maxell has taken the danger out 
of Floppy Disks 

Maxell: the worlds most dependable Floppy Disks. 

We've devoted two generations to build ing our 
reputation as manufacturers of the worlds finest magnetic 
media Our Floppy Disk technology achieves a consistency 
that is rarely equa lled . . and never surpassed 

Even the 1ackets ou r floppys com 1n are made to 
resist heat and mechanical shock. And they re specially 
treated to prevent the build-up of static charges. so Uiey do 
their part to increase the total reliabili ty of their precious 
contents 

Made better than most specifications. 

But even more important to you . Maxell's own 
tolerances are ougher than the industry's. 

And ou r inflexible Quality Control inspections permit 
nothing to blemish our hard-earned reputation . 

So when your 1ob depends on full data retrieval, 
depend on Maxell Floppy Disks. They work best .. . and so 
will you 

Maxell offers the full range of Floppy Disks, lrom 
standa rd 8-inc h to 5 lA -inch . plus Data Cassettes 
Dealer inquiries invited. 

•
maxsll® 
DATA PRODUCTS 

The Quality AlternativeTo guarantee complete interchangeabili ty. all Maxell 

l loppys conform to ISO. ECMA. ANSI. J IS. and IBM Maxell Corporauon of America. Daia Products Group 
standards 60 Oxtord Drive. Moonachie. NJ 07074 Tel (201) 440-8020 
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Table 2, continued: fraction of it, but with a little imagination 
(which was all we had in the first place) we 
can mentally fill the gaps in the model. The 

D.LEO 
Z.LEO 

11.217 
10.250 

021.000 
023.567 

140.0 
500.0 

3.5 
3.6 

current version of the simulation runs on an 
IBM 370-158 with a 2250 graphics display 

M. LEO 
R.D sea 

sea 
TH. sea 

09.850 
15.900 
16.883 
17.567 

026.167 
-28.500 
-42.317 
-42.967 

110.0 
450.0 
300.0 
140.0 

4.1 
4.0 
3.8 
2.0 

unit. The 2250 has a resolution of 4096 by 
4096 points. With a slight modification to 
the program, it will run in a continuous 

SHAULA 
E. sea 
K.SCO 

17.500 
16.783 
17.650 

- 37.067 
-34.200 
-39.000 

200.0 
75.0 

360.0 

1.7 
2.3 
2.5 

loop, starting with a direction vector 
velocity in light years per iteration. 

and 
The 

D.SCO 
G.SCO 
POLLUX 
CASTOR 

15.938 
16.883 
07.705 
07.523 

-22.533 
-42.317 
028.150 
032.000 

590.0 
100.0 

31.0 
44.0 

2.5 
3.8 
1.2 
1.6 

effect is that of a space craft with almost 
unlimited velocity . With a fast processor, the 
impression of speed is dramatic. Velocities 

E.GEM 
GEM 

D.GEM 

06.700 
06.217 
07.300 

025.167 
022.517 
022.033 

200.0 
300.0 
300.0 

3.2 
3.4 
3.5 

of ·10,000 light years per second have been 
simulated . There are no relativistic effects, 

Y.CAS 00.900 060.450 200.0 2.2 but it might be interesting to add the nec­
A. CAS 
B.CAS 
D. CAS 

37.833 
00.108 
01.400 

059.267 
058.883 
060.083 

230.0 
45.0 

150.0 

2.4 
2.4 
2.8 

essary equations- especially if color graphics 
are avai lable. The Doppler shi fts would be 

E.CAS 
D. TAURUS 

TAU 
HYADES 

01.867 
05.383 
05.633 
04.250 

063 .517 
28.567 

021.000 
016.000 

100.0 
130.0 
350.0 
300.0 

3.7 
1.7 
4.1 
4.0 

most striking. The stars in the direction of 
travel would be intensely blue, while those 
receding from the observer would be a deep 

E. TAU 04.450 019.117 300.0 4.0 red. 
E URSAE MAJ 12.863 056.233 50.0 1.7 
DUBHE 
N. UMA 

11.000 
13.767 

062.017 
049.467 

105.0 
210.0 

1.9 
1.9 Adding More Stars 

MIZAR 13.367 055.183 190.0 2.2 
D.UMA 
B. UMA 

12.233 
10.980 

057.200 
056.650 

100.0 
76.0 

2.2 
2.4 As my desire to travel outward increased, 

Y.UMA 11.867 053.967 88.0 2.5 soon reali zed that I would have to have 
B CRUCIS 
A CRUCIS 
E CANIS MAJ 

12.746 
12.396 
06.945 

-59.416 
- 62.816 
-28.900 

465.0 
150.0 
325.0 

1.5 
1.6 
1.6 

something to travel to. Additions 
model included the Andromeda 

to the 
galaxy 

ACRUX 
E. CARINA 
B. CARINA 
A.TRIA 

12.400 
08.358 
09.217 
16.717 

-63 .150 
-59.350 
-69.517 
-68.933 

220.0 
330.0 
300.0 
130.0 

.9 
1.7 
1.8 
1.8 

(approximately 1.5 million light years away), 
the Magellanic clouds (our nearest inter­
gal ac tic neighbors} and several other extra­

MIRFAK 
Y.VEL 
ALHENA 

03 .350 
08.133 
36.583 

049.683 
-47.183 
016.450 

270.0 
100.0 

78.0 

1.9 
1.9 
1.9 

galactic objects. One problem with adding 
more stars is that the execution time goes up 

KAUS. AUST 18.350 -34.417 160.0 1.9 proportionately. When experimenting with 
ALWAZOR 
MURZIM 
D. VEL 

07.100 
06.342 
08.717 

- 26.317 
- 17.933 
-54.517 

650.0 
300.0 

70.0 

1.9 
1.9 
2.0 

computer based simul ations, this soon be­
comes apparent. Note that in listing 1, the 

ALNITAK 
B. AURIGAE 
PEACOCK 
POLARIS 

05.633 
05 .933 
20.367 
01.817 

- 01.967 
044.950 
-56.900 
089.033 

400.0 
84 .0 

160.0 
470.0 

2.0 
2.0 
2.1 
2.1 

algorithms have been optimized to the 
ext re me, to cut down on the execution time. 
Comparison Les ts were run on several sys­

Y. UMI 
N.UMI 
D. UMI 

01.530 
01.620 
01.795 

073 .000 
076.000 
086.100 

500.0 
700.0 
650.0 

4 .7 
5.7 
5.0 

tems with the results shown in table 1. 
The IBM-1130 was slowed down by its 

E. UMI 16.850 082.130 550.0 5.1 printer, used to generate a printer plot of 
TH. UMI 
A.OPH 
NUNKI 

01.572 
17.550 
18.867 

078.100 
012.600 
- 26.367 

750.0 
67 .0 

160.0 

5.0 
2.1 
2.2 

the star map. The 8080 is almost fast enough 
to compete with the 370, if it didn't have to 

A.AND 
ALPHARD 
AL NA'IR 
SU HAIL 

00.088 
09.417 
22.083 
09.100 

028.817 
-08.433 
-47.200 
-43.233 

120.0 
200.0 

91 .0 
220.0 

2.1 
2.2 
2.2 
2.2 

do the floating point calculations in software. 
A floating point hardware board would 
probably decrease the ti mes given for the 

B. PER ALGOL 
A.ARI 
B. GRUS 
B. CETI 

03.082 
02.067 
22.650 
00.683 

040.767 
023 .233 
-47.150 
- 18.267 

100.0 
74.0 

325.0 
57.0 

2.2 
2.2 
2.2 
2.2 

8080 by a factor of 10. The 370 is a multi­
programming system- running several other 
programs a l th e same time. Thus, the simula­

B. UMI 
I. CARINA 
TH CENT. 

14.850 
09.267 
14.067 

074.367 
- 59.067 
-36.117 

270.0 
100.0 

86.0 

2.2 
2 .2 
2.2 

tion has to compete with other programs 
and is also slowed down by competition for 

D. PUPPIS 
Y1. AND. 
ALPHECCA 
Y. CYGNUS 

08.033 
02.033 
15.550 
20.333 

-39.867 
042.083 
026.883 
040.100 

800.0 
400.0 

67.0 
470.0 

2.3 
2.3 
2.3 
2.3 

peripheral devices such as video terminals, 
the 2250 graphics display, printers, and card 
readers . 

B.AND 01 .117 035.350 75.0 2.4 
Y. ORA 
N. CMA 

17.917 
07.367 

051.500 
- 29.200 

150.0 
270.0 

2.4 
2.4 Implementation 

A. PHE 00.400 -42.583 76 .0 2.4 
E.PEG 
A. PEG 
N.OPH 

21.700 
23.033 
17.125 

009.650 
014.933 
- 15.667 

250.0 
100.0 

76.0 

2.5 
2.6 
2.6 

The details of implementation depend on 
the computer, display device, and language 

Y. CRV 12.217 -17.267 130.0 2.8 used. The original I BM-1130 version used a 
printer plot because that was the onl y out­
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Include us in 

your plans for 1979!! 


Sophisticated technology, low 
pressure living, with more pro­

fessional and personal advantages
than we can list. 

...that's why the 

big move is to 

NCR, 
Millsboro. 

• Long growth cycle projects. • Rapid advancement. • Direct computer 
access. • Good internal communications. • Real state-of-the-art develop­
ments.• High internal visibility. • In-plant recreation . • Low cost of living. 
•High quality of life.• Beaches, boating, and wi ldl ife preserves. •Within 
reach of major Cultu ral Centers. • Ground floor opportunities in the design 
and development of our new C-2140 ECR/POS Multi -Microprocessor Based 
Retail System. 
You ' ll find solid professional and personal reasons for building a new ca­
reer with us. 

The following are current career openings: 

SYSTEMS ANALYSTS/REAL TIME 
PROGRAMMERS 
• 	 Operating System Design 
• 	 Microprocessor Software-Assembly Language 
• 	 I/ 0 Drivers 
• 	 Diagnostics 

TEST SYSTEMS ENGINEERS/ 
DEVELOPMENT ENGINEERS 
• 	 8080 Based Microprocessor Design 
• 	 ATE Programming of Microprocessor Boards 
• 	NMOS, EMOS, CMOS, LSI & MSI Technologies 
• 	Multiprocessor Systems Architecture 

SUPPLIERS QUALITY ASSURANCE 
• 	 Vendor Qualily Management 
• 	 Interfacing with Design Engineering, Product 

Test, Field Engineering, Purchasing 
& Manufacturing 

• 	 Componenls-Specification & Product Design 

INDUSTRIAL/MANUFACTURING 
ENGINEERS 
• 	Assembly Routines, Labor Estimating, 

Production Line Layouts 
• 	 Facility & Capital Equipment Analysis 
• 	 ATE & CAM 
• 	 Production Support & R&D Liaison 

POWER SUPPLY DESIGNERS 
• 	 Design and Develop Low-Voltage Switching 

Power Supplies 
• 	 Adherence to UL/CSA and International Safety 

Standards 
• 	 Worst Case Design on Circuits 

II you qualify for any of the above, call us al: 
302-934-8111 , or send resume and salary require­
ments, in complete confidence, to: Mr. Joseph G. 
Buskirk, NCR Corporation, Dept. , Engineer­
ing & Manufacturing, Mitchell Road, Millsboro, 
DE 19966. 

Comp! te Computer S stems An equal opportunily employe r 
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Photo 2: Our galaxy from - 5983 light years. 

Photo 3: The night sky as seen from the Northern Hemisphere of Earth. Note 
the Big Dipper in the upper center, Leo just abo11e and right of center, and 
the Mi!l?y Way down the left and across the middle. 
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put device available. Since the ava il able 
memory was limited (8 K words) , the pro­
gram was written to make heavy use of disk 
files for storage ·of the starting coordinates 
and intermedi ate results. The last ph ase of 
the program scanned the dis k file containing 
the shifted coord inates and produced a 
printer plot. 

The seco nd version ran on an I BM/360-65 
and plotted on a Tektronix 4013 graphics 
display terminal. Although neither of these 
first two versions was ani mated, single star 
maps could be obtained. 

Th e 2250 version requi red considerably 
more programming effort. Since the 2250 is 
a high speed device, tru e anim ation was 
fi nall y possible. Th e 2250 refreshes its dis­
pl ay from a core buffer loaded from the 
processo r. Coordi nates are plotted and 
mapped into the buffer; subroutine EXEC is 
then called and the en tire buffe1· is sent to 
the di splay. Unfortunately the buffer must 
be clea red before another iteration can take 
place- but cleari ng the buffer also clea1·s the 
screen. Th e sol ut ion is to mai ntain two sepa­
rate bu ffei·s. One can be dis played on th e 
screen while the other is being cleared and 
loaded . If th is is not done, the display will 
fli cker with a duty cycle of about 10 percent 
on, 90 percent off, since th e calculat ion time 
is grea ter than the inte rmed iate display time. 

Sample Outp ut 

Pho to 1 is a side view of our ga laxy fro m 
90,987 light yea rs . As yo u can see, the 
model is not accurate because the middle of 
the galaxy is almost em pty. Also, the la rge 
bright spot on the right side of th e galaX )' 
rep1·esents the tight group of 100 stars that 
for m our local constella t ions. At the bollom 
of the screen distance, l'igh t ascension, 
declination, and veloc ity have been dis­
pl ayed for reference. The minus sign on the 
di stance means that the direc tion of trave l is 
opposite the direction the right ascension/ 
declination vector . Photo 2 is a view of our 
galaxy fro m - 5983 Iigh t years. Photo 3 
shows the sky from Ear th (note th e Big 
Dipper in the upper center, Leo just above 
and ri ght of center, and the Mi lky Way down 
the left side and across the bottom) . Photo 4 
shows our loca l constell at ions from 2937 
light yea rs, aga ins t the backgro und of 
the Milky Way. Photo 5 is anoth er side 
view of the Milky Way from one million 
light years (viewed with the SO by 50 
degree window). The two sm all objects 
jus t below and to the right of the ga laxy 
are the large and small Mage ll anic Cl ouds. 
They arc approximate ly 100,000 light years 
from the Milky Way. 

Text continued on page 80 
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INTEGRATED CIRCUITS MICROPROCESSOR L ED'S SOCKETS CAPACITORS DIODES TRANSISTORS RESISTORS POTENTIOMETERS 

c..!!:: 	 NOW!!! OVER 300 AUTHORIZED DISTRIBUTORS ... HERE'S JUST A SAMPLING: 

(/) 
::;:: 
2 
(/) 

I ­
<( 
w im-pak:r 
(/) 

0 
a: electronic components
~ 
(,) 
w 

2 
0 

2 

EXCITING NEW KITS!!
(,) 

(/) 

<( 
...J Digital Stopwatch 	Kit1­
(/) 

> 
a: * Use lntersil 7205 Chipu 
(/) * Plated thru double-sided 
w P.C. Board:r 
(,) 
I-

*LED display (red) 
*Times to 59 min. 59.59 sec. with~ 

(/) auto reset 
(/) 
w 
...J 
cc ..... - .... _ .. -J 
~ 
(/) 

(/) I 1:0 a CB 

<( 

w 	

JE701 
w ,
...J . . ... .. ­
cc 
<( 
(,) *Bright .300 ht. common cathode display 
(/) 

a: *Uses MM5314 clock chip 
w 
c.. *Switches for hours, minutes and hold functions 
~ *Hours easily viewable to 20 feet::>.., *Simulated walnut case 
!!:: * 115 VAC operationc 
(/) * 12 or 24 hour operation 
1- *Includes all components, case and wall transformer 
::;:: 
(/) 

•Size: 6-3/4" x 3-1/8" x 1-3/4" 
::;:: 
0 6-Digit Clock Kit0 
cc 
(/) 

...J 
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ASK YOUR ELECTRONICS STORE TO STOCK JIM-PAK® TODAY!! 	 ~ 

* Quartz crystal controlled 
*Three stopwatches in one : JE900 

single event, split (cummulative) 

and taylor (sequential timing) 


* Uses 3 penlite batteries 
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P1t ulu!ld R.1d10 Co, lnr 
C,1111µ11l t.'f 11.1.at t lllC. 

RM Elt•cttomn l 11r: 

IVrdv11tt..•y4•r (l1...'C tt'111tc Supf1(y 
R:Jrl•o Sun11I~· & Engim."-'ltng 

Ht!.1tl11'1r fli:crron rc C<"11tr1 
Hobbv Elt.>Ct lOtttC Ct•ntt'I 

Comµurcr Centc1 
Fut tu11 R,1()10 Supplv Co, 

Wrcf1•m,.Vtt' El1-cttnmc Simply 
Cw111J11rro11.i; Co111. 

Tht: Com.uut~r Sto11:0 
f\11/~s Radio S.unpty 

N m tlnn'tr R11d1u of Ou/url1 
H t•.itl1k1t flL"l! tlUlllC c...n l L'I 
H1-.1tf1l11t Etucuo11.e Cen rm 

(/) 
::;:: 

(/) 

I ­

w 
One-Stop 	

z 

(/)Co111ponent Center :r 
<( 

a: 

w 
...J 

o;,:r ' •• - •• , ..,... -:""..JI~ cc 
~ 

1 I · , ··1 a e 	 w 
I] I • I 1J 	 (/) 

(/) 

I 
', JE747 	 <( 

w 
. - - - - ...J 

Ill 
<( 

*Four .630" ht. and two .300" ht. common anode displays 
(/) 
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*Uses MM5314 clock chip a: 
w

*Switches for hours, minutes and hold functions c.. 

*Hours easily viewable to 30 feet ~ 
::>..,

*Simulated walnut case c.. 
*115 VAC operation 0 
*12 or 24 hour operation (/) 

*Includes all components, case and wall transformer t: 
::;::

*Size: 6-3/4" x 3-1/8" x 1-3/4" 	
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DIMENSION FX (400} , FY(400}, FZ (400} 

REAL NRA. NDEC. NEWR 


c READ IN AND STORE RECTANGULAR COORDINATES FOR STARS IN FX , 
c FY, AND FZ ARRAYS . 

DO 1 I = 1, 400 

READ (5, 100} CAA, CDEC, CDIST 


c FIRST, CONVERT CAA, AND CDEC TO RADIANS 

CAA = CRA • .261799 
CDEC = CDEC • .01745 

CXY = DIST • COS (CDEC} 
FX (I} = CXY • COS (CAA} 
FY (I) = CXY • SIN (CAA) 
FZ (I) = DIST * SIN (CDEC} 
CONTINUE 

100 FORMAT ( 3( 10F7.3)} 

C RA, DEC, AND DIST REPRESENT THE POLAR COORDINATES FOR THE 
C DIRECTION VECTOR . VEL IS THE VELOCITY OR RATE OF CHANGEOVER 
C EACH ITERATION OF THE ALGORITHM . 

DIST = 0. 

RA = 3.1415927 

DEC = 0. 

VEL = 0 . 


C ADVANCE THE DISTANCE COUNTER BY ADDING THE VELOCITY FOR ONE 
C ITERATION. 

10 DIST = DIST + VEL 

C NOW COMPUTE THE NEW LOCATION IN SPACE FROM RA, DEC, DIST. 

AXY = DIST • COS (DEC) 

AX = AXY • COS (RA) 

AY = AXY * SIN (RA) 

AZ = DIST * SIN (DEC) 


C NOW ENTER THE INNER DO LOOP WHERE THE SHIFTED COORDINATES 
C ARE FOUND, CONVERTED TO CELEST IAL COORDINATES AND PLOTTED. 

DO 20 I = 1, 400 

XP = FX(l)-AX 

YP=FY(l)-AY 

ZP = FZ(l) - AZ 


NRA = ATAN (YP I XP) 

NEWR = SORT (XP • XP + YP • YP + ZP • ZP) 

NDEC = ARSIN (ZP I NEWR) 


C TEST FOR QUADRANTS MESSED UP BY THE ARCTANGENT FUNCTION . 

IF (XP .LT. 0.) NRA= NRA + 12. 

IF ((XP .GT. 0.) .AND. (YP .LT. O.)) NRA = NRA+ 24 . 


C TEST FOR SCREEN LIMITS . 

IF (NRA .GT. 24 .) NRA = NRA - 24 . 
IF (NRA .LT. 0 . ) NRA = NRA + 24. 

C PLOT POINTS HERE, USING THE APPROPRIATE SUBROUTINE CALLS FOR THE 
C AVAILABLE DISPLAY DEVICE . 

CALL P POINT (-NRA, NDEC) 

20 CONTINUE 

C CLEAR SCREEN ; PREPARE FOR NEXT ITERATION. 

C TEST FOR CONSOLE INPUT; CHANGES IN DIRECT ION, VELOCITY, SCREEN 
C WINDOW FRAMING, ETC. 

GO TO 10 

STOP 

END 


Listing 7: Generalized FORTRAN version ofgalaxy simulation. This program 
can be converted almost directly into BASIC. Note: for those people not 
having an arcsin function: arcsin function: arcsin (x) =arctan (x/ ./'T7). 

Get Your 

Up-Grade 

Kit Here: 

AL: Birmingham: Compuler Center. (205) 942-8567: 
Hu ntsvltle: Computerland, (205) 539- 1200. AZ: 
Tuscon: Myotis Enterprises. (602) 32&-5306. CA: 
Berkeley: Byte Shop. (415) 845-6366; Davis: Capitol 
Computer Syatema, (916) 483-7298; El Cerrito: Compu­
terland , (415) 233-5010; Hayward: Compulerland, (415) 
538-8080; La Mesa: EDP Management Inc .. 1714) 462­
5400; Los Altos: Computerland, 1415) 941-8154; Marina 
Dal Rey: Base 2. (213) 822-4499; Mt. View: Byte Shop 
Computer Store, (415) 969-5464; Digital Dell, {415) 961 ­
2670; Palo Alto: Byte Shop. (415) 327-8080Sacramento: 
Capitol Computer Systems. (916) 483-7298: San Diego: 
Byte Shop of San Diego, (714) 565-8008; San Francisco: 
Byte Shop, (415) 434-2983: Computer Center Inc.. (415) 
387-2513: Computer Store of San Francisco: (415) 431 ­
0640: Compulerland, (415) 54&-1592;SanJose: Elec­
tron ic Systems, (408) 22&-4064; San Ralaal: Computer 
Demo Room Inc .. (415) 457-9311: Santa Clara: Byte 
Shop Computer Store, {408) 249-4221; Walnut Creek : 
Computerland, (415) 93.S-6502 . CO: Denver: Compu­
terland of Denver, {303) 759-4685; Englewood: Byte 
Shop, (303) 761-6232. CT: Fairfield: Computerland of 
Fairfield. {203) 374-2227: New London: R & R Compuler 
Store, (203) 447-1079. FL: Ft. Lauderdale: Computer 
Age. {305) 791-8080: Computertand. {305) 566-0776: 
Jacksonvllle: Williams Radio & TV. (904) 354·5480: 
Panama City: Boyd Ebert Corp .. (904) 769-4492: Tampa: 
Microcomputer Systems, (813) 879-4301 GA: Smyrna: 
Computerlend ol Atlanta, (404) 953-0406. HI: Hono­
lulu: Computerland, (808) 52H!002. IL: Champaign: 
Byte Shop, (217) 352-2323: Niles: Computerland , (312) 
967-1714: Oak Lawn: Computerland, (312) 42.2·8080; 
Peoria: Computerfand , (309) 688-6252. KY: Louisvlile: 
Computerland, (502) 425-8380. MA: Cambridge: 
Computer Shop. {617) 66H!270; Wallham: Compuler 
Mart Inc., (617) 8~4540. MD: Rockvi lle: Computer­
land ol Gaithersburg, (301) 948-7676. Ml: Ann Arbor: 
Newmann Computer Exchange. (313) 994-3200: East 
Lansing: New Dimensions in Computing Inc., (517) 337­
2880; Kentwood: Computerland of Grand Rapids, (616) 
942-2931 ; Royal Oak: Computer Mart, (313) 57&-0900. 
MN : Bloomington: Computerlandof Bloomington, (612) 
884-1474; Minneapolis: Computer Depot Inc., (612) 927­
5601 . NB: Omaha: America Computers , (402) 592­
1518. NC: Raleigh : Byte Shop, (919) 633-0210. NJ: 
Budd Lake: Computer Lab of NJ, (201) 691-1984; Clark : 
S·lUU, (~Ul) 382-1318: rselin : c;omputer Mart of NJ, 
{201) 283-0600: Succasunna: Computer Hut. 1201) 584­
4977. NY: Carle Place: Computerland of Nassau, 1516) 
742-2262: Elmira Heights: Red Ten Electronics, (607) 
734-3566; Ithaca: Computerland of Ithaca. (607) 277­
4888; Johnson City: Micro World, (607) 798-9800: New 
York City: Computer Mart of NY, 1212) 68&-7923: 
Syracuse: Computer Shop of Syracuse Inc .. (315) 44&­
1284; White Plains: Computer Corner. (914) 949-3282. 
OH: Cincinnati : Digital Design, {513) 561-6733: Colum­
bus: Mini Micro Computer World Inc .. (614) 235-5813: 
Ohio Microcomputer Speciallsts, 16141488-1649; 
Daylon: Computer Solutions, (513) 223-2348. OK: 
Oklahoma City: Mlcroll thics Inc .. {405) 947-5646; 
Micronlcs. (405) 942-8152. PA: Frazer: Personal 
Computing Corp., (215) 647-8463; Philadelphia: Micro­
tronix, (215) 665-1112; State College: Micro Computer 
Products Inc., (814) 238-7711. TX: Austin : Computer­
land, (512) 452-5701 ; Dallas: KA Electron ic Sales. (21 4) 
634-7870; Ft. Worth: Patrick Associates. (817) 531-2761; 
Garland: Digital Research Corp., (214) 271 -2461 ; 
Houston: Computerland of SW Houston, (713) 977­
0909; Houston Computer Mart. (713) 649-4188: San 
Antonio: Mlcromal'l , (512) 222-1426. UT: Orem: John ­
son Computer Electronics, (801) 224-5361. VA: 
Alexandria: The Computer Hardware Store Inc .. (703) 
546-8085: Computers Plus, (703) 751 -5656; Arl ington: 
Arlington Electronics Wholesalers, (703) 524-2412. 
WA: Bellevue: Computertand of Bet(evue, {206) 74&­
2070; Seattle: Magnolia Microsystems , (206) 28&-7266. 
WI: Madison: Computerland of Madison, (608) 273-2020; 
Neenah: Fox Valley Computer Store, (414) 725-3020. 
CANADA: ONTARIO: Mississauga: Arlsla Micro· 
systems, (416) 274-6033; Toronto: Computer Marl Lid ., 
(416) 484-9708. BRITISH ISLES: CHESIRE: Cheadle : 
New Bear Computing Store, 061-491-0134. ESSEK: 
ltlford: Byte Shop Lid., 01-554-2177. HARTFORD­
SHORE: New Barnet: Computer Components , 14 
Station Rd. ISRAEL: Haifa: Microcomputer Eng. Lid., 
31-070. WEST GERMANY: Munich: ABC Computer 
Shop, Schell lngstrasse 33. 8000 Munchen 40; Micro­
computer Shop, Toelzerstr. 8, 0·815 Holzkirchen; 
Wedel: Digitronic Computer Systems, Bei-der Ooppe­
liche 3·5. 
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Everything you need to up-grade your 

Apple II in blocks of 16K. 


• 8 1csted and guaranteed 16K RAMs 
• New Memory &!feet Units 

• Use only a household scrowdllvcr 

• Easy 1nstruc1tons. Everything you need to up-grade your 
TRS-80 to a 16K system. 

• B 1c..-s1e<J itnd guaronlec<l 1 K RAMs 
• Nl•w cuocv•1mmmg 111n1oc.1s • Easy·to·follow ms11uc11on!'. 

• O nl',' tou l rf"t.111111-0 15. i1 hOU h old scr~wllt • >JCf 

Everylhing you need to up-grade your 
Sorcerer In blocks of 16K. 

• 8 1csted and 9 u r.ran1e d 16K RAMs 
• New programmmg jumpers 
• Use only a screwd r1vor an d soldering iron 

• Easy lnstrucl1ons 



3 POWERFUL INTERFACES 

FOR THE TRS-80* AND S-100 BUS 


Model MCC-K (kit) $129.95 

Model MCC-A (assem.) $159.95 


MASTER CONTROL CONSOLE 
A COMPLETE COMMAND CENTER FROM YOUR KEYBOARD OR 

FROM ANY LEVEL II OR DISK BASIC PROGRAM. Turn on bells. sprinklers. 

sense l1rn and burglaf alarm. anything that needs a switch can be controlled by 

the command cenlei 


• 16 OUTPUT LINES: With 8 relays, SPST. and 8 TTL diode protected signals 

• 16 OUTPUT LINES: 8 lines with OPTO-COUPLERS and 8 TTL d•O<fe protected 

• FULL LED PANEL: For s1a1us ind1ca1ors ol all conttol lrnes 

• COMPLETE WITH CABINET: Has attrachve sloping cabinet 

• 	 FULL HEAVY OUTY POWER SUPPLY: Conta•ns power supply No external power 
needed 

• 	 EASY CONNECTION: Plugs into TRS-80 expansion port edge car a rear of kcyboa1d or 
between keyboa rd and expansion 1nter1ace 

• 2-EDGE CONNECTORS: 2·add1t1onal expansion 40 pin edge connectors 

• 	 NEEDS NO SOFTWARE: Operates from OUT and tN statements lrom BASIC or machine 
code s1a1ements EKample tOul S. 1=tum on switch S Oul 5 2 =-turn 011 switch 5. elc l 

• 	 COMPLETE MANUAL AND SAMPLE PROGRAMS: Comes woth comprohons1vo 
manual 

• 	SELF CONTAINED: Comes housed 1n an a11rac11ve cab1nel w11h sell con ta1neCJ power 
supply 

• 	PROGRAMS: This uni! programs the popular 2708.27 16 Eproms Personality modules IOI 
01t1e1 Eproms will be avaita01e at a later date 

• 	FIRMWARE : On board l11mware so lhat no sollware need be wnncn or en tered 1n1oyour 
CPU syslem The l11mware can be sh ut oll when not in use Firmware res1den1s a1 FOOOO. 
The l11m wa1 e 1n and out of system is conl rolled from a switch on lront panel 

• 	 3-AODRESSABLE ROM LOCATIONS: The Eprom Programmer has three sockets on 
honl panel which are addressable 10 any loca11on by d•p switch In add1t1on each f30M 
1oca11on can be shul otl or lurned on by switches located on the tronl panel 

• 	 MONITOR: A monitor 1s suppl ied w1tn1n the llrmwa1c lor performing several lunc ttons 
Mo"e memory, debug verily, program tr am memory. pt0gram trom TTY input. elc 

• 	EASY CONNECTION: The Eprom Programme• 1s attachoo with case For 1he TRS-80 
users. lhe un it plugs tnlo the rear at the keyboard or between the keyboa rd and expanswn 
interlace Included wllh 1he unil are 1wo add111onal 40 pin edge connec tions tor 1nterlac1 ng 
o! other rn terlaces For the S· 100 users. a molded connec11on cable tS supplted and 1t 1s 
1nse11ed in10 one ol 1he connec tors on your mo1her board Plug II in and 11is ready 10 use 

• FULLY BUFFERED: aod aaaress and aata lines are lully bullered 
Model EPR-80K (kit) $129.95 • OTHER FEATURES: Othe11eatures 1nclut1e status tights lor which ROM selected .switch 

enable tor progrnrnming. pulse (burn) indicator firmware selec1·deselec1 swnch. on and ollModel EPR-80A (assem.) $159.95 
and dip switches for 1he addressing ot each ROM toca11on 

SERIAL PARALLEL 1/0 MODULE 
THIS POWERFUL INERFACE MODULE ALLOWS THE TAS ·SO COMPUTER OWNER TO 
COM MUNICATE OVER 8 SEPARATE AS-232 OR PARALLEL CHANNELS. ALL 
SE LECTABLE FROM A SIMPLE COMMAN IN LEVEL-It OR DISK BASIC OR MACHINE 
CODE NOW YOU CAN INTERFACE PRINTERS. TAPE READERS. OTHER RS-232 OR 
CUR RENT LOOP SERIAL DEVICES on ANY PARALLEL DEVICE 

• 8-SERIAL INPUT/ OUTPUT PORTS: Fully bul le1ea 

• 8-PARALLEL INPUT/OUTPUT PORTS: Fully bullered 

• 	 EASY CONNECTION: Connects to the expansion port eage cara connector oetween 
keyboard ano expansion 1nierlace or direc1 10 rear ol the TAS·80 keyboard 

• DIP SWITCH: All poris. baud rate. parity . elc al t set by d•p swi tches 

• 	 ON BOARD FIRMWARE: No sot tware Ori,er routine neeaed tor operation al tho module 
S1mple OUT and IN sla tcmenls operate the module 

• RS-232, CURRENT LOOP: All 8 channels can be selected lor RS ·232 01c urrent loop 

• 	 BAUD RATE SELECTION: All channels t11p sw1tcn selectable lor 1nt11v1aual baud rates 
lrom I I 0 to 9600 OauO 

• 	 COMPLETE DOCUMENTATION: Complete 1nstruc11on manual Just ptug 1n and set the 
swi tches. und you are able 10 comrnun1ca1e with the ou1s1de world This module alsoModel MS10-K $129.95 
1nc tudes 2 at1d111onal 40 pin edge connectors !Or conncc11on ol Olhl!r interlaces

Model MS10-A (assem.) $149.95 

TERMS 

CASH WITH ORDER. VISA. MASTER CHARGE . NO C.O.o .·s1 PER SONAL CHECKS REQU IRE 3-WEEKS TO CLEAR. 


ORDER FROM 


WORLD POWER SYSTEMS, INC. 
1161 North El Dorado Place, T ucson. Arizona 85715 


24 Hours Order Phone No: 602-886-2537 

(Dealers : Write or phone for information) 


STOCKING DISTRIBUTOR FOR SOUTHERN CALIFORNIA CONTACT: CALIFORNIA DIGITAL 213-679-9001 
' Trademark : Radio Shack WATCH FOR MODULE "50" 
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3 POWERFUL INTERFACES 
FOR THE TRS-80* AND S-100 BUS 
1M~i'llt.M'lil11 

• FULL INTERFACE: Con1amed w11h1n l he cable assembly is a small enclosu re Tn1s 
enclosure con1a 1ns alt the tog1c to conve fl your TRS-60 10 be co m p3 11blc w11 h the 
S-100 bus system 

• FULL BUFFERING: All add ress . d ala and signal lines arc l ully bu ffered 

• EASY CONNECTION: II is easy 10 connec l Jus t plug the one end o f lhc cable in to 
one slo1 on your 5-100 syslem and plug the o th er end mto the rear cl the TRS-80 
keyboard or between lhe expa nsio n mterface . Turn on and go 

• TWO EDGE CONNECTORS: T wo add111 on 40 pin port edgeconncclorsa re prov•deo 
lor o ther co nnect ion o l expansion 1n1 ert aces 

• POWER: All po wer is derived from the S- 100 bus siruc ture. Since the TR S·BO wlll no1 
support o th er devices hooked 10 i ts power supply . 111s a must 1ha l your S· '00 supply 
8· 10 volls 0 C Logic card con1arned w11h1n lhe cable has on boa rd 5 volt regula to r 

Cu r rem requ 1remen 1s is 375 ma Un11 has separn1 e terrmnal lor ex te r101 con nection o l 
DC power fequ1rement tl 11 1s to be supp lied ou tside lhe S- 100 bus system 

• FULL OPERATION MANUAL: Not much need l o r a manual . bu l we have p repared 
one wit h tull orinc1oa1 c l opern11on . e tc 

TRS-SOTO -100 BUS 
• FULLY SELF CONTAINED POWER SUPPLY. (10 AMP) 

• BUS TERMINATION: Bus termination and condi t ioning for no 
cross ta lk or noise etc . 

• S-100 SIGNALS: All required S- 100 signals are generated by 
on board logic and is fully compatible with the TRS-80 . 

• COMPLETE: Comes complete with cabinet. ca rd guides. 
on off switch and sockets . Nothing else to buy. 

• STAND ALONE: This system can stand alone or can operate 
with the TRS-80. All input. ou tput . address and signal lines 
fu lly buffered between TRS-80 and S-100 BUS system . 

• EASY CONNECTION: Just plug it into the rear of the keyboard 
or between the keyboard and expansion interface. Also 
includes two 40 pin edge connectors for con nection to other 
in terfaces . 

Model CAB-SOK (kit) $99.95 
Model CAB-80A (assem.) $119.95 

Model RSB-K (kit) $249.95 
Model RSB-A (assem.) $289.95 

•., • • 
·«( 
............. 

S-100 EPROM PROGRAMMER +3 
· All the same features of the TRS-80 model. Comes 
complete with interface cable, S-100 plug-i n card . 
Totally self-contained power supply, plus many 
other extras. 

Model EPR-100K (kit) $129.95 
Model EPR-100A (assem.) $159.95 

TERMS 
CASH WIT H ORDER. VISA . MASTER CHARGE. NO C.O.D.'St PERSONAL CHECKS REQUIRE 3 WEEKS TO CLEAR. 

ORDER FROM 

WORLD POWER SYSTEMS, INC. 
1161 N. El Dorado Place. Tu cson. Arizona 85715 

24 Hour Order Phone No: 602-886-2537 

STOCKING DISTRIBUTOR FOR SOUTH ER N CALI FORNIA CONTACT: CALIFORNIA D IGITAL 213-679-9001 

· Trademark: Rad to Shack 
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Photo 4: The local constellations from 2937 light years against the back ­
ground of the Mi!l?y Way. 

Photo 5: Another side view of the Milky Way galaxy from 7 million light 
years. The two small objects just below and to the right of the galaxy are the 
large and small Magellanic Clouds. 

BO April 1979 © BYTE Publ iur ion1 Inc 

Text continued from page 74. 

Other Possibilities 

Computer enthusias ts who are also inter­
ested in astronomy or physics might want to 
experiment with the Doppler shift effect 
mentioned earlier-requiring a color graphics 
display. Also, giving the stars colors related 
to their surface temperatures might be in­
teresting. Another possibility would be the 
add ition of magnitude (brightness). The 
I BM-1130 version calc ul ated magnitudes and 
used different pr in te r characters to indicate 
stars, but the 2250 does not have a pro­
grammabl e intensity control. 

Another interesting possibility lies in the 
three-dimensional nature of the model. If 
two images were plotted side by side on th e 
screen at slightly different viewing angles, a 
pair of stereoscopic viewing glasses would 
permi t a truly three-dimensional view. I have 
experimented with the stereo three-dimen­
sional effect by placing similar Goul d hard 
copy plots side by side. The sense of depth 
produced gives one a feeling of vertigo. 

Since the model is animated, navigation 
experiments are possible. Perhaps th e algo­
rithms presented here could be written into 
a game program producing the ultimate 
celestial exploration gam e. • 

GLOSSARY 

Buffer: Temporary storage area in main mem­
ory, usually used to prepare or receive data 
from input or to output devices. 

Declination: The angle from the celestial 
equator to the star. Equ ivalent to latitude 
(- 90 to 90 degrees!. 

Doppler shift: Apparen t changes in frequency 
due to direction of travel and speed. For 
example, if you are moving towards an object 
that is emitting light, the frequency of the 
observed light is higher . The reverse is true 
for the opposite direction of travel . 

Extragalactic objects: Objects outside the 
domain of a galaxy. 

Light year: The distance lig ht will travel in one 
year at 186,284 miles per second (300,000 kilo· 
meters per second) - about 5,870,000,000,000 
miles. 

Magnitude: The brightness of a star. Each unit 
of magnitude signifies a difference In bright· 
ness factor of 2.512. 

Right ascension : The arc measured along the 
equator, from 0 hours to the base of the star's 
vertical declination circle. 



onCom~utingTM 

GUIDE TO PERSONAL COMPUTING ~ 


SUBSCRIBE NOW! COMPLETE AND MAIL ATTACHED POSTAGE PAID REPLY CARD 
onComputing, Inc. • 70 Main Street • Peterborough, N.H. 03301 • Tel. 603/ 924-7217 



I 0
Soltw.nrc/ 

D 

DIGITAL RESEARCH wllh Manualo Manual Alone 

Software /
with MBOU [ll 

Manual Alone 

TOP Text Output Processor - Creates page-numbered, 
justified documents from source text files. Available only as 
part of A3 or A3+ package. 

0 	 SUPER BASIC - Sub·set of Xitan Disk BASIC with exten­
sive arithmetic and string features but without random access 

.o 
D CP/M FOOS - Diskette Operating System complete with 

data file support. Available optionally with features to suppor1Text Editor. Assembler, Debugger, File Manager and system 

I 	
VDB Xitan video output board ... . . .. .. .... . ...$991$20utilities. Available for wide variety of disk systems including 

Nor1h Star. Helios II , Micropolis. iCOM (alt systems) and Altair. 0 A3 package includes Z-TEL. TOP. ASM and Super BASIC 
Suppor1s computers such as Sorcerer. Horizon, Sol System Ill , .. ..... . ... . ............ . . ... . ... . .......... .$249/$40

Versatile . Altair 8800. COMPAL·80. iCOM Attache and TRS· 
80. Specily desired configuration ........ . ..... .S145/S25 0 A3+ package includes Disk BASIC. Z·TEL. TOP, ASM, 


Z-BUG and Ui\IKER . ... .. . . ...... . .. .... . . . . . . $409/$40 


I 
D MAC - 8080 Macro Assembler. Full Intel macro definitions. 

Pseudo Ops include RPC. IRP, REPT, TITLE, PAGE. and MICROPROMACLIB. Z·80 library included. Produces Intel absolute hex 
output plus symbols file for use by SID (see below) $1001$15 D Super Sort I - Sort. merge, extract utility as absolute 

executable program or linkable module in Microsoft format. D SID - 8080 symbolic debugger. Full trace, pass count and Sorts lixed or variable records with data in binary. BCD. break·point program testing system with back·trace and histo­ Packed Decimal, EBCDIC. ASCII . lloating, fixed point . expo­

I 
gram utilities. When used with MAC. provides full symbolic nential. lield justified. etc. etc. Even variable number ol fields display of memory labels and equated values . . . . . . $85/$15 per record! . . .... . . . ... .. . ... .. ..$250/$25 

D TEX - Text formatter to create paginated. page·numbered D Super Sort II - Above available as absolute program only and justified copy from source text flies, directable to disk or . . . . . . . . . . . . ...... . .. . . . . . $200/$25
printer . . ..$851$15 
0 Super Sort Ill - As II without SELECT/EXCLUDE . . $1501 

I 
D DESPOOL - Program to permit simultaneous printing al $25data from disk while user executes another program from the 

console . . . . . . . . . . . . . . . . . . . . . ........ . ..$50/$1 D ISAM - Callable system with triple level index full ANSI level 
II COBOL capability. Utility included to convert existing se· 

MICROSOFT quenliat files lo ISAM ........ . ....... . . .. ..... .$145/$25 

I 
D Disk Extended BASIC* - New version. ANSI compatible D Word Master Text Editor - In one mode has super-set al 

with long variable names. WHILE/WEND. chaining. variable CP/M's ED commands including global search ing and replac· 
length fi le records ............ .. ........ ..... . . $300/$25 mg, forward and backwards in file. In video mode, provides fu ll 

screen editor for users with serial addressable·cursor terminal0 FORTRAN-BO* - ANSI '66 (except for COMPLEX) plus . ... ... ... . ...... .......... ... .. . .. .... .$150/$25 
many extensions. Includes relocatable object complier, linking 

I 
1 D Corresponder - Mail list system. suppor1 ing form letter~:i~~) l~~'.ary. ~i t~ . ~.anager '. ~Is~ includ_e_s. _MA_cR5~gg ~;~ 

generation with personalized greetings. Reference lields per· 
mil sor11ng and extraction by name. address fields or reference D COBOL-80* - ANSI 74 Pseudo·compiler with relocatable data using Super Sor1. Requires CBASIC .. .......$95/$25

object runtime package. Format same as FORTRAN-80 and 
MACR0-80 modules. Complete ISAM, interactive ACCEPT/ 0 BASIC/S - Mircrosoft BASIC with Super Sort Capability
DISPLAY, COPY. EXTEND . . . . . . . .. .. .. $625/$25 .. ... . . ..... . .. .... . . . ....... ..... ... . .. ... ..$400/$25 

I 
D MACR0-80 - 8080/280 Macro Assembler. Intel and Zilog 0 FORTRAN/S - Microsoft FORTRAN-80 with Super Sort 

mnemonics suppor1ed. Relocatable linkable output. Loader, capability . .. .. .. . .. .. .. . . .. . . .$550/$25 
Library Manager and Cross Reference List utilities included 
..... .. . . . ..... . . .... ........ . ....... .. .. .. . . $149/$15 0 COBOL/S - Microsoft COBOL-80 with Super-Sort capabili ty 

.. . . . . . ...... .. . . ................. . .. . . . . . . . . $800/$25
D MACR0-80 plus FORTRAN subroutine library available. Li· 

brary includes ABS , SIGN, EXP, DLOG, SQRT, DSQRT, 

I 
SOFTWARE SYSTEMS

ATAN, DATAN etc. etc ..... . ....... . ..... .. ....$219/$15 
0 CBASIC Disk Extended BASIC - Non-i nteractive D EDIT-80 - Very fast random access text editor lor text with or BASIC with pseudo·code compiler and runtime interpreter . 

without line numbers. Global and intra-line commands sup­ Suppor1s lull file control, chaining, integer and extended preci­
por1ed. File compare utility included . . . . . . . .$89/$15 sion variables etc. Version 1 users can receive Version 2 and 

new manual for $45 with return ol original diskette. Standard ·see MICROPRO lor M1crosolt languages w11h sori capabll111es 

I 
CP/M and TRS-80 CP/M versions available .. ... ..$95/$15 

XITAN (software requires Z-80 CPU) STRUCTURED SYSTEMS GROUP 
D Disk BASIC - Fast powerful interactive interpreter. PAI· D General Ledger - Interactive and flexible system providing VACY password security. Can dynamically open a large proof and repor1 outputs. Customization of COA created inter­number of files simultaneously lor random or sequentia l 1/0 actively. Mult iple branch accounting centers. Extensive check· ..... .. . . ... . ..... . . ........... . ..... .. .. .. $159/$20 


I 

ing performed at data entry for proof. COA correctness etc. 


D Z-TEL - Text editing language. Expression evaluation Itera­ Journal entries may be batched prior to posting. Closing pro· 

tion and condi tional branching ability. Registers available for cedure automatically backs up input files. All repor1s can be 

text and commands. Macro command strings can be saved on tailored as necessary. Requires CBASIC .. .. ... .$9951$20 
disk for re-use .......... .. ... ....... ..... .. . . ..$691$20 D Accounts Receivable - Open item system with output for 

D 	ASM Macro Assembler ·- Mnemonics per Intel with Z-80 internal aged repor1s and customer-oriented statement and bill­
extensions. Macro capabilities wi th absolute Intel hex or re-

I 
ing purposes. On-Line Enquiry permits information for Cus­

locatable linkable output modules . . .. . .... . ... . ..$69/$20 tomer Service and Credit departments. Interface to General 
Ledger provided if both systems used. Requires CBASIC

D LINKER - Link-edits and loads ASM modules ...$69/$20 .. . .. ... . . . ... . .. .. ... . . ... .... .. .... . .. .. ...$750/$20 

D Z-BUG debugger - Trace, break·point tester. Supports D Accounts Payable - Provides aged statements of ac­
decimal. octal and hex modes . Dissassembler to ASM counts by vendor with check writing for selected invoices. Can 

L 
mnemonic set. Emulation technique perm its lull tracing and be used alone or with General Ledger and/or wi th NAD. Re· 
break-point support through ROM ... . . . . $89/$20 quires CBASIC . . . . . . . . . . . ...$900/$20 
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Software 

D Check enclosed 0 U.P.S. COD 

D Visa D Master Charge 

Account # Exp. Date 

Signature 

D manual alone 

D manual alone 

Sub lotal 

Shipping 

$1.00 for C.O.D. 

Total 

Price 

S1arTM I 

Software for most popular 8080/Z80 computer disk 

systems , including NORTH STAR, MICROPOLIS, iCOM, SD SYSTEMS, 

HELIOS, ALTAIR, TRS-80 and 8" SOFT SECTORED formats . 


Software/
with Manual 

Manual Alone 
D 	NAO Name and Address selection system - lnterac­

11ve mail list creation and maintenance program with output as 
full reports wilh reference data or restricted information for mail 
labels. Transfer system for extraction and transfer ol selected 
records to create new files. Requires CBASIC .. .. .$79/$20 

D 	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 
Ide created . optionally with interactive program which requires 
CBASIC. Parameler file may be generated wilh CP/M assem­
bler ullllly . . ...... ... .. ... .... .. . ..... ..... .... .$ 95/$20 

OTHER 
0 	 ZSO Development P_ackage - Co_nsists of:. (1) disk file 

line editor. with global inter and lntra-hne fac1ht1es: (2) . 280 
relocating assembler. Zilog/Mostek mnemo.~1cs. cond1t1onal 
assembly and cross reference table . capab11it1es ; (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 

D 	WHATSIT - lnteracllve data-base system using associative 
lags 10 retrieve information by subject. Hashing and random 
access used for fast response. Requires CBASIC .$125/$25 

D 	DISINTEL - Disk based disassembler to Intel 8080 or TDU 
Xi tan ZBO source code, listing and cross reference files . Intel or 
TDUXitan pseudo ops optional. Runs on 8080. Standard CP/M 
and TRS-80 CP/M versions avai1able . ........ ... .$65/$10 

0 	 DISZILOG - As DISINTEL to Zilog/Mostek mnemonic files. 
Runs on 280 only. Standard CP/M and TRS-80 CP/M versions 
available .... . ......... . .... . .. . . . . .. . .... . . . .$65/$10 

D 	ZASM Assembler - Disk-based assembler for Zilog/ 
Mostek mnemonic Z-80 code. Creates output in absolute Intel 
hex . Requires Z-80 to operate .......... . .. . ... . .$45/$10 

•
I 

Lifeboat Associates, 164 West 83rd Street. New York. N.Y. 10024 (212) 580-0082 
Please send me: 

Software/
with Manual ,Manual Alone 

D 	XYBASIC Interactive Process Control BASIC - Full 
disk BASIC features plus unique commands to handle bytes. 
rotate and shift. and to tesl and sel bils. Available in Integer. 
Extended and ROMable versions .. ..... . .From $295/$25 

D 	SMAL/80 Structured Macro Assembled Language 
- Package of powerful general purpose text macro processor 

and SMAL structured language compiler. SMAL is an assem­
 I
bler language with IF-THEN-ELSE. LOOP-REPEAT-WHILE. 

DO-END. BEGIN-END constructs . .. .. .......... .$75/$15 


D 	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 I 

D 	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 ClienVPatienl. Requires CBASIC Supplied 
in source code . .... . .. . .... .. .... ... . .. .. . ... .$295/$20 I

D 	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 instruclions 
and features of each BASIC ... . ..(send 20¢ S.A.S.E.) FREE I 
* 

TRS-80 *FORTRAN PACKAGE 

Professional Disk-Based 


Language and Utility Package 
 I
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 1s supplied 

on diskettes and consists of a relocatable machine 

code FORTRAN Compiler . Macro Assembler. a Link· 

ing Loader . Subroutine Library . Text Editor .. . . .5325 
 I 

My computer configuration (specilying disk system) : 

I 

I 

I 

I 

O.sk sys/ems and lorma1s Norm 
srngte or double densrty IBM single or 
2D.'2 'i6 Alla11 . Helios II, Mrcropolrs Mod I 
or II. sv.· so~ sector (Mrcro 1COM '$D I
Sales Dynabyle). etc 

Name 	 ~~l;o'~~r~,s~'ttc.grB} mrn ) Add $1 

Manual cos1applicable aga1ns1 price ol 
Address (No. P.O. Box) 	 su/Jseouenr sofrware purchase. 

The sale ol each proprietary solr·...·are 
City State Zip package conveys a license lor use on 

onn syslem only , 

EF FECTIVE MARCH 1, 1979 
'"' The Sohware Supermarket is a trademark of U feboat Associates 
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Marsport, Here I Come 


Delmer D H inrichs 
2116 S E 377th Av The Three-Dimensional Celestial 
Washougal WA 98671 

Figure 7: Mars, with the 
orbiting spaceship and the 
target landing site. Both 
rectangular and spherical 
coordinate systems are 
shown. 

- 90• 

-y 

TARGET L ANDING SITE 

90° 

Introduction 

The motion of a freely fa lling body in a 
grav ity field has many interesting character­
istics. One of the better methods of showing 
this is with a simulation, in this case written 
for the Hewlett-Packard HP-67 or HP-97 
programmable ca lcu lator . 

Lunar lander simulation prngrams, in 
which the application of thrust is used Lo 
counteract grav ity, have become qu ite pop u­
lar . Extendi ng the lun ar lander concept Lo 
two dimens ions allows study of th e motion 
of bodies in orbit. Further extension to 
three dimensions, as in this program, makes 
it possibl e to investigate orbital plane 

Running the Program 

This program is designed as a three­
dimensional Mars lander so you can exercise 
your three-d imensional visualization of 
space. With a limited fuel supp ly you can 
pil ot a spaceship fro m its initial orb it around 
a spherica l simul ation of Mars to a soft 
land ing at a designated target site on Mars' 
surface. The in itial orb it does not pass over 
the target site. The three-dime nsional tra­
jectory of the spacesh ip is ca lculated as a 
series of segments under your control. 

Reali stic feat ures of the program include : 

• 	 True inverse square law gravity acts 
upon the estimated midpoint of each 
trajectory segme nt. 

• 	 Th e thrust of the spacesh ip 's rocket 
engi ne simulates the use of a hydrogen­
oxygen fuel, with an exhaust velocity 
of 4 km/s. 

• 	 The spacesh ip loses mass as fue l is 
used; with less tota l mass, the space­
shi p acce lerates more ra pidly for the 
same fuel usage rate . 

• 	 If th e limited fu el sup ply is exhausted, 
the spaceship automaticall y free-fa lls 
to impact on the surface of Mars. 

• 	 After impac t with or land ing on Mars' 
surface, the actual landing position, 
veloci ty, and rema in ing fuel are inter­
po lated from the segment-end condi­
tions immediately before and after 
impact. Also, the distance along the 
spherical su rface of Mars from th e 
impact site to the target site is 
calculated. 

To avo id some pilot errors, ther·e are 
dat, entry checks: the maximum fuel 
usage rate is lim ited to ·100 kg/s. The maxi­
mum segment duration is limited to 60 

changes. Since Mars has a much stronge r secon ds. If an attempt is made to burn 
gravity fie ld than the moon, the effec t of more fue l than actua lly remain , onl y the 
gravity is accentuated. actua l remai nin g fuel is burned. 
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Mechanics Simulation for the HP 67197 


One difficult part of land ing the space­
sh ip wi th this program is to cor rectly 
interpret exactly where the spaceship is and 
where it is going at all t imes; that is, to 
visual ize its movement in three di mens ions. 
To make this as easy as poss ible, the position 
is displayed as the spaceship's al titude fro m 
Mars ' spherica l surface, plus two position 
angles, ¢ and 81 as shown in Figure 1. Th e 
coordinate system is fixed with the origin at 
the center of Mars, and both position angles 
equal 0 at the designated target landing si te. If 
Mars is consid ered as a globe li ke the Earth, 
then angle ¢ is degrees of longitude and 
angl e 8 is degrees of la titude. The X, Y pl ane 
in tersects Mars ' surface along its equator. 
There fo re, angle ¢ is in the X, Y pl ane, and 
angle 8 is from the X, Y plane. Th en Z and 
- Z ar·e the north and south pol es, respec­
tive ly. The max imum range of angle ¢ is 
±(0° to 180° ), whil e the maxi mum range of 
angle 8 is ±(0° to 90°). No te th at wh en angle 
e is exactly ±90°, angle¢ is indete rminate . 

Simil arly, the spacesh ip's velocity is di s­
played as a magnitude and two ve locity 
angles, ¢ and 8. The velocity vector is paral ­
le l to the vector fr om the origin to a pos ition 
with the same angles. Th us if veloc ity angles 
¢ and 0 are both 0, the spacesh ip 's ve locity 
is parallel to the X axis, and toward more 
positive X values, regardless of the space­
ship 's position. 

Now th at we know wh ere we are and 
where we're goi ng, le t us check out the space­
shi p's operation, sum marized in table 1. We 
must first decide on the ini t iali zation 
method we want to use. To start with a 
r·elatively easy lan di ng problem, use the 
fixed initiali zation on the Three-Dimensional 
Mars Lander progr·am card (program listing 
l); this al ways puts the spaceship in the 
same posi tion and at the same velocity in 
a nearly ci rcu lar orbiL. Wh en landing from 
this fi xed initi al ization becomes too easy, 
use one of the random in itialization routin es 
of program li sting 2; these put the spacesh ip 
at a random alti tude (107 to 3,607 km), in a 

Step Instructions Input Keys Output 

Prepare for Three-Dimensional Mars landi ng ­
Use either: 

(a) Fi xed initi aliza tion : 
(1) Load Three-D imensional Mars Lander 

program ; 0.000 
(2) In it ialize; E Sta tus 
(3) Go to step 2. 

(b) Random in it ia l ization : 
( 1) Load Random In i t ial ization Program; 0.000 
(2) Optionally, enter a random seed; .xxxxxx B O.xxx 
(3) Optionally , spin for a random seed, A 

wait for a few seconds, then stop; R/S 1.000 
(4) Initialize for a random circu lar orbi t, c Status 

or for a random ellipt ical orbit; E Status 
(5) Load Three-D imensional Mars Lander 

2 Optionally, reset segment duration, t seconds. c t/2 

3 Enter either a free-fa ll or a rocket burn: 

(a) Free-fall n segmen ts oft seconds each ; n A Status 

(b) Rocket burn for one segment oft seconds; 
(1) Angle of thrus t </J, degrees ; 
(2) Ang le of thrus t 8, degrees; 
(3) Fuel usage rate, kg/s; (0 thru 100) 

</Je 
kg/s 

ENTER 
ENTER 

B Status 

4 To calculate nex t trajectory segment, go to Step 2. 

Notes 

• 	 When fuel is gone, there is a print/pause of 10000, then the spaceship free-falls 
to impact. 

• 	 Aft er Mars impact, the re is a pr int /pause of 3393, then the land i ng status is 
displayed. 

• 	 Status is a double stack review of: Stack 
Register 

(a) Segment time, seconds (after land ing, impact-to-target distance, kml; T 

(b) Position angle¢, degrees ; 	 Z 

(c) Posi t ion angle 8, degrees; 	 Y 

(d) Sh ip's al ti t ude, km (after landing, vertical error o f esti mated position) ; X 

(e) Remaining f uel supply, kg; 	 T 

(f) Vel oci ty ang le¢, degrees; 	 z 

(g) Velocity ang le 8, degrees; 	 y 

(h) Ship's velocity, km/s . 	 x 

• 	 Any status display may be repeated by pressing D. 

Table 7: Operating instructions for the optional random initialization pro­
gram and for the Three-Dimensional Mars Lander program. 

April 1979 © BYTE Publications Im: 85 



random three-d imensional direc ti on from 
Mars, and goi ng in a random di rection. The 
circular in i tia I iza ti on puts the horizontal 
spaceship in a circu lar orbit. The elliptica l 
initialization pu ts the spaceship at a ra ndom 
loca tion on an orbit of random ellipticity. 
Some of these ell iptical orbits may even­
tually term inate on Ma rs if not modified. 

To repea t the same initial condi tions with 
the ra ndom orbits, enter the same random 
seed prior to in itial iza tion . For an unpredict­
abl e initial status, use th e SP IN ro ut ine, 
which increments the random seed until it 
is man ual ly stopped. Repeated pressi ng of 
the C or E keys gives a diffe ren t init ial status 
each time. 

After initialization, the user may change 
the segment dur·a tion (segment time stays 
as set unt il rese t), then decide whether Lo 

free-fall or to make a rocket burn for each 
segment. Any nu mber of segments of free­
fa ll may be ca lcul ated automatica ll y, with­
out intermed iate status displays. It is best 
not to free-fa ll too many segments at a time 
initiall y. Rock et burns arc made one seg­
ment at a time by specifying the three­
dimens ional thrust angles and the fuel usage 
rate for each segrnen l. At a fu el usage rate 
of 100 kg/s, the init ial acceleration rate is 
about 0.45 gs, grad ual ly increasi ng to about 

4 gs as fuel is used up (gs are units of 
accelera tion : at the Earth 's su rface, the 
acceleration of gravity is 1 g, or 9.81 m/s 2 ). 
Of course, lower fuel usage rates wil l give 
lower acce leration rates. To r·everse the 
direction of a vector in thr·ee dimensions 
{to reduce velocity). add ±180° to veloc ity 
angle ¢and change the sign of velocity angle 
e to ge t the req uired thrust angles. (See 
figure 1 to help vis ual ize this .) Segment du­
ra tion, thrust angles, and fue l usage rate may 
be dec im al numbers; the number of seg­
ments of free-fa ll must be an integer. 

With the fixed initial ization, the space­
ship starts at position angles of¢ = 45° and 
e = 35.264° (see figure 1 ). If the spacesh ip 
were over the Earth instead of over Mars, 
this wou ld correspond to a position about 
175 km north of Baghdad, in Iraq. The 
designated landing site is a t posit ion angles 
or ¢ = 0 • and 8 = 0 ·, or (o n the Earth) 
on the eq uator and on the Greenwich 
meridi an, due sou th of Ghana off the 
Atlantic coast of Africa . Initi al ly, the orbit 
o r Lh e spaceship is horizontal and it is 
heading due west. If it were. over the Earth, 
the orbi t would not cross the equator 
un til just off the east coast of South 

Text continued on page 100. 
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FOR FURTHER INFORMATION CONTACT 
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For the first time: 
Hard-to-obtain 
computer music 
material has been 
collected into one 
convenient, easy-to­
read book. 

The BYTE Book of 
Computer Music com­

bines the best from 
past issues of BYTE 

magazine with exciting new material 
of vital interest to computer experimenters. 

The articles range from flights of fancy about the reproductive 
systems of pianos to Fast Fourier transform programs 

written in BASIC and 6800 machine language. Included in 
this fascinating book, edited by Christopher P. Morgan, 

are articles discussing four-part melodies, a practical music 
interlace tutorial, electronic organ chips, and a remarkable 

program that creates random music based on land terrain maps! 

ISBN 0-931718-11-2 $10.00 
Buy this book at your favorite computer book 1 JEI jll~M \ 
store or order direct from BYTE BOOKS ! IKJ ... 
Add 50< pe< book Im postage and handHng,j__LL Ii[JCl,..~ _fu 

70 Main Street Peterborough, New Hampshire 03458 
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ROCKET BURN 
LA BEL B 

START 

YES 
U • 100 

CALC ULATE fUEL USAGE , 
SH IP"S NCW MASS 

SEl SEGMENT TI ME 
LABEL C 

YESSTART 

YES 
I •60 

CALCULATE t. VELOCITY 
FOR ROC~(T OURN 

UPOA TE VELOCITY 
FOR ROCKET BURNSTORE NEW 

SEGMENT TIME 

HALT 

FREE · FA L L 
L ABEL A 

STORE FRH· FALL 
LOOP CO lJNl 

SET 
0 

NO FUEL" FLAG 

SHOW 
0 

10000" 

BURN ONLY 
REMAINING FUEL 

ESTIMATE SHIP 'S POSITION 
FOR GRAVITY CALCULATlON 

CA LCULATE GRAVITY , UPDATE 
VELOCITY FOR GRAV ITY 

UPOATE SHIP ' S POSI !ION FOR 
AVERAGE SEGMENT VELOCITY 

•ES 

SHlfl DAT'A ro 
SE CONDARY REGISTER S 

YE S 

YES 

OIS PL AY 

LA6( L. 0 

RECALL SEGM ENT TI ME 
ANO SHIP' S POS!TIOn 

DI SPL AY S TACK 

RE CALL RCMAIM1NG FtJEL 
ANO SHIP'S VE LOC IT Y 

DISPLAY S TAC M. 

CALCULATE 
INTERPOLATION 

CALCULAlE 
VELOCITY, 

CALCULATE 
IMPACT SITE 

Figure 2: Simplified flow 
diagram for lhe Three­
Dimensional Mars Lander 
program. 
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I 

OFFERS A NEW CONCEPT IN 

SOFTWARE PRESENTATION FOR 


IT'S EXCITING LINE OF PROGRAMS 

PRS MAKES A BREAK­
THROUGH IN 
DOCUMENTATION 
Every PRS program comes with a com­
plete and inst ructive handbook. This 
unique documentation is written in clear 
and easy-to-understand English . PRS 
offers you a true fluency in computer­
user dialogue . 

MICROFILE: A NEW DATAFILE 
MANAGEMENT PROGRAM 
With PRS MICROFILE you can: Man­
age any list of items . Edit files. Son 
items alphanumerically. Search by keys . 
Total columns. Justify columns. Save 
and retrieve data with mass storage 
media. 

PRS MICROFILE documentation a lso 
solves one of the major concerns of be­
ginners. A special chapter explains how 
you can interface newly acquired soft­
ware with you specific configuration. 

CORE: AN INDISPENSABLE 
'' BRAIN-SURGEON" 
This PRS program is essential for the 
TRS-80 level I l. 
Here's a partial list of commands: Ex­
amine and modify memory. Display 
memory in Hex , ASCII, or CPU 
registers. Enter ASCII in memory. Fill 

\lit W Ii II I 

UL..' 

Ci rc le 309 on inqu i ry card . 

memory. Move block of memory. Verify 
memor y. Loca le s t ri ng . Bran c h to 
rout ine. Go to a nd execute (two break­
points avai la ble) . Hex arithmeti c. Ques­
tion inpu t pons and command outpu t 
ports . Tape C ue, on/ off. Read file in 
memory (bias ava il able). Write fil e from 
memory. Memo ry test. Etc. Disk ver. ion 
soon availa ble. 

A2FP: A PLOTTING PROGRAM 
FOR APPLE II 
This PRS program is a " modern age" tool 
for sllldents , engineers and researchers. 

A2FP plot s 2-d irnensio na l fu nctions in 
HIRES gra phics. Uses the fu ll screen 
(280 x 192 points. ) Plot o n Ca rlesian 
coordina tes. G ives complete parameters 
of ploned curves. Su perimposes plo ts. 
Offers many plott ing modes. 

DDS II : THE FAMOUS 
DYNAMIC DEBUGGING 
SYSTEM 
DDS II i. incred ibly powerful. A lthough 
desig ned for microcomputers, it is even 
mo re oph i ticated than the built-i n de­
bugging environment s supported by 
most la rge main frames. 

DDS 11 assembles and disassembles a ll 
8080 code. Performs "software open­
heart surgery", a rtfully displaying on 

the . cree n a ll registers , progra m in. !ruc­
tio ns and memory. S imulates du a l 
sc reen capa bil ity . You can wit ch on 
command fro m the DDS II disp lay to 
th e program ou tput. It 's like havi ng two 
video monit o rs for the price of one. Up­
dates the display while mo nitoring the 
program . Includes a full a rray o f 
monitoring tools. TRS-80 versio n soon 
availab le. 

PRS PROGRAMS ARE 
PROTECTED IN A BEAUTffUL 
CASSETTE OR DISK FOLDER 
The PRS cassette or floppy disk and 
man ual for your PRS programs are pro­
tec ti vely nes tled in a n e fficient a nd 
durable gold-imp rinted fold er. 

PRS SUPPORTS YOUR MAJOR 
BRANDS 
Over 20 packages a re current ly ava il­
able. Use the coupon below for a com­
ple te desc ription of each PRS program 
a nd listing of versions produced fo r each 
program . 

VISIT YOUR NEAREST DEALER 
TODAY 
Let your dea ler demonstrate 1he ex­
cellence of PRS progra ms. 

c. 
N 

j 
,, 

OJ "' :':
E "O >. 

"O 
z"' <( Li 

------------------------· 
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Listing 7: Mars Lander program for the HP 67/97 programmable calculator. Clear flags, set for DEG, and set display to FIX 3 
before recording program. User e11t1y points are capitalized in comm ents. 

Location Program Steps Commentary 

001 ( LBL B ) ( EEX ) ( 2 ) ( X<Y? ) ( X;!.Y ) ( Rl ) ROCKET BUR N : Check fuel usage rate, 

007 ( RCL A ) ( X ) ( RCL 7 ) ( ) calculate mass loss. 

011 ( CHS ) ( RCL 9 ) ( Xf.Y ) ( X>Y? ) Fuel gone? 

015 ( GSB 9 ) ( Ri ) ( STO 7 ) U pda te ship's mass and velocity for burn . 

018 ( LST X ) ( ) ( LN ) ( 4 ) 

022 ( GSB a ) ( ) 

024 ( LBL A ) ( ST 1 ) FREE-FALL : Store number of segments. 

026 ( LBL 0 ) ( GSB d ) ( CF 0 ) Free -fall loop : Calcu late posi tion for 

029 ( GSB b ) ( x2 ) ( RCL A ) ( X<!Y ) gravity update, update velocity for 

033 ( ) ( RCL 0 ) ( GSB a ) ( P+!-5 ) gravity , upda te ship"s position . 

037 ( RCL 4 ) ( + ) ( Rt ) ( RCL 6 ) 

041 ( + ) ( Rt ) ( RC L 5 ) ( + ) ( Rt ) 

046 ( P~ ) ( SF 0 ) ( GSB b ) 

049 ( RCL E ) ( XtY? ) ( X> Y7 ) ( GTO 7 ) Impact ? 

053 ( ) ( STO 8 ) ( GSB 4 ) Sh ift da ta. 

056 ( F? 1 ) ( GTO 0 ) ( RCL 0 ) No fueP 

059 ( x;=1 ) ( DSZ? ) ( GTO 0 ) More free -fall segments? 

062 ( L BL 0 ) ( GSB 2 ) ( RCL E ) DISPLAY : Current segment t ime. posi t ion. 

065 ( ) ( RCLA) ( Rl ) ( STK ) fu el, and veloc ity status. 

069 ( RC L 7 ) ( RCL9) (~-~) 

072 ( GSB d ) ( GSB c ) ( STK ) ( RTN ) 

076 ( LBL a ) ( X ) ( P-+R ) ( R1 ) ( X::':Y ) Subrout ine; Spher ical to rectangular. then 

081 ( P-+R ) ( STO - 4 ) ( Rt ) ( STO - 5 ) update velocity . 

085 ( R ) ( srn-s ) 

087 ( LBL d ) ( RC L 6 ) ( RC L 5 ) Subroutine; Recall velocity . 

090 ( RCL 4 ) ( RTN ) 

092 ( LBL b ) ( RCL B ) ( X ) Subroutine ; Ca lculate new posi t ion, then 

095 ( RCL 1 ) ( + ) ( F? 0 ) store new position only if 

098 ( STO 1 ) ( R t ) ( RCL B ) ( X ) flag 0 is set. 

102 ( RCL 3 ) ( + ) ( F? 0 ) 

105 ( STO 3 ) ( Rt ) ( RCL B ) ( X ) 

109 ( RCL2 ) ( + ) ( F?O ) 

112 ( STO 2 ) ( R t ) 

114 ( LBLc ) ( R- P ) ( Rt ) ( x :;-.:y ) ( R I ) ( RTN ) Subroutine ; Rectangular to spherical. 

120 ( R->P ) ( LBL 4 ) ( 7 ) ( x-+1 ) ( STO 0 ) Subroutine ; Sh ift fina l segment data in to 

Listing 7 continued on next page. 
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TRS-ao·· 
When Microsoft put Level II BASIC on 
TRS-80, you got a glimpse of Its fuJI 
potential . 

Now Microsoft Introduces: 

TRS-80 Fortran 
and TRS-80 will never be the same! 

Plus 

TRS-80 FORTRAN Includes the finest 
·z-80 development softw are available: 

Z-80 Macro Assembler, versatile Text Editor, 
and Linking Loader. 

Tbtal price : Only $350.00Circle 228 on inqui ry card. 

TO : Microsoft. 10800 N E Eight h . Suite 819. Be llevue. WA 98004 

D Send me free TRS-80 FORTRAN overview. 

D Send me TRS-80 FORTRAN and Z-80 development soft ­
ware for $350.00. 

D Check enclosed D Master C harge 0 V ISA 

card Number_____ Exp. Date _ ___ 

cardhotder·s Signature ______ ________ 

Name _ _ _____ 

Address _ ______ ----------­

City State Zip__ 




Listing 7, continued: 

125 ( LBL 8 ) ( RCL (i) ) ( P<!S ) ( STO (ii ) secondary regis ters. 


129 ( P<!S ) ( DSZ? ) ( GTO 8 ) ( RTN ) 


133 ( LBL 2 ) ( RCL 3 ) ( RCL 2 ) Subroutine ; Reca ll posi tion. 


136 ( RCL 1 ) ( GTO c ) (i) 

138 ( LBL 7 ) ( - X - ) (~-~) ( X=O? ) Impact ; Exac tl y on surface? 


142 ( GTO 6 ) ( STO - 8) Calculate in terpolation ra t io, 


144 (STO .;. 8 ) ( 7 ) ( ST I ) then interpolate posi tion, 

147 ( LBL 5 ) CT~ ( RCL (i) ) ( P:;;tS ) ve locity, and fuel 


151 ( RCL (i) ) ( ) ( RCL 8 ) ( ) data for instant o f impact. 


155 ( STO - (i) ) ( DSZ? ) ( GTO 5 ) 


158 ( LBL 6 ) ( GSB 2 ) ( R ~ ) ( COS ) Calculate miss dis tance; 


162 ( x <!Y ) ( cos ) ( x ) ( cos- 1) 


166 (5 )(9)( )( 2 )( 2)(x) 


172 ( X! O? ) ( GTO 3 ) ( RCL 2 ) if zero, alte rnate calculation : 


175 ( RCL 3 ) ( R->P ) ( LBL 3 ) 


178 ( STO A ) ( GTO D ) Display impact sta tu s. 


180 ( LBL 9 ) ( SF 1 ) ( X ) ( X<!Y ) ( RT N ) Subrout ine ; Out of fuel. 

185 ( LBL E ) ( CF 1 ) (CL REG) IN ITIALI ZE : Store constant s. t he fix ed 

188 ( 3 ) ( 3 ) ( 9 ( 3 ) ( STO E ) 


193 ( 4 ) ( 3 ) ( EEX ) ( 3 ) 


197 ( STO D ) ( EEX ) ( 4 ) ( STO 9 ) init ial posi t ion and veloci t y, 


201 ( 9 ) X ) ( STO 7 ) ( GSB c ) 

205 ( ) ( STO 1 ) ( STO 2 ) 

208 ( STO 3 ) ( 2 ) ( STO 4 ) 

211 ( CHS ) ( STO 5 ) ( GSB 4 ) 

214 ( GTO D ) then displ ay the init ial sta tus. 

215 ( LBL C ) ( 6 ) ( 0 ) ( X> Y? ) ( X;!Y ) SEGMENT T IME: Check and store. 


220 ( STO A ) ( 2 ) ( ) ( STO B ) ( RT N ) 

~-~ 

Listing 2: Optional random initialization for Mars Lander. Clear flogs, set for DEG, and se t display to FIX 3 before recording 
program. User entry points ore capitalized in comments. 

Location Program Steps Commentary 

001 ( LBL C ) ( SF 2 ) CIRCULA R : Se t for random circular orbit. 

003 ( LBL E ) ( 6 ) ( 0 ) ( STOA)( 2 ) ELL IPTICA L : Set segment time. gravity 


DOB ( )(srns)( 4) ( 3 ) ( EEX ) (_ _ 3~) constan t, Mars ra dius, 


014 (STOD)( 3 )( 3) ( 9 ) ( 3 ) sh ip's mass, ship's random radius 


019 ( STO E ) ( 9 ) ( EEX ) ( 4 ) ¢and 6. 


Listing 2 continued on page 98. 
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More BYTE BOOKS 
in your future••• 
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...And the future 

THE BYTE BOOK OFCOMPUTER MUSIC combines 
the best computer music articles from past issues of 
BYTE Magazine with exciting new material-all written 
for the computer experimenter interested in this 
fascinating field. 
You will enjoy Hal Chamberlin's "A Sampling of 
Techniques for Computer Performance of Music", 
which shows how you can create four-part melodies 
on your computer.For the budget minded, "A $19 Music 
Interface" contains practical tutorial information-and 
organ fans will enjoy reading "Electronic Organ Chips 
For Use in Computer Music Synthesis''. 
New material includes "Polyphony Made Easy" and 
"A Terrain Reader". The first describes a handy circuit 
that allows you to enter more than one note at a time 
into your computer from a musical keyboard. The 
"Terrain Reader" is a remarkable program that creates 
random music based on land terrain maps. 
Other articles range from flights of fancy about the 
reproductive systems of pianos to Fast Fourier trans­
form programs written in BASIC and 6800 machine 
language, multi-computer music systems, Walsh 
Functions, and much more. 
For the first time, material difficult to obtain has been 
collected into one convenient, easy to read book. An 
ardent do-it-yourselfer or armchair musicologist will 
find this book to be a useful addition to the library. 

ISBN0-931718-11-2 
Editor: Christopher P. Morgan 
Pages: approx. 128 
Price: S 10.00 

-
SUPERWUMPUS is an excit­

'tffit'l flflt. lt ~.• ; .,
ing computer game incorpo­
rating the original structure of 
the WUMPUS game along 
with added features to make 
it even more fascinating. The 
original game was described 
in the book What To Do After 
You Hit Return, published by 
the People's Computer Com­
pany. Programmed in both 
6800 assembly language and 
BASIC, SUPERWUMPUS is not only addictively fun, 
but also provides a splendid tutorial on setting up 
unusual data structures (the tunnel and cave system 
of SUPERWUMPUS forms a dodecahedron). This is a 
PAPERBYTE™ book. 

ISBN 0-931718-03-1 
Author: Jack Emmerichs 
Pages: 56 
Price: $6.00 

TINY ASSEMBLER 6800, 
Version 3.1 isan enhancement 
of Jack Emmerichs' success­
ful Tiny Assembler. The origi­
nal version (3.0) was described 
first in the April and May1977 
issues of BYTE magazine, 
and later in the PAPERBYTE™ 
book TINY ASSEMBLER 
6800 Version 3.0. 

In September 1977, BYTE 
magazine published an article 
entitled, "Expanding The Tiny Assembler". This pro­
vided a detailed description of the enhancements 
incorporated into Version 3.1, such as the addition of a 
"begin" statement, a "virtual symbol table", and a 
larger subset of the Motorola 6800 assembly language. 
AH the above articles, plus an updated version of the 
user's guide, the source, object and PAPERBYTE™ 
bar code formats of both Version 3.0 and 3.1 make this 
book the most complete documentation possible for 
Jack Emmerichs' Tiny Assembler. 

ISBN 0-931718-08-2 
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 Jet 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 IO 
(November1977), Program Your NextEROM 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 

ISBN0-9317 18-07-4 
Author: Steve Ciarcia 
Pages: approx. 128 
Price: $8.00 

-



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 PAPERBYfE™ 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. 

ISBN0-931718-05-8 
Author: Paul Warme 
Pages:88 
Price: $8.00 

-
PROGRAMMING TECH­
NIQUES is a series of BITE ,tl ~l~.~ ~""' 
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 0-93 1718-12-0 
Editor: Blaise W. Li ffick 
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 LINK68. (Refer to 
PAPERBYfE™ publication LINK68: AN M6800 
LINKING LOADER for details.) 

There is a complete description of the 6800 Assembly 
language and its components, including outlines of 
the instruction and address formats, pseudo instruc­
tions and macro facilities. Each major routine of the 
Assembler is described in detail, complete with flow 
charts and a cross reference showing all calling and 
called-by routines, pointers, flags, and temporary 
variables. 
In addition, details on interfacing and using the 
Assembler, error messages generated by the Assem­
bler, the Assembler and sample 10 driver source code 
listings, and PAPERBYfE™ 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 0-931718-104 
Author: Jack E. Hemenway 
Pages: 184 
Price: $25.00 
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LINK68: AN M6800 LINKING LOADER is a one MONDEB: AN ADVANCED M6800 MONITOR­

pass linking loader which allows separately translated DEBUGGER has all the general features ofMotorola's 

relocatable object modules to be loaded and linked MIKBUG monitor as well as numerous other capabili­

together to form a single executable load module, and ties. Ease of use was a prime design consideration. 

to relocate modules in memory. It produces a load map The other goal was to achieve minimum memory 

and a load module in Motorola MIKBUG loader format requirements while retaining maximum versatility. 

The Linking Loader requires 2 K bytes of memory, a The result is an extremely versatile program. The size 

system console (such as a Teletype term inal), a sys­ of the entire MONDEB is less than 3 K. 

tem monitor (for instance, Motorola MIKBUG read 
 Some of the command capabilities of MONDEB in­
only memory program or the !COM Floppy Disk clude displaying and setting the contents of registers,
Operating System), and some form of mass file stor­ setting interrupts for debugging, testing a program­
age (dual cassette recorders or a floppy disk). mable memory range for bad memory locations, 
It was the express purpose of the authors of this changing the display and input base of numbers, 
book to provide everything necessary for the user displaying the contents of memory, searching for a 
to easily learn about the system. In addition to the specified string, copying a range of bytes from one 
source code and PAPERBYTE™ bar code listings, location in memory to another, and defining the loca­
there is a detailed description of the major routines of tion to which control will transfer upon receipt of an 
the Linking Loader including flow charts. While imple­ interrupt This is a PAPERBYTE™ book. 
menting the system, the user has an opportunity to 
learn about the nature of linking loader design as well ISBN 0-931718-06-6 
as simply acquiring a useful software tool. Author: Don Peters 

Pages: 88 
ISBN 0-931718·09·0 Price: $5.00 
Authors: Robert D. Grappel 

[, Jack E. Hemenway 
Pages:72 
Price: $8.00 BAR CODE LOADER. The purpose of this pamphlet 
Winter 1979 is to present the decoding algorithm which was de­

signed by Ken Budnick of Micro-Scan Associates at 
TRACER: A 6800 DEBUGGING PROGRAM is for the request of BYTE Publications, Inc., for the PAPER­
the programmer looking for good debugging software. BYTE™ bar code representation of executable code. 
TRACER features single step execution using dynamic The text of this pamphlet was written by Ken, and 
break points. register examination and modification, contains the general algorithm description in flow 
and memory examination and modification. This book chart form plus detailed assemblies of program code 
includes a reprint of "Jack and the Machine Debug" for 6800, 6502 and 8080 processors. Individuals with 
(from the December 1977 issue of BYTE magazine), computers based on these processors can use the 
TRACER program notes, complete assembly and software directly. Individuals with other processors can 
source listing in 6800 assembly language, object use the provided functional specifications and detail 
program listing, and machine readable PAPERBYTE™ examples to create equivalent programs. 
ba r codes of the object code. 

ISBN 0-931718-01 -5 
ISBN 0-931718-02-3 Author: Ken Budnick 
Authors: Robert D. Grappel Pages: 32 

[,Jack E. 1-l emenway Price: $2.00 
Pages: 24 
Price: $6.00 
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TSC 
BASIC 
for 6800 
The fastest floating point BASIC for any micro. 


Move over 6502! Out of the way 8080! The 

fastest floating point BASIC for any micro now runs 
 ti)" 

100 "'O
c::on the 6800. And with the TSC name, you know it's 
0 vtop quality. a.I 

<J) 

80 -a.ITSC BASIC is not only fast, but complete with 
E over 50 commands and functions. Features F 
~include six digit floating point math, full 

60 .... 
cotranscendental functions, unlimited string E 

..c::length, if/then/else construct, logical 
(.)
c::operators,and two-dimensional 40 a.I 

C'.larrays (including string arrays). 
a.I 
0) 
co....Available now on KCS 20 

cassette for $39.95. ~ 
Requires 9K minimum, 

no source listing 

included. Soon to 


SWfPc 
come is a version for the 6800 6502 8080 Star "Super" 6800 


FLEXr11 disk operating 

system. BASIC Version 


Graph based on benchmarks 
listed in October 1977 issue of 
Kilobaud'" magazine. 

Speelallsts In Software & Hardware for Industry & the Hobbyist 
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Listing 2, continued from page 92: 

023 ( STO 7 ) ( 3 ) ( ) ( 5 ) ( EEX ) ( 3 ) 

029 ( STO 8 ) ( GSB 0 ) ( STO + 8) ( GSB 1 ) Convert position to X, Y, Z. and store. 

033 ( 3 ) ( 6 ) ( O ) ( X ) ( GSB 1 ) 

038 ( )(a)( o)(x) 

042 ( RCL 8 ) ( P-+R ) ( R.j. ) ( XZY ) ( R t ) 

047 ( P ... R ) ( STO 1 ) ( Rt ) ( STO 2 ) 

051 ( R~ ) ( STO 3 ) 

053 ( RCL D ) ( RCL 8 ) ( ) ( ..JX ) Calculate circular orbit velocity, 

057 ( STO 9 ) ( GSB 1 ) ( STO 4 ) random X . Y , Z velocity for an orbit 

060 ( RCL 1 ) ( X ) ( GSB 1 ) horizonta l at the ship's 

063 ( STO 5 ) ( RCL 2 ) ( X ) ( + ) 

067 ( CHS ) ( RCL 3 ) ( ) ( STO 6 ) position. 

071 ( RCL 5 ) ( RCL 4 ) ( GSB 2 ) 

074 ( RCL 9 ) ( ) ( STO + 4 ) adjust X, Y , Z velocity . 

077 ( STO + 5 ) ( STO + 6 ) ( F? 2 ) Circular orbit? 

080 ( GTO 5 ) ( GSB 1 ) ( 2 ) ( ) If elliptical orbit , 

084 ( STO + 4 ) ( GSB 1 ) ( 2 ) ( ) make random 

088 ( STO + 5) ( GSB 1 ) ( 2 ) ( ) X, Y. Z velocity adjustment. 

092 ( STO + 6 ) ( LBL 5 ) ( 7 ) 

095 ( ST I ) ( LBL 3 ) ( RCL (i) ) Shi ft data from pr imary to 

098 ( PZS ) ( STO (i) ) ( PZS ) ( DSZ? ) secondary regis ters. 

102 ( GTO 3 ) 

103 ( LBL D ) ( RCL3 ) ( RCL 2 ) DISPLAY : Show segment time, 

106 ( RCL 1 ) ( GSB 2 ) ( RCL E ) ship's position. 

109 ( ) ( RCL A ) ( Rt ) ( STK ) fuel. 

113 ( RCL 7 ) ( EEX ) ( 4 ) ( STO 9 ) and velocity. 

117 ( ) ( RCL 6 ) ( RCL 5 ) 

120 ( RCL 4 ) ( GSB 2 ) ( STK ) ( RTN ) 

124 ( LBL 1 ) ( ) ( GSB 0 ) ( ) ( 5 ) Subroutine; Randomize position and velocity . 

129 ( ) ( RTN ) 

131 ( LBL 0 ) ( RCL 0 ) ( 11 ) ( + ) Subroutine ; Random number generator . 

135 ( x2 ) ( FRAC ) ( STO 0 ) ( X ) ( RTN ) 

140 ( LBL 2 ) ( R-+P ) ( R.j. ) ( X+!.Y ) ( Rt ) Subroutine; Rectangular to spherical. 

145 ( R->P ) ( RTN ) 

147 ( LBLA) ( CL REG) ( ) ( CHS ) SP IN : A random seed randomizer. 

151 ( ST I ) ( CHS ) ( STO + 0) 

154 ( GTO (i) ) 

155 ( LBL B ) ( STO 0 ) ( RTN ) SEED : To store user's random seed . 
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* Our prices are too low to advertise. 
Please call or write. 

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* tor prices 

Decwriter II . .. .... $1395.00 
Oume Sprint 5/45 44 Column Printer ... .$295.00 

RO .. . . .... . .. 2795.00 Livermore Accoustic
Perscl 277 Obie Coupler .. ...... .. 249.00

Density . ........ 1395.00 
 Javelin 9" Monitor . . . . 159.95lmsai PCS 80/15 . . . .. 599.00 
Anadex DP 8000 Pertee 4511-R 


Printer . . . . . . . . . 995.00 
 10 MHardDisk . . . .. CALL* 

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

Hours 9·4 Daily 
and Saturday 

ENTERPRISES, INC. SYNCHRO-SOUND 
Visit our new showroom ~ The Computer People Working units on display 

193-25 Jamaica Avenue, Jamaica, New '!brk 11423 

212/468·7067 TWX 710·582·5886 
 BankAmerlcard Master Charge 
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Operation 	 Keys Display Explanation 

Load Three-Dimensional Mars Lander 
program 0.000 

Initialize (fixed orbit) 	 E 60.000 T Default segment ti me, seconds 
45.000 z Position angle ¢, degrees 
35.264 y Position angle 8, degrees 

1803.152 x Ship's altitude, km 
80000.000 	 T Initial f uel supply, kg 

-45.000 z Velocity angle </>, degrees 
0.000 y Velocity angle 8, degrees 
2.828 x Ship 's velocity, km/s 

Rocket burn for 60 seconds, 135, ENTER, 60.000 T Segment t ime, seconds 
</>= 135 ", 8 = o·. 100 kg/s 0, ENTER, 100, B 42.820 z Position angle</>. degrees 

35.245 y Position angle 8, degrees 
1802.794 x Ship's altitude, km 

74000.000 T Remaining fuel supply, kg 
-46 .751 z Velocity angle¢, degrees 

- 1.238 y Veloci ty angle 8, degrees 
2.553 x Ship 's velocity, km/s 

Free-fall 66, 60 second segments 66,A 60.000 T Segment time . seconds 
- 115.974 t. Position angle ¢. degrees 

- 33 .762 y Position angle 8, degrees 
5.694 x Ship's al titude, km 

74000.000 T Remaining fuel supply, kg 
145.618 z V elocity angle</>. degrees 
- 7.423 y Velocity angle 8, degrees 

3 .907 x Ship's velocity, km/s 

Free-fall one, 35 second segment 35, C, 1, A 	 3393.000 Impact signal 
6706 .884 T lmpact·to-ta rget distance, km 
-1 18.488 z Impact posi tion angle¢, degrees 

- 34.135 y Impact posi tion angle 8, degrees 
- 0.206 x Impact position vertica l error, km 

74000.000 T Remaining fuel supply, kg 
144 .164 z Impact veloc i ty angle ¢, degrees 
-6.425 y Impact velocity angle 8, degrees 

3 .913 x Sh ip's impact velocity, km/s 

Table 2: Demonstration of the Three-Dimensional Mars Lander program's operation. Note that the 
thrust from the rocket burn Is directly opposite to the initial velocity. 

Text continued from page 86 : 	 Celestial Mechanics 

America. Fol low the demonstration exampl e Celestial orbits of a relatively light body 
in tab le 2 to help to understand the space­ around a massive primary may be repre· 
ship control , and the status displays. The sented by the conic sections: circ le, ellipse, 
HP-97 prints status displays . parabo la, and hyperbola, all formed by the 

A good landing is within 100 m (0.100 intersection of a plane with a cone at various 
km) of the target site, with a near-vertica l angles. In this program we are concerned 
descent (r/> = ±180 ·, and 8 = 0 °, for velocity only with circu lar and ell iptical orbits, since 
angles), and at an impact velocity of less parabolas and hyperbolas represent non­
than 1 m/s (0.001 km/s). There is plen ty of repeating, or one pass orbits. 
fuel on board to make a good landing at In a circul ar or·bit, the orbiting body 
the target site from even a "worst case" always has the same velocity and the same 
random orbi t. The initi al mass rat io is 9 distance from the primary. The attraction 
to 1. of gravity is exactly balanced by the centrif­

Note that the display reads in kilometers ugal force at all times. Both the body's 
and in km/s; in the normal FIX 3 disp lay potentia l energy (a resu lt of altitude) and 
format, you can read down to the nearest its kine t ic ene rgy (a result of velocity) are 
meter and m/s. When near to landing, it is constant. 
helpful to change the disp lay to FIX 6, so An ellip tica l orbit is far more common; 
that you can read down to the nearest a ci rcular orbit is really just a special case 
millimeter and mm/s. Also note that during of an el lip tical orbit. In an elliptical orbit, 
descent, the spaceship 's position is given in the body 's velocity and its distance from the 
degrees, and on Mars ' surface, one degree primary arc continually varying. While the 
is about 60 km. body's potentia l energy varies with its alti­
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tude, and its kinetic energy varies with its 
velocity, its tota l energy remains constant. 
Its energy is merely oscillating between 
kinetic and po ten ti al forms. 

If we are in a spaceship, how do we 
change altitude with a minimum energy 
usage (ie : minimum fue l usage )? Under some 
special circumstances, this is fa irl y straight­
forward . For examp le, to go from one 
circular orbit to another circu lar orbit in the 
same plane - but at a different altitude ­
the minimum-fuel-usage maneuver is known 
as a Hohmann transfer. It is simp ly an 
ell ipse tangent to both circular orbits. A 
Hohmann transfer is made in three stages: 

(1) 	 Thrust along the current direction of 
motion (or against it) until the vel­
ocity has increased (or decreased) 
enough to form an ell iptical orbit 
that reaches just up (or down) to the 
desired new circu lar orbi t altitude; 

(2) 	 Wait in el liptical transfer orbit until 
the new altitude has been reached 
on th e opposite side or the primary 
from the start; 

(3) 	 Thrust along the current direction 
of motion (or agains t it) until the 
orbit has been circular ized at the 
new alt itude. Note that the direc tion 
of this second thrust must be oppo­
site to the initial direction of thrust 
(since we are now on the opposite 
side of the primary), though both 
increase (or decrease) the spaceship's 
ve locity. 

Bu t how can we use th is method to land on 
the surface of th e primary? Just perform a 
Hohmann transfer to zero altitude, th en 
stop! Of course, this assumes that the land­
ing trajectory is tangent to the surface, and 
that we stop instantly. Wh ile th is is theoret ­
ically the most efficient way to land from 
orbit, we can't quite actually do it th is way ; 
we have to leave some room to slow down 
and stop and a litt le extra for maneuvering 
room. However, the closer we can approach 
th is theoretica l minimum-fuel-usage land ing, 
the lower the actua l fuel usage wil l be . 

To repeat: for a minimum-fuel-usage 
landing fro m orbit, an initial rocket burn 
is made when the spaceship is on the oppo­
site side of the primary from the landing 
site to slow down enough to pass over the 
landi ng site at a low altitude; then free-fal l 
un til near to the target site. At the last 
poss ib le moment, again make a rocke t bu rn 
(or series of rocket burns} to stop orb ital 
velocity, and to land ver ticall y on the sur­
face at the target site. Note that Mars ' very 
thin atmosphere is ignored . 

But what do we do when the landing site 

is not in the plane of the orbit? Just cha nge 
the plane of the orbit so that the landing site 
is in the plane of the orbit. This can create 
two com plications: 

(1) 	 Since orbital velocity around Mars 
is fairly high, it takes a lot of fue l 
to change the pla ne of the orbit; 

{2) 	 In general, the heading of the space­
ship in orbit is continually changing. 
But what is the proper head ing to 
make the plane of the orbit pass 
through the landi ng site? 

Th e answer to (1) is , literally, rou ndabo ut. 
If the plane change is very great, it will save 
fuel to fi rst do a Hohmann transfer to a 
higher alt itude so that the spaceship's veloc­
ity wil l be lower, before changing the plane 
of the orb it. Then come back down on 
another elliptical orb it to a low altitude over 
the target landing site. In answer to (2), 
there are two pl anes th at the spaceship's 
orbit can be in, that also pass through the 
target site, where the headi ng does not 
change: the equato r, and the Greenwich 
meridian. If we approach the target site 
along the equato r or alo ng the Greenwich 
meridian, there is no problem of constantly 
changin g headings. 

Note that any free-fall orb it is pl anar 
(that is, flat) , and that the plane of the 
orbit al ways passes through the center of 
the primary. Therefore the orbit's path on 
the surface of the primary is al ways a great 
circle. (A great circl e is formed by the inter ­
section of th e prim ary's surface with a plane 
passing through the center of the prim ary.) 
It passes over the eq uator twice for each 
complete orbi t, and over the Greenwich 
meridian (or its extension, position angle¢ 
= ±180 °) twice for each complete orbit. 

Program Organization 

To squeeze this rather complex program 
into the 224 program steps ava il able in the 
Hewlett-Packard HP-67 /97, considerab le use 
was made of subroutines, as shown in pro­
gram listing 1. Note that subroutines may 
have two entry points . To translate this 
program to other systems, remember· that 
the HP-67/97 uses RPN (reverse Polish nota­
tion) on a 4 register stack. Therefore func­
tion symbols follow data entry, the same as 
though you were doing the calculation 
manually. Fl ags and condit ional tests ski p 
the following program step if th e test is 
false . 

The more important equations used for 
calculating the random initia li zation, the 

Text continued on page 108. 
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Operation 

Random In itialization: 

Vco = .J C9/R 

RV, "' - (RVxPx + RVYPY)/P2 

Spaceship's Trajectory : 

V, = V 1 - Vexhln(M1/M;) 

P
9 

= P1+V,t/2 

g = C /R 2 
g 

v1 =v, - gt 

P1 =Pi+ (V; + V f)t/2 

After Impact with Mars ' Surface: 

pimp= pf+ c/d(P ; - Pf) 

Distance = 59.22(cos - 1 ((cos c/>) (cos 0))) 

or : 

D istance = Jp~(imp) + P~(imp) 

V co 

C
9 

R 

RVz' etc 

Px' etc 

V, 

V1and Vt 

V exh 

M1and M1 

P 
9 

Pi and Pf 

t 

g 

V lmp 

c/d 

Pimp 

59.22 

Distance 

c/> and 8 

Py lim p) 

Pz(imp) 

Variable Definition 

= Velocity for a circular orbit, km/s 

= Mars' gravity constant, 43,000 km3 /s2 

=Radius, Mars' center to spacesh ip, km 

= Relative velocity in X,Y,Z directions 

=Spaceship's position in X,Y,Z coordinates 

= Spacesh ip's veloc i ty after rocket burn, km/s 

= Initial and final ship's velocity, km/s 

= Rocket exhaust velocity, 4 km/s 

= Initial and final ship's mass, kg 

=Position of spaceship for gravity calculation 

= Initial and final ship's position 

= Segment duration time, seconds 

= Gravity acceleration, 3 .74 m /s2 at surface 

=I mpact velocity on Mars' surface, km /s 

= Interpolation ratio 

= Spaceship's impact position on Mars' surface 

= Kilometers per degree along Mars' surface 

= Impact-to-target distance along Mars ' surface, km 

=Spaceship 's impact position angles, degrees 

= Spaceship's Y impact position, km 

= Spacesh ip's Z impact position, km 

Table 3: Random initialization, spaceship trajectory, and impact status cal­
culations. The trajectory and impact equations do not give exact velocity 
and impact data, but do give good approximations. The calculated values 
increase in accuracy as segment duration and velocity decrease and as radius 
increases. While the equations are shown in their simplest linear form, cal­
culations are actually carried out in three dimensions, using rectangular or 
spherical coordinates. Note that the initial conditions for one segment were 
the final conditions for the previous segment. 

Polar to Rectangular : where : X, Y = Rectangular coordinates 

X = R cos A R,A = Radius and angle of polar coordinates 

Y = R sin A 

Rectangu lar to Polar: 

R = Jx2 + y2 

A= tan-1 (Y /X) 

For calculation of the angle A : 

a) If X = 0, substitute a very small number for X, ie: perhaps 10- 10 

b) If X < O,add 180° to A 

c) If X < 0 and Y < 0, subtract 180° from A 

Table 4: Polar-to-rectan­
gular and rectangulor-to­
polar coordinate conver­
sions. 
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"1100~ OF INTEREST TO COMl'UTEJl PEOPLE "" 

70 Main Street Peterborough, New Hampshire 03458 
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TARGET LANDING 

/ 
fa- TRAJECTORY{3a) Figure 3: In terpolation of/

/ the spaceship's landing sta­
tus. Figure 3a is a cross­
section showing the space­
ship 's last trajectory seg­
ment. Figure 3b is a view 
from above showing im­
pact position and miss 
distance. 

SITE 

(3b) 

- Y 

TARGET LANDING SITE_/ 

-· Table 5: Register, label, 
and flag usage for the 
Three-Dimensional Mars 
Lander program. 

Regis1ers Labels 

Primary Secondary A Free-Fall 0 Free-Fall Loop 

0 Temporary Loop Count so B Rocket Burn 1 ­

S1 c Segment Time 2 Recall Position 
x l In i tial 

S2: : } New Position D Display Status 3 Skip Alternate Calculation ~ j Position3 z E F ixed ln itial iza1ion 4 Shift Data, Second Register Set 

a Update V elocity 5 Interpolation Loop:: 
S3 

: I Initial b Update Posi t ion 6 Ski p In terpo lation 
V eloc ity 

S6 z c Rec tangular to Spherical 7 Mars Surface Impact 

7 Sh ip's Mass S7 Ship' s Mass d Recall Velocity 8 Data Shift Loop 

8 Last Altitude SB e - 9 Out of Fuel 

9 10,000 S9 

A Segment Time, t Flags 

B t/2 0 On, Store New Position 

c ­ On, Out of Fuel 

D Gravity Constant 2 

E Mars' Radius 3 

I Loop Count 
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comPUTER SOFTWARE 

For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 
We have been In business for over nine years bull ding a reputa­ • Vlrtuolly Machine Independent - these programs are writ­
tion for providing a qualtty product al nominal prices - NOT ten In a subset ofDartmouth Basic but are not oriented for any 
what the traffic will bear. Our software Is: one particular system. Just In case your Basic might not use 

one of our functions we have Included an appendix In Vol· 
• 	Versatile - as most programs allow for multiple modes of ume V which gives conversion a lgorithms for 19 different

operation. Basie's; thafs right, Just look II up and make the substitution for 
your particular version. If you would like to convert your • Tutorial - as each program Is self prompttng and leads you 

through the program (most hove very detailed Instructions 	 favorite program Into Fortran or APL or any other language. 
the appendix In Volume II will define the statements and theirconta ined right In their source code). 
parameters as used In our programs. 

• Comprehensive - as an example our PSD program not only Over B5% of our programs In the first five volumes wlll execute In
computes Power Spectral Densities but also Includes FFT's, most BK Basie's with 16K of free user RAM. If you only have 4K
Inverse-transforms, Windowing, Sliding Windows, simulta­ Basic , because of Its lack of string functions only about 60% of 
neous FFT's variable data sizes, etc. and as a last word our our programs In Volumes I through V would be useable, how­
software Is: ever they should execute In only BK of user RAM. 

• 	Readable - as all of our programs are reproduced full size For those that have specific needs, we can tailor any of our 
for ease In reading. programs for you or we can write one tom your specific needs. 

Vol. I 	 Vol. II Vol.Ill Vol.IV Vol.V Vol. VI 
Business&. Gomes&. Binomial Beam Billing Bingo Andy Cop Ledger Maintains Company accounts and genero1&s 
Personal Pictures Ch~Sq . Con~ Inventory Bonds Baseball ftnonclol repolls. Includes routines ror. Pyrt. In~ 
Bookkeeping eoen Fllte< Payroll Bull Dept A IR, A/ P.Com~reAnimals fourPro<,;iroms COOftdence1 Flt Risk Ente<prtse Con d10

AstronolA COOftdence2 lntegro11on 1 Schedule 2 Football Descrtp Vol.VII 
Bond Bogel Cooelo11ons lntegrollon 2 Shlp~lng Fl.flds 1 Diller Chess Designed to challenge the ove<oge playet
Building Bio Cycle Curve Intensity stoc s Fl.flds 2 Eng ine folrty comprehensive. Great run ror all. oners a 
Compol.fld Cannons Dlnerences Lola Switch Go-Moku Founer unique opportunity ror beginners In need of on 
Cyclic Checkers Dual Plot Macro 	 Jock Horse opponent.
Decision I Craps Exp-Dls111 Max. Min. Liie IntegersDeclslon2 ~ght Leas! Squares NovoId Loans Logic Medbll For Doctors and Dennsls alike. o complete 
Depreclatton Go po11ent billing system which also permits thePoIred Opllc o l 	 Mozes PlayboyEmelen! Judy 	 maintaining ol a po11ent history record.Plot Planet 	 Poker Pl1mesFlow Line Up 
Installment 

Plotpls PSD Popul Probol Wdp<OC Wo<dprocesslng ror lawyers. publishers. writers, 
p~ Profits Quadroe etc. 'Mite, store, and change trom rough dro11POlynomlol Flt Rond 1

Interest R ette 
Investments Sky Diver R~resslon Rand 2 	 Qublc Red Boron lo ftnol copy In a va~ety ot rormo1s. 

SI 1 Solve 	 Ro1as Regression 2Mortgage Tank Slot 2 ~reTrton Ret1re Road Runner 	 Ullllty Disk utlllty program with memory testing. 
Opllmlze Teach Me T-Olsll1blA1on ors 	 Savings Roulette
Order l.k'lpolred Track 	 SBA Santo Vol.VIIIPicturesPert Tree Vortonce l Trtongte 	 nc-Toc-Toe stot10
Rote A Newmon 	 1040.Tax Taxpayers r91um, Itemized deductions orVortonce 2 Vo~oble 	 stot11Retum 1 J.fK. 	 slondordXY vector 	 steelLinusReturn 2 Top BoIonce Reconclles bank slotementsMs. Santo 


Nixon 

Sc hedule I 	 APPENDIX A Vary Checkbook Balances your checkbookXmas 

Nude lnst1o78 Compvles real cost on bank ftnonced Items; 
Noel Noel 

APPENDIX 8 Peace cars. boats, etc. 
Policeman Deprec2 Compules depreclo11on, 4 melhods, any Hme
Sonia's Sleigh pe~odSnoopy 

Virgin 
 APPENDIX C - FAVOll!TE PROGRAM CONVERSIONS 

Vol. I - $24.95 
Bookkeeping 
Gomes 
Pictures 

Vol. II ­ $24.95 

~=IE~g=~ng
Bosl~otement Del. 

Vol. Ill - $39.95 
Advanced Business 

~~~'~;'Ory 
Payroll 

Vol. IV - $9.95 
General Purpose 

Vol. V ­ $9.95 
Expe~menter's Program 

Vol. Vl ­ $49.95 
Mini-I.edger 

Vol. Vll - $39.95 
Professlonol 
Programs 

Vol. VI 11 - $19.95 
Homeowner's 
Programs 

AOCI $1.50 per volum<> t\Ondllng, Oii domes11c .tilpments sent U.P.S. excepr APO 
and P.O. Box wtilch go parcel post_foreign orders add $8.00N olume for a l, 

AVAILABLE AT MOST COMPUTER STORES 
Master Charge and Bonk Amer1card accepled. shipment and make pcvot>4e In U.S. dol lars onl't'! 
Our Software Is copyrighted and may not be reproduced or sold. 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B Key Biscayne, FL 33149 

Phone orders call 800-327-6543 Information - (305) 361-1153 
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is offering OSBORNE'S quality software 
packages, written in CBASIC, for immediate 

delivery 

PAYROLL W ITH COST ACCOUNTING 
ACCOUNTS RECEIVABLE AND 

ACCOUNTS PAYABLE 
GENERAL LEDGER 

s·· CPM diskette 
5" North Star CPM diskette 

$85.00 
$85 .00 

a lso: 

CPM 
C8ASIC 5 " or 8 " 

$145.00 
$ 95 .00 

Other systems software also available 

Cornplete turn-key B u siness Systems available in­

cluding: 

Auto-Scribe W ord Processing 
System $7595.00 

Bookkeeper Client Write-up 
System $6895.00 

Integrated Business System of 
G/L, A/P, AIR, Payroll. Inventory $5995.00 

Other systems to be a v eule b le s oon. 

Cus tom programming services . 

Computer Age, Inc. 

1308 N. Federal Hwy. 


Pompano Beach, FL 33062 

(305) 946-4999 


the 
microcomputer
people'!) 

Computers don't make a 
computer store, PEOPLE do. Our 
people have been involved with 
microcomputers since day one. 
We offer experience and 
expertise unparalleled in the 
microcomputer industry. Whether 
you are in the market for a 
complete system, peripherals, 
custom software, service, or just 
some friendly advice; there simply 
is no other place to go. 

Text continued from page 102: 

spaceship 's tra jectory, and fo r interpolat ing 
landing conditions are given in table 3. The 
second equation on table 3 uses the method 
of di rection cosines to set a horizontal orbit 
for any spaceship position. Many systems do 
no t have rectangular-to-polar and polar-to­
rectangul ar functions; these may be per­
formed usi ng software functions or sub­
routi nes, with the equations given in tab le 4. 
Th e use of storage registers, labels, and flags 
in the program is shown in tabl e 5. 

The program operat ion is shown most 
clearly in figure 2. At the beginning of cal ­
cul ations for each segment, the same posi­
tion, velocity, and fuel data are in both 
the primary and the secondary 1·egisters. 
Dur ing the rocket bu rn and free-fall ca l­
cul at ions, only the data in the primary 
registers is progressively updated. After 
al I trajecto ry ca l cu la tions for the segment 
have been made, the secondary registers 
still contain the initi al segment data, whil e 
the primary registe rs now contain the final 
segment data. Then th ere is a test for Mars 
im pact during the segment; if impact has 
occurred, in itial and fina l segment data 
are used to interpolate impact status; if 
impact has no t occurred, primary register 
data is copied in to th e secondary registers 
in prepara tion for ca lcul ation of th e next 
segmenl. If the program is sti ll in a loop 
of free-fall segment ca lcul ations, the next 
segment is calculated; otherwise, the current 
status data is disp layed and the program 
halts. 

Th e impac t interpolation method is 
shown in figu re 3. The calcul a ted impact­
to- target distance is correct onl y fo r the 
hemisphere of Mars that is cen tered upon 
the des ignated target site. If th e landing is 
within a sq uare about 240 me te rs on a side 
centered upon the designated targe t site, 
rou ndoff in th e cosi ne fu nction causes a 
ca lcul ated miss distance of 0. If you are 
this close, Mars' surface may be considered 
as fla t, and a simpler alternate miss dis­
tance calculation is used. 

Conclusions 

Th is program may be considered as 
primaril y a game program, or as prim aril y 
a celestial mechan ics si mul ation program. 
In either case, as you learn how to co ntrol 
the spaceship fo r better land ings using less 
fuel, yo u will also be lea rn ing more about 
the intuitive "feel" of celes tial mechanics, 
and will gain a greater appreciation of some 
of the probl ems of space flight. 

Watch th at fuel gauge, an d happy 
landi ngs !• 
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APL is one of the most concise, powerful prog­
ramming languages. but until now its use was limited 
to large mainframe computers because the language 
occupied so much memory. AP L has been used by 
some companieswi th very large computers since 1966, 
to save countlesscos tly hours of program preparation. 
Now Vanguard Systems Co rporation has implemented 
this po tent comput er language to run on Z80 micro­
processors. 

APL/280™ 1s useful, not only for mathematrcs 
and engineering applica tions. but also for t-ext pro· 
cessing and other business appl ications. It' s easy 
to learn, quick to write. APL/Z80 helps you develop 
funct ional software, and debug it, in about one-fifth 
the time it takes you to program equivalent functions 
in BASIC, FORTRAN, or COBO L. APL/Z80 lets you 
focus on the problem you wan t to solve, rather than 
on the programming language you're using. 
Your choice: one or many 

In one line of cod e, APL of ten does what other 
languages requ ire many lines to do. We haven't room 
here to show side-by-side comparisons of equivalent 
programs in APL, BASIC. FORTRAN, and COBOL. The 
other languages take too much space. But we can 
show you some sample AP L programs. Test you r 
cur ren t language yourself by wri ting an equiva lent 
program for each example here. You 'll quickly see 
the time advantages APL /Z80 of fers. 
Example 

This AP L/Z80 expression inputs a list of values 
(list B), computes the average of all items in the 
list. then prin ts the average: 

0+( +/B )+ pB+D 
In oth er languages, this expression may require at 
least one loop and perhaps 10 statements. 
Example 

This APL/Z80 expression inputs a list of values 
(list A), sorts the list from lowest to highest va lues, 
and pr ints out all values in the list A in ascending 
ord er: 

O+A [! A+OJ 
In other languages, this expression usually takes two 
loops and 15 to 20 sta tements. 
Example 

This APL/Z80 function computes the mean, vari· 
ancr. and standard deviation for a list ca ll ed X 

'I R .. S'!A :M:VAR : ~D 

l 1) R·~·'" i l'AR · f . /{ J • H .. ( ' /X I •NI . ,, I (N .. pJ)-11 • 0 , ~. 
In other languages, a program equivalen t to this can 
be 	 qu ite cumbersom e. When you try writing on e. 
you ' ll find yourself wishing you had APL/Z80 already. 

Don't let th e unusual symbols in APL /Z80 worry 
you. APL has so many complete functions built into 
the language itself, there aren' t enough let ters in 
lh e English alphabel to give every function a unique 
single-character name. Of course, APL/Z80 could 
name each function with fou1 or five letters. as BASIC 
does, but that rapidly eats up memory. Besides. 
once you learn a language, you start using abbrevia­
tions anyway. APL/Z80 lets you use abbreviations 
from the very beginning, saving memory space bo th 
in your head and in you r machine. 

It has taken more than 2 years of concen trated 
work to produce APL/Z80. but it gives you much 
of the power of APL on a large mainframe, for a 
fr ac tion of the cos t. APL/Z80 can handle not only 
shar ed variab les, but also arrays of up to 8 dimensions. 

Whether you're an engineer, an educator. or a 
businessman. Vangu ard Sys tems Corporation br ings 
you the lull power of APL at a price you can afford. 
Now you can enjoy the privacy and convenienc e of 

Circle 380 on inquiry card. 

At last...get the power of the 
APL language on ZSO-based 
microcomputers 
Write finished applications software in a fraction of the time you'd need 
to write similar programs in BASIC, FORTRAN, or COBOL 

Check these APL/ ZSO tea tu res: 

• 	up to 27k by te ac tive workspace on 
systemsusing CP /M", or Digital Group 
systems using DISKMON 

• 	system variables, execute, &for mat 
are implemented 

• disk workspace and copy obj eel lib ra ry 
• shared variables 
• arr ays up to 8 dimensions 
• dynamic execution of system commands 
• auxiliary processor for in terfac ing 1/0 ports 
• auxiliary processor for indexed file systems 
• canonical representation, fix 
• latent expression 
•	 can boo t directly into applicationprogram 

from sys tem power-on. 

your own low-cost APL microcomputer, righ t on your 
desktop. 
Sof twareonly, or hardware/software togeth er 

II you need both hardware and software, order 
ou r APL/OTC™ for only $6495. This is a comp lete 
APL/Z80 hardw are/sof tware configura ti on with 26k 

Please rush the items ordered below. I understand the so ftware license for APL /ZBOT" covers one 
macl11ne for one end-user and includes a non-disclosure aveement to protect Vanguard Sys tems 
Corporation's propr 1etary rights. Prices and speci fications subject to change withou t notice. 

I~---------------------------------------, 

usable ac tive AP L workspace, dual quad-density mini· 
disk dr ives, and video console. Because each APL/OTC 
is custom-assembl ed, your unit will be shipped 30 
to 60 days after we rece ive your ord er. Local main· 
tenance on the hardware is available in major metro· 
politan areas. Write or call us for more details on 
machine specifications. 

If yo u already own any Z80-based computer with 
CP/M* disk opera ting system, or a Digital Group 
system with DISK MON, you can get APL/Z80 on your 
machine for only $350. This includes the end-user 
sof tware license. object code fl oppy disk, and complete 
documentation. If you want to read the documen· 
ta l ion before ordering the complete set, our user's 
manual is available separately at $25 per copy. 

We can ship your order now! 
At Vanguard Systems, we're ready to ship you1 

APL/Z80™ license/disk/docum entation package or 
user's manual today. We have them in stock for 
im mediate delivery. lie! now to begin saving hours 
and headaches by deve loping powerful, precise appli· 
ca tions programs in APL/Z80. Mark th e items you 
need and mail the coupon today with your check, 
money order, or VISA/MasterChargein formation. You'll 
be glad you did. 

" Trademark of Digi tal Research 

Complete APL/Z80™Sof tware Pack ages 
include end-user l1m1 ted license. ob1ect code 
disk. and documentation manual. 

I 	 lor CP/M drsk operating system. '$350 
specify versron (check one) 
r:::J lor serial ASCI I APL terminal 
D for 61\ -cha r. vi deo disp lay 

(Vecl. Graph ., Proc. Tech. 01 
compatible) 

D 101 80 char. video display 
(compa lible w/Vect. Graph. & 
s1m1lar boardsl 

n 101 D1g1 tal Group DISK MON operating 
syslem. $350 

Please desc11be your disk 10 be sure you 
get lhe correc t ob iee l code disk for ya m machine 
(check one box in each co l11 111n) 

SIZ E DENSITY FORMAT 

n 	5"" lloppy Cl srngle 0 soft-secto red 8 · 
o 	s·· lloppy double D OS I 

n q1rnd1uple D Micropolrs 
D 	 North )ta1 

compatible 

Accessor ies 
D APL Video Charac te1 Generator ROM, $25 

(directly replaces MCM-6571 -Ato give hue 
APL characters) 

O 	 APL/ASCII Character Generator Board, 
$89.95. for Vector Graph ic. Processor Te· 
chnology, & similar boards 

APL/Z80™User's Manual alone 
D 	 $25 

APL/DTC™Hardw are/Software Unit 
O 	 A compl ete mach ine/software configura· 

lion. Includes CPU. dual quad-densi ty 
mim-disk drives. video term inal, APL char· 
acter generator. end-user limi ted license 
for software, object code disk, and docu· 
mentatron. $6495. shipped freight co llect 
FO B San Antonio. 

OTE Texas 1es1de11t s must add 5.5' o sales 
lax to all pr ices. We ship UPS. so P.O. box 
address must give phone number. lntemat1onal 
cus tomers should wr ite for details on shipping 
ra tes & requirements before order ing. 

Enclosed 1s my check for$ ______ Card =--------- exp. date_ 
Sig11alu1e ______________OR Charge to D MasterCharge D Visa 

Ship to Name--------------------------- ­
Address _____________________ Phone ______ 
City State Zip ______ 

VANGUARd SysTEMS 

6812 San Pedro 

(5 12) 828-055 4 	 e San Antonio, TX 78216CORP

L----------------------------------------.J 
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The Standard 


Data Encryption Algorithm 

Part 2: Implementing the Algorithm 

Robert V Meushaw 
4 188 Brittany Dr 
Ell icot1 City MD 21043 

Part 1 of this article described the five 
basic functions which must be perform ed to 
imp lem ent the Standard Data Encryption 
Algorithm: 

permutation operations, 
tab le lookup, 
circular rotation, 
byte exchan ge, and 
modulo 2 addition . 

Of course, there are many iterations of 
these functions in the encryption and de­
cryption process. 

Design Approach 

When I began the design , I knew tha t 
there were many possib le approaches. How­
ever, I also knew that the one hard con­
straint I faced was the amount of memory 
available on the basic Kl M-1 computer. 
This constraint was the determining factor 
in the design, and, as a consequence, in the 
efficiency and speed of the im plementation. 
In order to determine how much memory 
I would have for the program, I began to 
estim ate the amount of sto rage I would need 
to hold all of the tables I needed. My pre­
liminary estim ate was that for each entry in 
each permu ta ti on tab le I would need one 
byte (I actua l! y needed sl igh ti y more, as you 
will see) . This assu mption meant that I 
would need 312 bytes - al most one third 
of the memo ry ava ilable to me. I next 
looked at the Select Sl thru S8 function . 
There are eight separate tables with 64 
entries each. However, since each table 
entry required only fo ur bits instead of eight 
(the entries range from hexadec imal 0 to 
F) , I knew th at if I was clever I could get 
away with half a byte per entry. I would 

stil l need 256 bytes for these tables, of 
course. So before I even started on the pro­
gram, one half my avail ab le memory was 
committed. 

The impact of the above results became 
clear when I looked at the memory require­
ments for subkeys Kl thru K16. Each sub­
key would require 6 to 8 bytes (depending 
on how data was represented), giving a pos­
sible total storage requirem ent of 128 bytes. 
Since I would be left with only about 128 
bytes for the program (and I didn't think 
that was enough) I made the decision to 
generate each subkey as I needed it. 

Module Design Difficulties 

The actual design of the individual mod­
ules went through several iterations. My 
prim ary problem was that the optimization 
of the overall program meant that the de­
sign of each module was intimately involved 
with the design of other modu les - not usu ally 
a goo d design approach. A revision of any 

module usually resulted in several iterations 
of changes to other modul es. An exam pie of 
this coupling is the following: 

• 	 efficient design of the Select 51 thru 
S8 module requires inputs to be avai l­
able as 8 bytes of6 bits each. 

• 	 in order to generate the input as 
required above, the subkey and the 
results of the Select E permutation 
must be represented as 8 bytes of 6 
bits each. 

• 	 the design of the modu le which per­
formed the permutation function had 
to be modified and reoptimized to 
allow for less than 8 bits per byte in 
the result. 
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I am sure that many readers have en­
countered the same type of difficulty in 
developing relatively complex software 
which must be optimized for speed, space, 
or both. It ·wa.s a frustra ting experience be­

In i t ial permutationcause of the many revisions required. PT PT 

Permuted Choice 1 
Data Movement 2 Key CD 

Permuted Choice 2 
3 co Subkey 


program, or any program , was the definition 

One of the fir"st tasks in designing this 

Select E 
4 PTright Tempof the data structures and the data transfers 

which wil l occur. The basic data elements to 
5 Temp Subkey Sub key®be manipulated are: 

Select S1 thru S8 
6 Subkey Temp 

• 8 bytes of plain text input {PT) Permute P 
7 Temp Temp 

• 8 bytes of key (KEY) 
8 PTleft (!) Temp PTleft 

Inverse initia l permutation 
9 PT PT 

• 8 bytes of subkey {SUB KEY) 

• 8 bytes for Ci and Di (CD) 
Table 8: Data trans formations and movement used in software imple­
mentation of the Standard Data E11c1yption Algorithm. This table • 8 bytes of storage for 
does not include the exchange of PT/eft and PTright used in block 
transformation. 

intermediate results (TEMP) . 

Text continued on page 114. 

PERMUTED 11 II II II II 11 11 
CHOICE [:rONE co II II II W/141 II II II V////,l 

CO (26 B ITS ) 00 (26 BI TS) 

Co (28 BITS ) Di (28 BITSl 

II II 11 W~I 11 II 11 fZ'I~PERMUTED 
CHO ICE 
TWO S~BKEY[" 0 10 I~ I~ 10 10 10 I ta 

Ki (8 GROU PS OF 6 BITS EACH) 

Ri 

II II 11 
SELECT E 

TEMP f1 I!(] I !(] 10 I~ I ti1 10 I~fr'""' 
(8 GROUPS OF 6 BITS EACH l 

(8 GROUPS OF 6 BITS EACH) 

ta 10 10 10 10 10 10 I taSELECT 
SI THRU S6 {'r"'TEMP 11 II II 

.___ __.I I.____,II II 
PERM UTE P i 

TEMP _ __.I I II[""' .__ '-___,II 
f (R, Kl Table 9: Data format and 

data movement used in the 
.___ __.I _,I ._I___,I II 11 11 II software implementation 

.___ _ _ _,I ._I 

INVERSE ~ of the Standard Data En­""'" '" t'INITI AL 
PERMUTATION PT .____ _.I I I I I ._I_ _ _,11 11 11 11 cryption Algorithm. 
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r. 
~ Solve Prohle-"s· Bp Simulation... . 


\ 
! . . ·--=-=============--~=======:::= 

with simulations 
of many con­
cepts, including 
• wave motion 
• flying objects 
• artificial 

intelligence 
• electronic 

circuits 
• and robot 

motion! 
SIMULATION is a collection Of 

' I 1 1l~T11· \ \ . '5 
' 
00 

L.LLJll[JIJ"-5~ 

. I 

Simulation 
I 

\ Bloise W li rtick Editor 

the best articles from BYTE Magazine on this useful computer technique, 
plus exciting new material on the subject 
SIMULATION is the second volume in the Programming Techniques series 
on the art and science of computer programming from BYTE BOOKS. 
Editor Blaisew. Liffick's selection of mat erial furnishes notonly background 
information from which the personal comput er user is able to write 
and maintain simulation programs, but also actual programs for 
simulating many situations. Theoretical and practical applications of 
this technique are explored in articles dealing with specific aspects 
of simulation. 
Learn how to find solutions to your problems through SIMULATION. 

ISBN 0-931718­13-9 $6.00 
Buy this book at your favorite comput er book­

store or order direct from BYTE BOOKS. &JE I jll~M 
Add 5~ per book for postage and handling E ~ 

~[)[)~~ 
" llOOKS OF INTEREST TO COMPUTER PEOPLE" 

70 Main Street, Peterborough, New Hampshire 03458 
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"Ef~icfency

1s1n. 


Extravagance

is out:· 
-vector craphic 


That's why when you look for top-quality, low-cost, add-on­
memory you should always look for Vector Graphic on your 
memory boards. It means they stand behind every product 
through over 200 Vector Graphic dealers. 

Vector Graphic is the only one who designs in so much 

quality for so little cost. 


The 48K Dynamic RAM memory board is used in the Vector 
MZ microcomputer, although any Z-80/S-100 computer system 
can take advantage of the problem-free transparent refresh 
offered in this high-quality, low-cost add-on-memory. 

It's no secret, Vector Graphic is carefully assembling 
state-of-the-art 16K-bit dynamic ~ RAMs into 
boards. And each board is ..· ~ 
thermally cycled , aged and 
continuously read-write -----------­
tested over 400 million 48KRAMerror-free cycles. Dynamic Memory

The new 48K $695 (suggested U. S. retai l price)

board consumes less D Send me the name of the 

than 4 watts total nearest dealer 


D Send more information power and provides the Name _____ _ _ _ _ 

same superior design and I 
reliability found in all : Add ress___________ 

products from Vector I ity/ State/ Zi p _ _________ 

Graphic. Remember, it's I 

memory that works. 
I 
I \tcCi:O=t C:=tAi»l-iC inc. 
I 31364 Via Colinas, West la ke Village, CA 91361 , (213) 991-2302 

- Dealer inqu iri es invited - 1---------------------------­
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Text continued from page 111 : 

Table 8 depicts the data transformations and 
data transfe rs that occur. The first item 
shows that the plaintext data is permuted by 
the initial permutation and stored in the 
bytes originally occupied by the plaintext 
data. 

STllRT 

Figure 7: Flowchart 
of module which 
performs the per­
mutation function 
TFORM. 

~IAN;MOR;-B~S1 
REQUIRED TO 1 

IFILL cu RRENT r ­
L'.'._o_:_D__ _ J 

iHAvEALL I 
I EL EMENTS OF L 
I PERMUTATION I ­

ARRAY BEEN 

LD~i:._ _ - J 

MOVE 
PARAMETERS 
FOR NEXT 
PERMUTll T IO N 
I TO ZERO 
PAGE AREA 

STO RE CORRECT 
NUMBER OF 
BI T S I BYTE 
FOR RES ULT 
IN B I TCNT 

FETCH 
PERMUTATION 
ARRAY ELEMENT 
PUT SOURCE 
BYTE NUMBER 
IN Y 
PUT MASK 
NUMBER IN X 

FETCH PROPER 
SOURCE BYTE 
ISOLATE 
PROPER BIT 
USING MASK 

SHIF T 
ISOL ATED BIT 
INTO HOLD 
DECREMENT 
INDEX TO 
PERMU TATION 
ARRAY ELEMENT 

PUSH HOLO 
CONTENTS 
ON STACK 

YES 

NO 

PULL WOROS 
FROM STACK 
llND STORE 
AT PROPER 
DEST INATION 
LOCATION 

RETURN 

For each of the transformations which 
occur, tab le 9 shows the format of both the 
data input and the results of the operation . 
Each rectangular box represents one byte. 
As an examp le, consider the transformation 
Permuted Choice 2 (PC-2). The input is Ci 
(28 bits) and Di (28 bits) and the output is 
stored as 8 blocks of 6 bits each. Th e label 
CD (to the left) shows the source data, and 
subkey shows the destination of the results 
of th e permutation. 

Permutation Mod ule : TFORM 

1

At this point I can begin the detailed ex­
planation of the major modules. The module 
where most of the work is done (and where 
most of th e time is spent) is TFORM. Steps 

1 2, 3, 4, 7 and 9 of table 8 depict the per­
mutation functions performed . The opera­
tion of thi s module is similar in each case; 
onl y the input parameters are different. The 
primary input parameters to TFORM are: 
source data address, destinarion address tor 
results, and permutation table address . For 
example, to perform the permutation shown 
in step 4 of table 8 1 TFORM wo uld get the 
source address of PT (right), the destination 
address of TEMP, and the tab le address of 
th e Select E permutation. 

A genera l flowc han of TFORM is shown 
in figure 7. It provides a top level description 
of the operation for those 1·eaders who want 
to program the function on different 
machines. 

The first task is to update the input pa­
1·amcters used by the ro utine . In addition to 
the parameters described above, th e routine 
also needs the numbei- of elem en ts in the 
permutation table (PCOUNT), the number 
of bytes in the 1·esu lt of the permutation 
(WCOUNT), and the nu mber of bits in each 
result by te (BCOUNT). 

Here's how the permu ta ti on is done. The 
first clement of the permutation table is 
obtained. This element tells which bit of the 
input is the first bit of the result, as follows· 
refe rri ng to figure 81 bits 0, 1 and 2 refer to 
the byte of the source data to be used; bits 
3, 4, 5 and 6 1·efer to a mask number to be 
used to isolate the prnper bit. At this point, 
an ex amp le might help. Figure 9 shows how 
the first bit of Permute P is obtained. The 
first bit of the result is bit ·15 of the inp ut ­
th is corresponds to byte 1 of the input 

7 6 5 4 

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

MASK NUMBER BYTE NUMBER 

Figure 8: Format of elements of permuta­
tion table. 
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B 9 16 17 24 25 32 

ISOURCE DATA FOR 
PERMUTE Pr 

BYTE 0 BYTE I BYTE 

FIRST ELEMENT OF PERMUTE P 

Ix 000001 1 

"-------......~ 
INDEX TO BYTE I 

I x x x x x x x @ 

ANO 


INDEX TO MASK B 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 @ BIT 16 ISOLATED 

+ ) ADO FF 

CARRY 

x x x x x x x x BIT 16 MOVED TO CARRY~ 
CARRY 

x x x x x x x ® SHIFT BIT 16 INTO 
RESULT BYTE 

Figure 9: Example of per­
mutation operation being 
used to obtain first bit 
of Permute P result. 

ANDed with mask 8 . Once th e bit is iso­
lated , it is forced into the car-ry bit by fast 
clearing the carry bit and th en adding hex;i­
decimal FF. The value of the carry bit is 
then shifted into th e r·esult byte. 

The process desc ribed above is continued 
for al l the elements of the per·mma tion 
table . The number of bits in each result byte 
is controlled by BCOUNT. Each resul t byte 
is temporarily stored on the program stack. 

S I, S2 INDEX ooxxxxxx 

S3, S4 I NDEX 0 xxxxxx 

S5, 56 INDE X 0 x x x x x x 

Figure 7 0: Table organiza­
tion for Select 57 through 
58 data. S7, SB INDEX x x x x x 

~-----~ 

2 BYTE 3 

After completion of all bit permutation op­
eration s using all table clements, the result 
bytes are taken from the stack and pl aced at 
the proper destination address . 

This routi ne, as well as others, makes ex­
tensive use of the 6502 indirect, indexed 
mode of addressing. It is a particular-ly 
powerfu l technique for sequencing through 
many tables, as th is program docs. 

Before leaving the descr iption of this 
routine, I should explain one problem I had 
with the permutation table for Permuted 
Choice 1. For the resu lts of each permuta­
tion except Permuted Choice 1, there are 
either 6 or 8 bits in each byte. Table 9 shows 
that two bytes of the result have only 4 bits. 
To achieve consistency in the code for 
TFORM, I ad ded eight clements to the per­
mutation table of Permuted Choice l. They 
force these extra bits to 0, using mask 0, and 
all ow al l bytes of the result to have eight 
bits. 

Select Sl thru 58 Module 

As described before, the Se lect S·1 thru 
58 fu nction transforms groups of six bits in­
to groups of four bits according to tab les 51 
thrn S8. Table 9 shows that each group of 
six bits is contained in one byte of source 
data. Figure 10 shows the organization of 
the data for the tables Sl thru SS . 

In order to tr ;insform each 6 bit ource 
group into the proper 4 bit result grou p, you 
must generate an index into the segment 
containing the 51 thru 58 data. As seen in 

SI S2 
DATA DATA 

S3 54 
DATA DATA 

S5 S6 
DATA DATA 

S7 SB 
DATA DATA 

64 BYTES 
(SEGMENT Dl 

64 BYTES 
(SEG MENT I) 

64 BYTES 
!SEG MENT 2) 

64 BYTES 
!SEGMENT 3) 

HI GH LOW 

NYBBLE NY BB LE 
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Some plain words 

about Word 

Processing 


Microtronix introduces the "Turnkey" Word Processing Package for $2150 

Simply put, Word Processing is a system that treats 
text as a steady stream of characters. Think of it as 
a form ol paperless typing tha t enables you lo com· 
pose, edil, and store large amounts of text. Just 
punch in the copy, edit and print . !l's really tha t 
simple. 

Word Processing: The Keyword 
is Flexibility. 

Paperwork: It's expensive not only in time and 
money, but in space as well. Cutting through the 
wads ol paperwork is what Word Processing is all 
about . 

• 	Correspondence Direct mail , questionnaires, 
press releases, sales pro· 
posals, and announcements. 

• Academic Graduate theses, literary 
manuscripts, and research 
notes . 

• Lega l Documents Leases , wills, and briefs. 
• Accounting 	 Ledger and journa l entries , 

billings and invoices, collec­
tion letters, and monthly stale· 
menls . 

Type that standard form and save for fu ture 
use on audio cassette (i ncluded) or optional disc 
drive . Add varable information and with the 
press of a button your final copy is printed . 

The $8000.00 word Processing 
Package at a fraction of the cost. 

You've read abou t Lanier Word Processing , and 
IBM's Mag Card Unit. Now think practical. Here's a 
system that performs on a par with the "biggies" that 
is ta ilored to your budget. 

The System 

Radio Shack TRS-80 Level I with 16K memory. 
Serviceable al any local Rad io Shac k Store $799 

Anderson-Jacobson 8•1 Serial Printer. The 
"State of the Ari" bidirectional terminal containing 
a heavy duty IBM 745 Selectric. An excellent "off. 
line" typewriter as well $1195 .00 

"The Electric Pencil" -Software. Designed for lhe 
TRS-80. Features include correction, inser tion a nd 
deletion of le tters, words, lines, and paragraphs. 
Contains user defined output format. Add $50. for 
disk base version . . . .. $99.95 

TRS-232 Interface · To connect your TRS·80 lo the 
Anderson-Jacobson 841 . No expansion interface 
needed 	 $49 .95 

Pick up the phone and call our loll-free number. 
Ta lk lo us about options. We can adapt a Word Pro­
cess ing Package lo your present system . 

Other Equipment 

Special Sale on 	Printers: Save $56 to $\so. 
Integral Data IP/ 125 . $749 

IP/225 Tractor $899 
Anadex DP 8000 Bi-d irec tional Tractor . $995 
Texas Inst . 15" Bi-directional Tractor $1895 

Micropolis Disk Drive for the TRS-80 
1027-1 Expands storage capacity to 89K or ap· 

proximately 15,000 words per diskette . . . $499 
1037-11 Double density dual unit. 77 tracks 

400 K $1195 
Modems 
Novation (Radio Shack) "Cat" send/receive with 
free software .. $199.95 

Discounts on TRS-80 Hardware 
Exten_sive Software available 

Write for our free catalog . Ma jor credit ca rds ac­
cepted . 

Toll Free Microline 
800-532-4550 
In Penna . and Can(2 l 5)665-l l l 2 

Microtronix 
P.O. BoxQ 
Phila . Pa . 19105 

microtronix 

Mlcrolronix Price Maleh Policy: We will match r)ny curtonlly advc1!1.sed p11ct? pu;1v1drn9 the Item 15 In stock Sh1ppln9Jho11ndling . Soltw~rc - $2.50 rnihal chg S 50 each addi tional ll em Add $2 00 Jor Au 

;~~j~~~ :: ~hv~~~~~~~;~ga~~~~~~L~ ~!.· cyRlh~A~:;~l~~~~I; ID , IL, JN . TA. KS. KY. Ml. MN, MT. NE, NV, NM, ND. OR , TN, TX . UT. WA , WI, WY. HMd warc·call for de tail.s Pa res . add 6 % All products 1 
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INPUT TO 
SI - SS 

AN D 

0 0 0 0 

Figure I 7: Example of the 
process which performs 
the mapping function 58. 

figure 10, th e index in to eac h indi vi dual 
tabl e is contro ll ed by bits 6 and 7 of the 
index byte. 

Let's examine how to map the last byte 
of the source data usin g S8. Figu re 11 shows 
that the low order 6 bits from the source 
byte are used to select a by te fro m the 64 
bytes in th e S7, S8 segment. To access the 
correct 64 byte segment (S7, S8) we fo rce 
the two high or·der bits to 11. The resul tin g 
byte is used as an index in to the table. If 
you mas k the high 4 bit word o r the ac­
cessed byte (which also conta ins S7 data), 
the proper S8 data is se lected. or course, the 
table data must be properly orde r·ed within 
S8, bu t th at's fair ly easy . 

In order to ca rry ou L the other· transfo1-. 
ma tions, you proceed in a sim ilar fas hi on. 
The on ly changes would be the two high 
order bits used to in dex the proper segment 
o f the table, and whether you mask the low 
or high nybbl e. 

A general fl owchan of this mod ule is pro­
vided in figure ·12. 

ROT ATE Module 

As I said before, I decid ed to gene rate 
each SL1bkey as I needed it. To gene r·ate sub­
keys K1 thru K it is necessary to pe r·form16, 

left rotatio ns of Ci and Di and then pNform 
Permuted Choice 2 as sl1own in part 1. 
The number of left shi fts is dete r·m ined by 
using the iteration count, LOO PCT, as an in­
dex in to the tab le SHIFTM. Th is module is 

SI S2 
DATA DATA 

INDEX 
51-58 

INTO 

TABLE 

$7 SB 
DATA DATA 

DATA 

MASK H IGH N YBB L E 

DA T A T RAN S FORM ED BY SB 

relatively stra ightfo rward exce pt fo r the 
prob lem caused by the half byte boun dary 
shown in figure 13. 

A second problem arises in the case of de­
Cl'yption. In th is case, th e subkcys mu st be 
ge nerated in reverse ord er (ie: Kl 6 thru Kl) . 
In order to gene rate th em properly, the rota­
tion of Ci and Di is done by right shift ing 
and by us in g the SHI FTM tab le in reverse 
sequence and by perform ing Permuted 
Choice 2 before the right rotation is done. 
Thi s may seem strange, bu t I gave it a grea t 
dea l of th ought to make sure it was right. It 
is the si mplest way tha t I cou ld devise to do 
th e dec rypt ion correctl y, and it works! 

What 's Left? 

The only remarnrng module is the one 
which wa ps two groups of fo ur bytes each. 
Th is module is ca ll ed SWAP, and it performs 
the swap function an d block tl'ansform 
funct ion discussed in Part 1. 

Put Them All Together 

The main mod ul e, DES is really a master· 
control ler for the other modul es. It ini tial­
izes the parameters used by T FORM , per­
for ms the appropri ate modu lo 2 ad ditions 
shown in table 8, makes sure that subkeys 
arc properly generated during enc ryption 
and dec ryption, and maintai ns th e itera tio n 
count . Figure 14 is a ge neral fl owchart for 
th is modu le. 
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WHEN THE FUN AND GAMES ARE OVER, you sho u ldn't 
have to gamble on your microcomputer's ability to get down to business. You won't 

with Outpost 11. It's a serious unit with quality components: Cherry, full ASCII key­

board; Setchell-Carlson CRT, 24 x 80 characters, 7 x 9 dot matrix; inverse, grey, blink; 

form generation characters; Shugart floppy disk drives; M6800 CPU; 32 k bytes RAM; 

glass-epoxy PC boards, manufactured and tested to Mil Q 9858-A; entire unit 100-hour 

burn in tested; IC's tested to Mil P 883; 1/0 nnterrupt prioritizing structure; soft. 

sectored disk format; business BASIC; self dnagnostics; software development pack­

ages; etc; etc; etc. All this and more at only $2,595, 

suggested retail price. See Outpost 11 at a dealer listed 

or write us for the name of a dealer near you. 

~Corporation, 4301 Poche Court West, 

New Orleans, La. 70129 


THE SERIOUS MICROCOMPUTER 


Dealers: DALLAS, Ec lect ic Corp. - 214-358-1307 •GRE ENVILLE SC, Plus. Inc . - 803­
24 2-9090 • HOUSTON . Eclectic Corp. - 713-228-7798 •IDAHO FALLS ID, Great Plains 
Computer Co. - 208-526-905 1•NEW OR LEANS .TANO-504-254-3500 •SALT LAKE 
CITY UT. Home Computer Store - 801-484-6502 • SEATTLE , Empire Electronics ­
206-244-5200. Dea ler inq uiries invited - 504-254-3500. TWX 810-591-5229. 
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( STA RT 

SET BITS 6 
AND 7 OF 
SEGMNT TO 
POINT TO 
S7 AND SB 
DATA SEGMENT 

SET X 

REGISTER TO 

FETCH 

B BYTES 


FETCH BYTE 

TO BE 

MAPPED. 

CREATE INDEX 

INTO SELDAT 

TABLE USING 

SEGMNT 


FETCH 

SELDAT DATA 

MASK HIGH 

NYBBLE AND 

RETA I N 


FETCH NEXT 

BYTE TO BE 

MAPPED. 

CREATE I NDEX 

INTO SELDAT 

TABLE USING 

SEGMNT 


FETCH 
SELOAT DATA 
MASK LOW 
NYBBLE 
CO MBINE WITH 
PREVIOUS 
NYBBLE 
TO FORM 
RESULT BYTE 
PUSH ON 
STACK 

A OJUST 
SEGMNT 
TO PO INT 

ALL TO NEXT 
BYTES >N_O __~ SEGMENT OF 

MAPPED SELOAT 
? DECREMENT X 

TO PO INT TO 
YES NEXT BYTE 

TO BE MAPPED. 
PULL 4 BYTES 
FROM STACK 
AND STORE IN 
TEMP(D)­
TEMP (3 ) 

Figure 72: Flowchart 
of module which per­
forms the select 57 
through 58 mapping 
function SELECT. 

( RETURN 

~ H H H +
I 

I B 9 16 17 24 25 26 


26 BITS 


Figure 73: Rotation of the bits in Ci, Di requires special attention to bit 28 
because it is in the middle of a byte. 

The only particular point worth noting 
is that the parameters used by TFORM to 
perform the proper permutation are stored 
sequentially in the order used . The order of 
the inform ation in the table DATA is: 

Initi al Permutation data 
Permuted Choice 1 data 
Permuted Choice 2 data 116Select E data 
Permute p data------ iterations 
Inverse Initial Permu tation data 

Once the Initi al Permutation and Per­
muted Choice 1 are performed, the DES 
routine sequences TFORM thru Permu ted 
Choice 2, Sel ect E, and Permute P, for 16 
iterations. Then TFORM performs th e 
inverse Initial Permutation to complete the 
encrypt or decrypt operation. 

Usi ng the Program 

The Standard Data Encryption Algorithm 
program is written as a subroutine which can 
be called at hexadecimal address 0176. In 
order to use the routine, three things must 
be supplied: mode, plaintext, and key. The 
mode byte (location 0000) is set to 00 for 
encryption or FF for decryption. The plain· 
text is 8 bytes of data (locations 0001 thru 
0008) which is to be encrypted or decrypted. 
The key is eight random bytes provided by 
you (locations 0009 thru 0010) to control 
the algorithm. The enc rypted (or decrypted) 
result is returned to locations 0001 thru 
0008. 

A call to DES uses 12 bytes of stack stor­
age. If your other programs use the stack, 
you should take care to avoid overwriting 
the main routine. Man y of the page zero lo· 
cations used by DES may be used for other 
purposes between cal Is . These hex adecima l 
locations are 0011 th ru 002C and 0038 thru 
0040. A memory map of the enti1·e program 
is shown in figure 15. 

When the encryption key is loaded, you 
should make sure that the bits are nearly as 
random as possible, since it is the random­
ness of the key wh ich makes it difficult for 
an outsider to decrypt the cipher. If you 
attempt to load ASCII characters as key, it 
is like ly that the most sign ificant bit of each 
byte will be zero. This will substantially re­
duce the strength of the algorithm. An alter­
nate way to handle the key is as 16 ASCII 
characters, with random contents in the four 
low order bits. The four low order bits of 
th ese characters can be compacted to form 
the eight bytes of key which the algorithm 
1·equires. 

Text continued on page 124. 
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64K bytes of 
fast. low 
power dyna­
mic RAM. 

32K bytes of 
faster static 
RAM. 

$595°0 

Both Our UNCommon Dynamic and our UNComnion Static RAMS have the following 
features and specifications: 

e Compatible with: IMSAI. VECTOR. SOL. TDL. MITS. IA. CROMEMCO. NORTH STAR. 
and most other S-100 systems. 

• 	 Inputs buffered with I LS TIL load 
• 	 Outputs are all three state. 
• 	 Memory selectable and deselectable in 4K increments. 
• 	 DIP switch selectable addressing. 
• 	 Phantom selectable on pin 6 7. 
• 	 Disc compatible. DMA compatible to !MHz. 
• 	 Reliability - all boards are fully tested 

a. 	Bus address and control line timing skew. 
b. Word pattern sensitivity. 
c. 	 All boards are burned-in . 

• 	 Full documentation. 
• 	 Industrial quality design and components. Glass epoxy boards. Silk screened 

legends. Gold plated edge connectors. All !Cs on sockets. 
• 	 Delivery - Stock to 30 days. 
• 	 Guaranteed performance for one year on parts and labor. Full refund if returned 

undamaged within 14 days. 

Our UNCommon Dynamic RAM Features: Our UNCommon Static RAM Features: 

• 	 64K bytes of dynamic RAM with • 32K bytes of static RAM using 

on board transparent refresh. 300n Sec low power stat ic 


• 	 S-100 interface compatible with RAMS. 

crystal controlled timing IN ­ • No wait states or cycle stealing 

DEPENDENT of bus or processor with 8080, 8085 , or Z80 pro­

timing. cessors up to SMHz. 


• 	 No wait states or cycle stealing • Organized in 8 independently 

with 8080 or Z80 to 4MHz. Up addressable 4K byte increments 

to 5MHz with I wait state. at 4K boundaries. 


I ~'•JUI.fl l>l.L· 10 orc11:1 rti.c !ollov.•n?; !\JI~, ,1~-.t>1nh!l·1 ! .uul Name 
11•\t•-<I UN(on,mon memo')"" Ple,1se bill my 0 BA. 0 VISA. or 0 MASTERCHARGE. accoun1. 

UNCommon Dyn.,m1c RAMS 	 Add res.Card No.: f..x.p lratio n d.ue:______ _
0 lJM""100 64K M.'11\ - S.C,l)S 

0 DM4800 asK IV\11.-, - 'j, ',C'J'l Four digits above name on M as1erch,lrge card:_______ Ci1y S1a1e Zip 

0 DMJlOO J zi.: R.Ai\1 - \ .1<J5 


rhon 

UN Common S[c)[ic RAM 	 All Ou1t•1' ..tt.pf>1'(\ f>(l'tri.m! 1\ 11 ¢ rr1\"l 'I. In US fun(I ~ 

867 North Ma in Stree t l'lc,\"t' .ult1 IO"..u11.1!1£141lt>l\0Ut...,(h' LI'- A C.m.;1r1.• .1fl\I0 \'t32:00 llK R.o\i'\., ~Sl"io;, MEASUREMENT 
'\'1t.• • >COOr.11i3e. Califor n l<1 92668systems &. controls 

t ni;:l()'li.,.•tl 1.,,,,cht.•c:I. 01 mor.cyortll.'• lu1 incorporated
1(,1H rt-'>lch•.,r.. fllf.".1'"' ·•rle uo:. ..u~., rA~ r· L','l'>t' ,,11.ir... 1J Telephone . (714)633-4460 
cL•)''- to r chrt"-"- ro ci.e.v b.\f'lk lh,mJ.. yo•1 t 
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( START 

I NI TI ALIZE 
TFORM DATA 
PO INTER AND 
LOOPCOUNT 

PERFORM 
I NI TI AL 
PERMUTAT ION 

PERFORM 
PERMUT ED 
CHOICE ONE 

-

I 
YES ENCRYPT 

MODE 
;>I 

NO 

I 
P ER FORM 
PERMUTED 
CHOIC E TWO 

ROTATE 
C1, 0 1 

I I 
RO TAT E 
Ci, Di 

PERFORM 
PERMUTED 
CHO ICE TWO 

I I 

PE RF ORM 
SELECT E 

MODULUS 2 
ADDITION OF 
SU BK E Y 
AND PERMUTED 
PT RIGHT 

PERFORM 
SELECT 
SI - 58 

PERFORM 
PERMUTE p 

MODULO 2 
ADDITION 
f ( R, Ki) 
TO PT LEF T 

I 

SWAP PT 
LEF T AND 
PT RIGHT 

s~"s 

PERFORM 
BLOCK 
TRANSFORMAT ION 

I 

PERFORM 
INVERSE 
INITIAL 
PERMUTATION 

RESET 
TFDRM DATA 
POINTER 

I 
( END ) 

Figure 74: Flowchart of the main routine for the Standard Data Encryption Algorithm. 
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pj1.G't: ooOOl 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0020 
0020 
0020 
oo~t: 

CIS 
COBOL 


0011 
00111 
oolf 
0010 
001& 
0040 
oo•E 
oo&? 
oo&F 
0011 
0010 
0081 
0089 
0091 
0091' 
00911 
oo9f 
001'1 
00114 

From Micro Focus Ltd. 

CIS COBOL is the Compact, Interactive, Standard COBOL which offers 
for the f irst time a cost -effective key to full commercial use of micro­
computers. 

It can be used simply and naturally, offers facilities unavailable with 
other forms of COBOL, and produces efficient code without wasting 
space. For example, a 32K byte sytem is sufficient to run the compiler 
or a substantial application program . 

CIS COBOL contains the most relevant parts of the ANSI 74 standard 
plus extra facilities to provide a powerful interactive business language. 

The CIS COBOL Object Pack is available for shipment on I BM compatible diskette to users of a 
variety of 8080/280 based computers running the CP/M* operating system. 

Dealer and Application Vendor terms are available 

Now enhanced to version 3 with FORMS utility to generate COBOL source direct from CRT 
image. 
Micro Focus offers a CIS COBOL licencing package to OEM's including access to internal docu­
mentation and program source plus an Interfacing Kit to enable CIS COBOL to be implemented 
quickly in the OEM's own hardware and software environment. The CIS COBOL compiler is 
itself written in COBOL making it self compiling and thereby extremely portable. 

MICRO FOCUS LTD 58 Acacia Road, London NW 86AG, ENGLAND, UK 
Telephone 01 722 8843 TLX 28536 

Our telep hone number in December issue of BYTE was incorrect. 

• CP/M is a trademark of Digital Research 
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CLC 
LOA 
STA 
STA 
STA 

$00 
WORD1 
WORD 2 
WORD 3 

STA WORDB 

2 bytes 
2 bytes 
2 bytes 
2 bytes 

3 cycles 
2 cycles 
2 cycles 
5 cycles 

LOA 
AND 
ADC 
AOL 

SOURCE 1 
$XX 
$FF 
WORD1 

8 bytes 
total 

12 cycles 
total 

LDA 
AND 
ADC 
AOL 

SOURCE 2 
$XX 
$FF 
WORD 1 

Initialization 

Basic in fine coding to 
permute one bit 

Table 7 0: 6502 instructions which could be used to in fin e code the per­
mutation function. Fastest time to permute one bit requires 12 cycles and 
8 bytes ofmemory. 

Key 

7CA 110454A 1A6E57 
0131D9619DC1376E 
07A 1133E4AOB2686 
3849674C2602319E 
04B915BA43FEB5B6 
0113B970FD34F2CE 
0170F175468FB5E6 
43297FAD38E373FE 
07A7137045DA2A16 
04689104C2FD3B2F 
37D06BB516CB7546 
1F08260D1 AC2465E 
584023641 ABA6176 
0258161646296007 
49793EBC79B3258F 
4FB05E1515AB73A7 
49E95D6D4CA229BF 
018310DC409B26D6 
1C587F1C13924FEF 

Plain 

01A 1060039776742 
5CD54CA83DEF57DA 
0248D43806F67172 
51454B582DDF440A 
42FD443059577FA2 
059B5E0851CF143A 
0756D8E0774 76102 
762514B829BF486A 
3BDD119049372802 
26955F6835AF609A 
164D5E404F275232 
6B056E18759F5CCA 
0046 D6E F09176062 
480D39006EE762F2 
437540C8698F3CFA 
072D43A077075292 
02FE55778117F12A 
1D9D5C5018F728C2 
305532286D6F295A 

Cipher 

690F5BOD9A26939B 
7A389D10354BD271 
868EBB51CA84599A 
7178876E01F19B2A 
AF37FB421F8C4095 
86A560F10EC6085B 
OCD3DA020021 DC09 
EA676B2CB7DB2B7A 
DF D64A815CAF 1 AOF 
5C513C9C4886C088 
OA2AEEAE3F F4AB77 
EF18F03E5DFA575A 
88Bf-ODB6D70DEE56 
A1F9915541020B56 
6FBF1 CAFCFFD0556 
2F22E49BAB7CA 1AC 
5A6B612CC26CCE4A 
5F4C038ED12B2E41 
63FACOD03409F793 

Table 7 7: Sample test words for the Standard Data Encryption Algorithm. 

Text continued from page 120: 

Data enc rypted using the Standard Data 
Encryption Algorithm wil l be decryp ted 
properly as long as the correct 8 byte bound­
ar ies ai-e maintai ned. This allows you to in­
dependently decrypt 8 byte bl ocks of data 
in memory. Th ere arc other ways of using 
the encryption algorithm which requ ire data 
to be decrypted in the same sequence as it 
was enc rypted. If you arc interested in adapt­
ing DES to these other techniques, you 
should refer to textbooks dealing with 
cryptography. 

As a final note in using the encryption 

PAGE 0 

DATA/TABLES 


1----------10086 
0087 

ROTATE C ANO 0 
ROUTINE 

0008 
1----------10009 

SWAP 

ROUTINE 


1----------1 OOE6 

SELECT SI - S8 

ROUTINE 


0 132 
1----------1 0133 

TFORM 

PERMUTATION 

ROUTINE 


0175 
1-------- --10176 

MAIN 

ROUTINE 


OICB 
>----------< 

PROGRAM 

STACK 


0200 

PERMUTATION 

TABLES FOR , 


INITIAL 

PERMUTATION 


INVERSE IN ITIAL 

PERMUTATION 


PERMUTE D 

CHOI CE TWO 


PERMUTE P 
,________ __, 02FF 

0300 

MAPPING TABLES 

FOR SELECT 

SI - S8 


....._____ ____. 03FF 

1780 

PERMUTATION 

TABLE FOR 

PERMUTED 

CHOICE ONE 


.__________. 17BF 

Figure 7 5: Memo1y map for the Standard 
Data Encryption Algorithm program. 

program, all of the routines, permutation 
and selection tables, and TFORM input 
parameter tables (array DATA) may be 
relocated by alteri ng a small number of 
address references. 

Timing Analysis 

One of my primary objectives in pro­
gramming the Standard Data Encryption 
Algorithm was to determine the efficiency 
of the 6502 processor in handling a task 
which requires lots of bit manipulation. 
In order to determine the efficiency of the 
implementation , I calcu lated the approx­
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At last . 
A controller 

never have to hrow 
0 us. 


~ 

~ ' .. : / 
11~d~- 111 j If you've got a floppy disk

I controller on your S-100 bus, you've 
got a big problem. Because when you 

want to upgrade your system from single to double 
density, or from single-sid ed to double-sized, or from 
5" to 811 fl oppy, you'll have to throw tha t old controll er 
off the bu s. 

But not any more you don't. Becau ·eat 
DATA SPEED, we've developed one con troll ~r that 
works with all fo ur kinds of fl oppy disk dri ves. 
And doubles the density, too. 

Works with all 
floppy disk drives. 

Single-sided minifloppys!M Double-sided minis. 
Single-sided maxis. Even the new double-sided max is 
with up to 8 megabytes. This is the on ly controller 
in the world that works wi th all fo ur. 

Handles any upgrade. 
When you want to go fro m single-sided to 

doubl e-sid ed drives, thi s great new controll er reads 
each side au tomatically. And you can upgrade from 
5" to 8" disks just by changing a sim ple Header socket. 

Packs in 
twice the data. 

Now you can pack doubl density data on every side 
of every disk. Becau e we've designed in a bootstrap 
PROM that automatical ly controls any shift from single 
to double density. And, of course, when you're running 
double density, you can transfer data in half the time. 

So when you bu y thi s controll er, and a compatible 
CP/ MIM we' re incl uding a free oftware package that 
lets you transfer all you r files to double density. 

We call it 
The Conductor. 

The DATASPEED Floppy Disk Controller. 
It hand les all your upgrades. It packs in twice as much. 
And at only $29S, it's even the chea pest way to go. 
That's why this is one controller you'll never have to 
throw off the bus. And that's why we had to ca ll 
it T he Conductor. Ask for it at your local computer shop 
or encl $295 for immed iate delivery. By the way, we 
ha ve Double· Density CP/ M™ for only $100. Complete 
di sk dri ve systems are available. 

Write us for more information. Dealer inquiri es 
welcome. And watch our future ads fo r trade- in 
offers . DATASPEED, INC.. 1302 oe Street., 
San Francisco, CA 94131. 

THE CONDUCTOR™ 


Minifloppy is a TM of Shugart Associales . 
CP/ M is <1 TM of nigital Research. 
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imate number of machine cycles spent in 
each module during one encryption cycle. 
The cycle times which I used for each 
instruction were taken from the data pro­
vided by MOS for the 6502. My calcula­
tio ns revealed the fol lowing times : 

DES (Main) Routine - 4300 cyc les 
Rotate 1900 cycles 
Select Sl -SS 7500 cycles 
TFORM 146000 cycles 

This indicates that over 90 percent of 
the time is spent in the module TFORM . 
These calculations also indicate that the to­
tal encryption time is approx im ately 160 ms; 
assum in g the 1 µs cycle t ime of the KI M-1. 
In order to verify these calculations, I tim ed 
a loop which performed 256 encryption 
operations. The observed execution time was 
164 ms. Not bad for a rough estimate. Max­
imum throughput wou ld be about 390 bps. 

I nex t wondered what max imum through­
put could be achieved, given unlimited mem­
ory. The two most obvious changes to make 
were to perform subkey generation only 
once, and to optimize TFORM. Tabl e 10 
shows the basic instructions which could be 
used to code the basic permutation func­
tions, such as Permute P in lin e. It also 
shows the number of machine cycles re­
qu ired and the number of bytes of mem ory 
requ ired. These changes would reduce the 

Listing 7: The DES program implemented on the basic KIM-7 module. 

111 Cf· O - l' ilT;; EltC f" ! f'TI Oll STl\l l DRR D f'ROCRAH • 
8, 

F 08 ERT Y HEU&HHY 

' El lTF.' V r.1 1 (r,; ~ 

+: it: ·.. .,. .. '11.f lt tc 4:=-:·•· :t •:t 11 :.t<!t 1 't-lt<'t,. ~" 1.lf.-.. I!*•**~***"* ..... ** ·• -11* 

1)~· ·~ 

·&. ,f +rt "4! t -.f: .f! '4 'ii' I .4 "it ;t ' 

li E11 0P. V L1l CH T l Ull'> 

MODE r Ot• o c) EllCR YP f/D E CRY PT MODE 
PTL * r Ot• 0 I PT< LEF T> STA RT 
PT R t Q (j ( 1 "j PT ( RI CHT ) START 
1: E : r u(1 I'\~ KEY S TART 
TEl1f' f Oc'.i I T E~PORARY sr o R~GE 

$1J8 1' E V 

•: DI 
• TOO 

XO~ I 
SU BKEY STHR T 
STA RT OF C< I > 

CD2 r oo 2 
,; DJ t' tJ (l 

GD4 r vC• 
GD5 f oJ(• s ~T ART OF [I\ I > 
1;()~ ro o 
1: D i' r l)o 
G C• B l v i) B 
LO OF·er ' f l) t"\ '.1 I TE RAT 1011 COU tl T 
BI Ir, 11 T r vc• ~ # BI TS PER WORD 

1Ju8 SE 1;1rn T • i·ot• A DA TA POIH TER FDR s 1-s a 
1.J 11f: HOU• ~ ; 0<> B TE MP O R ~R Y S TOR~CE 

Listing 1 continued on next page. 

number of cycles spent in TFO RM to about 
16900. The time for one encryption cycle 
would be reduced to about 31 ms, and maxi­
mum throughput would increase to 2000 
bps. Memory requirements wou ld increase to 
about 3500 bytes. 

It is clear that al though the 6502 can per­
form at a reasonable rate, its instruction set 
is not well suited to high speed implemen· 
tation of the Standard Data Encryption 
Algorithm. If bit test instructions were avail­
able, similar to those of the Zilog Z-80, it 
would theoretical ly be possible to reduce the 
time spent in TFORM by 50 percent. It 
wou ld then make sense to speed up the other 
routines. I would not be surprised if through­
puts of 8,000 to 10,000 bps were possibl e. 

Conclusions 

I have demonstrated that the Standard 
Data Encryption Algorithm can be imple­
mented on the basic KIM- 'I with reasonab le 
performance. However, it is clear that the 
instruction sets available for most processors 
are no t well suited to an efficient implemen­
tation of the algorithm. It is also clear that 
the basic fun ctions necessary to perform the 
algorithm (ie: bi t permutations) are not 
wel l suited to impl ementation in software. 
I have shown that an increase in memory 
to abou t 3500 bytes will allow the through­
put lo be increased from 390 bps to about 
2000 bps. 

I have attempted to present a coherent 
description of the Standard Data Encryption 
Algorithm for those readers who may be 
interested in reprogramming it. Table 11 
provides a set of test words to verify your 
impl ementation. These test words are part 
of those availab le from National Bureau of 
Standards Special Publication 500-20. 

Th e codi ng of my enc ryp tio n program 
is provided in listing 1. For anyone inter­
ested in obtaining a KIM compatible cassette 
with the Standard Data Encryption Algor­
ithm program, several driver routines for 
Teletype and keypad, a shortened vers ion 
of the program, and complete documenta­
tion, send $6 to R Meushaw, 4188 Brittany 
Dr, El licott City MD 21043. 
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16K BYTES OF MEMORY, SPEECH, 
ACTION SOUNDS, MUSIC 
AND COLOR 

FREE 
$300. WORTH OF FCC, CSA 

AND UL APPROVED 14 PROGRAMS-- INCLUDING 
EDU-BASIC AND LEVEL 2 BASIC. 

If you·re 
thinking about a 
Home computer.

make sure it's 

not just a game 


Two yea rs ago we wrote a piece on the 
most startling product of the decade. The 
first personal computer. It actual ly broug ht 
the miracle of computing power within 
reach of small businesses. At less than 
$1000 , i t was even affordable for home use. 

That was two yea rs ago. Today , that sa me 
unit. and other second and third genera­
tion mode ls are still being sold . Enter now 
l nteract's fourth gene ration Am erican­
made personal computer w ith to tal sound . 
colo r . 16 .000 bytes or words o f usable 
memory. and superb ease of handling at 
hundreds of dollars less than any compar­
ably equipped computer. 

GIANT COMPUTER HARDWARE 
Beneath its cover is the Intel 8080 · micro­
processor bra in - a powerful logic com­
ponent used in computers costing tens of 
thousands of dollars. Interact loads data 
up to 5 tinies faster than most other com­
pacts. Its 8080 brain does all of th e comple x 
data saving , processing and retrieval 
chores. Al l that 's le ft is typing in the data 
through the 9 inch. 53-key standard type­
wri ter keyboard . 

WHY IT COSTS LESS 
Since the unit perfo rms in color, i t is de­
signed to hook up to any TV antenna ter­
minal . If we inc luded a color sc reen (CRT) . 
we 'd have to charge mo re. Witness th e 16K 
Radio Shack Model . Its only black and 
white. and with its screen that isn 't even a 
TV. it costs $899.00 . Ours , with full sound 
and color is several hundred dollars less. 
Interact full sound is generated three ways : 
There are game act ion sounds from the 
microprocessor. tunes with in the programs 
and actual speech and music from any 
casse tte software . In fact , it is the only com­
puter able to transmit full sound through a 
TV. Image resolution is supe rb. 

THE MOST EFFICIENT BUSINESS 
TOOL EVER 

Interact · comes ready to handle a wide 
range of business applica ti ons. Its Level II 
Basic. and 16K byte system capaci ty give 
you the instru ction set and the room to 
write your own programs for payrol l , inven­
tory. client records. etc . Fo r accountants , 
attorneys, doc tors. sa lespeople , and small 
businesses . it's a lot of computer for very 
little money. 
For the enlightened computer e xpert , our Level 
II Basic is lnteract's version of the Microsoft ' " 
and is equivalent to all Level II programs cur · 
rently available. The program includes : a super· 
se t of operations in f loat ing po int with integer 
and str ing arrays, direct memory access, direct 
state ment execu tion , two ch a racter variab le 

That 's why High/Scope. an educational 
resea rc h founda ti on. was comm issioned to 
develop an exclus ive Language Arts pro ­
gram for it. Th e 8-unit program ranges from 
Lette r Recogni ti on fo r presc hoole rs 
through Word Roo t. Grammar. C rit ical 
Reading and Writing exerc ises for th e 8 to 
15 year old. Students lis ten . take notes and 
prepare assignments through the com­
puter. Similar math and foreign language 
programs are also be ing prepared. By com­
parison . any one of these courses given by 
a tutor or commercial sc/Jool could easily 
cost as much as tile computer itsell. 

IT'S A BRILLIANT MUSIC 1 EACHER 
A comprehens ive music program and a 
piano keyboard overlay turn the computer 
in to a perfect pitch maestro. You can prac ­
tice . write a tune or reco rd . To create a 
melody. you can select both key and tempo. 
A staf f is displayed on which lo wr ite your 
song. note by note. comple te w ith rests and 
va lues. Play th e co mpos il io n back ; correct 
any nole; instantl y transpose it to another 
key : or store it on a blank casse tte lor later 
revision. A student can l isten to his lesson 
and transpose it In to another key for use 
with F, B1

·• E'· horns. etc. Th e youngster 
then p lays along in the righ t key, in the car· 
reel meter. /l's a fanrastic applica tion. 

OF COURSE , IT PLAYS GAMES 
Interac t 1s a tota l enter tainment center 
with co lor. sound , and music. There are 
Chess. Backgammon . Hangman , Regatta 
Races . Concentrat ion, Trai lblazers. B lack­
jack . Star Track-games that would cost 
any arcade owner $2000 or more. Chal lenge 
the compu ter or anoth er opponent . Each 
game will bring family and friends together 
for hou rs o f quality fu n. 

FCC AND CSA APPROVED FOR YOUR TV 

SPECIAL OFFER - OVER $300 WORTH OF 
FREE PROGRAMS-INCLUDING LEVEL 11 
In teract is exceptional. But. there is just no 
way to prove it. un less you are en joying it 
in your own home and business. You have 
to try it. That"s why we are givi ng you 14 
different full co lor and sound programs 
FREE- inc lud ing Edu -Basic and the Basic 
Level II program lor advanced applica· 
tions. It's our way of back ing up everything 
we 've said and mak ing it worth your wh i le 
to check it out for you rself. Your $300 
FRE E value includes : 
Edu-Basic '" • Level II Basic • Blackjack • 
Compute- A-Color '" • Hangman'" • Knockdown '" 
• Trailblazers'" • Dogf ight '" • Showdown'" • 
Regatta'" • Concentration • Add -Em-Up'" • 
Computer Maze'" • Biorhythm'" and 1 Blank 
Data Tape. 

Fourteen programs are actually more than 
other compute rs have to offer. They 're 
yours FREE w ith your purchase of the 
Interact. If, alter 15 days you are not satis­
fied with your Interact. you may return ii 
tor a prompt refund o f the purchase price. 
Sorry , but you ' ll have to return the 14 pro­
grams and the data cassette also. The unit 
is backed by a ninety-day parts and labor 
limited factory warranty. 

DIT CARD ORDERS CALL TOLL FJEE 

800-621-5809 
[ LLINOIS RES : 800-g72-5858 

24 HOURS- 7 DAYS/WEEK 

·------------.,
D Please send me the lnterac l Computer. with 2 
Hand Con1 ro ls. co nnecting RF adapter and the 14 
Free Program Library- Including Basic Level ll and 
1 Blank Data Tape. II not sa11sf1ed . I can relurn same 
for a promp l refu nd w1lh1n 15 days. 
0 I enclose SSBB.00 plus $17.95 shipping and 

Insurance. Alloi.·1 2·3 week delivery. 

(Il l res1den1s add 5% tax ) 
O I also want the follow Ing programs. 

D Star Track . . . . ..... . ' $24 .95 
D M1cr0Chess (vs. compu ler) . $24 .95 
D V1de0Chess (vs. opponen l) . $19 .95 
D Backgammon . $24 .95 
D Reve1s1. $19.95 
D Music Maestro ....... . $24 .95 
D Tolal amoun1 enclosed$ ________ 

O Check O Money Order 
O Charge My Cred1I Card · 
O American Express 0 Master Cha rge D Carle 
O BankAmer/Visa O Diners Club Blanche 

Credil Card No. ---------- ­
Master Charge 11 ____Exp. Date 
Name ______________ _ 

Address 

(; 1ty _________ _ 


State ________Zip ______ 

Signature ________ 

names, user definable functions , multi-state­ The Interact corr. pu ter. with bu ilt - in stor­
men t lin es, ed iting, sc rolling . file management, 
and more. age and prog rammabi lity. is FCC and CSA ..... 801 Green Bay Rd ., Lake Blulf, IL 60044 

approved fo r altachment to any TV. It is UL 
AN INCOMPARABLE SCHOOL TEACHER listed and ope rates on standard 11 OV house­
Since it can ta lk , play music and perform in hold current. It 's po rtab le. too : weighs 12 Camelot DIRECT 
color . Interact is a phenomenal teacher. pounds and is on ly 19" L x 12" W x 8'' D. A DIVISION OF UNITED EDUCATORS. INC 
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Listing 7, continued: 

)> 
·~) •.) ::: ; POINT .t ()I) 2 c POINTER FOR TFORM DATA 

~ OtlB ;' SELDkT • $ 0 9 2 D S l-SB DATA ADDRESS 
(>08 ;-' Mk&~ t 0 () 2 F SIT MA SK ARRAY START 

"' r) 1)8 7 INFO t Oeo .3 8 S TART OF TFORM DATA 
~ 

e 
0 1):j i' SOURCE ~ :t (Jr} 2 S SO~RCE DATA ADDRESS"' -< .... (> 08; DEST $ i;r) 3 ~ DESTINATION DATA ADDRESS.., 
1) r"> ;:: ( PERMUT • j : (P) 3 C PERMUTE ARRAY ADDRE SS'J' 

!:!: cj (18 i' PCOUHT • t <l t' 3 E PERMUTE ARRAY LENGTH 
g· cj 1) 8 i' SCOUHT • :t 06 3 F # BITS PEF: WORD 
~· 0 ()8? WCOUNT ~ .t (1 () 4 t) # WORDS IN DESTINATION 

r) 1,1;:: f DATA t- rj (1 4 1 DATA FOR PROPER TFORMg 
O<H:7 SH !FTM • .f.tjrJ ?? ROTATE DATA FO>: C(! J, D(!) 

·~· ·~*· ~~: · ~ ~ ~ ** ~~~; * ~ ~ 

ROTATE CD SUBRO UT!H E 
~~~**~~*~~~~M*~ ~ ,. ~~~ 

0 0 ;-' ~ ~ 29 ROT•TE LD H LOOPC T PUT ITERATION ~ I H X 
00 9 ~4 0 0 8 I T 110C• E IF THIS IS DECRYPT , GO 
00 B 3 0 24 811 [ SRI GHT TO SHIFT RIGHT 
00 0 84 77 LC"I S H!FT M, ;: PUT SHIFT COUNT IN Y 
0 0 F ~5 2 4 »L EF T lt•R CD4 ROTATE BITS 1-28 OF 
r.)1) ·;11 •.' M ASL C LEFT DH E BIT 
0 3 ROL CD~ 

r) 2 ROL CD 2 
,, 1 RO L C [) i 
'JtJ~iB ~1,, ;,2 BCC Sf'. P i 
009~ ~ 6 OR~ t 1 () 
u09C 5 4 5kPl STA CD4 
009 E 5 8 LDA CD<: ROTATE BIT S 1-28 OF 
OO AO ~ RSL D LEFT ONE E: IT 
OOAl 6 7 ROL CD7 
OOAJ ~ 6 R1jL CD IO. 
OO A5 b 5 ROL CD::. 
r) •J A 7 ~, 8CC SK F".211 

(J c) A g r,. g ORR :t ! r;1 

(H) A8 8 '5 SKP 2 STA CD<: 

01)AC• 88 l'E '1 ' IF ~E HEED TO SHIFT MORE 

•) •J AE D,l DF SHE SLEF T GO TO SHIFT LEFT 

(l 08 t) :; 0 F:T S ELSE RETURN 

Qt) 81 BH ·; F: !GHT T '.~A FOR DECRYPT , ADJUST 

rjt) 8 2 49 1) F EOR t OF INDEX INT O SH! FTM 

(H)B4 AA r A'.•! 

r~1c)B5 84 i'? LC"I S HIFT! \,'.,: PUT SHIFT COUNT IN Y 

OOB7 A9 10 LOOP Ll>A f l o ROTATE BITS 1-28 OF 

(H) 8 9 25 24 AUL' CD4 C RIGHT ONE BIT 

r) :J 8 8 i 8 CL C 

c) :J B C 69 F ADC IF 

(H) Ci ;; ;; 3 ROR CD 
(H)C4 66 4 ROR CD 
0 1)C;; A 9 r.J LDA fl ROTATE BITS 1-28 OF 
r):~~cs .::s 8 AND CO D RIGHT ON E BI T 
rJr)CA ~8 S:L C 
00C B 'g FF H(1C .tFF 
00CD ~6 25 ROF: CD5 
00CF '6 26 ROR ([) ~. 

00 01 66 27 RO F.: CD 7 
OODJ ~;; ~S F:O f\· ( [Jt: 

0 •)05 8~ ['E ·,· IF ~E HEED TO SHI FT MORE 

Continued below: 

013[' 
014<) 

89 
S•5 

41 
38 

0•) L 5 LDA 
STA 

DATA ,'1' 
INF[I , )( 

LOAD 
PAGE 

HEW DATA INTO 
AREA ~!NFOJ 

ZERO 

0142 88 DE\' 
O 14 3 CA 0£): 
014 4 
0146 

10 ,F7 
A5 3F L6 

BPL 
LDA 

LS 
BCOUNT S TORE I BITS PER WORD !H 

0148 85 2A STA BITCHY BITCHT 
014A A4 3E L7 LDY PCOUNT GET ELEMENT OF PERMUTATION 
014C 
014 E 

81 
AA 

3C LDA 
TA)( 

<PERl1UT ) · 'I ARRAY 
PUT COPY !H X 

014F 2~ <) 7 AND to7 GET PROPER WORD 
0 15 1 AB TA\' IN \' 
O 152 8 A TX A RETRIEYE ARRAY ELEMENT 
015 .J 4A LSR AHO ISOLATE BIT 
0154 4A LSR MASK # . PUT IT IN 
0155 4A LSR X REG . 
0156 AA TA >: 
0 157 Bl 38 LDA ( SOURCE ),\' LOAD SOURCE WORD 
0159 35 2F AND MASK,:•: ISOLATE PROPER BIT 
0158 18 CL C IF BIT IS !, GET IT IHTO 
Ol5C 69 FF ADC HF CARRY AND MOVE . INTO 
015E 26 28 ROL HOLD 'HOLD' 
0160 A5 28 LDA HOLD GET ' HOLD' JUST IN CAS E 
0 162 C6 3£ DEC PCOUtlT MOVE IHDEM TO NE XT PERMUTE 
0164 
0166 

JO 
C6 

<) 4 
2A 

BM! 
DEC 

£gIT 
BITCHT IF 

ARRAY ELEMT . 
MORE BITS IN 

EXIT IF 
WORD , 

DONE 

Ol6B DO DF SHE L7 KEEP GOING ; 
0 16 A 48 E '.~I T PHA EL S E PUSH OH STACK 
0 168 
0 lbC· 

l ') 
,;4 

OF 
40 

BPL 
LC• 'I 

L6 
l,IC OUllT 

CON TINUE UNT I L 
PUT l WORDS I ti 

DONE 
'f 

Olb F '8 LS PLA PU~L WORD FROM STACK 
0170 ~1 3A S TA i OE ST.;,y AHO PLACE IN PROPER 
0172 88 DE 'I DESTINATION WORD 
0 173 10 FA BPL LB CONTINUE UNTIL DOHE 
0 175 , 0 RTS 

**********~*··~·*·~·· 
DES ( MAIN > SU BROUTINE 
**** * * ***~** *****; *~~· 

0 176 CS DES CL D CLEAR DECIMAL MODE 
0 17? A9 FF LDA FF !HIT!ALIZE DATA POINTER 
0 179 8 5 2C ST A P 0 I ti T USED BY TFORM 
0 178 A9 <) F LDA $OF INITIALIZE LOOP COUNT 
0 170 85 29 STA LOOPCT FOR 16 ITERATIONS 
017 F 2<) 33 01 JSR TFORl1 PERFORM 'IP' 
0182 20 33 \)l JSR TFORM PERFORM 'PC-1' 
0 185 24 <JO L9 Bl T MOC•£ FOR ENCR YPT CYCLE, GET 
0187 3<) 08 811! SKP3 SUBKEY BY ROTATING 
0189 20 87 <)<) JSR ROTATE C<I> AND 0(!) THEH 
0 !BC 2 <) 33 0 1 JSR TFORl1 PERFORM 'PC-2 '. FOR 
OIBF 30 0 6 BM! SKP4 DECRYPT CYCLE, 
0191 20 33 0 1 SKP3 JSR TFORl1 REYERS£ THIS 
0194 20 87 0<) JSR ROTATE SEQUEN CE 
0197 20 33 0 1 SKP4 JSR TFORM PERFORM 'S ELECT-E' 
Ol9A A2 t) 7 LD l: $07 PERFORM MOD 2 ADDITION 
0!9C 85 11 LIO LDA TEMP ,:,: OF SUBKEY AND 
019£ 55 19 EOR SUB KEY,X PERMUTED PT< RIGHT) 
0 !A <) 29 3F AND nF SET BITS 6,7 TO ZERO 
OIA2 95 19 STA SUBKE'i', :•: FOR SELECT SI-SS 
01A4 CA DEi: 
OIA S It' F5 BP L L l O 
0 1A7 20 tJ O <) 1 JSR SELECT PERFORM 'SEL ECT ' s 1-sa 

Continued below: 



0 uDb D11 ~F 

u0 ~8 ~0 

0009 H2 •' J 
OO D8 85 0 1 
00 DD 84 0 5 
OO DF 94 0 1 
OOE! 95 05 
OOEJ CA 
OOE4 1 0 F5 
00 £, ,0 

<) l •> f ~ 

\.l lO t) H9 CO 
1J 10.? 85 2A 
01<:•4 A2 <)7 
0106 85 19 
0 1 0 B 1) S 2 A 
0 1 <;•A A8 
0 1t' 8 Bl 2D 
O! OD 29 <)F 
O U> F £5 28 
0 11 1 CA 
0 112 E:S 1·• 
0 11 4 •) 5 2 A 
O11 6 AS 
0 11? B 1 2D 
0119 29 FO 
01 18 •) 5 2B 
011(> 48 
Ol !E AS 2 A 
0 12 ') .3 8 
0121 E9 4<) 
(> 12.3 ~:5 2A 
0 12.5 CH 
C•126 l O l•E 
0 12ti H.2 1) () 

012A 68 
012B9 511 
012D ES ,.. 012 E E<l <) 4 

~ 013<:• DO F8 
0 13 2 6 c)"' ;:cl 

@ 

"'-< .... 
"' ~ 
!!:E. 
o· 	 013.3 AS 2C a (> 13 5 1 s 
~ 	 O!H 69 <) 9 

0138 8 5 2C ... Ol3A AS 
I\) 
(g 	 0138 A2 08 

BilE LOOP GO TO LOOP 
f: TS 	 EL SE RET URN 

~*~~**~*~*T~' * **~1*~~~>t*** *******·** 

51,JAf· PT O: LEF T ) / PT< Rl GHT i SUBROUTI HE 
**********T>t· •>t. >t't:>t >t<>t >t't<lt'•·** •·******** 

LM: t03 SET X TO EXCHANGE FOUR 
L2 LDA f"TL B\'TE PAIRS 

LC"1' F"H: , '.•: 
STYF'TL . >; 
STA PH: .): 
l•U: 
BPL L 2 COHTIHUE UHTIL FIHI SH Ev , 
RTS THEH RETURH 

**** ******~*****~ ***** ********** 
SELECT 	 FUNCTION SI-SS SUBRO UTIHE 
·~********~*****~*~******* ****** 

ORG t · (li <,1 0 

SE LECT 	 LC•A H ~· STORE 11000000 TO ACCESS 
STA SEGIHIT CORRECT DATA SEGMEHT 
LM: tO? SET X TO TRAHSFORM 8 BYTES 

L3 	 LDA SU BVE ~ ,~ GET BYTE 
ORA SEGIHI T ADJUST IHOE X INTO SELECT 
TA Y TRAtlSFORM MA TRI g 
LDA <:S ELDH T) , \' GET MATRI X DATA 
A~ID HF MASK HIGH ~IBBLE 

STA HOLD STORE TEM PORAR ILY 
ou: GET HE>:T 
LD A SUB I, E',', :•'. BY TE 
OR A S EG MtlT ADJUST INDE X INTO SELECT 
TA \' TRAHSFORM MATRI X 
LDA <S EU>AJ),y GET MATRIX DATA 
AND tF C• MASK LO~ HIBBLE 
ORA HOU, COMBINE WITH PREVIOUS DATA 
PHA AND PUSH OH STACK 
LOA :;EGMllT ADJUST POINTER INTO 
SEC CORRECT DATA 
SE:C t4 •:0 SEGMEHT 
STA S EGM rlT 
[l E:•: CO UTIHUE UHTIL ALL 
BP L L 3 BYTES TRANSFORME D 
L(' >: t \J<) 

L4 	 PLA PULL FOUR BYTES FROM 
ST A TEMP . :.: STACK AND PUT INTO 
JN ): TEMP< O ) -TEMP( 3 ) 
CF·): t04 
BNE L4 
RTS 

******************~********* 
TFORM PERMUTATIOH SUBROUTIHE 
**************~************* 

TFORM 	 LDA POINT LOAD OLD POINTER TO DATA USED 
CLC BY TFORM . UPDATE POINTER 
ADC $0 9 TO GET HEXT SET OF DATA ­
STA POIHT SOURCE ADDR, DEST ADDR , 
TA\' PERMUTE ARRAY ADOR, IBITS , 
LD X t08 l~ORDS , ARRA\' LENGTH. 

0 !AA 2 0 .33 <) l 
OlAD A2 n 3 
01 AF85 <)1 Lll 
0 18 1 55 11 
0 l 8.3 95 ,;. 1 
01 85 CA 
Ol B~ !<) F7 
0 18 8 ~ 1) D 9 I ) t • 

Ol BB C6 29 
ornr' >•> •' 6 
OIBF A9 11 
OlCl 85 2C 
OlCJ DO CO 
01C5 20 D9 uO FIN 
0 lC:B 2<) .33 01 
o !CB ~<) 

00 2D <ic• OJ 
<lC• 2 F <)<:0 
oo .J <i B<;. 
0'' .Ji 4<:• 
r)t' .3 2 :2 f) 
()C•.J .J l <:• 
oc:1 3 4 c)B 
oOJS <) 4 
O<:o.J6 02 
<H• .37 ()1 
O<) 4 1 <i l O<'• 
0<) 4 3 <) 1 O<:• 
0045 O'' 02 
00 4? .JF 
00 4B 0 8 
00 4 9 1) j' 

Oc) 4 H 1)~1 0 <! 
Ot14C 21 O<:• 
004£ SC• 1? 
0050 .JF 
0051 OB 
0052 07 
0053 21 0<) 
0055 19 O<:• 
005? SC• 02 
OC•59 2F 
<l0 5A 06 
00 5B <) ;' 
005C 05 00 
<)<)5E 11 0<) 
O<H <) Bt' 02 
0062 2F 
C) C;.6 .3 C)6 

Qf.•6 4 <) j' 

006 5 i 1 ¢1) 

I)(• 6 i' 1 i CH) 

1)!>6 9 Ee:• 02 
<)(• 6 B i F 
01);; c i)8 

006 () •)3 
<ltl 6 E <) l O<> 
00 i' ~' 01 O<:• 

JSR TFORl1 
LC>:o: $ 0 3 
Ll>A F· TL . i: 
EOR TEMP , :< 
ST A PTL , :: 
DU: 
8P L L 11 
JSR :>MA P 
DEC LOOPCT 
811 I F IM 
U•A SI 1 
STA POINT 
BN E L 9 
JS•· SWAP 
JSR TFOF:l-1 
RTS 

If.:**""' ;::;t: ;fl;f; * :+-11: ;t; 

PROGRAM [•ATA 
**** '~*•*** .. * 

PERFORM ' PERMUTE-P' 
PERFORM HOD 2 ADDITIOH 

OF PT ( LEFT i AHD 
F( PT <RIGHTl l 

S TORE IN PT(LEFTi 

EXC HAHGE PTL AND PTR 
DECREMENT LOOP COUNT, 

EXIT IF (JOHE 
ELSE ADJUST POINTER 
FOR TFORM RDUTIHE 
AHD CONT !MUE 

PERFORM ' BLOCK' TRANSFORM 
PERFORM ' IP( INVERSE )' 
DES COHPLETED 

ADDR OF s1 - sa DATA 
BIT MASK TO FORCE 0 
BIT l MASK 
BIT 2 MASK 
BIT 3 MASK 
BIT 4 MA SK 
BIT 5 MAS K 
BIT 6 MA SK 
BIT? MAS K 
BIT 8 MASK 
IP DA TA : SOURCE ADOR 

DEST ADDR 
PERMUTE ADDR 
-LENGTH 
DEST BITS / WORD 
DEST # BYTES 

PC-1 DATA : 

PC-2 DATA: 

SELECT-£ DATA: 

PERHUTE-P 	 DA TA: 

IP.: I HVER SE i DATA: 

Listing 7 continued on next page. 



Listing 7, continued: 02FO 
02FB 

11 
OA 

JB 
23 

12 
21 

28 
2B 

13 
2A 

3 A 
22 

39 
38 

O!i 
41 

oon 4•) 02 1780 00 0 0 00 <'0 20 21 22 23 PC-! TRBLE 
0074 3F 1798 28 29 2A 28 2C 2D 2E 2 F 
•)075 08 l79Q 30 31 32 33 34 JS Ji 3 7 
QU76 ~1 7 1798 36 39 Jll 3B JC JO JE 3F 
00 77 01 01 0l 0 2 ~2 ol v 2 u1 SHlfTH DliTH FOR l7AO 00 00 00 Ou 24 25 li 27 
OO?F 02 02 02 02 02 u2 UI VI C,D SHIFT l7A8 !>; 19 !A IB IC ID IE IF 

178 <) 10 11 12 lJ 14 15 16 17 
0200 38 39 3A 38 JC JD JE 3F IP TABLE 178 8 08 09 OA OB OC OD OE OF 
0208 26 29 2A 28 2C 2() 2E 2F 
0210 Ii> I\• I A 16 IC ID IE IF 03ci0 EF ¢1 41 F[I DB ? 4 1£ 4? SEU•l'lT (SELECT SI-SS ~ATA i 
0218 08 Ot OA 08 OC OC uE OF 03<)8 26 EF FB 22 BJ De :H IE 
0220 40 41 42 43 44 4S Ho J7 0310 39 AC A7 60 62 Cl C[I BA 
0228 JO 31 32 33 34 35 J~ 31 0 318 SC 96 9 0 5t o S JB ?A BS 
0230 20 21 22 21 2 4 25 16 l1 0320 40 FD IE CS E7 BA 88 21 
0238 !(•II 12 11 14 IS 16 1 7 0 329 DA 43 64 H 2D i4 Bl ?2 

0330 FS SB CS B' 9C 17 76 EC 
0240 O& OF OA OE Ot OC OB OC IP ( I HYERSE ) TABLf 0339 39 AO NJ 05 52 ' E OF D9 
0248 13 1 7 12 16 11 15 ! () 14 0340 A7 OD OD ?~ 9E OS E3 95 
02 .5 0 1& 1F 1A IE I 9 I() I ii; I C:. 0348 60 36 36 4F F9 i O SA A3 
02~8 23 27 22 26 21 2S 20 2 4 035 0 11 24 D2 87 c:s 52 75 EC 
0260 2& 2F <A 2 E 29 2D 28 2C 0358 BB Cl 4 C BA 2 4 FE BF 19 
0269 33 37 32 36 11 JS JO 34 0360 CA 11 ' ' HF 49 on 90 0 6 
0270 
0279 

36 
43 

3F 
4 7 

3A 
42 

1E 
46 

39 
41 

3D 
4S 

JS 
40 

3C 
44 

0369 
0370 

ec 
BF 

6A 
49 

FB 
I I 

9 1 37 
F4 23 

8 () 
ES 

~~ 

CE 
78 
JB 

0378 SS BC Al S7 EB 22 74 CE 
0280 24 OC 44 36 35 16 OF 34 PC-2 TABLE OJSO 2C EA Cl BF 4A 24 IF CZ 
0289 ·27 ID ZE 45 26 2C OE .3E 039~ 7~ 47 A2 ?C B6 u9 68 IS 
cl2')0 25 14 IF IE OD tC 46 n • 0390 90 S6 50 0 1 33 FD F4 AE 
<l218 
02AO 

I 0 
20 

29 
21 

Z2 
IA 

I 6 
3A 

3 8 
II 

41 
2A 

H• I 3 
J D J9 

0398 
0 3Au 

DE 
49 

3•) 
84 

~·7 
2E 

9 8 
83 

ES 
lF 

S.3 
C2 

9& 
85 

t;B 
7C 

02A8 23 18 28 08 42 1~• Oil 31 OJAS A2 19 ~0 E5 7C 2F 83 CA 
0380 F7 68 9u FE C4 UI SA 97 

02&0 08 43 38 33 2B 23 2£; 21 SELEC T-E TABLE 0388 61 A' 30 40 0 8 58 E6 JD 
02 88 IS 13 OB 42 OB 42 JA 32 OJCO 4() DI 82 OF 28 6~ E4 78 
02CO 2A 22 2A 22 IA 12 u~ 41 03C9 F6 4A llF \!J 88 17 ['1 A4 
<l2C8 <)ll 41 3'J JI 29 2 1 2;• 2 1 0300 JA EC C9 35 9 3 56 7E CB 
<l2DO 
02os 

19 
2s 

11 
20 

c>9 
2e 

40 
20 

c) 9 
1s 

40 
1~ 

3e 
u ~ 

3•) 
n 

0308 
03 E•) 

55 
17 

2 Co 
62 

Ac• 
48 

FE 
e I 

6C 
64 

89 
DE 

11 
01 

t.;: 
e1 

02E c> oe 20 19 1 2 J O 11 19 lk 
c)1EB 
I) J F iJ 

C~ 
~ 1;. 

14 
gF 

::C 
F .; 

4 A 
~ 1: 

7 E 
.; A 

HB 
,, ~l 

E.{ 
.; (• 

?C• 
FI' 

•>2EB 09 18 1e 43 31 42 4•.> I <:• 03FF •lF U ~· > 25 ~•5 H 28 Cf: • 

CP/M~TRS·SO® 

The CP/M Operating System now available 

for Radio Shack's TRS·SO 
CP/M OPERATING SYSTEM 
•Ed itor, Assembler, Debugger, and Utilities 
•	 For 8080 and Z-80 Systems 
• Up to four floppy disks 
• Documentation includes: 

CP/M Features and Fac ilities 
CP/M Editor Manual 
CP/M Assembler Manual 
CP/M Debugger Manual 
CP/M Interface Guide 
CP/M Alteration Guide 

CPIM System Diskette and Documentation (Set 
of 6 manuals) for $150. 

CPIM Documentation (Set of 6 manuals) only 
$25. 

MAC® MACRO ASSEMBLER 
•Compatible with new Intel Macro standard 
• Complete guide to Macro Applicat ions 
MAC Diskette and Manual for $150. 

SID®' SYMBOLIC INSTRUCTION DEBUGGER 
•Symbolic memory reference 
•Built-in assem bler/disassembler 
SID Diskette and Manual for $125. 

TEX® TEXT FORMATTER 
•Powerful text formatting capabi l ities 
•Text prepared using CP/M Editor 
TEX Diskette and Manual for $125. 

HIGH-LEVEL LANGUAGES 
•Basic 
• Fortran 
• Cobol 
• Call or write for information 

USER'S GROUP 
• 	35 disks with utilities, games and 

applications 
• Call or write for information 

FMG ©©lRil: ))@!R.ffi\llil(r~ ,~ 
P 0 . Box 16020 • Fort Worth, TX 76133 • (817) 738-0251 

CP M •S a 1eg1s1creo Hadenm rk ot D1g1 ra1 Resea rch Corn TA S-8.0 is .1 rc91 smrcd uaocmark ol Ra 10 Shack 
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INTRODUCING 

G2 LEVEL Ill BASIC. 

Now do more than ever beforewith the most powedul Basic you can buy for theTRS-80. 
Open the manual and load the cassette. Then gel ready lo work with the most powerful Basic interpreter you've ever had your hands 
on...Level Ill Basic for Radio Shack Computers. It loads right on lop of the Level II ROM, and in just SK of space, opens up 
yow capability lo new dimensions. For starters, this new cassette·based interpreter gives you the whole catalog of disk programming 
power; Plus graphics commands. Plus powerful editing commands. Plus long error messages, hex and octal constants and con­
versions, user defined functions and a number of commands never before available on either cassette or disk interpreters! 
Easier Loading, Fewer Keyboard Errors. G2 Level Ill Basic eliminates aggravations you've had, including keyboard "bounce" and 
those super-sensitive tape deck settings. Programs will load easier, and you'll have far less trouble with input errors. 
Basic Access to RS-232. Until now, if you wanted to access your RS-232 interface, you had to work in assembly language. G2 
Level III Basic does the work for you, letting you use your interface with Basic statements. 
Have You Wished for More Power? This new interpreter gives you IO machine language user caUs for subroutines, long error 
messages, a new TIME$ call for your real time accessory, plus measure or limit input timing that lets you put a time limit on 
responses when you're playing games or giving exams. And the list doesn't stop here. 
Easier and More Powerful Graphics. This new Basic includes three simple commands that can eliminate dozens of program steps. 
PUT transfers information from a designated array lo your screen; GET reverses the process. LINE-makes your computer do the 
work when you input beginning and end points. Give it two diagonally opposite comer locations, and it'U outline the rectangle 
you're looking for. 
On1y Microsoft Could Do It. G2 Level Ill Basic was created by Microsoft, the same company that wrote Level II Basic for Radio 
Shack. And it actually uses Level II as a foundation for this enhanced add-on. By the time you've mastered all it can do, calling 
up the flexibility of the graphics commands, and even enjoying the convenience of renumbering, you'll wonder how it was all 
possible. !l's like getting a whole new computer for your computer. 
Available Now for On1y $49.95. You gel the power that might otherwise cost you hundreds of dollars in additional equipment for 
only $49.95. Price includes the User Manual, a Quick-Reference Card, and a preprogrammed cassette tape. Load the tape, open the 
manual, and gel ready lo work with the most powerful Basic Interpreter you've ever had your hands on. G2 Level Ill Basic for 
the TRS-80. Another member of the growing G2 Personal Computer Program Library. 

For the name of the G2 dealer nearest you, call us toll-free al 800/538-8540 or a800/538-8541. In California, please call 800/672-8691. THEREASON 
YOUBOUGHT • 

' A Produc• OI GRT Co1p01a11on 
Consumer Compuler Group 

c,,._...,,.,.. 1286 Nonh Lawrence S1a11on Roac1 Sunnyvale. Cal1lam1a 94086 .• 108 i 734 -2'9 1 O YOUR COMPUTER. . " 

Circle 151 on inquiry card. BYTE April 1979 131 



Queuing Theory, 


the Science of Wait Control 


Part 1: Queue Representation 


Len Gorney 
POB 96 RD 1 
Clarks Summit PA 18411 

How many times have you waited in a 
line? Do you always get to a supermarket 
checkout counter without having to wait? 
Is the pump at the gas station always open 
and ready for you as you drive into the 
service area? It's difficult to imagine anyone 
going anywhere and not having to wait in 
a line. 

Since we're computer oriented, let's 
define a waiting line by its proper name ­
that is, a queue. 

A queue is a waiting line controlled by 
some service mechanism. A customer enters 
a queue at the tail of the queue, waits in line 
until he or she arrives at the head of the 
queue, is serviced at the head of the queue, 
and, finally, leaves the queue. At the super­
market a customer pushes a cart to one of 
the lines formed at the checkout area and 
waits in a line until fina lly arriving at the 
cash register at the head of that I ine. After 
checking out the purchases, that customer 
leaves the queue. 

Queue Examples 

Other examp les of que ues can be found 
in many areas of our everyday lives. The 
supermarket checkout queue is a commercial 
type of queuing system. Other commercial 
queues include the bank te ller queue, the 
barbershop queue, the gas station queue, 
etc . The field of transportation is not with­
out its share of queues: traffic lights, turn­
pike tol l booths, airport runways, loading 
and unloading docks are but a few examples. 

Of course, we have personal queues . How 
about that shelf of books you're planning 
to read some clay? 

Let's Have Order 

A queue is defined as a waiting line, and 
since a waiting line has both a beginning 
(tail) and an end (head), a queue must also 
have both these properties. 

The head and tai l idea implies that cus­
tomers entering (being inserted) or leaving 
(being deleted) must follow a definite order­
ing scheme as members of the queue. This 
ordering scheme is defined as the dispatching 
discip line of the queue. 

The usual dispatching discipline of a 
queue is known as first in first out or FIFO. 
An orderly queue exhib its this scheme. The 
first person entering the queue is the first 
person to receive service, and the last person 
entering the queue is the last person to 
receive service. Any person entering after 
the first but before the last must spend some 
time waiting in the queue before service may 
be rendered. 

The f irst in first out discip line is but one 
of many ordering schemes that queues 
fol low. Other se rv icing discipli nes include 
last in first out (eg: a stack of dishes), a 
priority queue, and shortest line first or 
longest line first (these are mu ltiple queuing 
systems and will be discussed later). 

Queue Representation 

How can we represent a queue as part of 
a computer program? The following piece of 
BASIC coding (a one-dimensional array) 
could be used to represent a queue in a com­
puter program: 

10 DIM 0(100). 

A queue is nothing more than a special 
purpose one-dimensional array. Just as the 
ordinary one-dimensional array is repre­
sented as a single row or a single column 
structure n locations long or deep , the queue 
can be represented as a single row structure 
n locations long. 

Over and Under 

When an array is dimensioned to 100 
locations, the program cannot access the 
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Wondering which memory 
is best for you? 

ba1e 2• offers the following products 
to the S-100 market at the industry's 
lowest prices: 

SK Static Memory Board 
This SK board is available in two versions. The SKS-B operates at 450ns for use with 
SOSO and SOSOA microprocessor systems and Z-SO systems operating at 2MHz. The 
SKS-Z operates at 250ns and is suitable for use with Z-SO systems operating at 4M Hz. 
Both kits feature factory fresh 2102's (low power on SKS-B) and Includes sockets for 
all I C's. Support logic is low powerSchottky 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 . 8KS·B $125 (assembled and tested add $25.00) 

8KS-Z $145 (assembled and tested add $25.00) 

16K Static Memory Board 
Base 2 can now offer the same price/performance in a 1 6K static RAM as in its popular 

SK RAM. This kit includes SK bank addressing with 4K boundary address setting on 

DIP switches. This low power unit provides on-board bank selection for unlimited 

expansion . .. No MUX board required. Using highest quality boards and components 

we expect this kit to be one of the most popular units on the market. Available In two 

speed ranges, the 16KS-B operates at 450ns while the 16KS-Z operates at 250ns. 


16KS-B $285 (assembled and tested add $25.00) 

16KS·Z $325 (assembled and tested add $25.00) 


Z-80 CPU Board 
Our Z-SO card is also offered in two speed ranges. The CPZ-1 operates at 2MHz and 
the CPZ-2 operates at 4MHz. These cards offer the maximum in versatility at 
unbelievably low cost. A socket is included on the board for a 270S EPA OM which is 
addressable to any 4K boundary above 32K. The power-on jump feature can be 
selected to address any 4K boundary above 32K or the on-board 270S. An On-board 
run-stop flip-flop and opt ional 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 8080 mode, to 
take advantage of existing software, or in the Z-SO mode for maximum efficiency. For 
use in existing systems, a wait state may be added to the M1 cycle, Memory request 
cycle, on-board ROM cycle, input cycle and output cycle . OMA grant tri-states all 
signals from the processor board. All this and more on too quality PC boards, fully 
socketed with fresh IC's. CPZ·1 $11 O CPZ-2 $125 

S-100 for Digital Group Systems 
This kit offers, at long last, the ability to take advantage of S-100 products within your 
existing Digital Group mainframe. Once installed, up to four S-100 boards can be used 
in addition to the existing boards in the D.G. system. The system includes an 
"intelligent" mother board, ribbon cables to link existing D.G. CPU to the DGS-100 
board and a power wiring harness. The DGS-100 is designed to fit in the 5-3/4" x 12" 
empty area in the standard D.G. cabinet. It may seem expensive but there's a lot here! 
End your frustration! DGS-100 $295 

J 
_.../ 

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.S. destination 
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Listing 1: Simple BASIC simulation of a row queue. Pseudorandom number 
generation is done to ensure that the queue simulation worl?s correctly as 
described in the text. A sample run of the program is also shown. 

1000 
1001 REM 
1002 RDI 
1003 REM 
1010 
1020 
1030 
1031 REM 
1032 REM 
1033 REM 
1040 
1041 REM 
1042 REM START OF MAIN SIMULATION 
10..3 R EPI 
1050 
1051 REM 
1052 REM 
1053 REM 
1054 REM 
1055 REM 
1060 
1070 
1080 
1090 
1091 REM 
1092 REM 
1093 REM 
1094 REM 
1100 
1110 
1120 
1130 
1140 
1141 REM 
1142 REM 
1143 RDI 
1150 
1160 
1161 REPI 
1162 REM 
1163 REM 
1164 REM 
1165 REM 

DIM Q(5) 


INITIALIZE QUEUE TO EMPTY STATE 


FOR J2 : 1 TO 5 
QCJ2) : •9 
NEXT J2 

INITIALIZE TAIL TO HEAD 

T : 5 

FOR J2 : 1 TO 15 

GENERATE A RANDOM NUMBER 
AN INSERTION WHEN N <: 

A DELETION WHEN N >: 

N : INT C RND Cl> * 10 
PRINT .. NUMBER:•; NJ 
IF N c: 5 GOSUB 1170 
IF N >: 6 GOSUB 1240 

PRINT QUEUE CONTENTS 

5 
6 

) 

OF QUEUE 


LOOP 

TO DETERMINE 

+ l 

PRINT TAIL POINTER VALUE 

PRINT • QUEUE:•; 
FOR J3 : I TO 5 
PRINT QCJ3); 
NEXT J3 
PRINT .. TAIL:: •i T 

END OF MAIN SIMULATION LOOP 

NEXT J2 
STOP 

I N S E R T I 0 N ROUTINE 

WHEN T: 0 QUEUE IS FULL, I.E. OVERFLOW 
Et.SE, INSERT N AT TAIL AND DECREMENT TAIL 

-

104th or - 36th location. These integer values 
are not wi thin the bou ndaries of the dimen­
sioning statement. 1f the program attempts 
to address out of range locations during 
execution of the program, an overflow or 
underflow con di ti on occurs. Overflow 
occurs when a location greater than that 
given in the dimensioning statement is 
addressed. Likewise, underflow occurs when 
a negative subscript is given as an addressing 
va lue. 

Some BASIC interpreters allow for 
addressing location 0 of an array. If an array 
is dimensioned to 100 locations, the actual 
number of legally addressable locations is 
101 (counti ng location 0 as the first avail ­
able location). 

The program listings in this article do not 
take advantage of th is extra availab le array 
location. The first avai lable location is 
always array location 1, and the last avail­
able location is equal to the integer value 
given in the dime nsioning statement. 

Let's get back to overflow and underflow 
as these co ndi lions apply to queues. If we 
assu me that our queuing program will not 
addres a location above or below those 
given in the dimensio nin g statement, over­
flow and underflow take on a somewhat 
different meaning. 

A queue overflow occurs when the pro­
gram attempts to insert an i tern in to our 
queue and the queue is filled to its capacity. 
Underflow in a queue structure occurs when 
the program attempts to delete an item from 
th e queue but there are no ite ms in the 
queue. 

Qu eue Operations 

Items in an ordina ry one-dimensional 
array can have many operations performed 
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on them. A program can insert items any­ listing 7, continued: 
where within the array, and items can be 
removed from any legal location within the 1166 REM 
array. I terns can be examined an cf left in 1170 IF T : 0 GOTO 1220 

1180 PRINT • INSERTior;place or moved to any location withi n an 
1190 QCT> : N array. 1200 T : T • 1

A queue can have only two operations 1210 RETURN 
performed upon its items. The first of these 1220 PRINT • OVERFLOW •; 
allowable operations is the insertion of an 1230 RETURN 
item into the queue. This insertion can be 1231 REM 
done only at the ta il of the queue. The 1232 REM DELETION R 0 U T I N E 

1233 REMsecond operation al lows for deletion . Dele­
1234 REM WHEN T : 5 QUEUE IS EMPTY, I.E. UNDER Fl.OWtion is done only at the head of the queue. 1235 REM ELSE, DELETE N AT HEAD OF" QUEUE 
1236 REM AND MOVE REMAINING ITE~S TOWARD HEAD 

The Simple Row Queue 1237 REM 
1240 IF T : 5 GOTO 1350 

The program shown in listing 1 is a simula­ 1250 PRINT '" DELETION '"; 
1260 T : T + 1tion of a row queue (see figure 1 ). The 
1270 FOR J4 : 5 TO T STEP -1mechanics of a row queue follow the defini­
1280 IF J4 : 1 GOTO 1330tions we have seen so far. 1290 J5 = J4 - 1

The row queue has its tail at location 1 of 1300 QCJ4> : QCJ5> 
array Q, while its head is at location 5 of 1310 NEXT J4 
array Q. The choice of these locat ions for 1320 RETURN 
tail and head is arbitrary. I chose this scheme 1330 QC I> : ·9 

1340 RETURN 
1350 PRINT .. UNDER Fl.OW-; 
1360 RETURN 

TAIL 1370 END 
POINTER 

END OF RUN 
HEAD QUEUE NUMBER: 7 UIDERF'LOW QUEUE:-9 .. 9 -9 -9 -9 TAIL= 5 

NUMBER: 3 INSERTION QUEUE::•9 -9 -9 -9 3 TAIL= 4 
4 .5 5.0 1.2 3. 8 5. 1 7. 2 .,
NUMBER: DELETION QUEUE::•9 •9 •9 •9 -9 TAIL= 5 

NUMBER: 4 INSERTION QUEUE:•9 •9 -9 •9 4 TAIL: 4 
NUflfBEJI: 1 INSERTION QUEUE::-9 -9 -9 1 4 TAIL: 3 

Figure 7: Simple row queue. This type of NUJllBER= 3 lNSElHION QUEUE:-9 ·9 3 1 4 TAIL: 2 
queue has a stationary "heqd" and a moving NUMBER= 2 INSERTION QUEUE:•9 2 3 1 4 TAIL: 1 
"tail." As data items are deleted from the NUMBER= 5 I NS ER TI ON QUEUE:: 5 2 3 l 4 TAIL: 0 
head, all of the data items in the queue NUMBER: 2 OVERFl.OW QUEUE: 5 2 3 1 4 TAIL: 0 

NUMBER: 8 DELETION QUEUE:-9 5 2 3 1 TAIL: 1are moved toward the head, and the tail 
NUMBER= 7 DELETION QUEUE:-9 -9 5 2 3 TAIL: 2pointer Is decremented by 7. As more data NUMBER: 8 DELETION QUEUE:-9 -9 -9 5 2 TAIL: 3 

is entered into the queue at the tail, the NU NB ER: 3 INSERTION QUEUE:-9 -9 3 5 2 TAIL: 2 
location of the toil pointer is incremented NUMBER: 4 INSERTION QUEUE:-9 4 3 5 2 TAIL: 1 
by one location. NUMBER: 9 DELETION QUEUE:•9 -9 4 3 ' TAIL= 2 
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HEAD POINTER HEAD POINTER 

(b) TAIL POINTER(o) (c) 

Figure 2: Circular queue in three states of use. Figure 2a is an empty queue, in which the head pointer and the tail pointer 
point to the same location in the queue. Figure 2b shows a partially filled circular queue. The tail pointer moves ahead of the 
head pointer as data items are added to the queue. As an item is deleted, the head pointer moves towards the tail pointer. 
Figure 2c shows a full queue. In this state the tail pointer has caught up with the head pointer. Note that one location in the 
queue will be left empty. If this were not done, the next item added to the queue would mal?e the head and tail pointers point 
to the same location, which would seem to indicate that the queue was empty. 

because it is easier to output the queue dur­
ing execution of the program in a normal 
left-to-right reading fashion. 

The head (service facility area) of the 
queue of listing 1 is always at location Q(S). 
The tail of the queue (the location in the 
queue where items will be inserted) moves 
from location 5 toward location 0 of array Q 
as items are inserted into the queue. When 
items arc deleted, the tail of the queue 
moves from its present value toward loca­
tion 5. 

The tail of the row queue is indicated by 
a tail pointer (variable T). When T is 5 the 
queue is empty: that is, there are no items in 
the queue. When T is 0 the queue is filled 
to its capacity and no insertions can be made 
without causing an overflow condition. 

To simulate the action of a queue proper­
ly, listing 1 generates pseudorandom numbers 
to determine queue insertion or deletion. 
The importance of randomness in proper 
queue operation is explained later. 

Before you execute the program in list­
ing 1, run through its operations with pencil 
and paper. This approach will show you how 
the program will run before the actual 
operation is simulated by the computer. 
This method wi ll also clarify the mechanics 
of a simple row queue operation. 

The Circular Queue 

A major disadvantage of our simple row 

queue is the fact that items must be moved 
toward the head of the queue after each 
deletion. /Editor's Note: This is not true for 
all implementations of a row queue. Often, 
the pointers indicating the head and tail of 
the row queue are moved instead of all the 
data inside the queue . ... RGAC/ The loop 
in Iine numbers 1370 through 1400 of list­
ing 1 accomplishes this move. If we're trying 
to represent a queue simulation in a com­
puter program, why not use some program­
ming techniques to take advantage of 
decreasing execution time and thereby elimi­
nate some of the unwieldy code? 

The circular queue, figure 2, is also repre­
sented as a special purpose one-dimensional 
array. The simple row queue has a pointer 
to keep track of the location where the next 
item insertion was to take place. The circular 
queue also has this tail pointer. 

The difference between the row and 
circular queue lies in the addition of another 
pointer to indicate the location of the head 
of the queue. The simple row queue always 
has its head at the last available location of 
the array Q. The circular queue structure 
can have its head anywhere within the queue. 

Circular Queue Representation 

The circular queue operates in the same 
manner as the simple row queue. Items are 
stil l inserted into the location given as the 
tail point location of array Q. 
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NEW! 
108 at 

and fie ld servicing. 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder with remote motor start/stop. Error rate 
4800 BAUD. Can be used from 110 to 9600 BAUD into a UART - no clocking 

required. This is not an audio recorder . It takes RS232 or TTL signals from the terminal or 
computer and gives back the same signals. No audio interface is used . Motor start/stop is 
manual or through TTL or RS232 signals. 

Tape speeds are L.6" I 3.0" and 6.0" per second. 110 volt , 60 Hz, 5 watts. (220 Volts on 
special order). Can use high quality audio cassettes (Philips Type) or certified data cassettes. 

Recommended for DATA LOGGING, WORD PROCESSING, COMPUTER PROGRAM 
RELOADING and DATA STORAGE . Manual control except for motor start/stop. 6800, 
8080 or Z80 software for file or record searching available on request with order. Used by 
major compu ter manufacturers, Bell Telephone and U.S. Government for program reloading 

AV AIL ABILITY - Off the shelf. 

PROVIDES MON ITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC -8 or 3M3B) . 

This is a complete 8080, 8085, or 280 sys tem cont roller. It provides the terminal 1/0 
(RS232 , 20 mA or TTL) and the data cartridge 110, plus the motor cont rolling parallel 1/0 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. NO MORE BOOTSTRAPPING. Loads and Dumps memory in hex on the terminal, 
formats tape cartridge files , has word processing and paper tape routines. Best of all, it has 
the search routines to locate files and records by means of six , five , and four le tter strings . 
Just type in the file name and the recorder and software do the rest . Can be used in the 
BiSync (IBM). BiPhase (Phase encoded) or NR2 modes with suitable recorders, interfaces 
and software. 

This is Revision 8 of this controller. This version features 2708 ty pe EPROM's so that 
you can write your own software or reloca te it as desired . One 2708 preprogrammed is 
supplied with the board . A socket is available for the second ROM allnwing up to a full 2K 
of monitor programs. 

Fits all SlOO bus computers using 8080 or 280 MPU's. Requires 2 MHz clock from bus. 
Cannot be used with audio cassettes without an interface. Cassette or cartridge inputs are 
TTL or RS232 level. 

AVAILABILITY - Off the shelf. 

2SIO (R) CONTROLLER 
$190.00, Tested & Assmb. 

~ DOUBLE DENSITY FLOPPY DISK CONTROLLER 

A new floppy controller for 5" and 8" drives util izing the new 1791 chip to provide single or dou ble density recording . 
Flip the swi tch to use one or the other mode. Can load memory from single density and re-record it double density on the 
same drive so you can transfer or re-record your programs and files. Comes with new format program for double density 
on disk to re place your old single density format program. (Soft Sector IBM format). $320 .00 assembled and tested. 

t CP/M® is now available , rewritten as necessary to u t ili ze it with the double density disk controller card above . $ 100.00 
with manuals , $70.00 without manuals. CBASJC and other software can be supplied by our dealers, in double density form . 

i
SWTP Disk drive owners, you can now use your drive with CP/IVJ® and our 280 board below. All CP/IVJ® compatible pro· 
grams will run in your altered SWTP. 

Tape Software- We can now supply XIT/\N 280 software in KC Standard or CC·9 formats. 

2 80 BOARD for SWTP COMPUTER 

Now you can use the 8080/280 software programs in your SWTP 6800 machine. Re · 
places your MPU board with a 280 and ROM so that you are up and running with your 
present SWTP memory and MPS card . I K ROM on board replaces MIKBUG and enables 
you to use XITAN 280 software which we can supply . 

AVAILABILITY - Off the shelf. 

_______ ___ _.,..190.00, Tested & Assmb. 
For U.P.S. delivery, add $3.00 . Overseas and air shipments cha rges co llect, N.J . Residents add 5% Sa les Tax . WRITE or CALL for furth er 

inf ormation . Phone Or de JS on M;:;s ter Cl1arc1 e and Ban kAmeri carct ~cceptprl. 

3474 Rand Avenue , South Plainfield NJ 07080 Box 288 Phone (201) 561 ·3600 TWX 710-997-9530 
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Listing 2: BASIC listing for a circular queue simulation. Lines 1900 through The major difference is in the way which 
2700 are the insertion routine,· lines 27 70 through 2270 are the deletion the program controls the head location of 
routine. A sample run of the program is shown at the end of the listing. the queue. A new variab le called H (for head 

pointer) points to the array location which 
1000 Dil'I QC5> holds the item ready for deletion. 
1001 REM An item is inse rted into the queue at the 
1002 REM INITIALIZE QUEUE TO EMPTY STATE location pointed to by the tail pointer. After 
1003 REl'I th is insertion, the pointer is moved by one 
1010 FOR J2 : 1 TO 5 location in read in ess for another insertion.
1020 Q(J2) = -9 

When an item is deleted , the head pointer 1030 NEXT J2 
comes into play . In th e simp le row queue, 1031 REM 

1032 REM INITIALIZE HEAD AND TAIL POINTERS the head is always at the last available loca­
1033 REM TO HEAD OF QUEUE LOCATION tion. In the circu lar que ue, the head of the 
1034 R El'! queue is defined by the value of the head 
1040 H : 5 po in ter variab le H. After an item is deleted,
1050 T : 5 

the head pointer is moved one location1051 REM 
toward the val ue of the tai l pointer. In th is1052 REM START OF MAIN SIMULATION LOOP 

1053 REM structure, data items remain stationary; only 
1060 FOR J3 : 1 TO 10 the pointers vary, indicati ng relative positions 
lOil REl't of the ta il and the head of the queue. 
1062 RD! GENERATE A RANDOM NUMBER TO DETERMINE Th is queue structure is clearly advan­
1063 REM AN INSERTION VHEN N c: 5 tageous when we're dealing with long 
10~ REl't A DELETION WHEN N >: 6 

queues. If a row queue is fil led to its capac­1065 REl'f 
1070 N : INT C RND Cl) * 10 > + ity an d an item is dele ted, every remai ning 
1080 IF N c: 5 GOSUB 1900 i tern has to be moved one at a time toward 
1090 IF N >: 6 GOSUB 2110 the stationary head of the row queue. The 
1091 REM circula r queue moves the head pointe r by 
1092 RD! PRINT QUEUE CONTENTS on ly one location, thereby cutting program 
1093 REM PRIMT TAIL AND HEAD POINTER VALUES execution time . 
1094 REM 

The tradeoff is time versus space. The1100 FOR J4 : 1 TO 5 
1110 PRINT QCJ4>; circular queue program is longer than the 
1120 NEXT J4 simple row queue; however, the time to 
1130 PRINT • TAIL AT"; T; " HEAD AT"; H execute the circu lar queue routine is shorter 
1131 REM since the majority of code execution in the 
1132 REM END OF MAIN SltlfULATION LOOP simp le row queue is du ring the moving of
1133 REM the items after a delete operation. 1140 NEXT J3 

In the circular queue, the tai l po inter 1150 STOP 
chases the head poi nter duri ng insertions. 115 l REM 

1152 REP! INSERTION R 0 U T I N E During de letions, the head pointer chases 
1153 REM the tail pointer. 
1154 REM CHIDK TAIL AND HEAD POINTER VALUES Wh en the circular queue is filled to 
1155 REM capacity, the head and tai I pointers ar·e at 
1900 IF H : T GOTO 1970 adjacent locations. No more ite ms may be 
1910 IF H c T GOTO 2030 inserted simply because there is no more
1920 IF T >: I GOTO 2030 

avai lable space to fit an item into th e queue. 1930 IF H : 5 GOTO 2080 
An overflow condition occurs if an insertion1931 REM 

1932 REM INSERT ITEM AT QCH> is attempted on a fi lled queue. 
1933 REM SINCE QUEUE IS EMPTY An underflow occurs when th e queue is 
1934 REM empty and a deletion is atte mpted. An 
1940 QCS> : N empty circu lar queue is one in wh ich the ta il 
1950 T : 4 

and the head pointers arc at the same loca­1960 GOTO 2050 
tion in the array Q. 1970 IF T <> 0 GOTO 2000 

1971 REM The program given in Iis ting 2 simulates 
1972 REM RESET POINTERS TO HEAD OF QUEUE a circular queue. Again, a pencil and paper 
1973 REM method of initial execution may prove help­
1980 H : 5 ful . After the mechan ics of this structure arc 
1990 T : 5 

under tood, then execute the program. 
1991 REM 

Th is completes our discussion of two1992 REM CHECK IF QCT> EMPTY FOR POSSIBLE INSERT 
1993 REM different types of queues and their repre­
2000 IF QCT> <> -9 GOT02080 sentation in a computer. In part 2 we wil l 
2010 H : 5 consider queues in the world arou nd us 
~020 r = ' and fit them into the structures already 

Listing 2 continued on page 7 40. developed . 
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BIZ·80 

Software products oriented to 

lour levels of TRS-80 supported systems ­
ALL SYSTEMS UPWARD COMPATIBLE 

........ 
 ~ 

SYSTEM-S $99.95 

A stand-alone 16K Level 11 with one cassette tape 


SYSTEM-I $249 .95 

A 32K Level II with DOS , optional printer 


(CRT oriented) and one d isk 


SYSTEM-II $499 .95 

A 32K Level 11 with DOS , line printer and two disks 


SYSTEM -111 Write for tu II particulars 

A 48K Level 11 with DOS , line printer and two-plus disks 


•Inventory •Mailing - names and addresses 
•Accounts Receivable •Order Processing •Invoicing 
•Accounts Payable •General Ledger •Fixed Assets 

•Profit & Loss Statements •Word Processing 
•Labor Scheduling •Sales Analysis/Statistics 

•Patient Billing •And MORE... 

Level I Sampler 

Adventure D 32K 
Pork Barrel 16K 
'Round the Horn 16K 
Star Trek 111.3 16K 
X-Wing Fighter 16K 
Ten Pin 16K 
Slalom 16K 
Cribbage 16K * 
Sargon 16K 
Backgammon 16K 

$24.95 End Zone 16K * 

· · your BASIC 1ollw1re magulno" 

IF YOU HAVEN'T SUBSCRIBED TO 
SOFTSIDE, YOU MISSED: 

OCTOBER Cribbage, State Capital Quiz , Death 
Star, Pillbox , Calculator 

NOVEMBER End Zone, Troll's Gold, Shopping 
List , Level I to Level 11 , Octal to Hex Conversion 

DECEMBER Santa Paravia, Mortgage Calculation, 
Six Million Dollar (/10K) Clock, Spelling Bee , 
Biorhythms 

JANUARY ' Round the Horn, Kiddy Slot, Writing 
Good Computer Games-Part I, Ten Pin Bowling, 
High Speed Graphics, Comput-A-Sketch 

FEBRUARY Form 1040, Writing Good Computer 
Games- Part 11 , Concentration , Elements Quiz, 
Cribbage Update 12 issues - $15.00 

HOW MUCH LONGER Softside Subscriptions 
Box 68 Milford, NH 03055 

603-673-5144 

$7.95 

Inventory II D 32K $150.00 Tarot 16K* $9.95 
Simple SiMON-monitor/disassembler 

. • Also availab le In Level I written in BASIC 
Variables in Level II -how to determineI E TRJ•80 D=D;sk which variables have been used 

Subscriptions : 4 issues , $10.0011•1s s!~.~,~~·!.o.~.!'~.~.~gc 
PO Box 68 Milford , NH 03055.a. SEND FOR OUR COMPLETE CATALOG TODAY! 

$9 .95 Inventory I D 32K $59.95 
$9 .95 Accts. Rec. D 16K $59.95 

$14.95 Payroll I D 32K $59.95 
$7 .95 Mail List I D 16K $19.95 

Dedicated to the serious programmer, from$7.95 Mail List II D 32K $99 .95 

$7.95 Appl. Log 16K $9 .95 enthusiastic hobbyist to professional 

$7.95 Ham Radio 16K $9.95 


$19.95 Renumber D 4-48K $25.00 PREMIER EDITION FEATURES 
$7.95 Personal Finance 16K $9.95 lnkey Routines by Lance Micklus 
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NIORE 

BANG 

PER 


BUCK 

The PERKIN-ELMER B~NTAM 

(//~
~ 

$799.00 
All the Features of th e 

Hazelt ine 1400 &LSI ADM-3A 
Plus 

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

$4 1.61 per month 

Tab Funct ion 
Backspace Key 
Shiftlock Key 
Print Key 
Integrated Numeric 

Pad 

with RS232 

TELETYPE 
MODEL43 

KSR 
10 or 30 CHAR/SEC 

132 COLUMNS 
UPPER/LOWER CASE 

$149.00 

$324.00 

USR-310 

Originate 

Acoustic 

Coupler 

Stand A lone 
RS232 

USR-330 

Originate 

Auto-Answer 


Modem 

FCC Certified fo r Direc t Connec tion 

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

Al l Un its include a 120 day warranty 

Optional M ain tenance package available 


Any Product may be returned 

w ithin 1 0 days for a full refund. 


U.S. l"<Ut:SU I I Li::i, I NC. 

1035 W. LAKE ST. 

CHICAGO, ILL. 60607 


Sales {312) 733-0497 

General Offices {312) 733-0498 

Service {312) 733-0499 
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Listing 2, continued: 

2021 REM 

2022 REM 

2023 REM 

2030 

2040 

2050 

2060 

2070 

2080 

2090 

2100 

2101 REM 

2102 REM 

2103 REM 

2104 REM 

2105 REM 
2110 

2120 

2130 

2140 

2150 

2160 

2170 

2171 REM 

2172 REM 

2173 REI'! 

217-4 REM 

2180 

2190 

2200 

2201 REM 

2202 REM 

2203 REM 

2210 

2220 

2230 

2240 

2250 

2260 

2270 END 


RUN 

ARRIVAL 
- 9 - 9 - 9 

ARRIVAL 
- 9 -9 - 9 

A~RIVAL 
- -9 4 


-9 -9 4 


ARRI VAL 

-9 5 4 


ARRIVAL 

3 5 4 


ARRI VAL 
3 5 4 


OVERFLOW 

3 5 4 


ARRIVAL 

3 5 4 


NORMAL TAIL INSEJHION 

QCT> : N 
T : T - I 
PRINT .. • 

PRINT '"ARRIVAL" 

RETURN 

PRINT " " 

PR I NT "OVER F1.0W" 

RETURN 


D E L E T I 0 N R 0 U T I N E 

CHECK POINTER VALUES FOR POSSIBLE DELETE 

IF' H : T GOTO 2150 

IF H > 0 GOTO 2190 

H : 5 

GOTO 2180 

IF' H c> 0 GOTO 2180 

H : 5 

T : 5 


DELETE ~OM QCH> IF QCH> HAS AN ITEM 
EL.SE, QUEUE IS EMPTY, I.E. UNDERFLOW 

IF Q(H) : -9 GOTO 2240 

QCH) : -9 

H : H - I 

RFS ET POINTERS FOR NEXT DELETE 

IF H <> 0 GOTO 2260 

H : 5 

RETURN 

PRINT " " 

PRINT •uNDERFLOW­

RETURN 


- 9 3 TAIL AT 4 HEAD AT 5 


2 3 TAIL AT 3 HEAD AT 5 


2 3 TAIL AT 2 HEAD AT 5 


2 -9 TAIL AT 2 HEAD AT 4 


2 -9 TAIL AT 1 HEAD AT 4 


2 -9 TAIL AI 0 HEAD AT 4 


2 1 TAIL AT 4 HEAD AT 4 


-9 1 TAIL AT 4 HEAD AT 3 


3 TAIL AT 3 HEAD AT 3 
 • 
140 
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......, \ •f(JLL F<JnCTIOn 
~~,.. the •DOfiL CHfiDDEL S·100 1/0 ilOfiRD 

$189 "unkit", $249 assembled 
Our new 1/0 board gives you unparalleled flexibility and operating convenience ... the specs speak for themselves: 

• 	 2 independently addressable serial ports dip switch selectable addresses 
• 	 Real LSI hardware UARTS for minimum CPU housekeeping 
• 	 RS232C, current loop {20 mA), and TTL and signals on both ports 
• 	 Precision, crysta l-controlled baud rates up to 19.2 KBaud (individually dip switch selectable) 
• Transmit and receive interrupts on both channels, jumperable to any vectored interrupt line 
• 	 Industry standard RS232 level converters with five RS232 handshaking lines per port 
• 	 Optically isolated current loop with provisions for both on-board, and off-board, current sources 
• 	 UART parameters, interrupt enables, and RS232 handshaking lines arc software programmable, 

withpower-on hardware default to customer-specified hard-wired settings for maximum flexibility 
• 	Port connectors mate directly to ribbon cable and 0825 connectors in standard pinouts 
• 	RS232 lines will conform to either master or slave configurations 
• 	Board gives full feature operation with both 2 and 4 MHz systems 
• 	 Low power consumption: + 8V @ 450 mA max (350 mA typ); + 16V @ 150 mA max (70 mA typ); 

- 16V @ 70 mA max (55 mA typ) 
• 	 No software initialization required for board operation, although board 1>arameters may be altered 

by software 

Amazingly enough, all these features won't cost you more than other types of 1/0 boards that do a whole lot less. 

Visit your local computer store and see one in person, or order direct from us. 

~o'·Godbout•s got S-100 ilank Select ! 

~e're happy to announce a new family of S-100 Econoram'" boards, each with two independently selectable banks - perfect for Alpha 

Micro Systems, Marinchip, and similarly structured machines. Low power, 4 MHz operation, and of course . .. completely stat ic operation. 
ame Storage Buss Addressable on Design Unkit Assm CSC 

Econoram XII '" -16 16K X 8 5-100 8K boundaries static $369 $419 $519 
Econoram Xll '"-24 24K X 8 5-100 8K boundaries static $479 $539 $649 
Econoram XIII '" 32K X 8 5-100 16K boundaries static $629 $699 $849 

········································································~ 
ease note: CompuKit'"' from Godbout boards arc gen rally .waibhte m 3 forms: un-ki1 (sockets, bypass c.:ips pfe--!>Oldered 

place for easy assembly); assembled .1nd lested: 01 qualified under the Certified Syste m Co mponcnl (CSC) program (:!lK) 
ur burn·in, guaranteed -1 MHz operation over the full commercial temperature range. and 1mmed1~te replJcemeru in cve t:.J
fail ure within 1 year of invorcc dat ) . 

. . . AND WE STILL LEAD THE MEMORY PACK IN PRICE, SELECTION, AND BUSS SUPPORT: 
Name 	 StoT<ige Buss Design peed onf1gur.i11on Un kit Assm c 
ECONORAM 11 'M 8K X 8 5-100 sta tic 2 MHz dual 4K $139 $1S9 IA 

ECONORAM IV •M 16K X 8 5·100 static 4 MHz single 16K $295 $329 $429 

ECONORAM VI •M 12K X 8 H8 static 2 MHz 1-BK, 1-4K $200 $270 N/A 

ECONORAM VII '" 24K X 8 5-100 static 4 MHz 2·4K, 2·8K $445 $465 $605 

ECONORAM IX '" 32K X 8 Dig Grp static 4 MHz 2-4K, 1-8K, 1-16K $649 N/A NIA 

ECONORAM xTM 32K X 8 ·100 static 4 M Hz 2-8K, 1·16K $599 $649 $789 

ECONORAM XI '" 32K X 8 SBC static 4 M Hz 2-8K, 1-"l 6K N/A N/A $10SO 


Our kit is wa rranted for 1 year, comes complete with dip shunts, and uses 
250 ns access time chips for operation at 4 MHz. Upgrades 4K TRS-80 to 16K, 
or populates Memory Expansion Module (our easy·to·follow ins1ruc1tons how 
you how); also expands memory in APPLE and Exidy Sorcerer computers. 

1C ~ COMING SOON: Memory Management System ~ -+i 
1C ~ 1C that allows Altair and lmsai owners do bank 1C:: -+i 
1C 1C ii: select ­ the easy, efficient way, without heavy 1C::-+i 

1C retrofitting. Expand your system to half-a ­ ~ 
ii:i'1' megabyte of memory by letting our memory i'+: iC 
1C ii: management do the work , so you don't have ii:~ iC 

1C to waste a bunch of 1/0 space ...just what ~ 
1'1C 1' you've needed for those BIG memory systems. i(1C ii: 
1'1C iC Also, look for our new high-speed i(+:ii: 
1C motherboard in the months ahead. iC 

from 

TERMS: Allow 5% shipping, excess 
refunded. Cal res add tax. 
VISA®/M as tercha rge® call our 24 hour 
order desk al al (415) 562-0636. COD OK 
with s1ree1 address for UPS (UPS COD 
cha rge applies). Prices good through cover 
month of magazi r1 e. BOX 2355. OAKLAND AIRPORT, CA 94614 

HOT-OFF-THE-PRESSES-CATALOGUE: Our new catalogue is something you need if you're into electronics. Parts, kits, computers, 
electronic music, specials ... it's really packed, and it's free. Just send us your name and address, we11 take care of the rest. 
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PROUDLY ANNOUNCES THE NEWESTl.~1#1#(It., PET MICROCOMPUTERS BY COMMODORE! 
PET 2001 - 32K The PErM is now a truly sophisticated 

Business System with the 
announcement of these Peripherals. 

lo'~·~ 111 I'"' I I\~~'' • 11'1" ~~ •lflCkQt.Crlf tr.iyr; b)':;rn;J 
ol.•fl'l·••I "",1!1•t .. 11· 11 ."'1 r·-Grl'Olil"U1\LlO'QVl.,"nJ 

·I l <.I',• I ''" ' t. •1 ~~ '•lt ~ L' ~" .l t;.:" "1''•1" •.,_.,
'"·•!.1".·· •n ,.,_,,,'-l_\l•""',.•·;•'.<'f".T.'l!.r 

t, ~ .. • .. l • ... .. ... • <• ...... 
(It ' ., r.1' '1 ,o r 1 .. -<n • '!'-" ~u·.rr;;: • i.;,!F"o• 

;~ .:,' 1~ k·~ ·;' ·; , ·._,~\~\~,.· !1 Jc~-~~~~::l 
' ~.,' f f\~of"• I 1 

PRODUCT DESCRIPTION PRICE AVAILABILITY 

PET 2001 - 8K' 8KRAM $ 795 IMMEDIATE 
PET 2001-16K 16K RAM $ 995 MAY-JUNE 
PET 2001-32K'' 32K RAM $1195 IMMEDIATE 
PET 2021 PRINTER ELECTROSTATIC $ 550 JULY-AUGUST 
PET 2022 PRINTER TRACTOR/ROLL $ 995 JULY-AUGUST 
PET 2023 ROLL FEED $ 850 JULY-AUGUST 
PET 2040 MINI -FLOPPY $1095 JULY-AUGUST 
PETC2N 2nd CASSEETTE $ 100 IMMEDIATE 
NEW PET USER MANUAL $ 10 IMMEDIATE 
· THESE UNITS INCLUDE THE C2N CASSETTE AND SMALL KEYBOARD. THE FULL SIZE 

KE YBOARDS MAY NOT BE AVAILABLE UNTIL THIS SUMMER. 

NEECO IS NOW ACCEPTING $25 DEPOSITS ON THE SYSTEM COMPO· 
NENTS OF YOUR CHOICE! PURCHASE ORDERS ARE ACCEPTED IN 
LIEU OF DEPOSITS. NEECO IS A FULL COSTOMER SERVICE ORIENTED 
COMPANY. PLEASE CALL FOR ADDITIONAL INFORMATION 

THE NEW (K commodore PET PERIPHERALS! 

: 
' 

1:11 
- ' 

~ - ­
~ - -- ·-- ... 2021 $54995 

m!li IJl:'~'li 
ELECTROSTATIC PRINTER 

2040 2022 

Dual Drive Floppy Disk Tractor Feed Printer 
n1e Dual Drive Floppy IS lhe latest 1n Disk technology The Trac1or Feecl Printer 15 a l11gh spec1flca11on pronter 

with extremely large slorage capab1hly and excellen1 hie 111a1 can pron! onto papo1 (rnul11plc copies) all Jhe PET'" 

management As lhe Commodore disk 1s an ··1ntelhgenr· characters letlers (upper ancl lower easel. numbers 

peropheral. it uses none ol the RAM (user) memoty ol lho 
 and graphics available 1n the PET'• The tractor leed 

capab1h1y has the advan1age ol accepting mailing labels. PET'" The Floppy Disk operating sys1em used with tile 
using s1andarcl preprinted !arms tcustom1zed). chequePET1 

.. compute• enables a program 10 r ad or write dala 
prinllng lor salaries. payables. etc. Again, the only con·

in lhe background while s1multaneousty uansle1r1ng data necllons required a•e an 11/C cord and PET'" connecting 
over the IEEE to the PET '" The Floppy Disk is a reliable cord The PET'" is prograrnrnable. allowing lhe p11nter to 

low cost unit. and is convenient Im h1gl1 speed data lorrnal pron! for width. decimal pos111on. lead1ng and 

transler Due tc the latest technotog1cal advances 1ra1l1ng zero·s. lefl margin 1ustil1ed. lines per page. etc 

incorporated 1n this disk. a tolal ol 360K byles are avail­ It accepts 8'. ·· paper g1v1ng up to lour copies. 81direc­
able 1n lhe two standard 5' ; · disks. 1•11tl10u1the problems 11onal prin11ng enables increased speed ol prontong 

al double tracking or double denslly This 1s achieved by 

the use ol two microprocessors and flltcen memory IC s 

bwlt 1nto the disk urnt Only two connections a1e neces· 

sa1y - an Al C cord and PET'" interlace cord 


NEW ENGLAND AREA SUB-DEALERSHIP INQUIRIES INVITED! 

NEECO IS PLEASED TO ANNOUNCE THAT WE ARE MOVING INTO A NEW 9,000 SQUARE FOOT FACILITY IN THE BOSTON 
(NEEDHAM, MASS.) AREA. OUR NEW LOCATION WILL ENABLE US TO PROVIDE BETTER CUSTOMER SERVICE VIA OUR NEW

1 

2,800 SQUARE FOOT SHOWROOM, OUR 1200 SQUARE FOOT SERVICE FACILITY, AND OUR SEVEN DIRECT TELEPHONE LINES 
(SO YOU WILL NEVER HEAR A BUSY SIGNAL!). WE NOW ARE AUTHORIZED TO SERVICE IN-WARRANTY PETS. SO IF YOU HAVE 
A PROBLEM OR A QUESTION CALL NEECO, WHERE OUR COMMODORE PET CUSTOMERS COUNT! FULL BUSINESS SOFTWARE 
PROGRAMMING AVAILABLE. ·FEEL FREE TO CALL AND ASK QUESTIONS - ARE YOU ON OUR MAILING LIST? 

NEW ENGLAND ELECTRONICS CO., INC. (617) 449-1760tr~~~ ­
679 HIGHLAND AVE., NEEDHAM, MASS. 02194 

MON .-FRI. 9:30-5:30, SAT. 10·2, EST. 
VISAIMASTERCHARGE ACCEPTED 

NEECO ( 413) 739-9626 A~~T~Ll. 

$9995 
C2N SECOND CASSETTE 
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CUSTOMER ORDERS 
ARE NOW BEING 
SHIPPED WITHIN 
TEN DAYS!!! 

NOW WITH 
OPTIONAL 400K 
(DUAL DENSITY) 

DKH641 IS A PRODUCT OF COMPUTHINK. 

INTRODUCING -THE NEW 
DUAL DRIVE MINIFLOPPY FOR PET! 

• DUAL MINI FLOPPY DRIVE WITH 100K PER DISK SIDE FOR TOTAL 200K ON LINE. 
' COMMERCIAL LOADING SPEEDS ' BK LOADS IN 2.6 SECONDS COMPLETE. 
• DOS REORGANIZES SPACE AFTER SAVE OR ERASE FOR EFFICIENT STORAGE. 
• DISK MON ADDS OVER 20 COMMANDS TO BASIC INCLUDING DISK DATA FILES. 
' 	DISKMON COMMANDS SUPPORT COMMERCIAL PRINTER OFF PARALLEL PORT 

SUCH AS CENTRONICS LINEOF PRINTERS (AVAILABLE FROM NEECO) 
• FULL DISK SOFTWARE SUPPORT · FORTRAN & PLM COMPILERS' 
• 90 DAY MANUFACTURER'S WARRANTY ON HARDWARE 'READY TO USE ON 

DELIVER Y. FULL MANUAL AND UTILITY DISKETTE INCLUDED. 
• CALL OR WRITE FOR COMPLETE INFORMATION ON THE " DISKDRIVER". 
· THIS SYSTEM REQUIRES EXPANDAPET MEMORY (MINIMUM 16K) 

DKH642 - DUAL DRIVE SYSTEM. COMPLETE WITH DISKMON ........... $1295.00 

ASM789D - PET ASSEMBLEn ON DISKETTE WITH MANUAL .. ..... .. . . ...... $49.95 


' LNK456 - AUTOLINK LIN KING LOADER ON DISKETTE WITH MANUAL. .... $49.95 
' PLM400 - COMPILER ON DISKETTE (AVAILABLE APRIUMAY) .. ... . . .. .... $49.95 

FOA300 - FORTRAN COMPILER ON DISKETTE (AVAI LABLE APRIUMAY) ... $69.95 
DKL067 - DISKMON ASSEMBLER LISTING/DOS .. . ....... , .. . .... .. .. . ... $19.95 
DATA100 -COMPLETE DATA BASE SYSTEM (PRICE APPROXIMATE). ..... $400.00 
BASCOMP - BASIC COMPILER ON DISKETTE (AVAILABLE MAY) . . ............. ... . . 
NGP200 - 20 GAMES ON DISKETTES .. .. . .. .. .. .. .. .. . .. .. .. .. $49.95 
BKGAM - BACKGAMMON ON DISKETTE . . . . . . . . . . . . . . . . . . . . . . $24.95 
MICRO - MICROCHESS ON DISKETTE ...... ....... . . .. . ....... .. ... $24.95 
CEN779(1) - CENTRONICS 779·1, ROLL FEED DOT MATRIX 

COMMERCIAL PRINTER . .. .................... . $1245.00 
CE N779(2) - SAME AS 779(1) BUT WITH TRACTOR FEED - PLUG INTO PET .. , . $1345.00 
AX1 OM -ELECTROSTATIC5.51NCH PRINTERWITHALLOFPET'SGRAPHICS S495.00 

NEECO 

NOW OFFERS 

A FULL SIX 

MONTH 

WARRANTY 

ON ALL 

WHY NOT BUY FROM THE BEST? 

PETS ! ­ AN 

ADDITIONAL 

EXPANDAPET™ 

DEALER INQUIRIES 
INVITED 

PRICES SHOWN ABOVE IN· 
CLUDE EXPAN DAPE'T . PME 
MEMORIES WILL HAVE HIGHER 
PRICING. 

INTERNAL MEMORY 
EXPANSION UNIT 

'MOUNTS EASILY INSIDE YOUR PET 
'EASY TO INSTALL (15 MINUTES) 
'NO DEGRADATION OF PET SYSTEM 
·uses LOW POWER DYNAMIC RAMS 
'90 DAY PAAT&LABOA, 1 YA-RAMS. 
'30 DAY MONEY BACK GUARANTEE. 
'MOUNTING SLOTS FOR 4 BOARDS. 
'CALUWRITE FOR ADDITIONAL INFO 
'DEALER INQUIRES INVITED. 

EXPAtlDAPET PRICES 

16K 1+8KPET = 24K) $425 
24K (+BK PET= 32K) $525 
32K (+BKPET:40KI $615 

'COMMERCIAL QUALITY KEYBOARD WITH METAL ENCLOSURE. 
' BASIC TYPEWRITER DESIGN FOR TOUCHTYPISTS. 
'SI NGLE KEY FUNCTIONS FOR ALL CURSOR CONTROLS. 
SHIFT/RUN, INSERT, CLEAR SCREEN/HOME CURSOR , MORE. 

"FUNCTIONS SIMULTANEOUSLY WITH PET'S KEYBOARD. 
'PLUGS DIRECTLY INTO PET'S LOGIC BOARD. 
'DOES NOT USE USER OR IEEE·488 PORTS. 
'NPK-101 IS FULLY TESTED & READY TO USE. 
'ATTACHES DIRECTLY TO FRONT OF PET'S FRAME. 
'CAN BE USED AS A REMOTE TERMINAL (SPECIAL ORDER). 
"30 DAYS TRIAL PERIOD • 90 DAY WARRANTY. 

OPTIONAL PLUG -IN BOARDS 32K UNIT ALLOWS· SK OF 
4K EPROM DAUGHTER BOARD ASSEMBLY LANGUAGE 
USING 2716 EPROMS .... $50 SUBROUTINES ACCESSED 

'CALL OR WRITE FOR FULL SPECS-INITIAL QTY LIMITED. 

NOW 
AVAILABLE! $139.95 

VIA THE USA COMMAND. 

EXPANDAPET IS A PRODUCT OF COMPUTHINK . NPK·101 IS A PRODUCT OF NEW ENGLAND ELECTRONICS. 

WE CANNOTLIST ALLOF OUR SOFTWARE AND HARDWARE PRODUCTS 

CALLOR WRITE FOR OUR*FREE*SOFTWARE/HARDWARE DIRECTORY 


, , I :::t=lIii IJ NEWENGLANDELECTRONICSCO., INC. (617) 449-1760.'~.~~'. : 
: 679 HIGHLAND AVE , NEEDHAM, MASS. 02194 i • 	 ( 413) 739-9626 UNTIL 

MON .-FRI. 9.30-5.30, SAT. 10·2. EST. APRIL 1. 
VISAIMASTERCHARGE ACCEPTED 
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Cryptography 

John P Costas, Phd 

Senior Consulting Engineer 
GE Company 

Cou rt St Bldg 4, Rm 38A 
Syracuse NY 13221 

J f ie ld index : 1 2 3 4 5 6 

y p 

•
Pj (p laintext l : M A u B 

encipher I .---::.! 
I 

decipher 
I 

M field index : 2 3 4 5 6 

Cm (cipher text): E B A E y E 

Table 8: A transposition mode operation using program Crypto. In this 
example the number disp layed by the calculator (j .M) is 6.002. When enci­
phering, this means that the character in position 6 of the plain tex t is placed 
in position 2 of the ciphertext. If this were deciphering, the character in posi­
tion 2 of the ciphertext would be placed in position 6 of the plaintext. 

Al phabetica l Numerica l 
Order Order 

(11 (2) (3) (4) 

A 07 01 F 
B 02 02 B 
c 26 03 T 
0 23 04 L 
E 08 05 z 
F 01 06 x 
G 09 07 A 
H 13 08 E 
I 11 09 G 
J 15 10 y 
K 20 11 I 
L 04 12 Q 
M 22 13 H 
N 14 14 N 
0 16 15 J 
p 19 16 0 
Q 12 17 s 
A 25 18 w 
s 17 19 p 
T 03 20 K 
u 21 21 u 
v 24 22 M 
w 18 23 D 
x 06 24 v 
y 10 25 R 
z 05 26 c 

Table 9: Mixed alphabet used in the examples. Column 2 was derived from 
program Crypto using values of A: 0. 5, 7.625, 3. 725, 26 and R/S:O. 
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Part 2: Using the Pocket 


Ne 

m . Ne 

As mentioned in par t 1 of this ;irticle 
(March 1979 BYTE, page 56) , a field cipher 
is a techn ique for encoding plaintext so that 
it can be easily decoded with pencil and 
paper (or calcu lator) in the fie ld, so to speak. 
The calc ul ato r· program of listing I when 
used with the proced ures described offers 
th e user an effect ive field ci pher capability . 
Un like most field ci ph er machines, which 
perfo rm substitu tion only, the prngram 
Crypto (list ing 1) offers both tra nsposi tion 
and subst itution. The t ranspositi on opera ­
tion is manda tory and provides the main 
strength o f the cipher. Sub titu tion may be 
added for further protection if desired. The 
basic principles of opera ti on are fi rst de­
scr ibed, including de tail ed ins tructions for 
usage . Fol lowing this, a di scussion of pro­
gram organi zation is given. 

Since Crypto performs both tran position 
and (optionally) substitu tion, a tr anspos ition 
table an d substitution key are invo lved in 
the process ing of each character. \ t is con­
veni ent to define a few terms : 

Na 


Ne 


M 

P 

P 
C 

C 

K 


alphabe t size (no pr·ac tical 

limit) ; 

number of characters in mes­

sage (300 max imum); 

plaintext character position 

(1 , 2, .. ., Ne); 

ciph ertexl charac ter position 

(1, 2, .. ., Ne); 

plaintext character 

(A, B,C, . ..); 

pl aintext character val ue; 

ci ph ertext character 

(A, B,C, . . . ); 

ci phertext charac ter· value; 

key value used in subs titution 

proces . 


The program uses a ra nd om num ber ge n­
erator which must be initialized with a seed, 
RO, and two parameters, A 1 and A2. These 
three numbers plus th e charaCLer co unL are 
en tered into the stack, after which A is 
depressed. One more number completes the 
en try, aft er which R/S is depressed . Th e 



---

Location 	 Keys 

01 ( ILBLA ) ( tCLREG ) ( f P~S ) ( ST03 	 ) ( ST04 ) ( hRl )in the Field 
07 ( ST02 ) ( hA I ) ( ST01 ) ( h A I 	 ) ( STOO ) ( STOA ) 

13 ( RIS ) ( hCFO ) ( fx< O? ) ( hSFO 	 ) ( hABS ) ( STOC ) 

19 ( hCF 1 ) ( Ix = O? ) ( hSF1 ) ( ! FIX 	 ) ( 2 ) ( ENTI )Calculator 
25 ( 2 ) ( 9 ) ( hy• ) ( STOE 	 ) ( ) ( ST06 ) 

31 ( ILBL1 ) ( 5 ) ( 0 ) ( ST05 	 ) ( fLBL5 ) ( RCL4 ) 

37 ( IGSBE ) ( ST09 ) ( 3 ) ( 0 	 ) ( STOB ) ( ) 

43 ( !INT ) ( ST07 ) ( ) ( 9 	 ) ( ) ( CHS )demonstration numer ica l key is: RO = 0.5; 
A.I = 1.625; and A2 =3.125. 49 ( hSTI ) ( RCLB ) ( RCL9 ) ( 	 ) ( RCLB ) ( RCL7 ) 

Transposition Only Mode 	 55 ( X ) ( + ) ( 2 ) ( h x!>y ) ( hyx ) ( ST07 ) 

61 ( RCL(i) ) ( 11 x-.y ) ( ) ( gFRAC ) ( ) ( 5 )
The character man ipulations for trans­

position only are illustrated in table 8. 67 ( gx> y? ) ( GT04 ) ( ) ( ST0-5 ) ( RC L5 ) ( lxiO? ) 

The top two rows, an index row and a 
73 ( GT05 ) ( fLBL2 ) ( RCL3 ) ( IGSBE 	 ) ( ST09 ) ( )plaintcxt character row, are concerned 

with plaintext. The bottom two rows are 79 ( 9 ) ( hSTI ) ( RCL(i) ) ( STOB 	 ) ( RCLE ) ( ST07 ) 
cipherrcxt index and ciphertcxt. Each time 

85 ( fLBL3 ) ( RCLB ) ( RCL7 ) ( gx> v? 	 ) ( GT06 ) ( ST0-8 )Crypto is cycled, a pair of integers is dis­
played in the format: 

91 ( fLBL9 ) ( ) ( RCL7 ) ( gx = y? ) ( GT07 ) ( 2 ) 

97 ( ST0-0 7 ) ( GT03 ) ( fLBL7 ) ( fDSZ 	 ) ( RCL( i ) ) ( STOB )J.M 
103 ( RCLE ) ( ST07 ) ( GT03 ) ( fLBL6 ) ( RCL9 ) ( fx = 0 ? )

and arc interpreted in the enciphering opcr, ­

Lion as "plain text character from posiLi on J 109 ( GTOB ) ( ) ( ST0-9 ) ( GT09 ) ( ILB L4 ) ( 2 ) 


goes Lo ciph crtext posi t ion M." Number J i 

115 ( STQ-:- 7 ) ( ILBLB ) ( RCL7 ) ( STO+(i) ) ( 2 ) ( 0 )

simply indexed eve ry cycle (1, 2, . . ., Ne). 

Crypto produces the M values randomly in 121 ( hRCI ) ( ) ( 3 ) ( 0 ) ( X ) ( RCL7 ) 


the r·an gc 1 to Ne with no repetitions (trans­ ) c~__) c___) c___)
127 ( fLN ) ( 2 ) ( f LN
position table). For the cycle il lustrated in 

table 8, the display shows 6.002, which ( ) llNT ) ___ c EEx c..__ )
133 + ( c ) ) 3~) c..__~
requires that the B from J = 6 be moved to 

139 ( RCL6 ) ( + ) ( ST05 ) ( DSP3 ) ( R/S ) ( hF?l )M = 2. By th is means the pla in text characters 
are reorder-eel in a random fas hion to fmm 
the ciphertext. Listing 1 continued on page 152. 

The deciphering operation works in an 
obviously reverse fash ion. The displayed Ent ries: 

Listing 7: Crypto program written for 
J.M is read as "ciphertext characler at posi­ A : A O, A 1, A2, Ne the HP 67. 	 Th is program performs
tion M goes to plaintcxt position J." Thus 	 R/S: Na 

encryption and decryption functionsNa=O transpos ition o nly .in Lable 8 6.002 wou ld return the B from NaiO transposition and substitution by transposition and substitution as 
ciphcncxt position 2 to the correct pl aintext 	 +Na encipher described in the text. The value of Ne
position 6. 	 - Na decipher 

must be less than or equal to 300 
Registers: and the 11alue of Na must not exceed

Mixed Alphabet Generat ion 
0 Rj 999. Flag FO has two states: true for 
1 A1 decipher and false for encipher mode.

If the op ti onal substitution operation is 2 A2 Flag Fl is true when only trans­
to be added to th e transposition operatio n, 	 3 s 

4 Ne 	 position mode is wanted and false
numerical equiva lence for each character of 5 utility 	 when the dual transposition and sub­
the alphabe t must be establ ished. In Lhc dis ­	 6 J stitution mode is used. Flag F2 is used7 utilitycu sion which followed the Vi gcnkre Tableau 

8 utility 	 in the random number generation
method (March 1979 BYTE, page 57, tab le 9 R 	 loop.
3), an ordered alphabet was used in which 	 SO-S9 M-field bit storage 

A A2jthe numerical values ra n, in order, from B not used 
0 to one less than the alphabe t size (Na - 1). C Na 

D not usedIn the work which fo llows, two changes arc 
E 229

made. The numerical equivalents are moved 
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to the range of 1 to the alphabet size for 
user convenience only. Secondly, a mixed 
alp habet is recommended, such as that 
shown in table 9. This Lype or alphabet is 
no harder to use and offers an increase in 
security over the ordered alphabet. 

Generation of such an alph abet is trivial. 
Columns 1 and 3 arc prepat"ed first. Prngram 
Crypto is then run in Lhe transposition o nly 
mode with a character count equal to the al­
phabet size. The M values generated are cop­
ied into column 2; th e J index corresponds to 
co lu mn 3. The data Lhus formed in column s 
1 and 2 permits column 4 Lo be fil led in. 
Tab le 9 all ows convenient alphabetic-to­
numeric conversions (columns 1,2) and 
numeric-to-a lphabetic (column> 3,4). 

Dual Mode Operation 

Table 10 illustrates the si tu ation in which 
substitution is done in add iti on to trans­
po ition. Note that a plaintext numerical 
value row has been added Lo the plaintext 
section and a ci phertext numerica l value rnw 
ha b~en inserted into th e ciphertext section. 
The Pj row is filled by use or colu rnns 1 and 

J field index : 2 3 4 5 6 7 • · · · • j - · · - · Ne 

Pj (plain text): s A L E p R 

Pj (plain text value): 17 07 04 08 19 25 11 

encipher I 

cm Pj + Kj(MOD Na) , encipher ' 
Pj Cm - Kj(MOD Na), decipher 

tI decipher 

M field index: 2 3 4 5 6 7 -- · · ­ m ···· · Ne 

Cm (ciphertext value) : 09 24 22 20 17 23 05 

Cm (ciphertext) : G v M K s D z 

Table 70: An example of the dual mode operation of program Crypto, which 
performs transposition and substitution. To encipher the example shown, the 
calculator first displays a j .M number. In this case it is 7.002. The user then 
enters the plaintext value (P'j) or 7 7. The calculator then displays 7.002024 in 
the form j.M Cm. This values means that the character which was in the 
seventh position of the plaintext is moved to the second position of the 
cipher tex t and given a value of 24. The value 24 is then given the alphabetic 
equivalent or V. When deciphering, the calculator again displays a 110lue in 
the form J.M. Again it will be 7.002. The user then enters the 110lue of the 
ciphertext (Ctn), which is in position 2. This number happens to be 24, the 
11alue_of the letter V. The calculator then displays a number in the form of 
/.M PJ, or 7.00207 7 for the example. This instructs the user to transfer the 
number that was in position 2 to position 7 and give it a value of 71 . This 
value is converted into the equivalent alphabetic or I. 

Either of these processes is repeated for the entire plaintext or codetext 
until the entire message is decoded or encoded. 
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2 of table 9. Each Crypto cycle now has two 
parts . In the first part the machine halts with 
j.M in the display, as before. The user then 
enters the plaintext (Pj) value (11 for I in 
this case) from the plaintex t value row and 
depresses R/S . The machine will perform the 
ap propriate addition (modulo Na) and halt 
showing: 

J.MCm. 

For th e table 10 example the display would 
show: 

7.002024. 

The user then places 24 in position 2 of the 
ciphertext value (Cm) row and depresses R/S 
for the next cycle. Columns 3 and 4 of table 
9 may be used later to convert the character 
values to equivalent characters Cm . 

In the deciphering operation one starts 
with the ciphertext and obtains the Cm 
values from table 9. During the J.M ha! t in 
the Crypto cycle the user enters Cm (24 
from position 2 in the 7 .002 example) and 
depresses R/S. The subtraction operation 
(modulo Na) is performed and the result is 
shown as : 

J.M Pj; 

which would be: 

7.002011. 

This directs that 11 be placed at position 7 
of the Pj row which is th us fi ll ed and later 
converted to character equivalents to com­
pl ete the deciphering operation. 

In actual usage a single index row may 
serve for both J and M. However , one may 
wish to record M of the disp layed J.M pair 
as a record of th e transposition operations. 

Detail ed Instructions and Examples 

Tables 11 and 12 give detai led instru c­
tions for the use of Crypto in the transposi­
ti on only mode. Tables 13 and 14 give 
instructions for operation in the dual (trans­
position and substitution) mode. 

These tables contain 10 charac ter exam­
ples using th e demonstration message and 
demonstration key. The complete demon· 
stration message processed by transposition 
only (table 11) using the demonstrat ion key, 
becomes: 

(A: 0.5, 1.625, 3.125, 40 R/S: 0) 

EBAEY ECNTM 

I PDE 0 RR Y PP 


Text continued on page 150. 



• 14K ROM Operating syslem 
• SK RAM Memory 
• 9" Video Monitor 

.. 
..............~-.. • Built in Keyboard 

_ • Oigl1ally conlfo l led lape 
Today·s besl value in personal computers, along wil h lhc latesl 
m peripherals. .are always in stock at lhe COMPUTER FACTORY 

PET BUSINESS 
SYSTEM 

The PET is now a lruly sophlsllcaled 
Business System with lhe Floppy 
Disk and Printer which makes an 
ideal cost efficienl business 
system tor most professional and 
specia lized fields: medicine. 
law. research. engineering, I 
education, etc. 

1
PET 2001­

1~~~~~~5 /. 
o- ­ !!'!:!'. = 

.', .. ,' ''. ' ............. 
.!a .l .1.! .!J J..! !! ­

DUAL DRIVE FLOPPY 
DISK 2040 $1095 
• 360 K Byles Sloroge 
a High Spoed Data Transfer 
• Plugs into IEEE Port 
• 6504 Microprocessor 
• 8K A.OM O~ra1 1ng SyStem 
• SK t:tOM Encoding and 

Decoding 
a 4K RAM 
• Uses Single or Dual sided 

Oiskattes 

SINGLE DRIVE 
FLOPPY UNIT 
2041 $595 
a ln!Ol1t{ICnl mini fropp'f' 
• 171 SK nel use~ s.lorage 

\ 

BILLINGS MICROSYSTEM 
EXPANDABLE TO 2 MEGABYTES 

• 

\_f. O.•oC..ral / 
micro NOVA 

Tho ul11ma1e in sma ll business computers 
when matched w1lh COMPUTER FAC· 
TORY'S m1crocompulc1 Software Accounls 
Reco1vab lP./ Payable. lnvenlo ry Control/ 
O rder En1ry , General Ledger. Pay1oll Sys· 
1ems lrom abou1 1$13, 500 

features : • :not< Stor.igo 
• 12" CRT • Graphics 
• 64K RAM • 94 Keys 
• z-ao • 2 RS- 232 pons 
• Dual m1n1 Hoppy • 1 parallel port 

only 
$3645 

BUSINESS SOFTWARE AVAILABLE! 

IMSAI 
The low cost solul1on 
101 all small business 
problems A wide \'at1e1y 
ol sollw.n:rc 1s 
available lor all your needs 
PCS se ries include dual 1topp1es. 32K RAM. 
110 . DOS. BASIC 
• PCS-42 i400KBI 52995 
• PCS-44 1780KBI 53695 
VOP·42 s1mes acids video terminal. 1<ey · 
board and VIO to ribove 
• VOP-42 $4795 • VOP-44 $4495 
• VOP/80 S6995 

The Computer ol the 
Fulure Is here Now! 
PASCAL TM 

MICROENGINE---­
$2995 
Wes tern D1g11ars new '6-b11 Pascal 
Compuict Sys1e111 
• 64K bylos (32K wordsl o f RAM 
• 2 RS-232 ports 
• 2 8-b1t pnratlel pons 
• F1oppy chsk cont roller 
• FJoatmg point hardware 
• Memory Mapped 110 
• Enclosed power supply 

The COMPUTER FACTORY'S cxicnme CENTRONICS 779 .. $1045 
lnven1ory and wide selcc 11on ol compuler AXIOM (Parallel I . ... . • 395 
prinlers assures you o f finding 1he printer AXIOM (Sena!) __ . . . .. . 495 
bes! su1IC!d lor your needs and EXPANOOR (Traclors) 425 
specificallons. rhe lollowmg prml(HS w ork INTEGRAL DATA . . 795 
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NEW! THE ELECTRIC PAINTBRUSH by Ken Anderson for 4K 
Level I and II TRS-BOs: Create the most dazzling graphics displays 
you have ever seen with a minimum of effort. The Electric 
Paintbrush is actually a simple 'language' in which you can write 
'programs' directing your paintbrush around the screen-drawing 
lines, turning corners, chang ing white to black , etc. Once defined, 
these programs may be called by other programs or repetitively 
execu ted. each time varying the parameters of brush movement . 
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MICROCHESS is the cu lmination of two years ot chessplaying 
program developrnen t by Peter Jennings. author of the famous 1 K 
byte chess program for the KIM-1 . MI CR OCH ESS 2.0 for BK PETs 
and 16K APPL Es. in 6502 machine language, offers 8 levels of play 
to sui t everyone from the beginner learn ing chess to the serious 
player. It examines positions as many as 6 moves ahead, and 
includes a chess clock for tournament play . MICROCHESS 1.5 for 

BRIDGE CHALLENGER by George Dulsman for BK PETs, Level 11 
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person 
Contract Bridge against the computer. The program will deal hands 
at random or according to your criterion for high card points. You 
can review tricks, swap sides or rep lay hands when the cards are 
known. No longer do you need 4 people to play! ... . .. .. $14.95 

TIME TREK by Brad Templeton with sound effects for BK PETs is 
Personal Software 's answer to the proliferation of Star Trek games. 
This is a real time action battle game wh ich requires fast thinking as 
well as sharp wits . There are no 'turns' in Time Trek: your scanners 
and ship's status report are constantly updated on the screen, and 
you can enter commands as fast as you can press the keys . You use 
your shields, phasers and photon torpedoes against enemy 
Klingons in a game where you can move, steer and fire at the same 
ti me. Star Trek aficionado or not. you'll appreciate the excitement 
and excellence of th is rea l time game .... .. .... . .. . .. .. . $14.95 

WHERE TO GET IT: Look for the Personal Software'" display rack 
at your local computer store. Over 275 dealers now carry the 
Personal Software'" line-more than any other brand. If your local 
dealer doesn 't already carry Personal Software'" products, ask him 
to call us at (617) 782-5932. Or you can order direct from us by 
check. money order or VISA /Master Charge. If you have questions, 
please call us first at (617) 783-0694. If you know what you want 
and have your VISA /MC card ready, you can use any telephone to 

DIAL TOLL FREE VISA· 1-800-325-6400 
24 hrs In Missouri dial 1-800-342-6600 7 days -Or you can mail your order to the address below. To add your name 

to our mailing list for free literature and announcements of new 
products. use the reader service card at the back of this magazine. 

Personal Software™ 
P.O. Box 136-84, Cambridge, MA 02138 
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The machine language interpreter executes your-programs almost 
instantaneously , allowing you to create real-time, animated 
graphics displays. The screen photos above are actually 
'snapshots' of the action of a single one-line program over about 
thirty seconds. Mesmerize your friends with visual effects they've 
never seen on a TV screen! There's no limit to the variety of exciting 
and artistic graphics displays you can create with The Electric 
Paintbrush. And it 's available now for only . . .. . . . .. .. . .. $14.95 

4K TRS-BOs, in Z-80 machine language, offers 3 levels of play (both 
Level I and Level II versions are included and can be loaded on any 
TRS-BO without TBUG). MICROCHESS checks every move for 
legality and d isplays the current position on a graphic chessboard. 
You can play White or Black . set up and play from special board 
positions. or even watch the computer play against itself I Avai lable 
now at a specia l introducto ry price of only ........ .... . . $19.95 

Circ le 302 on inqu i ry card. 



Look for Personal Software™ products at the dealer nearest you! 

ALABAMA 

BYTE SHOP 

Hun ts,dle. AL 35B05 

COMPUTERLAND 

Hun1s...it le, AL 35805 

THE LOGIC STORE 

Opel•ka AL 36801 

ALASKA 

ALPHA ELECTRONICS 

Anch01agc AK 99503 

ARIZONA 

PERSONAL COMPUTER PLACE 

Mesa AZ 85202 

COMPUTERLAND OF PHOENIX 

Phocnox AZ 85016 

COMPUTER S•IOWROOM 

Tucson. AZ 857 10 

ARKANSAS 

COMPUTERLANO 

Lrllle Rock AR 72212 

DAT A COPE 

l rOll e Rock. AR 72204 

CALIFORNIA 

JAV-KEAN ELECTRONICS 

8akerSf4eld , CA 93305 

BYTE SHOP 

Burbnnl., CA 91506 

BYTE SHOP OF SACRAMENTO 

Citrus HerghlS. CA 95610 

COAST COMPUTER CENTER 

Costa Mesa. CA 92627 

CAPITOL COMPUTER SYSTEMS 

Davos. CA 95616 

COMPUTERLANO SAN D IEGO EAST 

El Cnion . CA 92020 

COMPUTERLANO OF El CERRJTO 

El Cem10. CA 94530 

BUSINESS ENHANCEMENT 

COMPUSERVICE 

Escondido. CA 92027 

CHAN EL DATA SYSTEMS 

GoleJa . CA 93017 

RA INBOW COMPUTING 

Granad• Hrlls, CA 9134' 

JADE CO MPUTER PRODUCTS 

Hawthorne . CA 90250 

BYTE SHOP OF HAYWARD 
Hayward. CA 94541 

COMPUTERLAND OF HAYWARD 

Hayward , CA 94541 

COMPUTERLANO OF WEST L.A 

lnglowood, CA 90302 

COMPUTERLAND OF SOUTH BAY 

Lawnda le. CA 90260 

A·VIDD ELECTRONICS 

Lang Beach. CA 90815 

COMPUTERLAND 

Los Allos . CA 9<022 

BYTE SHOP 

Mountarn View. CA 94040 

HOBBY WORLD ELECTRONICS 

Norlhndge , CA 91324 

COMPUTERS·MADE·EASY 

Palmdale. CA 93550 

BYTE SHOP OF PLACENTIA 

Placen11n. CA 92670 

COMPUTERLAND 

Sa n Bernadmo. CA 92404 

CDMPUTE RLANO OF SAN D IEGO 

San Drcgo. CA 92 111 

COMPUTER MERCHANT 

San Orego. CA 9211 5 

CO MPUTERLAND OF 

SAN FRA NC ISCO 

San FrAncisco , CA 94 105 

VIDEO GAMES & COMPUTERS 

Son Frnnc1sco . CA 94118 

COMPUTERLAND OF SAN JOSE 

San Jose . CA 95129 

CO MPUTERLAND (Cen11al l 

San Leand ro. CA 94577 

BYTE SHOP 

Snn Lo1rrs Dbrspo, CA 93401 

MARIN COMPUTER CENTER 

San Ralacl . CA 94903 

ADVANCED COMPUTER PRODUCTS 

Sanra >\na CA 92705 

BYTE SHOP 

Santa Clara . CA 95051 

CO MPUTER FORUM 

Snnln Fe Sprrng s. CA 90670 

THE CO MPUTER STORE 

San" Mon<ea. CA 90401 

SA NTI• ROSA CO MPUTER CENTE R 

Snn1.1 Rosa. CA 95t.0·1 

BYTE SHOP 

Srnsun CA 9d585 
COMPUTERS PLUS 
S~inny·"1 1 e . CA 94087 

BYTE SHOP OF TARZANA 
Til tZiir°'a CA 91356 

CO MPU TERLA ND OF 
THOUSAND 0At<S 
Tho ..s.mo 0.1k s CA 91360 

SMA LL SYSTEM SOFTWARE 
ThouSJnd Oa" CA 91360 

CO MPUTER COMPONEN TS 
Vnn N,rys CA 91•11 I 

COMFUiERLANO 
W.1 rra11 Cicck CA 9·1 598 

BYTE SHOP 

W1..... rni1no;1c1 CA 92683 

COMPUTER COMP ONENTS OF 

ORANGE COUNTY 


Circle 302 on inquiry card . 

COLORADO 

BYTE SHOP 

Boulder. CO 80301 

COMPUTERLAND 

Colorado Spfmgs. CO 80917 

AMPTEC 

Denver , CO 80216 

COMPUTERLAND 

Den'e" CO 80222 

BYTE SHOP 
Englewood . CO 60110 

MICRO WORLD ELECTRONIX 

Lakewood . CO 80226 

CONNECTICUT 

COMPUTERLAND OF FAIRF IELD 

Fa11held . CT 06430 

JRV COMPUTER STORE 

Hamden . CT 06518 

THE COMPUTER STORE 

Har1 1ord . CT 06103 

THE COMPUTER STORE 

Wrnd sor Locks. CT 06096 

WASHINGTON O.C. 

COMPUTER CABLEVISION 

Washington. 0 C 20007 

FLORIDA 

COMPUTERLAND 

Boea Raton , FL 33432 

THE COMPUTER STORE 

Bradcnlon. FL 33505 

THE COMPUTER STORE 

Clearwater. FL 33516 

UCATAN 

Deshn. FL 32541 

BYTE SHOP 

Forl Liuderdale. Fl 33334 

COMPUTERLANO 

Fort Lauderdale, Fl 33308 

COMPUTERS FOR YOU 

For1 Lauderdale. Fl 33312 

DATA MOVERS 

Fo<1 Meyers. Fl 33901 

FOCUS SCIENTIFIC ENTERPRISES 

Mram1, Fl 33132 

GRICE ELECTRONICS 

Pensacola. FL 32589 

COMPUTER AGE 
Pomp.ano Bench. FL 33062 

PAPERBACK BOOKSMITH 

Saraso1a. FL 33581 

AMF ELECTRONICS 

Tampa, FL 33612 

MICRO COMPUTER SYSTEMS 

Tampa, Fl 33609 

COMPUTER CENTER OF 

PALM BEACHES 

w est Palm Beach . Fl 33409 

GEORGIA 

ADVANCE COMPUTER TECH 

Allanl.1 , GA 30328 

COMPUSHOP 

Allanla . GA 30342 

OATAMART 

Allan1a . GA 30305 

THE LOGIC STORE 

Columbus. GA 31906 

COMPUTERLAND OF ATLANTA 

Smyrna. GA 30080 

HAWAII 

COMPUTERLAN D 

Honolulu. HI 96813 

MICROCOMPUTER SYSTEMS 

Honolulu. HI 96813 

RADIO SHACK (Dealer) 

Lrhuc. HI 96766 

IOAHO 

NORTHWEST COMPUTER CENTER 

Bo;sc, ID 83704 

ILLINOIS 

COMPUTERLAND OF 

ARLINGTON HEIGHTS 

ArUngton Heights, IL 03904 

FARNSWORTH COMPUTER CENTER 

Aurora. IL 60505 

KAPPEl 'S COMPUTER STORE 

Bcllc"lle , IL 62220 

DOW-COM 

Carbondale. IL 6290 1 

BYTE SHOP 

Champa•gn , IL 61820 

THE ELEKTRIK KEYBOARD 

Chocago. IL 60614 

EMMANUEL B GARCIA JR 

ANO ASSOCIATES 

Chrcago, IL 60613 

PERSONAL CO MPUTER 

Chicago. IL 61820 

COMPUTERLAND 
Oownars Grove. IL 60515 

COMPUTER ST ATION 
GrMntlc C11y , IL 62040 

ILLINI MICROCOMPUTERS 
Na pc1vlllf:. IL 60540 

COMPUTERLAND OF NILES 
Niles, IL 60648 

CO MPUTERLAND 
Oak Lnwn IL 60453 

COMPUTERLAND OF PEORIA 
Pcorm IL 6161-1 

WALLACE ELECTRONICS 

Peo11;i IL 61Gl•1 

OATA DOMAIN 

S1...h:1 t1mbJJrg IL 60195 


INDIANA 

DATA DOMAIN OF FORT WAYNE 

Fo<I Wayne. IN 46805 

HOME COMPUTER CENTER 

lndranapolis , IN 46220 

PUBLIC COMPUTING 

Lalayelle. IN 47904 

IOWA 

SYNCHRONIZED SYSTEMS 

Des Moines. IA 50310 

THE COMPUTER CENTER 

Walerloo. IA 50701 

KANSAS 

PERSONAL COMPUTER CENTER 

Overland Park . KS 66206 

COMPUTER SYSTEMS DESIGN 

w;chrla. KS 67214 

LOUISIANA 

COMPUTER SHOPPE 

Meta11e. LA 70002 

MARYLAND 

COMPUTERLANO 

Rockvolle. MO 20855 

COMPUTERS ETC 

Towson. MD 21204 

COMPUTERS UNLIMITED 

Towson. MO 21204 

MASSACHUSETTS 

THE COMPUTER STORE 

Burlrnglon. MA 01803 

THE COMPUTER STORE 

Cambridge. MA 021 39 

MAO HATTER SOFTWARE 

Oracu1 , MA 0 1826 

NEW ENGLAND ELECTRONICS 

Sp"ngl ield. MA 01103 

MICHIGAN 

NEWMAN COMPUTER EXCHANGE Columbus. OH 43213 

Ann Arbor. Ml 48104 CO MPUTER SO LUTIONS 

NEW DIMENSIONS IN COMPUTING Dayton. OH 45409 


COMPUTER MART OF NEW YORK 

New York , NY 10016 

AUTOMATIC SYSTEMS 

Poughkeepsie. NY 12603 

COMPUTER HOUSE 
RocheSler. NY 14609 

THE COMPUTER STORE 

Rochesler. NY 14618 

HOME COMPU TER CENTER 

Rochcslcr , NY 14607 

THE COMPUTER CORNER 

Wh•le Pla'"s. NY 10601 

READOUT COMPUTER STOR E 

Wrll1ams"lle. NY 14221 

NORTH CAROLINA 

BYTE SHOP 

Charlotte, NC 28212 

COMPUTERLAND 

CMll011e. NC 28205 

FUTUREWORLO 

Durham. NC 27707 

BYTE SHOP 

Greensboro. NC 27401 

MICROCOMPUTER SE RVICES 

Hickory, NC 28601 

BYTE SHOP OF RALEIGH 

Aarc;gn , NC 27605 

OHIO 

BASIC COMPUTER SHOP 

Akron. OH 44314 

CINCI NNATI COMPUTER STORE 

Crnc;nnat;, OH 45246 

2 tST CENTU RY SHOP 

Cmdnnat1. OH 45202 

CYBER SHOP 

Columbus. OH 43227 

M ICRO MINI COMPUTER WORLD 


WICHITA COMPUTER SYSTEMS 
W1c h11 a falls. TX 76301 

UTAH 

ADP SYSTEMS 

Logan . UT 84321 

THE Hl·FI SHOP 

Sall Lake C11y. UT 84 117 

VERMONT 

COMPUTER MART 

Essex Junction . VT 05452 
VIRGINIA 

COMPU TER HARDWARE STORE 

Alexandna , VA 223 14 

COMPUTERS PLUS 
Alexandrra, VA 22304 

COW. INC 

Blacksburg. VA 24060 

HOME COMPUTER CENTER 

Newpon News, VA 23606 

COMPUTER TECHNIQUES 

Rrchmond , VA 23235 

THE COMPUTER PLACE 

Roanoke. VA 24015 

COMPUT ER WORKSHOP 

Sprrnglreld . VA 22151 

COMPUTERLANO 

Vien na. VA 22 180 

HOME CO MPUTER CE NTER 
Virginia Beach, VA 23452 

WASHINGTON 

OMEGA NORTHWEST 

Belle,ue. WA 98004 

COMPUTERLAN O OF SOUTH 

KING COUNTY 

Federal Wa y, WA 98003 

YE OLDE COM PUTER SHOPPE 

Richland, WA 99352 

TH E COMPUTER SHOPPE 
Seattle. WA 98115 

EMPIRE ELECTRONICS 
Sea1UO. WA 98166 

PERSONAL COMPUTERS 

Spokane. WA 99202 

COMPUTERLAND 
Tacoma , WA 98499 

WISCONSIN 

BYTE SHOP OF Ml LWAUKEE 

Greenheld. WI 53227 

COMPUTER LANO 

Madison. W I 5371 1 

MADISON COMPUTER STOR E 
Madison. W I 5371 1 

COMPUTE RLANO 
MilwauJf;ee. WI 53222 

FOX VALLEY 

COMPUTER STORE 

Neenha. wr 54956 

AUSTRALIA 

ELECTRONIC CONCEPTS PTY LTD 

COMPUTERLA NO 

Sydney. N.S W 

CANADA 
CO M PU SHOP 
Calgary, Al berla T2N 2A4 
THE COMPUTER SHOP 
Calgary. Albena T2T 4T9 
T JB MICROSYSTEMS 
Edmon1on. Alberta TSM OH9 
COMPUTER CITY 
Wlnnepeg. Man1loba RJP OH8 
COMPUTE RLANO 
W1nncpcg. Man 11oba R3G OMS 
INTERACTIVE COMPUTE R SYSTEMS 
Fradcrickton . New Brunsw1c11 
MINICOMP SYSTEMS 
Hahfax. Nova Sco11a B3K 2G f 
KOBETEK SYSTEM S 
Woll1J1 lle. Nova Scotia BOP IXO 
LY NTRONICS 
Oownsv1ew. Ontario M2J 2W6 
CO MPUTER CIRCUITS 
London. Ontario N6A 3H2 
CO MPUMART 
Ottawa . Ontario K2A IJ2 
COMPUTER INNOVATIONS 
011awil, On!ano K lB 4AS 
RICHVALE TELECOMMUN ICATIONS 
Richmond HHI. On1ar10 
THE COMPUTER CENTRE 
Sa rnia , Onlario N7T i84 
COMPUTER MART 
Totonto Onrnuo M 4G 385 

THE COMPUTER PLACE 
To1onto. OnHuio MSV 1Z1 
COMPUTER SPECIAL IST 
Toronto. OnHmo M3K 1 E7 
HOUSE OF COMPUTERS 
Toronto. On1i'u10 
MARKETRON 
Toron10 Or11ar10 
MICRO-WARE 
Toronto On1ar10 M4E 2L2 
COMPUCENTRE 
Montreal . Quebec H1J 1z.1 
FUTUR BYTE 
Monuca1 . Quebec H3B 3C9 
CUSTOM COMPUTING SERVICE S 
Srtskatoon SaskaichC'wan S7K 2B S. 
DIGITAL SERVICE 
Saskatoon Sask:i ichcw;:in 5; J 3A'3 
PUERTO RICO 
M ICROCOMPUTE R STORE 
Alo P1ec1r,1s PR 00921 

PLUS 17 OEALERS IN EUROPE! 
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East lansmg, Ml 48823 

COMPUTER HOUSE DIV 

Jackson , Ml 49202 

COMPUTERLANO OF 

GRAND RAPIDS 

Ken1wood . Ml 49508 

COMPUTRONIX 
Midland. M l 48640 

COMPUTER MART OF ROYAL OAK 

Royal Oak. Ml 48073 

TRI CITY COMPUTER MART 

Saginaw. Ml 48603 

COMPUTERLAND 

Sou1hHeld, M l 48034 

LEVEL FOUR PRODUCTIONS 

Weslland, Ml 48185 

MINNESOTA 

COMPUTERLANO 

Bloom;ng1on, MN 55431 

MINN MICRO SYSTEMS 

Minneapolis. MN 55454 

MISSISSIPPI 

OX FORD SOFTWARE CO 
Oxlord, MS 38655 
MISSOURI 
FORSYTHE COMPUTERS 
Clay1on. MO 63105 
COMPUTER COUNTRY 
Florissant. MO 63031 
NEVADA 
HOME COMPUTERS 
Las Vegas. NV 89109 
NEW HAMPSHIRE 
TRS·80 SOFTWARE EXCHANGE 
Mrllord NH 03055 
COMPUTERLANO OF NASHUA 
Nashua. NH 03060 
BITS, INC 
Peterborough. NH 03458 
NEW JERSEY 
COMPUTER LAB OF NJ 
Budd lake. NJ 07828 
COMPUTER EMPORIUM 
Cherry Hill . NJ 08002 
COMPUTER MART OF NJ 
lselin, NJ 08830 
MSM ELECTRONICS 
Medlord. NJ 08055 
COMPUTERLAND 
Momslown. NJ 07960 
COMPUTERLAND 
Paramus. NJ 07652 
COMPUTER NOOK 
Prne Brook . NJ 07058 
COMPUTER ENCOUNTER 
Prone 1on NJ 08540 
TYPTRONIC COMPUTER STORE 
Ramsey, NJ 07446 
NEW YORK 
COMPUTERLAND 
Bulfrilo. NY 14150 

COMPUTERLANO 
Car le Place. NY 11514 

CO MPUTER SHOP OF SYRACUSE 
De W11t . NY 13214 

THE COMPUTER TREE 
Endwell . NY 13760 

LONG ISLAND COMPUTER 
G ENERAL STORE 

Lyn 1ook NY 11563 

COMPUTE R MICROSYSTE MS 

Ml'anhriss~t NY 11030 

THE COMPUTER FACTORY 

New York , NY 10017 


DAYTON COMPUT ER MART 

Oaylon . OH 45409 

ASTRO VIDEO ELECTRON ICS 

Lancasler . OH 43130 

COMPUTERLAND OF CLEVEL AND 

Mayfield Ho1ghts. OH 44121 

RAD IO SHACK (Dealer) 
St Cla1rsv1lle. OH 43950 

OKLAHOMA 

HIGH TECHNOLOGY 

Oklahoma Crty , OK 73106 

MICROLITHICS 

Oklahoma Crly. OK 73127 

HIGH TECHNOLOGY 

Tulsa. OK 74129 

OREGON 

THE COMPUTER STORE 

Corvall rs. OR 97330 

CAMERA AND COMPUTER 

EMPORIUM 

Porlland, OR 97205 

COMPUTERLANO OF PORTLAND 

T1garl. OR 97223 

PENNSYLVANIA 

BYTE SHOP 

Bryn Mowr. PA 19010 

PERSONAL COMPUTER CENTER 

Frazer. PA 19355 

COMPUTE R AIO 

Lalrobe, PA 15650 

THE COMPUTER WORKSHOP 

Murrys,,llc, PA 15668 

RADIO SHACK (Dealer) 

Norlh Wales, PA 19454 

AB COMPUTERS 

Perkasie. PA 18944 

MICROTAONIX 

Philadelphia, PA 19106 

SOUTH CAROLINA 

DATA MART 

Greenville. SC 29607 

TENNESSEE 

M ICROCOMPUTER STORE 

Knoxvrlle. TN 37919 

COMPUTER LABS OF MEMPHIS 

Mcmpnrs. TN 38117 

DOC'S COMPUTER SHOP 

Nashvrlle TN 37211 

TEXAS 

COMPUTERLANO OF AUSTIN 

Auslin . TX 78757 

COMPUSHOP 

Danas. TX 75243 

COMPUTERLANO 

Dallas. TX 75231 

KA ELECTRONICS SALES 

Ottllils. T)( 75247 

CO MPUTE R TERMINAL 
El Paso. TX 79901 

RAM MICRO SYSTEMS 
For! Worth, TX 76116 

COMPUTERCRAFT 
Houslon TX 77063 

COMPUTERLANO OF HOUSTON BAY 
Houslon TX 77058 

NEIGHBORHOOD COMPUTER 
L.11t'Jb0Ck . TX 79401 

COMPU TER PATCH OF SANTA FE 
Odessa, TX 79762 

COMPUSHOP 

Rrc'1,110son TX 75080 

THE COMPUTEFI SHOP 

San Arllorn o. TX 78216 

COMPUTER SOLUTIO N S 

S t111 Anturno TX 78229 




1. 	 Prepare table as example table 11 b shows and enter plaintext Pj . (7 7a) 
2. 	 Switch calculator to RUN and ON. 
3. 	 Load program. . 
4. 	 Input data Ro, A1, A2, Ne. Follow each entry excepr the last with ENTt. Press A. 
5. 	 Inpu t data 0. 
6. 	 Depress R IS to start program. 
7. 	 Calculator will stop with a number in the form J .M. Copy plaintext character at 

position J to ciphertext position M. 
8. 	 Depress R/S and return to step 7 . 
9 . 	 Repeat the steps 7 and 8 loop . Pressing RIS after character Ne will cause the 

ERROR sign to flash . When flash ing stops, press RIS one time. 
1 0. 	 If program is to be restarted, return to step 4 . 

Encipherment Example 	 (17 b) 

J,M 01 02 03 04 05 06 07 08 09 10 
Pj M A y u p B I 0 p R 
Cm A B M 0 I R up 	 p y 

Table 77: Ctypto instructions for enciphering in the transposition only mode. 
The l?ey is A:0.5, 7.625, 3. 725, 70 R/5: 0. 

1 . 	 Prepare table as example table 12b shows and enter c iphertext Cm . (l 2a) 
2. 	 Switch calculator to RUN and ON . 
3. 	 Load program. 
4. 	 Input data Ro. A,, A2, Ne. Follow each entry excepr the lasr with ENT t. Press A. 
5. 	 Input data 0 . 
6 . 	 Depress RIS to start program . 
7 . 	 Calculator will stop with a number in the form J .M. Copy ciphertext character at 

position M to pla intext position J. 
8. 	 Depress R/S and return to step 7 . 
9 . 	 Repeat the steps 7 and 8 loop. Pressing R/S after character Ne will cause the 

ERROR sign to flash. When flashing stops, press R/S one time. 
10. 	 If program is to be restarted, return to step 4. 

Decipherment Example 	 (72b) 

J,M 01 02 03 04 05 06 07 08 09 10 

Cm A B M p D I p R u y 

Pj M A y u p B I D p R 


Table 72: Clypto instructions for deciphering in the transposition only mode. 
The !?ey is A:0.5, 7.625, 3.125, 70 R/S: 0. 

1. 	 Prepare table as example table 13b shows. Enter plaintext Pj and, {73a} 
using alphabet table, enter Pj values. 

2. 	 Switch calculator to RUN and ON. 
3. 	 Load program. 
4 . 	 Input data R0, A1, A2, Ne. Follow each entry except the lasr with ENT t. Press A. 
5. 	 Input data Na. 
6 . 	 Press RIS to start program. 
7. 	 Calculator will stop with a number in the form J .M. At index J select and enter Pj 

and press R/S. 
8. 	 Qalculator will stop with a number in the form J .M Cm . At index Min tab le enter 

Cm from display . 
9. 	 Press R/S and return to step 7. 

10. 	 Repeat the steps 7, 8 and 9 loop. Pressing R/S after character Ne flashes the ER ­
ROR sign. When flashing stops, press RIS one time. 

11. 	 Using alphabet table convert Cm to Cm to obtain ciphertext. 
12. 	 If program is to be restarted, return to step 4. 

Encipherment Example 	 {73b) 

J,M 	 01 02 03 04 05 06 07 08 09 10 index. 
M A y u p B I D p R plaintext . ~ 22 07 10 21 19 02 11 23 19 25 entered at step 7 from alphabet table. 

Bm 13 01 10 22 19 11 05 06 22 09 program output from step 8 . 
y pCm 	 H F M I z x M G from alphabet table . 

Text continued from page 146: 

WE IN A CON TC 

NNTOU LT TRY. 


The same message enciphered in the du al 
mode (table 13) becomes: 

(A: 0.5, 1.625, 3.125, 40 R/S: 26) 

S FH IU J IF Y Y 

IMPAI XRVXZ 

S AVV W PART U 

SG I WM VF F BG. 


In the dual mode operation a conver­
sion ope1·ation may be saved at each end 
of the system by usin g the num erical Cm 
data directly as the cryptogram. The dis ­
advantage to this is that the number of 
charac ters to be transmitted is doubled. 
In some circumstances transmission of 
numerals may be preferred over alph abetic 
chara ters in spite of the expand ed volume. 

Use of Nulls 

Many procedur·es may be followed which 
wi ll aid in protecting th e cipher. One of 
these is the use of null s. Thi procedure i 
very simple to u c and acwally speeds up the 
enciphering and deciphering prncess as dis­
cussed in the text box on search strategy. To 
use this technique, specify a message char­
acter length {Ne) to program C1·y pto which 
is larger than the act ual message length. For 
example, consider a message of length 100 
and an Ne value specification of, say, 125. 
Crypto is used in the normal way unti l all 
100 message characters arc processed into 
the ciphertcxt. At thi s point the 125 char­
ac ter ci phertext contains 25 (scattered) 
blank spaces. Fill these blank spaces with 
characters chosen by yo u at random. When 
fini heel, the cryptogram will conta in 25 
tota lly irrelevant characters randomly located 
in the ci phertex t. 

The nulls present no problem to the deci­
pherer since Crypto wil l point that person 
to ge nuine data fo 1· the first. 100 processing 
cycles; after th at the nulls are indicated. It 
might be wise lo clearly delineate th e end of 
a message by ap pending some prearTanged 
terminal symbo l to the plainLext. The speed 
o r ope1·a tion may be greatly increased by use 
of null s since this keeps the mean processor 
Lime low, as discussed in the texl box on 
search strategy. The longe r· messages hould 
defini tely use null s to speed up the process. 
The use of null s is cl early advantageous, 
si nce this presents the cryptanalyst with 
so me addition al possibilities that must be 

Table 7 3: Crypto instructions for enciphering in the dual transposition and sorted out . Make sure Lhat the nulls you 
substitution mode. The sample table used for enciphering is shown in table upply blend well with the ge nuine cipher­
7 3b. The /?ey is A :0. 5, 7.625, 3. 725, 70 R/S: 26; table 9 used. text. Do not attempt, for exa mpl e, Lo ba l­
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Please Sir-Could you tell me where I can 
Find Software for my Microcomputer? 

BUSINESS 

AND 

APPLICATION 

SOFTWARE 

AVAILABLE 

CALL OR WRITE 

FOR DETAILS 

FOR YOUR 

TRS·BO · PET· APPLE 
GALACTIC BLOCKADE RUNNE R-an exci 1ing, diffcren1 and sophis1ica1cd space war game wi1h 
in1eresiing graphic disp lays. Plays be11cr1han many o f 1hc Siar Treks ou11here . Tl / 4 T2/ 16 P A $9 .95 
SCI-Ft GAME SAMPLE R- includes 3 games- Space Monster. Lunar Lander and Space Baille. all 
wi1hgraphics. Tl / 4 T21 !6 P $5 .95 
SOLA RIA-a sophis1ica1ed fantasy economic simulation-you won'1 believe 1hc complexi1y of 1h is 
one'sou1pu1. T2/ 16 P $9.95 

PILOT- The educational language-Ready foryou rTRS-80! This version comes complete wi1h a 
b uil1 in cdilor and 3 sa mple programs. Tape Version $ 14.95 Disk Version $24.95 

DIET PLANN ING PACKAGE-use your compu1er 10 help plan a safe, reliable die1-calcula1es wha1 
your weigh1 should be . your daily ca lor ic allowance- helps plan yo ur menu . Tl / 4 T2/ 16 S I 4 .95 
OTHEl.1.0 111 ­ A s1ra1egy board game-play wi1h 1he compulcr, a friend or have 1hc co mpu1cr play 
againSI iiselr. Tl / 4 T2/ 4 PA $7 .95 
DAILY BIORHYTHM PROGRAM-has in1ercsiing moving line display, gives JO day graph and 
more! Tl / 4 T2/ 4 S5 .95 
MICRO-TFXT ED ITOR - non dcsmu:1ablc cu r<or, graphics capabili1y, versi1al edi1ing o p1ions, save & 
load screen, ou1put 10 primer. T2/ 4 $9 .95 

GIVE A VOICE A ND EARS TO YOUR APPLE COMPUTER! 
APPLETA LKE R-spcach sy nihesis for your APPLE computer' $15 .95 
APPl.ELISTENER-specch rccogn i1ion for yo ur APPLE compu1er. A nice companion program 10 the 
oneahiwe. Ju<t 1hink of1he pn"ihililic< ~ $19.95 

l\11 CROCHESS- pla y chc'' wilh your (O mpu1 cr. Uses 1traphic displa)' and provides various levels of 
diff1rnl1r . T l / 4 T Y 4 P A $19 .95 
BRIDGE CH 1\l.LENGER­ why wai1 10 gc1 3 01her people together In play? Your comp uter' s ready 
any1ime . T21 16 P A $14 .95 
AIR RAID-a machine la n1wa1?e. real-time, arcade type game. Shoo1 down planes as 1hcy ny by . 
Tl 4 T2 t 4 Sl4 .95 
RS~l - 2-a machine language moni1or for 1hc TRS-80 . Many, many feature< including a buih in di <as­
" "lllhlcr. $26.95 Disk Version $29 .95 

A NEW AND EXCITI NG VERSIO~ OF STAR TREK IS ON TH [ WAY! 
WATCH OUR ADS FOR DETAILS OR SF.ND FOR FREE CATALOG. 

APPi.i: 21-hlack j ad for you r /\ PPLE ! $9.95 
STAR WARS/ SPACE MAZE-<ci-11 ga me; for yo ur APPLE . $12 .95 
MICRO-TAX 78­ jusl in time 10 help you prepare your ret urn•. Does form 1040 and schedu les A, B, C. 
SE,D&4797. T2/ 16 $12 .95 
RE UMBE R-a machine language program for ren11mberin11 yo ur BASIC programs. one of yo ur mn.<t 
u<eful programming 1ools. T214 Sl4.95 

IOO'S MO RE - SEND FOR FREE CATALOG - GI VE TYPE OF COMPUTE R 
T TRS-RO Lcvcl / Mem P Commodore PET A App le II 

JO 11/o Off If YOU BU Y J OR MORE! 

CJ~~ w~vv~~ ~c;;vv~~co~ • 
900 SALEM ROAD , DRACUT , MA 01826 (617) 682-8131 IZl 

IF YOU WOULD LIKE TO HAVE YOUR COMPANY NAME HERE 
AS ONE OF OUR RETAIL DISTRIBUTORS CALL 

(617) 682-8131 
FOR WHOLESALE PRICE INFORMATION 
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145 

Listing 7, continued from page 745: ance out the letter frequency count in a 
transposition only cipher by manipulation 

( GTOta ) ( ENTt ) (.._--'-~) (~-~) ( RCLO ) ( RCLC ) of the nulls. 
As an exam ple of the use of nu ll s the 

151 ( X ) ( llNT ) ( hF?O ) ( GTOfc ) ( + ) ( GTOfd ) fo ll owing 40 character demonstration 
157 ( gLBLfc ) ( CHS ) ( RCLC ) ( + ) ( + ) ( gLBLfd ) message is used with RR XYY appended as 

end of message indicator. An alph abet length 
163 ( RCLC ) ( gx>y? ) ( CLX ) ( ) ( ) ( + ) of 60 is chosen, which yields 15 nu lls. 
169 ( EEX ) ( 6 ) ( ) ( RCL5 ) ( + ) ( DSP6 ) 	 The cryptogram fol lows with the nulls 

underlined: 
175 ( R/S ) ( gLBLfa ) ( ) ( ST0·3 ) ( RCL3 ) ( h 1/ x ) 

A: 0.5, 1.625, 3.125, 60 1Bl ( ) ( ST0+6 ) ( 6 ) ( RCL3 ) ( gx> y? ) ( GTOl ) 
R/S : 0 

187 ( GT02 ) ( fLBLE ) ( hSF2 ) ( RCLA ) ( gLBLfe) ( RCLl ) (transposition only) 

193 ( + ) ( RCL2 ) ( hy' ) ( gFRAC ) ( STOA ) ( hF?2 ) 
N Bl_A B_ T1.CNL 


199 ( GTOfe ) ( X ) ( flN T ) ( RCLO ) ( RCLl ) ( + ) AOT EM 2PE.f.1 

XR.IPN PO EYD 


205 ( RCL2 ) ( hy' ) ( gFRAC ) ( STOO ) ( RCLA ) ( ) WRRRT ON EC R 

21 1 ( h 1 /x ) ( hR 1 ) ( hRTN ) YYFYI UOENT 


GM U I R TSCN y 


The 15 nulls are distributed randomly
Listing 2: Keygen program written for the HP 67. This program generates throughout the ciphertext. The reader may 
numerical keys from alphabetic phrases for program Crypto. When using verify the operation by deciphering this 
this program, the user needs to know both the l?ey base and the number of cryptogram. Note that the first null pointed 
the key within the key sequence produced. A detailed description of how to to wil l be on plain text character 46, which is 
operate program Keygen is given in table 75. th e start of the junk 1·egio n. 

In addition to the use of nulls, some 
Location 	 Keys other precautions may be taken to pmtect 

the cipher. The beginning and end of a mes­
( fLBLD ) ( ENT1 ) ( EEX ) (~-~) ( 0 ) ( ) sage can rep1·esent sources of vulnerability. 


7 ( fFIX ) ( DSP4 ) ( ST06 ) ( ST07 ) ( STOD ) ( CLX ) Standar-d or easi ly guessed salutations and 

signat ures can be of great help to the cry pt­


13 ( ST09 ) (...__~) ( ) ( 2 ) ( 5 ) ( STOA ) analyst. One counter to this is to insert a few 
nonsense words at the beginning and end of19 ( RCL6 ) ( EEX ) (~-3~) ( X ) ( gFRAC ) ( ) 
each message using prearranged delineation 

25 ( 7 ) ( 5 ) ( X ) ( ) ( STOB ) ( RCL6 ) flags. Ther·e is also the bisection method, 
which invo lves starting the message from31 ( EEX ) ( 6 ) ( X ) ( gFRAC ) ( 3 ) ( ) 
some point near the middle, going to the 

37 ( 7 ) ( 5 ) ( X ) ( RCLA ) ( + ) ( STOC ) end and then picking up the start. This 
buries the head and tail of the message43 ( hRTN ) ( fLB LE ) ( STOB ) ( fLBL9 ) ( RCL9 ) ( RCLB ) 
somewhere in the middle of the cryp­

49 ( g x> v? ) ( GTOB ) ( RCL6 ) ( ST07 ) ( STOD ) ( CLX ) tographic process. 
The key of prngram Crypto is the 3 num­

55 ( ST09 ) ( fLBLB ) ( RCLB ) ( RCL9 ) ( ) (~-~) 
ber group (Ro, Ai, A2). Program Keygen 

61 ( ) ( fx=O? ) ( GT07 ) ( hSTI ) ( ILBL6 ) ( gGSBfd ) (listing 2) provides for convenient gener­
ation of thousands of keys from an easi ly 

67 ( fDSZ ) ( GT06 ) ( ILBL7 ) ( RCLB ) ( ST09 ) ( gGSBld ) 
remembered keyp hrase. There is abso­

73 ( RCL7 ) ( RCL9 ) ( + ) ( R/S ) ( RCLE ) ( ) lute ly no excuse for using a given key more 
than once. In dual mode operation use one 

79 ( 7 ) ( 5 ) ( X ) ( RCLA ) ( + ) ( R/S ) key for the mixed alph abet transposition 
table (table 9) and a different key for the 
Crypto enciphering operat ion. (By the 

85 ( RCLD ) ( 3 ) ( ) (...___) ( 5 ) ( x ) 

91 ( RCLA ) ( + ) ( R/S ) ( ) ( STO+B ) ( GT09 ) way, do not be overly impressed by the 
added complexity of the dual mode cipher . 

97 ( gLBLfd) ( RCL7 ) ( RCLB ) ( + ) ( RCLC ) ( hy ' ) 
In this busi ness, complexity and security are 

103 ( gFRAC ) ( ST07 ) ( RCLD ) ( RCLB ) ( + ) ( RCLC ) not necessarily cor·related. The transposi· 
tion only mode represe nts a very effective 

( hy' ) ( gFRAC ) ( STOE ) ( RCLB ) ( + ) ( RCLC )109 cip her in sp ite of its simplicity of operation. 
115 ( hy' ) ( gFRAC ) ( STOD ) ( RCL7 ) (~_ _ ) ( h l / x ) Don't be afraid to use it.) 

The Ii 111 i ted speed, storage and I/0
121 ( hRTN ) (input/output) facil it ies of today's pocket 
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DATA-SCREEN ® TERMINAL 
A NEW LOW COST, MICROPROCESSOR 

CONTROLLED CRT TERMINAL 

QUALITY - APPEARANCE 
ECONOMY 

ONLY $995. 00 (OTY1) 

DELIVERED CONT. USA 

90 DAY WARRANTY GUARANTEES YOU 
YOUR EQUIPMENT WORKS PROPERLY 

1 YEAR EXTENDED WARRANTYGo First Class 
AT SPECIAL RA TES 

f/ Our Specifications Before You Buy 
SPECI FICATIONS

DISPLAY 	 INTER FACE 

SCREEN CAPACI TY , CHARACTERS 	 2000 DATA FORMAT 

CHARACTERS PER LINE . . . . 80 	 DA TA BITS . 7 serial , asynchronous 

DATA BIT 8 ... . .. 1, 0 or deletedNUMBER OF L IN ES . . . . . . 	 25 
PAR IT Y . . . Odd, 	 even o r dele ted SCREEN . . ........ , .. , ... 	P4 phosphor lwt"ocl 


w it h error di splaye d as 

TUB E SIZEIO IAGONALI 12 •nches130 .4 cml 
 OL E 

VI EWING ARE A .. 54 square inchl!:S f 137 . 1 cml STOP BITS , ... 1 or 2 

CHARACTER SIZE 	 0 .20 " high• .08 " w ide 15.08 DA TA TRANSFER RATE 50. 15, 110. 134 .5. 150. 


mm high x 2.03 mm wldal 
 300. 600. 1200. 1800. 
REFRESH RATE . . . . . . 60 Ht 150 Hz ovoaoblol 2000. 2400. 3600. 4800, 


7200, 9600 BAUD 
SC AN METHOD . . . . . . . . . . . 	 Amor 

CHARACTER GENERATION .. 	 5 M: 7 character in an a STANDARD FEATURES 

x 10 do l matr ix 
 INVERSE VI DEO .. . . . - . · Q peralOr or sof tware 


CU RSOR . St ink ing block selectable 


TRANSMIT MODES . .••... Halt or lull dyple>e hwi tchMEMORY 
selectable ) 


TYPE . Random Access Memory 

DATA ENTRY . Top 01 bo11om line 


CAPACI T Y . 2000 charac ters 

END OF LINE BELL .. Sw1 rch selec1able 

CURSOR POS I TIONING . X- YOPERATOR CONTROLS 

CURSOR ADDA ESS .. . . . Load and read 


POWER ON /OFF SWITCH On rear of unit 

DISPLAYABLE CH ARACTERS . 126 l1nclYding space I 


BRIGHTNESS CONTROL On rear of un i t 

CURSOR CONTROLS .. 	Up, down. leh . r19h1 , 

home. re1u rn 

POWER REQUIR EMENTS 	 AUTOMAT IC ROLL - UP , Sw• 1ch selectahlo 

AUTO CARR IAGE RE TU RN 

Model 50 1 - 115volu. 60 H z. 100 w atts nominal AND L INE FEED . Sw1 1r;h selec table 

Model 502 - 230 volts. 50 Hz . 100 watts nom in al 
 MONITOR MODE . 	 Specia l " Monitor " Mode 

allows display of coo 1rol codes 
lfirs11wo columnsJ of ASC II 
Code Chart I.NATIONAL DISTRIBUTOR FOR 

DEALER NETWORK IS NOW BEING SET UP - YOUR 
INQUIRY IS INVITED 

OLDEST INDEPENDENTvJSA· --1 COMMERCIAL CRT TERMINALI MANUFACTURER 

3S SALES, INC. P.O. Box 45944 Tulsa, OK 74145 

918 - 622-1058 
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calcu lators are compensated for in Cr·ypto 
by putting the user to work. Beca use of the 
manual cooperat ion required, one quickly 
learns to keep messages brief. Thus the 
tendency to keep traffic volume down is, 
in a lefthanded sort of way, an aid in pro­
tect ing the cipher. 

Program Organ ization 

Extensive use is made of a pscudorandom 

ENTER 

I N IT IA LIZE 

SEA RCH FOR 
R rh 
OPEN SPACE 

CO MP UTE M 
FO R DISPLAY 

DISPLAY 
J .MC OR J. MR 
HALT UNTIL 
RESTART 

UPDATE J,S 

TRANSPOSIT ION 
OPERA T ION 

PHASE A 

PHASE B 

YES 

DISPLAY 
J _ M 

HALT 

NO 

YES 

RESTART 

K • 
IN T [No x Rn) 

EMPLOY 
SUBS KEY 

Ch anges in any of these 
0.0001 or more will 
verging se ries. At 
much smaller changes 
suffice. 

YES 

NO 

number generator for producing a sequence 
Rn where : 

0.;;;; Rn< 1. (4) 

The algorithm used is: 

Rn+ 1 = FRAC [(Rn + Ai)A 2 ). (5) 

Term (n + 1) of the sequence is obtained 
from term n by addition of a constant Ai, 
raising the sum to the power A1 (another 
constant parameter), then taking th e frac­
tional part of this result as Rn + 1· The 
fol lowing seed and parameter value ranges 
have been used successfully: 

0.;;;; Ro< 1 (seed) 

(6) 

three va lues by 
produce rapidly di­

the higher A1 values 
in Ro and A1 wil l 

USE R 
I NTERVENTION 

TRANSPOSITION 
ONLY : 
RE S TART 
E N CI PHER : 
ENTER P J , 
RES T ART 
DEC I PHER : 
E NTER Cm, 
RESTART 

Figure 7: A simplified 
block diagram of program 
Crypto. 
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5 reasons wh,,ou should not""' 

the electric p~~~,!! II TM 

Check the appropriate box(es): 

0 
0 

0 
D 

--~.-<:..._J You love typing the same copy 20 thousand times a day. 
Your secretary can type 250 words per minute. 
You're dying to spend $15,000 on a word processing system, just for the 
tax investment credit. 
All your capital assets are tied up in a 10-year supply of correction fluid. 
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. 

Th e Electric Penci l 11 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. Th is allows t he 
user enormou s freedom and ease in the 
movement and handling of text . Since 
line endings are never delineated, any 
number of characters, words, lines or 
paragraphs may be inserted or deleted 
anywhere in the text . The entirety of 
the text shifts and opens up or closes 
as needed in ful l view of t he user. The 
typing of carriage re turns or word 
hyphenat ions is not required since 
I ines of text are formatted automatic· 
al ly. 

As text is t yped and the end of a 
line is reached, a partially com pleted 
word is shifted to the beginning of the 
fo llowing line. Whenever text is insert · 
ed or deleted , exist ing text is pushed 
down or pulled up in a wrap around 
fashion. Everyth ing appears on t he 
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 usi ng 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 
l ine length, page length, line 
spacing and page spacing permit 
automatic formatting of any 
form. Character spacing, bold 
face. multicolumn and bidirec· 
tional printing are included in 
the Diablo versions. Multiple 
co lumns w ith right and left justified 
margins may be printed in a sing le pass. 

Wide screen video 
Versions are available for lmsai 

VIO video users with the huge 80x24 
character screen. These versions put al· 
most twice as many characters on the 

CP/M versions 
Digita l Research's CP/ M, as we ll as 

its deriva t ives , including IM DOS and 
COOS, and Helios PTDOS versions are 
also available. There are several NEC 
Spinwrit er pr int packages. A utility 
program that converts The Electric 
Penci l to CP/ M to Penci l files, ca lled 
CONVERT, is only S35 . 

Features 
• 	 CP/M, IMDOSand HELIOS compat ible 
• 	Supports four disk drives 
• 	 Dynamic print formatting 
• 	 DIAB LO and NEC printer packages 
• 	 Mu lt i-co lumn formatt ing in one pass 
• 	Pr int value chaini ng 
• 	Page -at·a·time scro lling 
• 	 Bidirectio nal multispeed scro ll ing con · 

trols 
• 	Subsystem with pr int va lue scoreboard 
• 	 Au tomat ic word and record number 

tally 
• 	Casse tte backup for add it ional storage 
• 	 Full margin control 
• 	 End -of-page control 
• 	 Non-printing text commenting 
• 	 Line and paragraph indentation 
• Centering 
• 	 Underl ining 
• 	 Bo ld face 

Upgrading policy 
Any version of The Electr ic Penci l 

m 
SS 

MICHAEL SHRAYER SOFTWARE, INC. 
1253 Vista Superba Drive 

Glendale, CA. 91205 

(213) 956-1593 

may be upgraded at any time by sim· 
ply return ing the original disk or cas­
sette and the price difference between 
versions, plus $15 to Michael Sh rayer 
Software. Only the originally purchas­
ed cassette or diskette wi ll be accepted 
for upgrading under this po l icy. 

Have we got a version 
for you? 

Th e Electric Pencil 11 operates 
with any 8080/Z80 based mic rocom· 
puter that supports a CP/ M disk sys· 
tern and uses an lmsa i VIO, Processor 
Tech. VDM· 1, Polymorphc. VTI, Sol id 
State Music VB-1 B or Vector Graphic 
video interface. REX versions also 
available. Speci fy when using CP/ M 
that has been modified for Micropolis 
or North Star disk systems .as fol lows: 
for North star add suffix A to version 
number; for Micropolis add su ffix B, 
e.g. , SS-llA, DV· XIB . 

Vers. Video Printer Price 
SS-I I SOL TTY or similar S225. 
SP-II VTI TTY or simil ar 225. 
SV-11 VDM TTYorsimilar 225. 
SR -II REX TTY or sim il ar 250. 
Sl ·ll VIO TTY or similar 250. 
DS-11 SOL Diablo 1610/20 275. 
DP-II VTI Diablo 1610/20 275. 
DV ·ll VDM Diablo 1610/20 275. 
DR-I I REX Diablo 1610/20 300. 
Dl·ll VIO Diablo 1610/20 300. 
NS-I I SOL NEC Spinwriter 275. 
NP-II VTI NEC Spinwriter 275. 
NV-I I VDM NEC Spinwriter 275 . 
NR-11 REX NEC Spinwriter 300 . 
Nl -11 VIO NEC Spinwr it er 300 . 
SSH SOL Helios/TTY 250. 
DSH SOL Helios/Diablo 300. 

Attention: TRS-80 Users! 
The El ectr ic Penci l has been de· 
signed to work with both Level I 
(16K system) and Leve l II mod · 
els of the TRS-80, and with vi r· 
tual ly any printer you choose. 
Two versions, one for use with 
cassette, and one for use with 
disk, are ava ilable on cassette. 

The TRS-80 disk vers ion is easily tran· 
sferred to disk and is fully interactive 
with the READ, WRITE, DIR , and 
KILL routinesofTRSDOS2.1. 

screen!I! Demand a delllO from your dealer! 
Circle 319 on inquiry card . 

TRC Casset te 
TRD Disk 

Price 

$100. 

$ 150. 
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6800 ASSEMBLY 

LANGUAGE PROGRAMMING 


by Lance A. Leventhal 
D Lance A. Leventhal discusses as­
sembly language programming for com­
puters using the 6800 microprocessor . 
The 6800 Instruction set is presented In 
depth with chapters on assemblers , 
simple programs, code conversion , ta­
bles and lists, subroutine , input/output, 
interrupts , program design and docu­
mentation, and sample projects . $8.50. 

8080 A I 8085 ASSEMBLY 
LANGUAGE PROGRAMMING 

by Lance A. Leventhal 
D This book provides an introduction to 
assembly language programming for 
the 8080 A and the 8085 processors . In­
cl uded are sections on the instruction 
sets for the two processors , assemblers, 
simple program examples, code con­
version , table and lists , subroutines, 
10, Interrupts , program design , and de­
bugging . Many examples and illustra­
tions are included to cover critical 
points . 467 pp . $8.50. 

PAYROLL WITH COST 

ACCOUNTING IN BASIC 


by Lon Poole 

D Includes program listings with re­
marks, descriptions, discussion of the 
principles of each program , file lay­
outs, and a complete user's manual with 
step-by-step Instructions, flow charts 
and sample reports with CRT displays . 
Al I 35 programs are written in the wide­
ly used computer language BASIC, and 
work together to produce a payroll , 
right down to the printing of paychecks 
and maintaining of employee records 
$15.00. 

INTRODUCTION TO 

MICROMPUTERS Volume 0 


by Adam Osborne 
D Written for the absolute beginner, 
"The Beginners Book" tells you what 
microcomputer systems are all about: 
the component parts , options available , 
and what they can do for you . Volume O 
also gives an introduct ion to micro­
computer logic. $7 .95 . 

SOME COMMON BASIC PROGRAMS 
by Lon Poole and Mary Borchers 

D At last, a single source for all those 
hard to find mathematics programs! 
Some Common BASIC Programs com­
bines a diversity of practical algorithms 
in one book : matrix multiplication , 
regression analysis , principal on a loan , 
integration by Simpson's rule , roots of 
equations , operations on two vectors , 
chi-square lest, check writer, geometric 
mean and variation , coordinate conver­
sion and a function plotting algorithm . 
These are just some of the many pro ­
grams previously available only as part 
of software math package systems for 
large scale computers . All the programs 
are written in a restricted BASIC suit ­
able for most microcomputer BASIC 
packages , and have been tested and 
debugged by the authors . $8.50. 

GENERAL LEDGER 
by Osborne & Associates 

D General Ledger is the complement to the other two books in the Osborne & 
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AN INTRODUCTION TO 
MICROCOMPUTERS, Vol. 1, 2 and 3 
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cept " . This is the book which presents a 
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sign and use of small computers imple­

mented with LSI. Topics include defini ­

tions of the microcomputer , fundamen­

tal concepts of logic and numbering 

characteristics of instruction sets , etc. 

$8 .50. 

D Volume 2 describes differen t micro­

processors in such a manner as to make 

them easily comparable to one another . 

Architecture , timing , instruct ion set 

and usage are detailed for each . (In­

cludes hardcover binder). $20 .00 . 


D Volume 3 Includes descriptions of 

memory devices, parallel and serial 110 

devices , CPU single and multi-support 

devices , system busses , and much 

more . (Includes hardcover binder) $20 .­

Volumes 2 and 3 are published in 
loose- leaf form with hardcover binder. 
Update subscriptions available . 
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In place of the old keyphrase PATRICIA 
ZLOTNIK, three keystream generator num­
bers (Ro, A1, A2) now become the key. The 
demonstration values arc chose n as: 

(0.5, 1.625. 3.125). (7) 

This move from keyphrase to numerical 
key required by autom ation is undesirable. 
A word or phrase is much more easily 
remembered than a sequence of digits. 
In order to humanize this process, the 
program Keygen is written which accepts 
a keyphrase and produces any number of 
machine-oriented keys (Ro, A,, A2)· 

The id ea l sequence generator would pro­
vide an infinite sequence of Rn values, 
each va lue being statistically independent 
of al l other values. In prac tice the sequence 
must eventually repeat. Th ere is a finite 
number of digits in the representation of 
Rn , so there is a finite number of different 
Rn values that may be produced. Since 
Rn + 1 is a function only of R11 , once a 
value is produced that has appeared before, 
a computational cycle is entered which 
cannot be broken and a periodic sequence 
results. This can create serious cryptographic 
vulnerability probl ems, es pecially if the 
sequence repeats during the pmcessing 
of a message. Other shortcomings of se­
quence generators, such as correlation 
tendencies or biases, can also be explo ited 
by the cryptanalyst. 

Protection against looping is provided in 
Crypto using a technique ascribed by D E 
Knuth and j Gait to R W Floyd. See espe­
cia ll y problem numbers 6 and 7 in Section 
3.1 of the Knuth book in the bibl iography. 
Floyd's algorithm requires that a seco nd 
sequence generator be used, which is cycled 
twice for every cycle of the fi rst generator. 
The values of Rn and R2n are compared . 
As Knuth shows, equali ty will always be 
reached before cycl ing begins. After each 
cycle of Rn, comparison is made with 
R1 11 , and, if eq uality is detected, Crypto 
halts (at step 21 ·1). If this occurs (very, 
very unlikely), pick another (Ro, A1, A2) 
key and try again. The author has tested 
many keys selected at random and found 
sequence lengths much longer than re­
quired for any message, even in the worst 
cases. The demonstration key (0.5, 1.625, 
3.125), for exam pl e, has a nonrepeating 
sequence length which lies between 18,303 
and 24,403, after which cycling takes 
place with a period of 6101. 

Transposition Operation 

The operating principles of program 
Crypto can be explained with the aid of 

Search Strategy 

The method of generation of the random integer R for selection of 
M-field eel Is (phase A, figure 1) does not preclude repetition in the 
random number sequence. That is, on a given pass an M cell can be 
pointed to that which has already been used. The bits in the special 
registers are used to represent M-field cells, bi t off meaning cell open 
and bit on meaning cell already used. Access to and control of th ese 
bits currently involves arithmetic ra ther than logical operations, and 
processor time becomes an important consideration. 

In the phase A pdrtion of figure 1, repeated trials are made to find 
an open cell. Up to T such trials are permitted before phase B is entered 
as a slow but sure last resort solution. Timing runs indicate that one 
phase A trial requires 4.375 seconds of processor time. Hence we 
define a time cost Ca as: 

Ca == 4.375 seconds. (8) 

This is the time required to test one isolated bit in one of the ten 
special registers. 

In phase B an exhaustive search is made of each bit in the M-field. 
The overhead is lower here and it takes only 1.533 seconds to search 
each cell. However, the mean cell number searched until the specified 
empty cell is found will be roughly half the number of characters in the 
message (Nc/2). Hence the mean cost of the phase B operation Cb, is : 

Cb == l.533(~c) = 0.767 Ne. (9) 

Note that the phase B cost increases with th e number of characters in 
the message. For long messages, the cost of phase B becomes much 
greater than the cost of phase A. We seek now a strategy which mini­
mizes the mean overall time cost (Co) for an M cell selection in the 
transposition table generation. (The substitution operation takes a 
very short time to complete.) 

If the number of open cells is S then the probability of success (Ps) 
per phase A trial is simply: 

s
Ps == (10)

Ne. 

On a given phase A pass, let the first success be on trial K. The prob­
ability of this is: 

· (1 - Ps)K- l(Ps) ; 

and the total cost of this phase A operation is: 

(K)(Ca). 

The probability that T consecutive failures will occur in phase A (and 
hence require use of phase B) is: 

(1 - Ps)T . 

The cost when this occurs is: 

(T Ca+ Cb). 

Putting these results together, the mean overall cost for a transposition 
table en try calculation becomes: 
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T 
Co= 	:E(l-Ps)K- 1 PsKCa+(1-Ps)T (TCa+Cb). {11) 

k=l 

Using the identity: 

K;1NXN - X [K xK-1 XK - 1] (12)""' - X- 1 - 1) 2N=O 	 (X 

allows equation 11 to be reduced to: 

Co = Ca [ 1 - ~s - Ps)T J+ Cb {'I - Ps)T. {13) 

The function Co is monotonic in T and behaves as indicated in 
figure 2. Wheh T is equal to 0, no phase A trials are made and the cost 
is simply the phase B cost (Cb). As T increases wi thout limi t (success in 
phase A is forced to prevent use of phase B) the mean overall cost has 
an asymptote of Ca/Ps. If this value is smaller than the cost of phase B 
(Cb), the lowest mean cost (time) is achieved with the penalty that 
some calculations may never finish. 

As the encipherment (or decipherment) progresses, S becomes 
smaller and eventually the critical poin t is reached when the value of 
the asymptote Ca/Ps equals the cost of phase B (Cb) . Using equations 
(8), (9) and (10), this critical value (Sc) is seen to be: 

=(Ne)( Ca ) = 5.7; (14)
0.767 Ne 

which simply says that when the number of empty cells reaches approx­
imate! y 6, phase A operation is too expensive (in time) because the 
probability of success is too low. The strategy at this point is to cut out 
phase A completely and go directly to phase B. The parameter T con­
trols the exchange of maximum processor time for a transposi t ion table 
calcul ation to the mean processor time. Increasing T results in lower 
mean times and longer maximum times. 

Figure 2 shows that, for sufficiently large values of T, the mean time 
(Co) becomes inversely proportional to the probability of success in 
phase A {Ps) and hence the number of opens ce ll s (S) . One way of keep­
ing the probability of success (Ps) hi gh and th e mean cost (Co) low is to 
pick a number for Ne (message length) which is greater th an the actual 
message length. The program is then used on ly to process all the legiti­
mate message characters . The remaining spaces are fill ed with randomly 
selected characters (nulls). By this artifice, the number of available cells 
(S) is no t permitted to run down to its critical value. Use of this tech­
nique is detailed in the main text. 

The 2 phase approach of figure 1 has real value even if faste r compu ­
tat ion is at hand . Random tests of isolated M cells will always be faster 
than the contiguous M-field search required in phase B. Hence the opti­
mization strategy will always be able to contribu te to computational 
effi ciency. Additionally, the pseudorandom nature of the transposi tion 
table calculations helps isolate the resulting cryptogram from the key­
stream generator, hence strengthening the cipher. 

Key Generation 

Those concerned with field ciphers generally concede that the basic 
method of operation cannot be kept secret. The security of the cipher, 
therefore, rests in the key. In some of the examples gi ven in part 1 of 
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figure 1. The ten special registe rs SO-S9 of 
the HP 67 are reserved for up to 300 ciph er· 
text character position indicators (M-field). 
A bit is reset (0) if the corresponding posi· 
tion is open and can accept a ciphertext 
character. Conversely, the bit is set (1) if 
that M·field position has been filled in a 
previous transposition operation. 

The transposition operation of figure 1 
is comprised of two phases, A and B. Upon 
en try to phase A the sequence generator is 
cycled and a random integer number R 
in the range 0 to Ne - 1 is generated. 
Position R is then tested in the M-field 
and if the Rth position is open the bit is 
set and phase B is bypassed . If the posi tion 
is already fi ll ed, additional tries via loop A 
are execu ted . If an open posi tion is not 
fou nd in T trials, phase B is entered . 

Phase B is demand ing of processor ti me, 
but success here is guaranteed . A count S 
is ke pt of the number of open spaces remain­
ing in the M-fi eld . The sequence generator is 
cycled and random integer number· R is 
generated in the range 0 to S - 1. The 
en tire M-fie ld is then searched and the open 
positions are counted until the Rth one is 
re ac hed. When this happens the correspond ­
ing bit in the M-field is set and phase Bis 
complete. 

Following phases A and B an M value is 
computed and the transposit ion pair J.M 
is displ ayed with the program halted. The 
transposition port ion of the program is now 
complete. 

Substitution Operation 

In dual mode operation the user would 
at this point enter Pj (encipher) or Cm 
(deciph er ) and press R/S to restart the 
program. The necessary residue arithmetic 
would be done as shown in table 10 and the 
program would again ha.It showing either: 

J.M Cm (encipher) 

or 

j .M Pj (decipher). 

The subst itution key is generated from 
the R11 register of the Floyd algorithm; the 
sequence ge nerator is not cycled for this 
operation . In the transposition only mode, 
this whole process is bypassed as indicated in 
fi gure 1. 

Throughput Optimization Strategy 

After this information is disposed of by 
th e user , the program is restarted. If the 
number of open spaces in the M-fi el d is Q 
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this article, the keys were easily remembered keyphrases such as ROY AL 
NEW ZEALA ND NAVY, PHYSICAL EXAMINAT ION, and our own 
PATR ICIA ZLOTNIK. In program Crypto the key becomes the 3 
number group (Ro, A1 , A2) such as (0.5, 1.625, 3.125). 

Since keyphrases are more easily remembered than a sequence of 
digits, program Keygen has been written to permit the use of key· 
phrases for the generation of keys for program Crypto. One part of the 
program key is a 10 digit integer which we may call the key base. Once 
this base number is entered into Keygen, a number of keys may be 
generated . Each key triplet is identified by a key number N. If a differ­
ent key base is used, a different sequence of(Ro, A,, A2) keys wil l be 
generated. If Keygen is employed, the use·r needs to know both the key 
base used to produce the sequence of keys and the number of the key 
withiri the sequence. 

A convenient way of relating key phrase to key base is to number the 
normal alphabet using 2 digit numbers. That is: A= 01, B = 02, C = 03, 
. . . , X =24, Y =25, Z = 26. Now simply associate each letter with the 
second digit of its corresponding numerical value. Ten characters are 
selected from the keyphrase and their digit-for-character equivalences 
form the key base. For example, calling once more upon our friend 
from the main text yields : 

PAT R I C I AZ L (keyphrase) ; 
6 1 0 8 9 3 9 1 6 2 (key base). 

Using Keygen with this key base, a table of keys may be created and 
listed by key number N as fol lows: 

N Ro Ai A2 

1 0.6233 1.7175 2.8561 
2 0.4283 1.7423 2.6784 
3 0.6564 1.7579 3.5444 
4 0.3809 1.8209 3.8895 
5 0.6771 1.9392 4.8296 
6 0.6119 1.9619 3.9956 
7 0. 7612 1.7418 2.3276 
8 0.7039 1.9241 3.4082 
9 0.9190 1.7517 2.4218 

10 0.9546 1.3436 3.4242 

A little imagination in the use of Keygen should make it possible 
never to have to repeat the use of a key. For example, in a mu ltiple-user 
environment, each user could be assigned a unique block of key num­
bers. These would be used in some form of rotation that could be re­
started after a new key base is invoked. All users must know the key 
base by prearrangement. The key number, however, could be contained 
in the cryptogram. If certain groups are set aside by prearrangement as 
control groups, the key number information could be contained in 
these characters. 

For example, let the third group of each cryptogram be a control 
group and assume the same alphabetic-numeric equivalence described in 
the key phrase-key base relationship. Let the center character of the 
third group indicate mode: even number for transposition only, odd 
number for dual mode. The first two characters of this group could 
represent mixed alphabet key number for dual mode or would be nu lls 
in the transposition only mode. The last two characters could represent 
the encipherment operation key number. The control group JNGTI, 
for example, signals dual mode, indicates key number 4 for mixed 
alphabet generation, and shows that key number 9 was used in encipher­
ment. The control group is inserted into the cryptogram after encipher­
ment and removed before decipherment. 

160 l\pril 1979 © BYTE Publimions Inc 

or less, phase A is skipped and phase B is 
entered directly . Otherwise the program 
loops back and enters phase A. This strategy 
and the choices of T and Q are design ed 
to minimize the mean processing time 
(details are in the text box on seai-ch 
strategy). Coincidentally this approach pre­
sents the cryptanalyst with a highly non· 
linear, multivalued barrier from the cryp­
togram back to the key (Ro, A,, A2)· On 
some passes Rn is cycled only once. At the 
other extreme it is also possible that Rn is 
cycled T times in phase A and one time 
in phase B for a tota l of T + 1 cycles o f th e 
Rn generator. The luck of the draw nature 
of the transposition algorithm can prod uce 
some dramatic changes in the flow of eve nts 
arising from very mino1· situation differ· 
ences, such as adding or subtracting one 
character from the plaintext. This algorithm 
has some interesting trapdoor or one way 
properties. 

General Remarks 

Wi th the notable exce ption of Vernam's 
onetime key, all cryptographic systems are 
considered to be vu lnerab le to cryptanalyt ic 
attack. As a consequence any proposed 
cryptographic technique must be evaluated 
for degree of security before being used. 
Th e ad versary rol es of the cryptographer 
and the cryptanalyst have existed for cen­
turies. Mathematical proofs of security 
(usually based on the impossib ility of 
testing the vast number of com bi nations 
offe red) have lured innu merable ama teurs 
and a few profess ionals over the years 
into positions th at later proved embar­
rassing to the people who fo rmul ated 
the proofs . These proofs of invulnerabil ity 
were destroyed by competent cryptanalysts 
who accepted the fut ility of exhaustive 
searches and instead searched for othe1· 
means to break the system. The question 
of secu ri ty, which is the very core of cry p­
tography, encompasses many d iscipl ines and 
occupies the full -time efforts of thousands 
of talented people worldwide. Part 111 of 
the Shannon paper and sections VI and V 11 
of the Diffie and Hel lman paper a1·e highly 
recommended for background in th is area 
(see bibliography). 

Standard eval uation methods of secrecy 
systems involve cryptanalytic attacks on the 
system. Th e ciphertext only attack is the 
weakest test, since the analyst is given only 
ciphertext with which to work. Systems 
which fail this test are rated as ve1·y weak. 
The known plaintext attack al lows tl1 e 
analyst access to corresponding portions of 
pl aintext and ciphertext. The most severe 
test is the chosen plaintext attack, in which 
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Table 15 gives detailed user instructions for program Keygen. An 
error halt at program location 120 (very unlikely) indicates that a 
looping condition has been detected in the Keygen random number 
generator. The largest permissible key number value for this key base 
is one less than the difference between the contents of register 8 and 
register I. Either stay within this limitation or change the key base. As 
a precaution, one could generate the highest numbered key to be used 
when a new key base is invoked to insure that there are no looping 
problems within Keygen . As mentioned before, it is very unlikely that 
this condition will ever be encountered. The 3 sequence generator 
cycles required by · the Floyd algorithm serve double duty in Keygen. 
For each key triplet generated, the Rn register of Keygen supp lies the 
seed; one less than R2n is used to compute Ai; and R2n is employed in 
the A2 calculation . 

1 . 	 Prepare table as example table 14b shows. Enter ciphertext Cm and, (74a} 
using alphabet table, enter Cm va lues . 

2. 	 Switch calculator to RUN and ON . 
3 . 	 Load program . 
4. 	 Input data R0 , A1 , A2, Ne. Follow each entry except the last with ENTt. Press A. 
5. 	 Input data Na; follow Na with CHS (that is enter -Nal. 
6. 	 Press R/S to start program . _ 
7 . 	 Calcu la tor will stop with J .M in disp lay . At index M, select Cm and enter. Press R/§ . 
8 . 	 Calculator will stop with a number in the form J .M Pj . At index J in table enter Pj 

from display . 
9. 	 Press R /S and return to step 7 . 

10. 	 Repeat the steps 7, 8 and 9 loop . Press ing R /S after character N c fl ashes the ERR 0 R 
sign. When flashing stops press R /S o ne time. 

11 . 	 Using alphabet table convert Pj to Pj to obta in plain text. 
12 . 	 If program is to be restarted, return to step 4. 

Decipherment Example 	 {74b} 

J,M 01 02 03 04 05 06 07 08 09 10 index 
Cm H F M I z x M G ciphertexty p 
cm 13 01 10 22 19 11 05 06 22 09 from alphabet table. Enter at step 7 . 
Pj 22 07 10 21 19 02 11 23 19 25 from program at step 8. 
Pj M A y u p B I D p R from alphabet table . 

Table 74: Crypto instructions for deciphering in the dual transposition and 
substitution mode. The sample table used in deciphering is shown in table 
74a. Thel?ey isA :0.5, 7.625, 3.725, JOR /S : -26;table9used. 

1. 	 Set calculator switches to RUN and ON . 
2. 	 Load program. 
3 . 	 Enter the 10 digit integer key base number and press D. 
4. 	 Enter key number N desired and press E. 
5 . 	 Display will show a number in the form N.R0 with four digits assigned to R0 . Key 

number N is shown for identification only . 
6 . 	 Press R/S to obtain A1 . 
7 . 	 Press R/S to obtain A2. Th is completes key number N data (Ro. A, , A2). 
8. 	 If R/S is pressed at this point, the program cycles back to step 5 with N+l replacing 

N. Thus, the 5 ,6,7 ,8 loop may be used to obtain a sequence of keys . 
9. 	 After step 7, the user may start a new sequence by re turning to step 4 . To save time, 

plan use so that N values are cal led for in ascending order. 
10 . 	 Step 3 may be entered after step 7 to change the key base . 

Table 75: Detailed instructions for using program Keygen to generate keys 
which are used with program Crypto. 

the analyst chooses the pl aintex t source 
material and the corresponding ciphertext 
is also made available for analysis. 

Wi th the above in mind, the trapdoor 
systems described earl ie r disp lay yet another 
fasc inating difference from the classica l 
cryptogra phi c techniques. Normal ly the 
materia l for· pl aintext attacks must be ob­
tai ned through devious means. In the trap­
door case the pub lic encryption key invi tes 

chosen pla in text attack at the leisure of the 
analyst. If the system is strong enough to 
survive this test, it is strong indeed by 
classical standards. The revival of the large 
number of possibilities argument which has 
been discredited so many times in the past 
is also most curious. Can it be that the 
trapdoor approach results in a situation in 
which la rge numbers are both necessa ry 
and sufficient? Consider this remarkable 
statement by Martin Gardner : 

Computers and complexity theory 
are pushing cryptography into an 
exciting phase, and one that may 
be tinged with sadness. All over 
the world there are clever men and 
women, some of them geniuses, who 
have devoted their lives to the mastery 
of modern cryptanalysis. Since World 
War II even those government and 
military ciphers that are not one­
time pads have become so difficult to 
break that the talents of these experts 
have gradually become less useful. Now 
these people are standing on trapdoors 
that are about to spring open and drop 
them completely from sight. 

This statement, cited in the bibliography , 
is made all the more remarkable when one 
conside rs the stature of the man who made 
it. Aside from the trapdoor hypothesis , 
there is the ind ica tion here that emerging 
technology has bee n favoring the cryp­
tographer and that the cryptanalyst is 
being outdistanced in this phase of the 
race. Advances in computer technology may 
have given governments the privacy they 
seek for their commun ications . Will further 
advances ex tend this same privilege to the 
common citizen? 

Progress in communication techniques, 
data processing and data storage has made it 
increasingly convenient for governments 
to invade the privacy of their citizens. 
Further developments in cryptographic 
theory and re lated digital processing devices 
are bound to lower costs considerab ly. The 
step from insuring the privacy of computer 
based business transactions to insuring the 
privacy of personal communications and 
r·ecords is not too hard to imagine. Science 
knows no politics or philosophy. Tech­
nology, which in the past has permitted 
established groups to invade the privacy 
of the individual, may be abo ut to make 
res ti tu ti on . 

Evaluation of Crypto 

In the qualitative discussion which fol­
lows, a known plaintext attack will be 
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empty cell. 

assumed as the testi ng vehicle. The reason 
fo r making transposition mandatory in 
Crypto may be demonstrated by consider­
ing a know n pla in text attack on a sub­
stitution cipher. In such a cipher, charac­
ter positions remai n unaltered in the cryp­
togram_ The ciphertext character va lues 
are the modulo sums of key and plaintext 
val ues. The known plaintext attack removes 
the plaintext value cover to reveal the key 
gene rator values. The analyst then attempts 
to determine the generator parameter 
settings by use of the known sequence of 
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generator key num bers. In a straight sub­
stitutio n cipher the security load is carried 
entirely by the keystream generator. Gait 
in dicates that shift registe r generators 
produce very poor ciphers, especially the 
linear congruential generators which are in 
common use (see bib liography). 

No claim fo r greatness is made for the 
generator used in Crypto as defined in 
eq uation (5). We have ignored Knuth's 
admonition not to se lect a random generator 
at random. While this algorithm appears to 
be satisfactory, there would be no hesita­
tion in rep lacement by a better algor ithm 
that fits into the avai lable coding space. 

The sequence generator and the organ iza­
tional logic of Crypto (figure 1) work 
together against the cryptanalys t. Consider 
a transposition only ci ph er and a known 
plaintext attack . The characters of the plain­
text are scattered th roughout the cipher­
text with replications. There are 13 Ts in 
the sample of known plaintext, for example, 
and 48 Ts in the cryptogram. There arc too 
many ways to relate these two groups (p lain­
tex t-ciphe rtex t) in order to get sequence 
generator output stri ngs for analysis. 

It sho uld also be noted in figure 1 that 
that the phase A/ph ase B logic plays an 
important role in fr ustrating ana lysis. 
Even if consecutive plai ntext transpositions 
coul d be identified, this does not mean that 
sequentia l outputs of the random number 
generator were involved . There may have 
been several loop A cycles in search of an 
open M fie ld position between placements . 
The futu re behavior of the system of fig­
ure 1 from any poin t on is a function of 
the entire past history of the system. This 
seems to demand a chosen pla intext attack 
based on the beginning of the message. 
The analyst cannot jump into the midd le 
of the process, so to speak. In fact, even if 
the en tire transpos1 t1011 sequence (M 1 , 

M1, .. . 1 MNcl we re known, there does not 
appear to be a sure way of working back to 
the (Ro, Ai, A1) generating key. The quan­
tizing operation INT [Ne X R1n J defines 
on ly a range for R1 11 when the result is 
given, and represen ts a compl icating factor . 
The lost odd cycle of the sequence generator 
in the transposition operation should also 
prove quite annoying to the analyst. The 
Floyd algorith m is thus used to protect 
the cipher in two ways. 

Further protection may be obtained 
from the ubstitutio n operation. If the 
alphabet is ex panded Lo inc lude numerals, 
the scrambled order of numerals in the 
transposition only cryptogram may stil l 
be too reveal ing. In such cases the dual 
mode of operation is highly recommended. 
I believe that a very effect ive cryptograph ic 
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capabiliTY resu lts if Crypto is used according 
to the instructions given. 

The author wishes to express his thanks 
to Dr j C Buchta and Dr S B Akers, Jr, 
both of the General Electric Company , 
for many interesting comments and 
critic isms. 
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Life Can Be Easy 


Randy Soderstrom 
4601 Goldfi nch Dr 
Madison WI 53714 

I've written a fair ly short and simple pro­
gram (about 220 bytes} to play Life on an 
8080 based system . You need only two 
pages of memory for the program and Lhe 
playing boa rd. When th is was origina ll y 
written, I had only 1 K bytes of memory in 
my Altair, so this version is a simple one. 
A few extensions are suggested, but they are 
not necessary to enjoy Life. 

The pl aying board is a ·15 by 16 grid 
tak ing one page (256 bytes} of memory . 
On ly the two least significant bits of each 
byte are used, and the leftmost column and 
top row are used as a border. If you don't 
use the border, the top of the board is 
next to the bottom, and the right edge is 
next to the left edge. 

Th e board is arranged as shown in fig­
ure 1. The number in each box is its ad­
dress in memory. It is initialized by first 
setting all locations to 00 . Next, hexa­
decimal locations 00 through OF (the 
top row) and 10, 20, 30 ... EO, FO (left 

00 01 02 

10 11 12 

20 

30 

40 

so 
GO G1 G2 

70 71 72 

BO 

90 

AO 

BO 

co 
DO D1 D2 

EO El E2 

FO F1 F2 

03 04 05 

13 14 1S 

SS 

G3 G4 GS 

73 74 7S 

BS 

E3 E4 

F3 F4 FS 

OG 07 OB 09 OA OB OC OD OE OF 

1G 17 18 19 lA 18 1C 10 1E 1 F 

2F 

3F 

4F 

SG S7 S8 S9 SA SB SF 

GG G7 G8 G9 GA GB GC GD GE 6F 

76 77 7B 79 7A 76 7C 7D 7E 7F 

B6 B7 88 89 BA as BF 

9F 

AF 

BF 

CF 

DF 

EF 

F6 F7 FB F9 FA FB FC FD FE FF 

Figure 7: Layout of the Life board in memory. The number of each box is 
its address. The shaded boxes are border cells. 
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colum n) are set to hexadecimal FF. Each 
cell with FF is a border cell and is ignored 
by the rest of the program . The function 
of the border wil l become clear later. 

The init ial pattern must be loaded by 
some other loader program or through your 
front pane l. You simply draw the first 
generation on a sheet of graph paper num­
bered as in figure 1, then set the address 
of each I ine cell to hexadecimal 01. 

Each byte looks like figure 2. Note 
that only the two least significant bits 
of each byte are used . Bit zero is a 1 if 
that ce ll is alive this generation . If it will 
be alive next generation, bit one is also 
a 1. To make the next generation in to 
th is generation, we need on ly shift each 
memory location to the right. 

The program is written to be simple ­
not efficient or fast - and consists of six 
main routines that are called repeatedly 
for each cell (see listing 1). Subroutine 
NCOUNT, for examp le, is called about 
1,900 times each genera ti on. 

The first routine, BD IN IT, initial izes 
the board (clears it and sets up border} 
and then jumps to your loader to get the 
initial pattern. After you have loaded an 
initia l pattern, you wi ll want to write 
it out on your terminal before the next 
generation is computed. This is done by 
routine WR ITE . The border characters 
are written as a slash and the live cel ls as 
a star. 

Before a line is written, it is scanned for 
live characters. If none are alive, a slash 
and a carriage return are output, and the 
next line is checked. This saves the com­
puter the task of writing a line of blanks 
and can save considerab le time in writing 
out small patterns. 

Now we have the board set up and 
the in itial pat tern loaded and checked. 
The computer is ready to calculate the 
next generation. Since the status of a cell 
(alive or dead next gener·ation) depends 
only on the number of Iive neighbors, the 
program simply goes from one cell to the 
next counting the number of live neigh­



7 16 15 14 13 1 2 1 I~ Figure 2: Bit zero is the~---'----'-----'---'----''--_.___,,-'--_,L,_........ State th is generation present generation bit. Bit 


bors. For example, if we are looking at the 
cel l at location hexadecimal 68, we would 
check cells 57 thru 59, 67, 69 and 77 thru 
79. This is done by subroutine VALCK. 
When the routine is exited, register E holds 
the number of live neighboring cel ls. 

Next subroutine ESET is called. This 
routine sets the next generation bit if 
register E equals 3, clears it if register E 
equals 0, 1, 4, 5, 6, 7, or 8 and sets it equal 

one is the next generation 
~----State next generation bit. The rest of the word 

is not used. 

to the present generation if register E 
equals 2. The only variation from this 
procedure concerns the border cells. They 
are treated as dead cells when counting 
neighbors. If we are pointing to a border 
cell when VALCI< is called, the routine 
is exited before any tests are performed. 
To initialize the board, begin at BDINIT. 
After you have loaded the first generation, 
enter at WRITE, and your work is done. 

Listing 7: The board initialization routine (BDINIT) sets the entire board (figure 7) to 00. 
Next the border cells are set to FF. A jump is then made to the loader program to get the 
initial pattern. Subroutine WR ITE displays the board on the video display. Border characters 
are written as a slash, live cells as a star. If your display doesn't scroll on a carriage return, 
you will have to change this routine. The next generation is calculated by subroutine MO VE 
by calling VALCK and ESET for each cell. After MOVE is done, routine UPDATE is entered 
and the board is output. Update rotates each nonborder cell to the right. The next generation 
bit moves into the present generation bit. VA LCK is called by the main MO VE routine. MO VE 
sets register pair BC to the address of the current cell. The H L registers look at its neighbors. 
NCOUNT checks the cell addressed by register pair HL. If that cell is alive, register Eis incre­
mented. This routine is called repeatedly by VALCK which sets up the HL register pair before 
calling. ESET sets the next generation bit based on the contents of register £. ESET is called 
after VAL CK and determines the number of live neighbors. 

Hexadecimal Hexadecimal Label Op Code Operand Comment 
Address Code 
OAOO 06 00 BDINIT MV I B,00 Th is part sets 
OA02 69 MOV L,B every byte of page 
OA03 26 09 MVI H,09 08 to 00. 
OA05 70 CLEAR MOV M,B 
OA06 2C IN R L 
OA07 C2 05 QA JNZ CLEAR 
OAOA 3E 11 MVI A,11 This section 
OAOC 06 FF MV I B,FF sets the to p 
OAOE 2E 00 MVI L,00 row (address 00 
OA10 70 TOPROW MOV M,B thru hexadecimal 10) 
OAl 1 2C INR L to hexadecimal FF . 
OA12 BD CPR L 
OA13 C2 10 QA JNZ TOPROW 
OA16 20 OCR L L = 10 . 
OA17 AF XRA A 
OA18 57 MOV D,A 
OA19 1E 10 MV I E,10 Number of cells per row. 
OAlB 70 EDGE MOV M,B Add 10, move pointer down one row . 
OA1C 19 DAD D 
OAlD BD CPR L 
OA1E C2 18 OA JNZ EDGE Done when L = 00. 
OA21 C7 AST 0 Jump to loader. 
OA22 21 00 09 WRITE LXI H,00 09 Start of board. 
OA25 
OA27 
OA28 

OE 
50 
AF 

OF BWRITE MV I 
MOV 
XRA 

C,OF 
E,L 
A 

Number of characters per line. 
Save start ing address of this I ine. 
Write a carriage return . 

Listing 7 continued on next page. 
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Listing 11 continued: 

OA2Ar,,
OA2B 
OA2C 
OA2D 
OA2F 
OA30 
OA31 
OA32 
OA33 
OA34 
OA37 
OA3B 
OA3B 
OA3C 
OA3F 
OA42 
OA43 
OA45 
OA46 
OA47 
OA49 
OA4C 
OA4E 
OA51 
OA53 
OA54 
OA57 
OA59 
OASA 
OASD 
OASF 
OA60 
OA61 
OA64 
OA65 
OA67 
OA69 
OA6A 
OA6D 
OA70 
OA71 
OA74 
OA77 
OA79 
OA7A 
OA7C 
OA7F 
OABO 
OAB2 
OAB3 
OA84 
OA87 
OABA 
OABC 
OABD 
OABF 
OA90 
OA91 
OA93 
OA94 
OA97 
OA98 
OA9B 
OA9C 
OA9F 
OAAO 
OAAl 
OAA4 
OAA5 
OAA6 
OAA9 
OAAA 
OAAC 
OAAD 
OABD 
OABl 
OAB4 
OAB5 
OAB6 
OAB8 
OAB9 
OABA 
OABB 
OABC 

FF 
00 
00 
00 
3E 
FF 
AF 
2C 
B6 
OD 
C2 
B7 
C4 
2C 
CA 
C3 
6B 
OE 
2C 
7E 
FE 
CA 
FE 
CA 
3E 
FF 
C3 
3E 
FF 
C3 
3E 
FF 
OD 
C2 
C9 
OE 
26 
44 
CD 
CD 
OC 
CA 
C3 
2E 
7E 
FE 
CA 
1 F 
E6 
77 
2C 
C2 
C3 
1 E 
QA 
FE 
CB 
79 
06 
6F 
CD 
2C 
CD 
2C 
CD 
69 
20 
CD 
2C 
2C 
CD 
79 
C6 
6F 
CD 
2C 
CD 
2C 
7E 
FE 
ca 
1 F 
DO 
lC 
C9 

2F 

31 

42 

65 
25 

OF 

01 
57 
FF 
50 
20 

60 
2A 

60 
2F 

45 

11 
09 

BA 
BD 

77 
6A 
QA 

FF 
B3 

01 

79 
22 
00 

FF 

11 

BS 

B5 

B5 

B5 

B5 

OF 

85 

B5 

FF 

TEST 

QA 

OA 

OA 
QA 

WRTLIN 

NEXT 

QA 

QA 

OA 

QA 

ALIVE 

SLASH 

OA 
OVER 

MOVE 

QA 
QA 

OA 
OA 

QA 

NXCELL 

UPDATE 
LOOP 

OA 
QA 

BRDR 

VALCK 

QA 

QA 

OA 

OA 

QA 

OA 

OA 

NCOUNT 

RST 
NOP 
NOP 
NOP 
MVI 
RST 
XRA 
INR 
ORA 
OCR 
JNZ 
ORA 
CNZ 
INR 
JZ 
JMP 
MOV 
MVI 
INR 
MOV 
CPI 
JZ 
CPI 
JZ 
MVI 
RST 
JMP 
MVI 
RST 
JMP 
MVI 
RST 
DCR 
JNZ 
RET 
MVI 
MVI 
MOV 
CAL 
CAL 
INR 
JZ 
JMP 
MVI 
MOV 
CPI 
JZ 
RAR 
ANI 
MOV 
INR 
JNZ 
JMP 
MVI 
LDAX 
CPI 
RZ 
MOV 
SUI 
MOV 
CAL 
INR 
CAL 
INR 
CAL 
MOV 
DCR 
CAL 
INR 
INR 
CAL 
MOV 
ADI 
MOV 
CAL 
INR 
CAL 
INR 
MOV 
CPI 
RZ 
RAR 
RNC 
INR 
RET 

7 

A ,2F 
7 
A 
L 
M 
c 
TEST 
A 
WRTLIN 
L 
MOVE 
BWRITE 
L,E 
C,OF 
L 
A,M 
01 
ALIVE 
FF 
SLASH 
A, " " 
7 
OVER 
A," • " 
7 
OVER 
A ,"/ " 
7 
c 
NEXT 

C,11 
H,09 
B,H 
VALCK 
ESET 
c 
UPDATE 
NXCELL 
L ,OA 
A,M 
FF 
BRDR 

01 
M,A 
L 
LOOP 
WRITE 
E,00 
B 
FF 

A ,C 
11 
L,A 
NCOUNT 
L 
NCOUNT 
L 
NCOUNT 
L,C 
L 
NCOUNT 
L 
L 
NCOUNT 
A,C 
OF 
L ,A 
NCOUNT 
L 
NCOUNT 
L 
A,M 
FF 

E 

Output routine. 

Write a slash (/). 

Clear accumulator. 
Point to next cell . 
If alive value is nonzero . 
Decrement character counter. 

If not done with live go to test . 

Set flags . 

If register A nonzero, there are live cells. 


Compute next move if done w riting board. 


Address of start of line. 

Restore character counter . 

Point to first nonborder cell. 


Jump if cell is alive. 


Jump if border cell . 

Must be dead cell. 

Write dead cell. 


Living cell . 


Dead cell or border. 


Decrement character counter . 

Jump if not done With line. 


Address of fi rst nonborder cell . 

Page of board . 

Page of board . 

E returns number of living neighbors. 

Set next generation bit of current cell. 

Point to next cell . 

Go to update routine if done with board. 

If not done go to next cell . 

First nonborder cell. 

Get cell from memory . 

Border cell? 

Then don 't rotate. 

Rotate next generation into th is generation. 

Clear unused bits. 

Put it back. 

Point to nex t cell . 

Do next eel I . 


E counts number of living around cell . 

Get current cell. 

Is this a border? 

Skip all tests. 

Put address of cell in accumulator . 

Address of cell above and left of current cell. 

Put new address in register L. 

Test it. 

Point to neighbor above current cell. 

Test i i. 

Neighbor above and right of current cell . 

Test i t. 

Cell to the left of current cell. 


Test it . 

Cell to right of current cell. 


Test i t . 

Cell below and left of current cell. 


Test it. 

Cell below current cell . 

Test i t. 

Cell below and right of current cell. 

Get cell from memory . 

Border cell ? 

Return i f so. 

Rotate low bit into car ry . 

Return if dead cell . 

Count if alive. 
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QABD QA ESE T 
QABE FE FF 
QACO C8 
QAC1 E6 Q1 
QAC3 1D 
QAC4 1D 
QAC5 CA D2 QA 
QAC8 1D 
QAC9 CA CE OA 
QACC Q2 
QACD C9 
OACE F6 Q2 ALIVE 
QADQ Q2 
QAD1 C9 
QAD2 FE QQ SRVIVE 
QAD4 Q2 
QAD5 C8 
OAD6 F6 02 
QAD8 02 
QAD9 C9 

Possible Improvements 

In th is program the time needed to 
compute the next ge neration is insignificant 
compared to the time needed to write 
out and observe the pattern . I feel that 
any effort to speed up execution just isn't 
worth the trouble. 

The first routine you shou ld add wou ld 
be a better way to load the initial pattern. 
If you have cursor control (up-down, ri ght­
left), it should be easy to add a Fast, easy 
load er. A 16 by 16 grid is small for doing 

SPECIALIZING IN 


LDAX B 
CPI FF 
RZ 
ANI Q1 
DCR E 
DCR E 
JZ SRVIVE 
DCR E 
JZ ALIVE 
STAX B 
RET 
ORI Q2 
STAX B 
RET 
CPI QQ 
STAX B 
RZ 
ORI Q2 
STAX B 
RET 

Get current cel l addressed by BC. 

Border cel l? 

Return if border . 

Clear next generation bit . 


If regis ter E is 2 cell wi ll survive. 


If register E is 3 cel l is alive next generat ion. 

Cell is dead next generation. 


Set next generation bit. 

Put back in memory . 


Cell dead now? 


I f dead, return. 

If al ive now, set next generation bit and put back in memory. 


any serious experimenting on. Many interest­
ing patterns run into the border; or if 
you don' t use the border, the left edge 
interferes with the right and top in ter­
feres with bottom. You will have to use 
the dual add ition instructions and com­
plement ar ithmetic in VA LCK, because 
adjacent cells won 't always be on the same 
page. 

I am interested in hearing about any 
improvements to this program or about 
any interesting patterns you may discover. 
Have fun! • 

QUALITY MICROCOMPUTER HARDWARE 
INDUSTRIAL • EDUCATIONAL • SMALL BUSINESS • PERSONAL 


BUILDING BLOCKS FOR MICROCOMPUTER SYSTEMS, CONTROL & TEST EQUIPMENT 


R2 1/0 
2K ROM 16 KRAM 
2K RAM FULLY STATIC 

3 Serial Paris MEMORY 
1 Parallel Port 

ECT-100-F 
RACK MOUNT 

TT-10CARD CAGES 
TABLE TOP 
MAINFRAMES 
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An Easy Way 


to Calculate Sines and Cosines 


Robert Grappel diff icult funct ions. However, if one can 
148 Wood St tolerate accuracy of one part in 100, and 
Lexington MA 02173 all ow about 1 ms per compu tation , the 

routine descr ibed in th is article wil I prov ide 
sine and cosine values in a very simple 40 

The instructio n set of a typ ical 8 bit pro ­ byte routine. I have coded it for a Motorola 
cessor ca n be qu ite confi ning at times. Any M6800 processor but it co uld easily be con ­
task requi ring more than simple integer addi­ verted to any other processor. 
tion and subtraction ca n become a nui sa nce. 
Th ere are reference books from which multi­ Theory 
plication and division ro uti nes can be ob­
tained, and square root and other functions The algorithm is based on two trigono­
ca n be built by using expansion, iteration, or metr ic identities : 
other well-known methods. Impl ementin g 
th ese algo ri thms on a microprocesso r uses sine (O+s) =sin(O)cos(s) + cos(O)sin(s) 
much space and programming time. Trigono­ cos(O+s) = cos(O)cos(s) - sin(tJ)sin(s) 
metric functions are among this class of 

where 0 is the angle we are interested in and 
s is a smal l step in angle ad ded to 0. If we 

Op make the step small eno ugh , we ca n ap pro xi· 
Location Code Operand Label Assembly Code mate si n( s) and cos(s) as fo llows: 

•SUBROUTINE TO COMPUTE SINE AND COSINE 
*AS SINGLE-BYTE INTEGERS (SIGNED) si n(s) =s 
*STEP SIZE OF 1/ 16 RADIAN, OR 3.58 DEGREES 
• ACCURACY OF ABOUT 1% FOR RANGE O 

cos(s) = 1 
THROUGH 90 DEGREES 

0000 THETA RMB 1 *ARGUMENT TO FUNCTION 
Comb ining these fo ur equations we get: 

0001 SINE RM81 *SINE OF THETA 
0002 COSINE RMB 1 *COSINE OF THETA sin (O+ s) = si n(O) + s cos(O) 
0003 
0005 

86 
87 

7E 
0002 

START LOA A # 126 * BEGIN INITIALIZATI ON 
STA A COSINE 

cos(O+s) =cos(O) - s sin(O) 

0008 7F 0001 CLR SINE 
0008 
OOOE 
0011 

86 
F6 
57 

0000 
0002 

CYCLE 

LOA A THETA 
LOA 8 COSINE * COMPUTE NEW SINE 
ASR 8 

Solvi ng for sine an d substituting into the 
cosine formul a: 

0012 57 ASR 8 
0013 
0014 

57 
57 

ASR 8 
ASR 8 

cos(O+s) = (1 +s 2)cos(O) - s sin(O +s) 

0015 
0018 
001 B 
001C 

F8 
F7 
57 
57 

0001 
0001 

ADD B SINE 
STAB SINE 
ASR B * COMPUTE NEW COSINE 
ASR B 

Since s is very small, we can neglect s2 and 
write: 

0010 57 ASR B 
001E 
001 F 

57 
FO 0002 

ASR 8 
SUB B COSINE 

cos(O+s) =cos (O ) ­ s sin(O+s) 

0022 
0023 

50 
F7 0002 

NEG B 
STAB COSINE Given that we have value s for sin (0) and 

0026 
0027 
0029 

4A 
2C 
39 

E8 
DECA 
BGE CYCLE • LOOP UNTIL DONE 
RTS 

cos(O) at so me 
other angle by 

point, we can get to 
ste pping through the 

any 
two 

approxi mat ions, first com put ing sin(tJ+s) 
and then using that to compute cos(O+s) . We 

Listing 7: 6800 routine for computing sines and cosines 011er the range 0 to choose to start at (} equal to zero , and set 
rr/2 radians (0 to 90 degrees). cos((}) to the largest positive value th at ca n 
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be stored as a signed byte without causing 
ove rflo w when negated and decremented_ 
He nce cos(O) = 126 . Sim ilarly the sin (O) = 0. 
The step size is chosen to be 0.0625 radian 
or about 3.58°. The step s~2e must be a 
binary fraction so that all the mul tip lication 
involved in th e equations can be performed 
by arithmetic shifts. If more accuracy is 
needed, the step size is easily reduced by 
introducing more shifts into the algorithm. 

Program 

The assemb ly code program for the Moto­
rola 6800 version of the routine is shown in 
listing 1. When call ed with the angle sto red 
in variab le THETA, it returns the sine and 
cosine of that angle . The accuracy is qu ite 
good for angles less than rr/2 radians (90 
degrees). For ang les larger than rr/2 rad ians, 
other tr igo nometric identities can be used: 

sin(e) = cos(rr/2- 0) = sin(rr- e) 
cos(e) = sin(rr/2- e) = (- cos(11- e)) 

Th us, the sine and cosine of any angle can 
be computed from the va lues over the ra nge 
0 to 11/2 rad ians. These identities can be 
coded quite easi ly. 

Al I the other tr igonometr ic functions can 
be computed from the values of sine and 
cosine. All that is needed is an in teger divi ­
sion routine such as the fo llowing: 

cosec(e) = 126/sin(e) 
sec(8) =126/cos(B) 
tan(8) =sin(8)/cos(e) 
cot(O) =cos(O)/sin(8) 

Be ca refu l of overflows and division by zero 
problems. 

This algor ithm can perfor m other tricks. 
It can generate co ntinuous sine waves of any 
desired amplitude, period, or phase . Coup led 
with a digital to analog converter, it could 
form part of a modem or sy nthesizer. It 
could sim ulate mixers, AM or FM mod ula­
tors, keyers, etc. 

The max im um frequency it can generate 
depends on the processor cycle ti me . A 6800 
processor run ning with a 1 MHz clock co uld 
generate a 200 Hz sine wave since there are 
abou t 50 machine cycles per step, and about 
I 00 steps per wave . Incre as ing the step size 
to 0. 125 rad ians would increase the maxi­
mum frequency to about 500 Hz. A step size 
of 0.25 radians would yield a max imum fre ­
que ncy of nearly 1050 Hz. 

I hope that this algorithm will help pro­
grammers solve problems involvi ng trigono­
metric functions, and that applications fo r 
microcomputers wi ll expand into new areas 
where these functions are useful. • 

There Is a reason so many Datec customers are communication line technicians, 
computer engineers and data processing experts. They recommend Datec for the 
simple, solid state, rugged design that has proven to be more reliable than bigger 
name couplers. 

Acoustic couplers are the work horses of a data communications system. They 
should work every time, every day, so that you can lnstaD them and then forget them. 

No wonder communication line technicians have nicknamed the Datec 32 the 
"heavy duty" acoustic coupler. 

CRYSTAL G<IARANTEED 
CONTROL Remove a few M:tt:WS and the PC Thls process ~uces the 

board pop!! out. It c:oukln\ be slmpltr. 
My problems lncom:d through nonnal .... 

Dystal controlled lnln>­ probabllly of lldd r.0u.. 
mlttet and recdYer huu,.,. bdow 2!!. for the n..1 1ooo 
long-lcnn slabllty and and It's rtploced or ..po1red r..c with no 

rdloblllty • ...,, In the 
hours of openiHon. We ftnd 

quesUons as.ked during the ft~I yur.tho foully one before 
most unfricnd!Y _..,.ttng WO ship tt. 
enYltonmenl READILY AVAILABLE 

Dalee 300 bps ec:ou1tk: couplu! are readily 

BIG EARS ovalloblo In both ortglru!l• and 
orig{Mte/llMWer modch. AD Date<: ~ulpmenl

Rugged. llghl.ftttlng rubber a>ps lncllJdlng the new D•tec 212 Is ll<ll 
dlectlvdy ual O<Jl vibration c:onnP<'tlbio. OEM lnqulria are wdcomo. 
and room no~ lhcy an!fl°t buutJful. 
but lhoywoll<. Call Mom Beth Tice f<>< asslsanco. 

DaTecrBllRNED-IN 
OATEC DtO If 
Cuel•lr-detlgl"llll:I •fl , bwrnecHf'I M1'll 1>11•11n1Qil 

Dalee rNI)' be the onb' compall)' that torture­
losl> "'"1'J PC board by burning.In each one 0A1'EC lNCORPORAJEO 
for 168 hours at devaled tempenitu"'9. PO 80)1 839. CHAPEL HILL, ~C 27S1 • C919J961· !i6D!i 
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••• 

S Leon Felkins 
Engineering Technology 

Memphis State University
Digital Circuit Simulation Memphis TN 38152 

Listing 7: Tl-59 calculator program for the digital circuit simulator. The program in l isting 1 was developed 
fo r a Tl-59 ca lculator to allow simulation or 
testing of combinational logic circuits. The000 76 LE:L 041 00 00 081) r:· RC.;·-· 

001 ~:::: SIll 042 20 20 081 I 0 10 cir·cuit elements al lowed and their iclentifi­
002 :::t. :::TF 04:;: 7 1 SE:F: 0:::2 22 Ill\! cation number are:oo:: 00 00 044 00 00 0:::8 5'3 INT 

004 61 GTO 045 60 60 0:34 w._1 + 
.,,., 

.-.~ 

005 ._...,:; x2 04 6 92 RTN 085 4:;: RCL Number Type
006 00 0 04 7 68 NOP l)~:t. :;:o ~: o 
007 76 L8L 048 E.:3 NOP 0:?.7 :::5 + 

••• C'008 .;_.._. l /T-: 049 E.8 NOF· 0:3:,:: 4 '.:: F:C.L 20 AND 
009 7 1 rnR 050 7 1 S8R o~:·;. 2·;. 29 30 OR.,, ..010 40 IND 051 00 00 o·;.o ' -· 011 09 09 052 ~:[I 30 0'" I 9~: 40 NANO 
012 4-:· RCL 053 71 SE:R o·;.2 01 50 NOR
0 13 30 30 054 00 00 1) 9::: 95 .,..,014 ~ -· 055 66 E.O 094 22 INV 60 NOT 
015 01 I 05E. 92 RTN 095 67 EO 70 XORp:.,i-.,· _016 00 0 057 MOP 096 Ct! 01 

017 95 0'58 68 ttDP o·n 01 01 
 80 SR latch 
01::: 92 RT ti 059 6~: MOP 1:1·3::: 0 l I 

01 ·;. 6:~ NOP 060 01 I 099 42 ·;ro 


OE. 1 9 4 + / - Registers 11 th rough 25 are used to store020 43 RCL 100 30 30 
0 21 29 29 0.:.2 49 PRio JOI ·~2 RTN the input values to the circuit. Th e c ircuit 
02 2 4''1 PRD 063 30 30 I 02 E.:3 t-IOP elements themselves are stored in registers023 30 30 064 01 1 103 ".:·::: IWP., ,024 n F;TN 065 44 SU M ICJ4 '., LE:L 3·1 through 99. A code word is stored in 
025 68 MOP 066 30 30 11:15 15 E each register that defines its inputs and its026 68 MOP 067 92 RTN 106 o:: :;: 
027 6::: MOP ot.8 E.::: NOP 10 7 00 0 function. The format used is: 
02E: b8 NOP OE. ·~ t.t: MOP I 0:3 32 X!T 
029 68 MOP 070 4 ::;: F;CL Io ·~ 00 0 

.-,.•,o::::o 4"' RCL 071 29 29 I IC• -::i..:... X!T XXYYZZ. V, 

~·31 29 29 072 75 111 42 ·::ro 
~· 

0 :32 67 . rn 07 :~: 4 0· RCL 11 : · 10 10-· 033 00 00 074 :~:o ::::o 11 3 (11 I where: 

034 37 37 075 '?5 114 ,;, ·~: E)':* 


..-, .-,035 42 STD 076 ..;..,:. :..::2 115 11:1 10 
036 30 30 077 42 STD l It:. (~. LE:L xx = Input Device 1 
037 92 PHI 078 3 0 30 11 7 2 ::: LOI~ yy = Input Device 2 

0 :;::3 E.::: NOP 079 92 PTN I t::: !:• ...;: E' ' '­ zz Device Identificat ion Number03'3 6::: NOP 

040 7 1 S8R Listing 7 continued on opposite page. v = Output of th is device (0 or 1). 


MODEL40 300 LPM PRINTERS 

• 

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

FEDERALCommun!cations 
Corporation 

11126 Shady Trail, Dallas, Texas 75229, (214) 620-0644 , 
TELEX 732211 TWX 910-860-5529 

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

TELETYPES® 

MODEL43 TERMINALS 


• 4310 RO (Receive Only) 
• 4320 KSR (Keyboard Send-Receive) 
• 4340 BSA (Buffered Send-Receive) 

INTERFACES 
• TIL Serial 
• EIA RS232 or DC20 to 60ma 
• 103-type built-in modem 
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Nole that the co mpl ete code must be Listing l, continued: 
entered for each device . Therefore, for 
the NOT device the same input numbe r 
is entered for both XX and YY. 

The min us sign is used as a code to indi ­
cate th at a device has bee n asserted. At the 
start of each run the mach in e auto matically 
sets al l registers to a positive va lu e. After 
the run is completed, each register shoul d 
have a minus sign. The ou tp ut va lue is given 
by the first digit to the right of the decimal 
poi nt. 

The circuit itse lf is se t up on the machin e 
by storing the app ropriate values in regis ters 
31 and greater. Devices are ass igned registers 
consecutively startin g wi th 3 1, in any order 
des ired . Howeve r, the program run s faster 
with consecut ive assignme nts. A 0 stored in 
a r·egister te ll s the ca lculato r that all devices 
have been processed. Th erefore, you must be 
certa in that no register numbers are sk ipped 
and that the las t valid register is fo llowed 
with a registe r co ntai ning 0. 

The inp ut va lu es are stored in to registers 
11 through 25 by th e followi ng codin g: 

logica l 0 
logica l 1 

store - 1.0 
store - 1.1 

11 ·3 
120 
12 1 
122 
123 
124 
125 
12.:. 
127 
12 8 
I 2':l 
I .:JO 
IC: 1 
1~: 2 

l :: :: 
l ;: 4 
i .?. 5 
t.:: r:. 
1 ~: ;-
1:;:::: 
1 :3 ·~ 

140 
141 
14 2 
14 :::: 
144 
145 
14E. 
14 ( 
14~: 
l 4':l 
150 
151 
15.2 
15 :;: 
154 
155 
1% 
157 

10 I 0 
44 SUM 
10 1[1 

6 :::: EX* 
10 10 
50 I X] 
22 IN V 
t• .' EQ 
28 LO G 
76 LE:L 
:;:9 CDS 
22 I t< I' 
8E. STF 
1)1) 00 
.:..;: E :•( i' 
10 10 
o.;: ;: 
1)1) (I 

4.2 ·:.TD 
10 10 
it· LE:L 

43 RCL 
10 10 
85 + 
0 1 
95 
r:.i:. F' AU 
42 ~: TO 
1CI 10 
7 ~: RC* 
!Cl 10 
67 EQ 
2 .;: LI' /\ 
2 2 I t' '·i 
77 GE 

01 

17 :::: 
174 
175 
17t. 
177 
17::: 
179 
1:::o 
1:31 
1:32 
1:33 
184 
1:35 
186 
187 
1::::8 
l :39 
l '30 
191 
l '"2 
19:::: 
194 
195 
1% 
19 7 
19::: 
19 9 
2 00 
2 01 
202 
20 :3 
204 
205 
2.0E. 
20 7 
20::: 
209 
210 
2 11 

77 
::;:::: 
2 2 
59 
65 
0 1 
00 
94 
95 
42 
30 
0 1 
00 
00 
49 
27 
4 ~· 

27 
59 
22 
44 
27 
42 
2E. 
73 
26 
77 

"3 :3 
22 
5·01 
.;5 
0 1 
00 
94 

42 
29 
4'.:: 
27 

GE 
:O:IN 
IN'.,•' 
INT 

x 
1 
0 

+/ -

STD 
30 
1 
0 
0 

PRD 
2 7 

~:C L 

27 
IN T 
rn v 
SUM 

27 
:no 

2t. 
RC* 

26 
GE 

::: I M 
I If·/ 
l tH 
x 
1 
0 

+ / -

:;TO 
2·~ 

RCL 
27 

2 27 
228 
22':l 
23 0 
23 1 
232 
,-, .-,,.., 
c .;...;. 

234 
235 
236 
237 
23::: 
2:::·:i 
240 
2 41 
2 4 2 
.2 4 :: 
2 44 
.2 45 
24E· 
24 7 
24::: 
24'3 
25 0 
25 1 
252 
25 3 
254 
--. er:.::, ._1._1 

256 
2 5 7 
2 5::: 
259 
2 €.0 
261 
2 E.2 

264 

0 1 
94 + / -
64 PD* 
10 10 
6 1 GTD 
3 3 x~ 
76 L8L 
2 3 UI X 
8 7 !F F 
(II) 00 
39 co~: 
4'.:: RCL 
·::;o 30 
·31 R/ S 
~: 1 RST 
n L BL 
11 ft 

0 1 I 
01 1 
4 2 STD 
10 10 
E· l GTD 
42 :no 
':ll R/ S 
?t. LEiL 
12 8 
.3:2 ::< : T 

101 
0 2 2 
42 STD 
10 10 
6 1 GTO 
4 2 STD 
76 LBL 
1~· c 
32 >UT 

101 
0 3 3 

281 
282 

284 
285 
2 :3E. 
287 
288 
289 
290 
2·3 1 
292 
293 
2 ·34 
295 
2% 
2·37 
298 
299 
300 
301 
3 02 
3 0 3 
304 
3 05 
306 
::::o7 
30::: 
:::09 
3 10 
3 11 
::. 12 
:::!"" 
3 14 
315 
3 1E. 
3 17 

3 1'3 

32 X!T 
101 

05 
42 STD 
10 10 
61 GTO 
42 STD 
7E, LBL 
17 E: . 
32 X:T 
0 1 1 
06 '=· 
42 STD 
10 10 
E. 1 GTO 
42 STD 
76 LBL 
1s c • 
32 )<: T 
01 1 
07 ? 
42 STD 
10 10 
t.1 GTO 
42 STD 
76 LBL 
19 D' 
:32 X: T 
1) 1 1 
08 
42 STD 
JO 10 
E·l GTD 
42 ~:TO 
·~ 1 F; / ~; 

h LE: L 
42 STD 
01 1 
94 + / -

An alternate, and more conve ni ent, method 
15::: 
15'~ 

00 
00 

0 
0 

212 
213 

65 
01 

x 
1 

42 
10 

~3 TD 

10 
~:20 

321 
72 
10 

ST 
10 

is ava il ab le for registers 11 th ro ugh 18. just 
enter the logical va lu e, 0 or 1, and press one 

160 
1t•1 
1~.2 

00 
00 

0 
0 

214 
215 
2tF.. 

00 
00 
95 

0 
0 269 

2 7 0 n 
E-1 
-12 

GTO. 
~;TO 

LBL 

322 
3 2~: 

324 

32 
65 
93 

X!T 
x 

of the keys A to D or A' to D' in accorda nce 
with the following assign ment tab le: 

1.:.'3 
164 
16~· 

42 
27 
59 

'3TD 
27 

!MT 

2 17 
2 18 
2 1'j 

5·3 
42 
0 ·3 

H IT 
STD 

09 

27 1 
272 
273 

14 
32 
01 

D 
x: T 

1 

325 
:::2E. 
:;:27 

01 
95 
22 It·Pvl 

A ­ 11 A' -­ 15 
1E.E. 
16 7 
168 

22 
44 
21' 

I M"/ 
SUM 

27 

220 
221 
2 22 

7 1 
:35 
0:. 3 

SE:R 
1/ X 
n :* 

274 
275 
276 

04 
42 
10 

4 
STD 

10 

:::2::: 
3 29 
:::30 

74 Sl'i* 
10 10 

B ­
c ­

12 
n 

B' -­ 16 
c --­ 17 

I .:.·3 
170 
l 71 

-12 
26 
73 

:n o 
26 

RC* 
224 
225 

10 
59 
74 

10 
!HT 
~: M * 

277 
27~: 

27 '3 

6 1 
42 
7E. 

GTO 
'3TD 
LBL 

3 ~: l 

D ­ 14 D'-1 8 172 2 6 2 6 226 10 10 2 :?.0 16 A ' 

THE INDUSTRY LEADER IN AFFORDABLE 
HI-RES VIDEO ANALVSIS FOR ALL S-100 

ANO S-50 COMPUTERS 

The DS-80 features full compatibility with the proposed IEEE S-100 standard and all current S·100 CPUs. New improved circuit 
design enhances performance. The DS-80 offers random access video dig itization of up to 256 X 256 spatial resolution and 64 
levels of grey scale, plus controls tor brightness, contrast and w idth. It is versat ile enough to handle any video processing 
task- from U.P.C. codes (above) and blood cell counting to computer portraiture and character recognition . The DS-80 comes 
fully assembled, tested and burned in . Included is portrait software compatible with the Vector Graphic High Resolution Graphics 
Display Board. 

DS-65 FOR THE APPLE···· 
Please allow two weeks for delivery. 
Master Charge and BankAmericard 

DS·80 for the S·100 bus 
DS·68 for the S·50 bus 

$349.95 
169.95 

COMING SOON! 
P.O. BOX 1110 OEL MAR, CA. 92014 714-756-2687 
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Set Up 

Register Contents 

31 111270 
32 311370 
33 323450 
34 121260 
35 323330 
36 0 

Troth Table 

11 12 13 OUTP UT 

0 0 0 0 
0 0 1 I 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 I 0 
I 1 0 1 
1 I I I 

II 

12 

13 

Figure 7: Example ofa digital circuit simula­
tion. All of the logic gates are numbered 
sequentially. In this circuit there are three 
inputs (7 7, 72, 73) and one output. The 
set up of the registers is shown, along with a 
truth table which is a result of running the 
program and giving different inputs to 
72 and 73. 

77, 

The circuit in figure 
principles invol ved. 

1 demonstrates the 

Note th at the code num ber fo r each de­
vice type is the actual line num ber for the 
subroutine that simul ates that device. Since 
memory is at a premi um , each device was 
programmed in as short as possibl e sequ ence 
that obtained the desired result. No attempt 
was made to follow any struc tured program­
ming techniques ! 

Also, the ca lcul ator is programmed to 
assert only those devices whose inputs arc 
connected to devices that are asserted. 

Therefore, circuits with feedback (li ke the 
crossed-NOR fl ip flop) cannot be directly 
simulated . Note that program runs faster 
in natural order of circuit evaluation . 

This program uses some of the more 
advanced programming features of the 
Tl -59 calculator, such as indirect address­
in g and flag operations. However, the 
program is stra ightforward and should 
be fairly easy to understand for most 
novice programmers. 

The ad vantage of the simul ator, of 
course, is the ease of settin g up and 
quickly changing any reasonabl e circuit. 
No power supply is required and no pur­
chasing of components is required unti l 
the circuit is thoroughly acceptable on 
the simu lator. 

The program is stored on both edges of 
one card. The data on a particular circ uit 
can be stored on a card by pressing "3 
2nd Write."• 

Megabytesfor the 

Now users of the most popular microcom­

puters can add liuly massive disk storage to the ir 
systems with Micrornation'sMegabox. It eatures 
du I 8" drives with double density recording to 
prov1d over one Megabyte of disk storage. Or you 
can choose optional double· headed drives to 
provide over two megabytes. Micromation is a 
leading supplier or floppy disk systems for micros. 

A TRS-so · compatible Megabox plugs 
directly into the TRS-80. This version ol Megabox 
includes provision lo add up to 32K or RAM to 
your TRS-80' system, so you can have up to 4 
Megabytes of dis storage and 48K of RAM wi thout 
an expansion interface.This Mega box bri ngs big 
syslem performance to your system at one-third 
the cost per byte ol m1ni·lloppy systems. 

Our SOL '·version of the Mega box installswilh· 
out modif1cat1on. and the software is all ready ogo. 
M1cromat1on's double density recording gives you 
nearly twice the storage of the Hel ios· at a sub­
stant ially lower price - and most impo1iantly. you 
can run CP/ M · so you have access to the broadest 
range of software available in microcomputing. 

Combine an Exidy Sorcerer · with a Mega box 
by plugg111g the controller into the Sorcer's · S-100 
expansion bus. Boot from our Sorcerer" system 
disketteand you·re up and run111ng without any 
modi ficat ions to your hardwa re or software. 

Our DOUBLER double density floppy disk 
controller features true double densi ty recording 
with a capacity ol 512K bytes on each side or the 
diskette. Doubler systems are easy lo install and 
use. A hardware UART is included on the controller 
to provide instant system commu111cations.The 
controller can do a power-on-jump to the on-board 
PROM bootstrap.And its fast and r liable because 
the board's hardwar, in ludes a phase-lock 
osc illator and CRC error detection circuitry. 

Micromation disk systems are designed to run 
CP/M ~ the industry standard opera ing system. 
You can choose higher level languages such 
as MBASIC. CBASIC. FORTRAN. COBOL. or 
PASCAL And there's a wide selection of business 
application packages lo choose from. 

Megabox systems open new opportunities 
for owners of todays most popular microcomputers. 
They fea ture the highest available capacity, 
p rformance. and reliablity. And they are com­
patible with your syst m But best of all , al $2295 
a Megabox is priced for va lue. Ask lor details at 
your local c mpuler store or contilct M1cromalion. 
1620 Montgomery SL. San Franc1sco. CA 94111 
or phone (4 l5) 3 -0289. 

The Mega box with 1,000,000 
existing software to easily keep a 
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EYTE'sEits 

Another Life 

I've discove red a fourth gl ider and 
two new oscil lators for Jon athan Mil len 's 
"One-Dimen si on al Li fe" (December 
1978 BYTE, page 68). Th e new gli der 
has period 5; it evolves from hexa­
decimal location 65 F. My first new 
osci ll ator can be made by starting wit h 
either 394 F or 22 cells in a row - it has 
period 13 . The other oscillator, with 
period 21, has the ances tor 12157. 

Paul Heckbert 
4 Ames St, H303 

Cambridge MA 02139• 

Call For Papers: Sixth Data Communi ­
cations Symposium 

The Si xth Data Communications 
Symposium, scheduled for November 27 
thru 29 in Pac ific Grove CA, wil l conccn· 
trate on the design of systems fo r net­
work user services. Origi nal research an d 
development papers arc bei ng soli ci ted 
for topics related ei ther to th e appl ica­
tion of specific tech nical issues that 

arise from the app lica tion nature of a 
data comm uni ca tion sys tem , or to the 
application of general technical problems 
th at arc directly applicable to the plan· 
ning, analysis, and design of the systems 
across the boundary be tween ap plica­
tions. Four cop ies of a comple ted paper 
and a 500 word summary shou ld be sent 
no later than Apri l 1 to Dr Wushow 
Chou, North Carolina State University, 
Computer Studies Program, POB 5490, 
Raleigh NC 27650. Include name , 
address, phone number, and affi li at ion . 
All papers wi ll be refereed and authors 
of selec ted pape rs wi ll be notified by 
J unc 1, 1979. All pape rs accepted for 
presentation wi ll be publisl1cd in the 
conference proceedings. • 

Data Transfer 

It is practical to trans fer programs 
directl y from one microcomp uter to 
ano ther compu ter over the te lep hone 
without intermediate sto rage by using 
readi ly availab le equi pm cn l. Specifically , 
I have read TRS-80 BASIC programs 
in to 1he CSU-Long Beach PDP 11 /45 
operating under RSTS. The termina l 
used was a 33 ASR Teletype with an 
Al 260 acoustic coupler. T l1c Small 
Systems Hardwa re RS·232 interface 
uni1 was used to output fro m the 
TRS·80. 

Many te rminals have an aux ili ary or 
simi lar con necto r for attaching other 
RS-232 devices to the te rmin al. The 
tri ck is 10 connect pin 3 of th e TRS-80 
RS-232 output to pin 2 of this plug. 
{Normally, pin 3 wou ld be connected 
to pin 3 o f the auxi li ary connector if 
the terminal is to be used as a printer. 
The other pins connections remain the 
same but probably onl y pin 7 is needed.) 
After es tab li shi ng contact with the PDP 
11/45 an LLIST com mand to the TRS­
80 causes it to outpu t directly Lo th e 
PDP 11 /45. In my case, th e PDP 11/45 
chec ked each statement as it was entered 
and could send back error messages to 
the Te lety pe . Since the ope ration was 
full duplex witho ut echo this di d not 
inte rfere wi th the data transmission 
from the TRS-80. If a half duplex sys­
te m is used it is essential that there be 
no turn -around on the li ne during trans­
missio n since the TRS-80 docs not stop 
unti l 1he end of th e LLIST. The program 
is immed iately executable on the PDP 
11 /45 . 

A 10,000 byte program was trans­
mitted in 17 minutes al 110 bau d. 
Obviousl y a higher rate could be used 
Lo speed up the process. 

Dr Edward M McCormick 
13100 Chapman, Apt 3-113 

Garden Grove CA 92640• 

TRS·S«Sol~Sorcere~ 


byte storage capacity can be operated with 'TRS-80 is a TM of Tandy Corp. 
SOL and Helios a re TM 's o f Processor Technology Corp.general ledger,accounts receivable,and payable. Sorcerer 1s a TM ol Ex1dy Inc CP' M 1s a TM o f Digital Re sea rch 
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The Power of the 


HP-67 Programmable Calculator, Part 2 


Listing 7: A simultaneous equations program which can solve 
systems of up to nine equations in nine unknowns. Listing 2 
explains how to run this program. 

PROGRAf·i TI TLE: S imultaneous Equat ions 

AP PLICATI ON' : Solve3 avstems of un to o ~drnul taneour; eouationS; . 

PR OGRAl•]•lER< Bob Aro DATE< 12- 16-76 

REGI STER S 
8O Yn 1 AO 2 AB J A? " A! 5 AS I b Al• 17 A) 1 A2 9 Al 

SO 'In Sl AO S2 AE SJ A? S4 A6 SS AS I S6 All j S7 AJ j SA I< ?. 59 Al 

A # Eqs in 13 Pri re{! JC Sec ref D Pi votal E Equu. tl on 11 Mi !1c 

Svstem Pointer Polnter Ea Coun te:-- Counter S ~o:raa:e 


LABELS !'LG SE'!' STATUS 

A Part 
 8 Divide C i!ult/ D Part E Mult/ 10 ~LAGS T RJC OISP 
1 Start 

a B/C 
 b Clear ~u~:::~~ ~ ~~~~; ;ubtract I! Oil OFF PJ X 
initial RO -R 9 term Sub Loop DEG L___ 

0 Divide 1 Test D 2 Mult J Ca ll 4 Sub 2 ~ 
Loop Loop Sub a Loop ~ ENG 

5 1st 16 Inc E/ 7 Disp 8 Call o Disn J RAD ,_ 
term loop Dec D X II next pi v • Xn · n _j_ 

NU?.; PROGRAl·l CODES 
DEF'lNITIONS AN D REMARKSADD NUJ,JERIC SYMBOLI C 

"00 1 .._1 2,,__.. 1-+-'f Lll "'"""' \'l i th th number of s ystem equations keyed~~ ~1'-+"" 51~ '--+-""=L-~A
,__0~ 2-1---+-" l _..• J--'-'1" +-_ _,__ the calculnto; , presD ing0-' J~ ~ ~ CLR RE,.......G in to A init i a l i zes 
OOJ J ! 14 2 f P IS pa?'t I of the pro!;l'am b:; clcadng all re ­

'"'o"°'o"'•+--~J~ ,_, CLR REG gistcr .:: . t;toring n .i -to.,,-t-f-,+"""'°'ot--"'=-I progr~mrning the di s pl ay 
005 IJ5 2 ) h ENG and ca1J.lng for he first p i votal eriuntion . 

1--0~ ( J~ sTO0-'>+-----i~ J +l~l-+---+=~o+--A,----< 

007 01 I 

00~ 131 1•1 STO D 

009 2) OS DSP 5 

hO l -"' J5 2 2+--+"°'h"=°+_RTN+.,. ______________ _-"' O l--+f."-+~ ~"-

O! l l l 25 12 f LBL B Wl th a pivotal cquati0r1 ztorcd i n the prl ­
'"'0""2 1-'J<..;,24.::.. l +-=1':-+GSO"B+o- a mary regi s ters , prcs~ing B c::iuses ea ch c o­1 ""- 22'-l-'1-=- ~ f-'~
01 J Jli 211 RCL (i) efficien o.!' he e quntion ob divid e d by 

1 ..._ JJ ~-'"0~ , ,, 1--+<--+-l-5-+--+-ST0-+-~E-'--' i ts pivotal enn . Tho rcoulto are c to1·ed 

'"'00,,.11" 1 2,,s,._,ro st,s. +-'J'"-'-+~ 1~20-+-'r-+L~B""'L'+-~o:--i t~ !~~..~~c~~ct= r~.~:l'~!:~"~'~b;';~u t~!f z 'i~
~~~ =+<f. ~where Z is the numbor of he c urrent";..r.;;-i-t-R;;;C='iL+o--'B s ystem 
i-,0,,.1.;,7l-'J"' 2 2 l+"It"-+-G f c:---1 of eq uati ons .2~;.+l~ "°'S="B+'-~ · 
01 ~ J4 l 5 RCL E 
0 19 1~1 
020 J 4 1J RCL C 
021 J S J J h ST I 
022 ) 5 53 h Rv 
02J J J 211 S'l'O ( i l 
02 '• )4 12 RCL B 
02 5 l"ll 1 ~ 1 f X=O 

i;:0.::.6 ::.:2 0"- __ _ __ ___ _ _ __2;:;+--+2 :...+=1 +--1-'G::.:T:..:O+--'l-+- _ 

f.::~.:;c~?,,_ ~.,,_ pointer:-; nnd return to8 1--+--+" i +--+-+--'-:-i ~:~l~~i~~ ~~gi~~~ r:1 
029 l"l"l 12 STO B 

OJO J4 1 ) RCL C 

OJI 01 l 

0)2 51 

0 J' 1 J STO C 

0 
 22 00 GTO 0 
o i1 2 01 r LBL 1 Whena1i"Pivotalequati0ns hiivilbeen di- ­

'"o~.j.....<4--','4-1.::.1t~~R::.:C:=L+--'A-iVided by their pivotal term, j ump to db-
o ? ,. 14 RCL D play n loop. 
~0"481---1-,~2~-'-"~ ='='1-+'-"g=+~X~ Y 

~~::..,,,""'~1---1-'~::.;+- ­...:.~:""--+~"°'b;.;:~+--f~-+I~ni t i al i i.e equationCouritei"aiidCleir PrT­
~~:.,~~'-'~1--l--+-760.:.i:-+-----+--=!-imary regi s ters RO -R9 . 

Listing 7 continued on opposite page. 
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Example Program 

Last month I described the features and 
performance of the Hewl ett- Packard HP,67 
and HP-97 programmable calculators. This 
month I conclude with a pract ical ap plica· 
tion program . I have chosen for an example 
a program which uses the more powerful 
HP-67 operations. Likewise, I have chosen 
to write a program which will provide the 
solution to a general set of simultaneous 
equations, traditionally one of the most 
laborious mathematical solutions to ob­
tain, yet one of the most useful solutions 
in electrical engineering. 

Th e HP Math Pac contains a program 
to solve four simultaneous equations in 
four unknowns by Gaussi an elimination , 
and the Standard Pac contains a program 
to solve three simultaneous equations in 
three unknowns by matrix operations. 
The program shown in listing 1 solves any 
system of up to nine simultaneous equa, 
tio ns in nine unknowns by the method of 
"Gaussian elimination using the largest 
pivots." (Because of its efficiency, the 
Guassian elimination pivot method is a 
popular method for solving simultaneous 
equations. The term "pivot" refers to the 
(r, r), a diagonal element of the coefficient 
matrix during the rth step of the process. 
This method is discussed In a number of 
numerical methods books. See also the 
reference at the end of this article. . .CM} 
The primary utility of this program would 
be in calculator aided design . 

When the analysis of an electronic system 
is based upon a linear model, the unknown 
quantities will usually appear only to the 
first power, and the coefficients in the 
equations will usually be constants. Such 
a set of n equat ions relat ing n unknowns 
can be expressed in the form : 

Equation 1: A1X1+A2X2+ .. .+An\ =Y1
1 

Equation 2: B1x1+B2X2+...+BnX.i = Y2 

Equation 3: ... 

Equation n: m1x1+m2x2+...+mnXn=Y 
11 



Listing 1, continued: 

Robert C Arp Jr 
3961 Acapulco Dr 
Campbell CA 95008 

in which each Xis an unknown quantity, the 
m terms are the coefficients of the un­
knowns and the Y terms are tHe right-hand 
sides of the equations. 

The Gaussian Elimination Pivot Method 

To solve a general system of simultaneous 
equations by Gauss ia n elimination using the 
larges t pivots , perfo rm the following steps : 

1. In spect the coefficient (Al, B1, ... m1) 
of the first term (X 1) in each of the system 
equations. The equation having the largest 
coefficien t (i n absolute va lue) of the first 
term is ta ken as the first pivo tal equ ation. 

2. Divide the fi rst pivotal equ ation, 
equation 1 (1 ), by the coefficient Ai of its 
firs t term X1. The result will be a new 
equatio n, equ ation 1 A (1). in which the 
coeffic ien t of the fi rst term is 1. (Th e digit 
enclosed by parentheses in each equation 
label ind ica tes the number of the system to 
wh ich the equat ion belongs.) 

3. Mu lti ply equation 1A(l) by the 
coefficient of the fi rs t term of B1 X1 
th e second equatio n, equat ion 2("1) to 
ob tain th e new equation, equation 1B(l ). 

4 . Subtract equation 1lj(l) from the 
second equation , equation 2(1 ). to el iminate 
the first term of equation 2(1 ). The resulting 
equation will be one of the equations in a 
new system with n- 1 equ ations in n- 1 
unknowns. 

5. Repeat steps 3 and 4 with each of the 
remaining equations in the original system. 
The set of equations, for which the first 
term has been eliminated, forms a new 
system having n- 1 equations with x2, 
x3, ... Xn as unknowns. 

6. Inspect the coefficient of the fi rst 
term in each of the new system 's equations . 
The equation havi ng the largest coefficient 
(in absolu te value) of the first term is taken 
as the nex t pivotal equation . 

7. Divide the new pivotal equation by th e 
coefficient of its first term. The result will 
be a new A equatio n in which the coeffic ient 
of the fast term is 1. 

8. Multiply the new A equ ation by the 

NUM PROGRAI~ CODES 
ADD NUMER I C SYMBOLIC 
04 ,. 1 ' STO E 
041> 1; 2 12 f!. CSE f h 
04 Jl 41 f W/ DAT A 
0 4C J 22 h RTN 
047 11 2• 11 f LBL c 
048 1: 2l 11 f': GSB f a 
049 14 2'• RCL Ci) 
050 11 25 02 ! LBL 2 
051 14 1) RCL c 
052 12 22 11 rr CSB f c 
05) 11 '2 h XH 
0511 ?1 x 
O'\I 11 2•• STO (iJ 
osc 01 l 
057 00 0 
056 J" 11 RCL c 
0 9 11 51 /!. X•Y 
0 0 2 01 GTO J 
0 1 1 62 h LST x 
0 2 1'' 11 RCL c 
0 J 01 1 
0 .~ 51 -
005 )'. l) STO c 
066 ) 5J h Rv 
067 2 02 GTO 2 
068 11 2S 01 f LBL J 
069 12 22 11 1< GSB f a 
070 11 2 QI; f LBL " 071 1•• 12 RCL B 
on 12 n 1) I!. CSB f c 
07: 14 11 RCL c 
074 3; 22 1) /!. GSB f c 
075 51 -
071 11 24 STO (i) 
077 01 I 
078 00 0 
079 14 11 RCL c 
060 12 51 " X•Y 
061 22 O'\ GTO 5 
082 01 I 
OBJ SI -
064 1" 11 STO c 
OBS JI 1 2 RCL B 
086 01 1 
087 51 -
088 11 12 STO D 
0~9 2 Q/I GTO " 090 11 2 05 f LBL 5 
091 ,, 14 RCL D 
092 01 I 
09 61 • 
09• 1· l•• STO D 
09 1' 11 RCL A 
09t )L \4 RCL D 
097 51 -
096 01 1 
099 01 I 
100 61 . 
l 01 J' JJ h ST I 
102 J' 14 STO D 
10 01 1 
1 O' 51 -
105 ) \q STO D 
l Ot ) 2q RCL !iJ 
107 ) M h ABS 
l OB ) J) h ST I 
109 11 Bo f -x­
1 10 1 11 RCL A 
111 J4 15 RCL E 
112 J2 51 /!. X=Y 
11) 22 OB GTO 8 
1 1 • 01 l 
1 1 s 61 . 
l l t l l STO E 
117 ,, 2 12 " GSB f h 
11 8 11 111 r W/ DATA 
119 l 22 h RTN 
120 11 2 08 f LBL 8 
12 1 1< 2 1 2 I!. CSB r ~ 
122 11 14 RCL D 
l 2J OJ I 
124 61 . 
125 1 14 RCL D 
126 11 'H r W/ DATA 
127 1 22 h RTN 
1 2~ 11 2 Qq f LBL 9 

129 111 11 RCL A 
l )0 11 84 f -x-

DEPINITIONS AND REMARKS 

WiththecoefficientsofequationTAill - -
stored in t he s econdary registers and the 
coefficients of each remaining equation in 
the curren t system stored , in t urn, in the 
premary r~gisters , pressinf C causes eac~ 
coefficient of equation I A Z) to he multi­
plied by the first coefficient of each re­
maining equat ion, in turn, to yi e l d a new 
equa t ion. l B( Z) , where z is the number of 
the current system of equati ons . Equation 
lB(Z) is then subtrac t ed from the cu rrent 
remaining equat i on, eliminating the first 
c oeff i cient of t he current remaining equa­
tion. The result of processing a sys tem i n 
this manner i s a new set of equations wh ich 
has a number of unknowns that i s one less 
than the number of unknowns in the system 
that ls present l y be ing processed. 

If all t e nnSOrthe CUrrent eauationhave 
heen__eroccs s ed, j ump to fLBL 5. 
Decrement register Poi nterGandreturn.to­
beginning of loop. 

Stores t'heiddreSS oT the ffistcoefflcieilt­
of each equation of th e ne.,.· s ystem in re­
gister I. 

RecallSthe firstCoeffic ientor7acheqUa'­ -
tion of the new sys tem, stores the absol ute 
value of the coefficient in I and d isplays 
the absolu t e value for 5 s econds with a 
flashing decimal p oint. 

If all equa t ions of the current system have 
been processed, jump to "call for next piv­
otal equation . ·· 
-­ ---­ ----­

Update Eregister and clearprimaryregiSt=­
crs RO-R9. 

Ca11Sror the next pivotal equation-:­ --

DisnlaVS n----;ith flashin1r decimal noint In;­
continuous loop when Xn has been computed . 

Listing 7 continued on next page. 
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Listing l, continued: 

NUM PRQ<;RAfl CODES 
ADD NUMERIC SYMBOLIC 
11\ 22 09 GTO 9 
\J2 8 4 R/S 
1 JJ Jl 25 14 f LBL D 
114 11 •2 f p~ s 
1'5 J4 00 RCL 0 
l J6 JJ 01 STO l 
I ) 7 00 0 
1 JB JJ 00 STO 0 
I )9 0 1 l 
140 JJ 15 STC E 
I 'I ;15 22 h RTN 
1 12 JI 25 1 5 f LBl E 
11n 01 I 
144 00 0 
l •5 1~ 111 h ST I 
111 6 J4 24 RC I ( i 
1•17 111 00 STI 0 
146 01 l 
1119 11 12 STI 8 
150 01 I 
151 0 1 I 
1 52 11 11 STI c 
15J J2 25 14 • LB f d 
154 J'• 00 RC 0 
155 J" 12 RC 8 
156 J2 22 I J g GS r c 
157 J'' I) RC c 
I SB n 22 !) I! GS! f c 
159 71 x 
1 60 51 -
1 61 33 00 STC 0 
162 311 15 RC! E 
161 J'• 12 RC\ B 
!611 )2 51 I! X=) 
165 22 06 CT I 6 
lbb J4 1 2 RC B 
167 0 1 I 
168 lb\ . 
169 JJ 12 ST 9 
170 J'I IJ RC c 
171 01 I 
172 161 . 
173 l )J 13 ST< c 
17'• 22 Jl 14 GT< f d 
175 )I 25 06 f LB! 6 

76 134 IS RC! E 
177 01 l 
178 61 . 
17 9 11 15 STO E 
!BO JS Jl h ST I 
IH I 114 00 RCL 0 
182 111 24 STO (ii 
l BJ 11'• 14 RCL D 
1 8 ~ 01 1 
185 1q -
181 JJ 14 STO D 
187 11! 2~ 07 f LBL 7 
186 114 1'• RCL D 
189 11\ 811 f -x­
190 22 07 GTO 7 
101 31, R/S 
192 )2 25 11 I! LBL fa 
19J Jll 11 RCL A 
19• J4 14 RCL D 
19 51 -
19 1 01 I 
197 b l + 
198 35 Jl h ST I 
199 JJ 12 STO B 
20C 01 l 
201 00 0 
202 161 . 
20 JJ IJ STO c 
201 11 5 22 h RTN 
20 5 J2 25 1 2 " LBL f b 
201 00 0 
207 JJ 00 STO 0 
2 08 J) 01 STO I 
209 J) 02 STO 2 
21( JJ OJ STO ) 
211 JJ 04 s•ro 4 
212 JJ 05 STO ~ 

21 J1 06 STO 6 
21 JJ 07 STO 7 
215 111 08 STO 8 
211 JJ 09 STO 9 
2Vi IJ5 22 h RTN 
218 )2 25 I) "' LB L f c 
219 135 )J h ST I 
220 (l~li CLX 
221 J4 24 RCL ( l l 
222 )5 22 h RTN 
22 so R/S 
224 

CALCULATOR PROCRA!•J 

DEPIN IT! ONS AN D REMA<lKS 

StoNs----xll in Rt ind Tn i tiati's Second Part 
of program. 

AsOachtAequation TS stored irlthe sec-­
ondary registere 1 a new unknown is computed 
and s tored in a primary register until all 
unknown s are s tored. See the calculator 
RUN worksheet for the method of storage . 

UpdatcSi-egist'ersO and ~ - ---­

Di s plays the nUmbU oftheunknaWTlxWhiCh 
has been computed ln a continuou s loop. 

SUBROUTINE--;;-; lni tial izeSB and Cregis t-:­
er~ every time a new pivotal equation is 
stored ln the primary registers nnd B is 
prensed. Ini tialize!t D an d C re giste r~ 
every t ime a new equation o f the current 
sys tem is stored in the primary rcgiGters 
and C is p!"'essed , or program control jumps 
to subtract loop. 

SUBROUTINE li7 Resetn primary re giG ter5 -
RO-R9 . 

CalTS eacht enr\o r-;qua t iO'flhein g Proces~-;d 
in proper order. 

TREBOR ENC lllEER ING 
CONTIN UATION WORKSH EET 
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coeffic ient of the first term of the second 
system equat ion to obtain a new B equation. 

9. Su btract th e new B equ ation from the 
second system equation to el im inate the first 
te rm of th e second system equatio n. Th e 
resulting equation will be one of the equa­
tio ns in a new system which has one less 
unknown than the sys tem being processed. 

10. Repea t steps 8 and 9 with each of 
the re maining equations in the system be ing 
processed. The resul t ing set of eq uations, 
from which th e first term has, aga in , been 
elimi nated, fo rms a new system of equ at ions 
havi ng one less unknown and one less eq ua­
tion than th e preceding system . 

11. Repeat steps 6 thru 10 until a f inal 
set is obtained which consists of the single 
equ atio n: 

Being the only equat ion in the system, it 
must, of course, be the pivotal equat ion. 
When this pivotal equation is divided by the 
coefficient of its f irst term , the va lue of 
Xn will be known . 

12. The value for Xn must then be sub­
stituted into the (n - 1 )A equation an d the 
equatio n must be so lved for X (n - 1) . 

13. The values wh ich have been obtained 
for Xn and X(n - 1) must then be su bstituted 
into the (n- 2)A equat ion and the equation 
so lved fo r X(n- 2)· 

14. Continu e in this manner un til the lA 
equation is so lved for X1 of the 01·iginal 
system of equat ions after subs ti tuting the 
values obtained fo r all other unknowns. 

15. T he so lut ion shou Id be checked by 
subst ituting the va lues obtained for the 
unknowns into each eq uation of the original 
system, performing the indicated multi · 
plications, add itions an d subtract ions, and 
comparing the left side of the equation to 
the right side. They should be reaso nab ly 
close to equ al ity. 

In electronics engineeri ng, th e system of 
simu ltaneous equ atio ns co ul d be the result 
of writ ing the mesh equations for a circui t 
such as that shown in figure 1. The nine 
mesh equatio ns for this circuit are listed 
in tab le 1. 

Th e system of nine sim ultaneous equa­
tions fo r the circu it are shown in standard 
form in table 2. The first pivotal equation 
is equ ation 1. The unknowns in a system of 
mesh equations are the currents. The right 
side of each equa tion is a summation of the 
vo ltage sources in the mesh represented by 
the equat ion. 

The in structions for run ning th e simul­
taneous equations prog1·am in listing 1 are 
shown in lis ting 2. Usi ng the system of nine 



Circle 222 on i nquiry card. 

AVAILABLE NOW SOROC 
IQ 120 

S1695 T.I. 81 Oprinter 
• 150 cps bi-d irectional impact printer s795 
• Tractor feed. 3" to 15'', up to 6-part 
• Programmable forms length 
• 	 EIA RS-232 serial. 110-9600 baud 

• Upper/lower case, 24 X 80 12" display 
Options: • Numeric keypad , cursor contro l keys 
• Upper/lower case $90- Siand & paperbaskel $135 • RS-232 interface plus extension port 
• Forms Lenglh Conlrol $90- Verlical Formal Con1rol S 180 
• FLC/Compressed Prin1 $ 180-VFC/Compressed Prinl $270 Need more intelligence? 

Need a Texas Instruments portable, ASR or KSR? SOROC 10 140 Sl 345 
Call MICROMAIL 

FROM MICROMAIL 
To order: Send a certified check or money order. Personal or 

company checks require two weeks to clear. 

Handling: Less than $2000. add 2%: over $2000. add 1%. 

Tax: Californ ia residents add 6% sales tax. 

Al l terminals shipped freight collect In original canon with 

manufacrurer's warranty. 


Write for free catalog11e 

MICROMAIL • BOX 3297 • SANTA ANA. CA 92703 
(714) 73 1-4 338 

Teletype 43 sggg 
• 	 Upp er / lower case , 132 

columns 
• 	 RS 232 serial , 11 0 or 300 

baud 
• 	 12" X 8'12" pin -feed paper 

( 1620 pictured) 

Diablo 1641/3 S2910 
• 	 Letter-quality printing 
• 	 HyType II daisywheel prin ter 
• 	 RS 232 se rial, 110-1200 

baud 

Opportunity for growth in a dynamic market 
with an expanding product line 

The Electro Optics and Devices/ Solid State Division, Lancaster, PA, has a position available 
for a Marketing Manager for our persona l computer products. 

Individual should have experience in the personal computer industry in sales or marketing, 
engineering experience also desirabl e and a coll ege degree is preferred. 

Responsibi I ities : 

• Distribution 

• Merchandising 

• Product Planning 

• Liaison Between Sales and Engineering 

• 25% Travel Involved 

Send resume in confidence to: 
C. E. Hyde, Manager, Employment 
RCA Corporation 
New Holland Avenue 
Lancaster, PA 17604 

Competi tive starting salary plus company paid benefits. 

An Equal Opportunity Employer M/ F RCll 
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equations (table 2) in a samp le run of the sheets have labeled columns for listing the 
program, listing 3 shows the contents of the symbolic key codes, the numeric codes 
registers at various points in the program, which appear in the display for each step of 
and listing 4 summarizes the original co­ the program, and a column for comments. 
efficients of the equations plus the cal­ The first page of the set of program work­
culated currents. sheets contains pre labeled blocks which 

A "check" program and its instructions allow other useful information about the 
are shown in li stings 5 and 6. Note that the program to be stored. For example, the first 
quantity obtained for the left side of the section of listing 1 contains the following 
equation may not be exactly equal to the information about the simultaneous 
right side due to round off approximations . equations program in abbreviated form : 

The "simultaneous equations" program 
of listing 1 calculates the va lues of the un­ A. Registers 
knowns for any system containi ng no more 1. Registers RO thru R9 and RSO thru 
than nine equations. The program is listed RS 9 are used to store constants in 
on calculator program worksheets upon a sequence that is reversed from the 
which the addresses of program memory are order in which they appear in the 
preprinted. In addition , the program work- equations of each system. Note: 

Processing the first system (n 
equations) yields a system of n-1 
equations; processing the second 

Mesh 1: -40 + 111 + W1 - 12) + 3!11 - 13) = 0 system (n-1 equations) yields a sys­
Mesh 2 : 202 - 11) + 412 + 5(12 - 14) + 602 - 13) = 0 

tem of n-2 equations; ... proc­
Mesh 3: 3(13 - 11) + 6(13 - 12) + 7(13 - 15) = 0 

essing the nth system (1 equation)Mesh 4: 5(14 - l2l + 814 + g(14 - 15) + 1D(l4 - 15) = 0 

Mesh 5: 7(15 - 13) + 1D(l5 - 14) + 11 (15 - 17) = D 
 yields Xn. 
Mesh 6: g(l6 - 14) + 1215 + 13(15 - lg)+ 1405 - 17) = 0 2. Register A is used to 	 store the 
Mesh 7 : 11(17 - 15) + 14 (17 - 15) + 15(17 - lg) = 0 	 number of equations in the orig­
Mesh 8 : 13(1g-15) + 161g + 171g + 18(18 - lg)= D 	 inal system of simultaneous 
Mesh 9: 15(1g -17) + 18!1g - lg)+ 1g19 = D equations. 

3. Register B is used as a pointer for 
Table 7: The nine equations for the circuit shown in figure 7. the registers RO thru R9; register 

R I R4 RS Rl2 

4 12 6,c R5 5 c R9 9 cRl3 n I ,, 
R6 Rl4RIO 

6 

---40V 

10 14 \r, 
R3 ,3 cR7 7 cRll II cRl5 

C is used as a pointer for the reg· 
isters RSO th ru RS9. Registers B 

RIG and C are decremented in a man­
16 ner which allows constants to be 

indirectly recalled from the primary 
13 Rl7 17 and secondary storage registers so 

!9 that, using these constants, math­
RIB 	 ematical operations may be per­

formed upon each equatio n of each16 
system. 

4. Register D starts at 1 and counts 
Rl 9 19

15 0 the number of pivotal equations 
lg that have been divided by their 

first term. When D=A, all pivotal 
eq uations have been processed, and 

Figure 7: An example of the type of circuit for which nine mesh equations 	 Xn has been computed. 
may be written. The resulting system of equations contains nine unknown 5. 	 Register E sta1·ts at D+l and counts 
currents. 	 the number of equations in each 

system that have been processed . 
When all equations of a system jiave 

Equation 1 : 611 -212 -313 +014 +015 +Dis +017 +Olg +Dig = 40 
been processed, E=A and the dis­

Equation 2 :-211 +1712 -613 -514 +015 +016 +Dl7 +Olg +Olg D 
play cal Is for the next pivota l 

Equation 3 :-3 11 -612 +16 13 +014 - 715 +D is +Dl7 +Olg +Olg D 
eq uation. Equation 4: 011 -512 +Dl3 +3214 -1015 _g 16 +Dl7 +Ola +Olg D 


Equation 5: Dl1 +012 - 711 -1014 +28 15 +0 15 - 1117 +Ola +Dig D 
 6. Register I takes care of miscel­
Equation 6: 011 +012 +ol3 -9 14 +015 +4815 - 1417-131g +Dig 0 laneous temporary storage. 
Equation 7: Dl1 +Dl2 +ol3 +014 -1 115 - 1415 +4Dl7 +Ola - 1519 0 B. Labels 
Equation 8 : Dl1 +Dl2 +013 +014 +015 - 1315 +017 +641g - 181g D The main program has two parts 
Equation 9 : 011 +012 +013 +014 +015 +Dis - 1517 - 181g +521g D which are actua lly subdivided into 

several smaller programs. Furthermore, 
Table 2: The nine simultaneous equations for the circuit in figure 7, shown most of the subprograms contain one 
here in standard form (ie: with the variables arranged in order for each or more subroutines which are used to 
equation). conserve program steps. 
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Personal Computing ... 

It All Comes Together at NCC '79. 


Only during the National Computer Conference will 
you have an opportunity to experience personal . 
computing to the fullest. And that's why the 
1979 Personal Computing Festival, 
June 4-7 in New York 's Sheraton 
Center Hotel, formerly the Ameri­
cana , is different. As a conference 
within a conference , it will give 
you the chance to explore the 
complete spectrum of information 
processing while concentrating on 
those aspects of personal computing 
you won 't want to miss .. .including · 
equipment, applications, ideas, 
and new developments that 
have created excitement 
throughout the entire com­
puting community. 

Only at NCC '79 will you 
find such a panorama of 
computer products on 
display ...ranging from 
micros to maxis, from 
processors to peripherals. 
Included will be the latest 
innovations in low-cost 
computing for business, 
professional, and home use. 

Against the backdrop of the 
prestigious NCC, the Personal 
Computing Festival has attracted many 
well-known experts and personalities who will 
participate in an information-packed technical 
program and compete for prizes for the best 
presentations. Join them in exploring applications 
ranging from use of small business systems and 
financial analysis to personal networking , new 
information utilities, and aid to the handicapped . 

You will also have ample opportunity to discuss NCC '79 Personal Computing Proceedings. Reg­
new ideas and novel approaches to shared prob­ istrations, excluding the Proceedings, also are 
lems, to find out what to expect in the year ahead , available at $5 for one day and $9 for all four 
and observe interesting and clever applications dem­ days. The Proceedings will be available separate­
onstrated by the individuals who developed them . ly at $8. For additional information on NCC '79, 

Plan now to take part in a unique personal comput­ including housing and registration procedures, 
ing experience at NCC '79. You can register for the contact AFlPS, 210 Summit Avenue, Montvale, 
Festival at the Sheraton Center Hotel , 52nd Street N.J . 07645 ; telephone 201/391 -9810. To obtain 
between 7th Avenue and Avenue of the Americas, information on the special NCC Travel Service 
for only $15 which includes your copy of the call toll-free 800/556-6882. 

NCC'79 
PERSONAL COMPUTING FESTIVAL 
c/o AFIPS, 210 Summit Avenue, Montvale, N.J. 07645 
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Listing 2: Detailed instructions for running the simultaneous equations 
program in I/sting 7. 

1. 	 Subprogram A: initiates the firstPROGRAM TITLE• Simultaneous Equations 


APPLICATION1 Solves Systems of up to 9 equations part of the main program. 

PROORAMI>1ER1 Bob Arp 	 DATE1 12-16-76 2. Subprogram B: divides pivotal 

STEP INSTRUCTIONS AND INPUTS OUTPUTS equ ations by their firs t term andN0 . REMARKS f---,.L-AB='E"'L-'--'--,__K_E_Y-1-=o=rs=P-L.;;..AY'""'.;;..;;.;c;_A_R_D--l 

t . Turn calculator on. 

2. Place W/PRGM-RUN switch in RUN 
position. o. 00 

J. Insert side l of progr3m card 

labeled ''Simul ta.neous Equa­

tions". 
 crd 

4. When crd appears in the dis­
play , insert side 2. 0 . 00000 00 

5. Key 	 in number of equations in 
the system . n n. 

6. Press A. START A I . 00000 00 
PART I 

7. The 	 -1 . 00000 00 .. which ap­ Al (1 
pears in the display cal l s for STO 
the coefficientn of the first n 
pivotal equation to be stored A2( I 
in 	the primary register s . STO 
Store Al(!) in Rn , AZ(I ) in n - 1 

~(~ 1·i~ ·~~ 1 )c!~r~l~i~~. ~iii
which are zero need not be STO 
stored. The " (I ) " refers to I 
t he 	 first system. YI (I) 


STO 

0 


6. Press B. DIVIDE 8 crd 

9, When crd appears in the dis­

play insert side I of card 

!A( I), where "(1 ) .. is the 

number of the current pivotal 
equation (and system) being 
processed. crd 

10. When crd appears again, insert 
side 2 of car d IA(!). io.00000 

11. Store the coefficient s of the let(!)
second equation of the first STO 
system in the primary re gi.s­ n 
ters. Store Bl (I ) in Rn, 1B2c1 l 
82(1) in Rn-li••• oBn( I) in RI STOand Y2(1) in KO. n-1 

e~(i l 
STO 

I 
YZ( 1) 


STO 

0 


MULT/SUB . C ~l(w)[2)12. Pre s s C. 
Die played 
for 5 sec­
onds with 
flashing 
dee imal 
point. 

lJ . When f lash irv>; decimal point 
appe ars, record the absolute 
value of the coefficient for 
the 	first ter" or each equa­
tion. w, of the new system, 2 , 
as it appeara i n the display. 

If the coefficient ls 11issed 

while the dec imal point is 

flashing. i t may be recalled 

by pres siru;: h RCI after step 

15, 	 befor e proceedin~ with 

crdstep 16. 

14 . When crd appears ln the dis­
~~~} '. insert side l or ca.rd 

crd 

15. When crd appears in the dis-
b!;~ !n~~· insert side 2 or 

0 . 00000 00 

IA( 1)16. I nsert side 2 o! card l A( I) . c r d 

17. When crd appears in the dis­
play 	press CLX. CLX. 0 . 00000 00 

18. Store the nex-t equation of the In 1111 (x) 
current sys t em , 1 1 in the General , STO 
pr imary rei;:i sters. Store Rn 
ml(x) in Rn, ni2 l xl in Rn-1. m2(x) 
• . • , mn(x) inR l and Yx in RO, STO 
where, x is the null'lber of the !Rn-1 
equation in system l cur­
rently bein~ processed. m~(~, 

STO 
RI 
Y(x 
STO 

IA(!) 

w(2) 

outputs an A equation. 
3. 	Subprogram C: multipli es A 

equat ions by the coefficient of 
the first term of each succeedi ng 
system eq uat ion , subtracts the 
results of the multiplication from 
th at eq uation and outputs the 
equat io ns of a new system. 

4. 	Subprogram D: initiates th e second 
part of the main program. 

5. 	Subprogram E: operating upon the 
A eq uations, computes X1 thru 
X(n-1) by multiplying the previously 
computed X values by their con ­
stants an d subtracting the results 
from the right si de of the A 
eq uat ion. 

6. 	 Subroutine a: initializes B and C 
registers every time B is pressed 
after a new pivotal equation is 
stored in the primary registers and 
every time C is pressed afte r a new 
equation is stored in the primary 
registers. 

7. 	Subrouti ne b: clears registe rs RO 
thru R9 to 0. 

8. Subroutine 	c: recall s each term of 
the equation bei ng processed in 
the pro per order. 

9. 	Loop s d, 0, 2, 4: these loops allow 
the same mathematical operation 
to be performed many times 
within the same subprogram. 

10. 	 Routine 1: compares the contents 
of D to the conten ts of A and 
transfe rs execution to routine 9 
when D=A. 

11. 	 Rou tine 3: a short routine which 
call s subroutine a. 

12. Rout ine 5: stores the address of 
the first coefficient of each equa­
tion of the new system being 
generated in register I, th en recal ls 
the coefficient, stores its absolute 
value in I, and fi nal ly displays the 
absolute value of the coefficient 
for 5 seconds. 

13. 	Rou tine 6: increments E register 
and decrements D register in the 
second part of the main program. 

14. 	 Rou tine 7: displays the number of 
the unknown X which has been 
computed in a contin uous loop 
until R/S is pressed. 

15. Routine 8 : calls for the next 
pivotal equation by displaying its 

Listing 2 continued on next page. 	 number. 
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CompuCruise 

The Computerized Copilot 


(ENG l (SET] (0-j5) f~E ) (~ J 

(cRS) (cAL) (MJiH) (A~M ) (G~H] 

IT] (BAT} {T~PJ {~ ) (~6 ) 

~ (TMP) (H) rnJ QJ ff comPUC/10/SB 

At the push of a button your onboard navigational computer will 
perform 44 important functions in your car, van or truck: 

• 	 Computerized Cruise Control • More 
than a simple speed mainta ining device 
available as an option by automob ile 
manufacturers . It establishes and main­
tains a preselected road speed . You tell 
the computer how fast you want to tra ­
vel and CompuCru ise takes over. It also 
features resume and traffic flow adjust. 

• 	 Efficient Fuel Management - Compu­
Cru ise is programmed to answer any 
question regarding fuel usage. It w ill 
tell you your most fuel eff icient driving 
speed; which brand and grade of fuel is 
most economical in your vehicle (tests 
show in excess of 11 % d ifference in 
major unleaded brands alone); effects of 
tire brands, types & pressures ; when 
tune-up and repair is needed ; whether 
tune-ups have been properly perform­
ed ; plus other useful fuel saving data . 

• 	 Trip Computer- By inputting expected 
trip distance , CompuCruise will contin ­
ually d isplay t ime, distance or fuel to ar­
rival .. . al I computed and updated once a 
second and based on current vehicle 
speed and fuel consumption . 

• 	 To Empty Function • Automatic data 
sensors allow CompuCruise to display 
time, distance , or fuel to empty .. . based 
on current veh icle speed and fuel 
consumption . 

• 	 Highly Accurate Quartz Crystal Time 
Function - Displays time of day ; elapsed 
tr ip time (hours and minutes); elapsed 
t ime (m inutes and seconds until 59 min . 
59 sec . then hours and minutes); easily 
set wakeup or reminder alarm . 

• 	 Temperature - Inside temperature , 
outs ide temperature (i f desidered , out­
side temperature sensor can be located 
to prov ide engine coolant temperature) . 
Displayed in fahrenheit or celsius . · 

• 	 Battery - Generator Voltage - Compu ­
Cruise will warn you of impending elec­
trical failu re by displaying battery and 
charg ing voltage . 

• 	 Sophisticated Yet Simple - Because of 
its automatic data sensors , CompuCru­
ise can perform all of i ts funct ions w ith 
the t0uch of a button . Yet with all Its so ­
phi stication , its operation can easily be 
learned in a few minutes . It can be used 
with any foreign or domestic vehicle , 
(except diesel or fuel injected engines) 
and can be installed by a trained 
mechanic in less than two hours . 

EACH COMPUCRUISE CONTAINS: 

1. 	 Command Module 3" x 6" x 1 311s · 
2. 	 Throttle Servo 
3. 	 Speed Sensor 
4. 	 Flow Sensor 
5. 	 2 Temperature Sensors 
6. 	 Brake-Clutch Disengagment Switch 
7. 	 Mounting Hardware for flush or 

bracket mounting . 
8. 	 Installation Manual 
9. 	 Use Manual 

CompuCruise provides other advant­
ages . The cruise control helps to elim in­
ate speeding tickets . The computer 
serves as a diagnostic instrument to 
detect minor engine problems before 
they become major and costly ones . The 
precision clock and trip computer prov­
ide valuable enroute information 
whether cross country or local shop ­
ping . The battery voltage readout is 
especially helpful. Present vehicle 
instrumentat ion tells you noth ing about 
battery condition . With CompuCru ise , 
you are warned before failure that 
service is necessary . 

Available for $199 .95, (Add $5 .50 for front wheel drive) plus $2.50 for insured 

uPs slhi,ppingsandr.:~ndling from: 	 ~;~~~;~~I~-~~;~~ c[Glard~ 
·n P. O. Box428 , 25Route101 , _ _ ~ 1_800 258 5477B I (Peterborough , N.H . 03458 In N.H . : 924_3355 ~ 
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Listing 2, continued: 
16. Routine 9: displ ays the value of 

STEP 
NO, 

19 . 

20 , 

21, 

22, 

2J . 

24. 

25, 

26 , 

27. 

28 . 

29. 

JO, 


J l, 


)2, 

JJ . 

)4 , 

J5 . 

J6 , 

J7 . 

)8. 

INSTRUCT IO NS AND 
REr.w!KS 

GO TO •t•p 12 until th• di~it 
"2,00000 00" app•ara in the 
display, callin~ for the sec­
ond pivotal equation. A new 
pivotal equation must be 
stored in the primary regis­
ters each time the pro~am 
halts automatica!ly and dis­
plays a dlRit, ~. indicatin~ 
the desired pivotal equation.
Whan the pivotal equation 
di~it ls displayed, the deci­
mal point will not be 
flashini< , nor will the dii;it 
be 	 displayed in a continuous 
loop. The di~it, ~. la aleo 
the number of the system be ing
processed, The fi rst pivotal · 
equation must be atored by 
usin~ the keyboard. Sub ­
sequent pivotal equations are 
stored by lnsertin~ a data 
car d, 

The new pivotal equation is 
that equation of the new eyu­
t@m, 2. ror which the largeet 
(in absolute value) first term 
has been observed. This equa ­
tion. as are the other equa ­
t i one of the new system, Z, is 
stored on a ma~netic card . 

Insert elde 2 of the ca.rd 
which conta ins the new pivotal
equation. 

When crd appears in the dio­
pley, press CLX. 

Press r ~s. 
Press s. 

When crd appears in the d ie­
flHi .insert side l of card 

When crd appears again, ineer1 
side 2 of card lA(Z) , 

Presa f ~S . 

Insert side 2 of card w(Z) 
LCard w(Z) no lon~er needed) , 
where w ls the equation of the 
system , Z, currently being 
processed , 

When crd appears in the dis­
play, press CLX. 

Press ! P~S. 

Press C , 

'~hen flashiru:; decimal point 
appears, record the abaolute 
value of the coe fflc lent for 
the first term of each equa­
tion, w1 of the aystem beinR 
created. If the coef f icient 
is missed while the decimal 
point is flashini;, it may be 
recalled by pressing h RC! 
after step J4, before pro­
ceeding with step )5. 

When crd appears in the dis­
play , insert side l of w(Z+l). 

Whe n crd appears i n the dis­
~!;~ :(~!~~.inser~ Bide 2 of 

Insert side 2 of card lA(Z), 

When crd appears in the dis­
play prees CLX, 

~O TO step 27 until a new 
di~it Ni.00000 00* appoara in 
the 	display, callino: !'or the 
nP.x-t pivotal equation , 

When the new digit
••z. 00000 00 11 appears in the 
display, GO TO step 21, 
Eventually, the digit 
~n.00000 00" will appear in 
th• 	display, The nth pivotal 
equation ia the only equation 

IN~UTS 

LABEL 

l (Z ) 

DIVIDE 

w( Z) 

IA (Z) 

KEY 

0 

OUTPUTS 
DISPLAY CAHO 

2 . 00000 00 

crd 

CLX 2 , 00000 00 

f 
P~S 12 .00000 00 
ii crd 

crd 

p,00000 

f 
P~S fo .00000 

00 

00 

lA(Z) 

crd 

CU< 0, 00000 00 

f 
P~i> 0 . 00000 00 

ml (w) ( Z+l) 
!D isplayed 
for 5 sec­
onds with 
!lash in;: 
decimal 
point. 

crd 

crd 

0.00000 

crd 

00 w(Z+l) 

CLX 0,00000 00 

Listing 2 continued on opposite page. 

Xn with flashi ng decimal in a con­
tinous loop un Lil R/S is pressed. 

C. 	Disp lay 
The in for·matio n un der DISP indicates 
that engi neering notation has been 
selected and that number·s appear·ing in 
the display will be rounded off to five 
significant digits afte r· the firs t one. 
When engineer ing notation is se lected, 
numbers are shown in the display with 
exponents of 10 that are multiples of 
3. As with all HP-67 disp lay fo nnats 
(unless f RND is pressed), ca lcu lations 
are pe1·for111ed using full 10 digit 
numbers (10 digit mantissa and 2 
dig it exponent of 1O). 

The instru ctions to be used wh ile running 
the simultaneous equat ions program, shown 
in listing 2, are li sted on calcu lator run work· 
sheets. These worksheets list the manu al 
steps which must be fol lowed to obtain the 
solution to the system of eq uatio ns, inputs 
you must supply to the calculator by 
pressing keys or· inserting cards, and outputs 
from the calculato r· in the display or on 
cards. 

Although it might appear that many 
magnetic cards are needed to run the pro­
gram, note that cards containing the 
equations of a system are no longer needed 
after· th e equations have been prncessed with 
the pivotal equation of the system. Th ere­
fore, these cards may then be used to reco1·d 
the equations of another system. 

These instrnct ions are self-explanatory (I 
hope), therefme, I wil l al low them to speak 
for themselves. Please note, however, that 
the in structions contain loops that refer you 
to steps previously accom plished. Remember 
that n pivotal equations must be processed 
and each equation conta ined in a pivotal 's 
system must be processed with the pivota l 
equatio n. 

As a further aid in understand in g both 
the program and the HP-67, listing 3 shows 
what is stored in each register after selected 
progr·am steps. The calculator regis te r work­
sheets illustrated in these fig ur·es are a va l· 
uable debuggi ng tool and serve as ex pli cit 
program documentation . 

Al l of the forms shown in this art icle, 
except the one shown in listing 4, may be 
used with any HP-67 (and with othe r ca l­
cu lators as we ll) program . The form shown 
in listing 4 has been prepa1·ed spec!fical ly 
fm simultaneous equations. This wod,sheet 
can be used to Iist the cons tan ts of the 
origina l system of equa tions, to recmd th e 
first terms of each of the othe r· systems as 
they appear in the disp lay so that the pivotal 
equations may be easily spotted, and fin al ly, 
to record the va lu e of each unknown. 
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Concl usion 

Wi th the help of special for ms designed 
for the occasion, the powerful repe rto ire of 
the HP-67 (and the HP-97) has been 
examined, yet I have taken from you none 
of the pl easures in store as you begi n your 
adventures with th is versat ile calcu lator. 

The example program presented wil l be 
an add ed attraction to those antici patin g 
the pu rchase of an HP-67, as well as to those 
fortunates who already possess one. When 
yo u look at the price tag on the HP-67, 
compare its cost to the cost of computer 
time and memory which would be necessary 
to ru n sim ilar programs. In add ition, th ink 
of the programs you could run on the HP-67 
wh ich might never be run otherwise. 

Listing 2, continued: 

INSTRUCT IONS ANDSTEf INPUTS 
NO. REMARKS LA BBL KEY DISPLA Y CARD 

in system n. t heretore , no 
fi r st term comparisons need be 
made . Furthermore , the n th 
pivotal equation need not be 
atore d on a card. Since t he 
nth pi votal equation is now 
stored in the eecondery r egie­
tere , simply press f ~S. 

J9. Press B. 

40 , The "n. 00000 00" dieplayed 
with flashing decimal 1n a 
conti nuous loop indlcatee t hat 
Xn has been computed and is 
stored in RSC. 

41 , Press R/S , 

42. Press D. 

4). 	 Inse r t side 2 of card l A(n-1). 

44. 	 When c r d appears in the dis ­
play, press CLJC. 

45 , 	 Pross E, 

46, 	 Tho "n-1 .000000" displayed 
with !lashing dec i ma l in a 
continuoue loop indlcat es that 

~~~e~a~nb~~n(~~mr~t~gw~~o~:d 
in Rl). 

47. 	 ~r eas R/S , 

48 , 	 lnser~ side 2 of card lA(l) . 

49. 	 When crd appears tn tho dis­
pl ay , press CLX . 

50. 	 Press E. 

.SL 	 The ~l.00000 00° displayed 
with 	 flashinJJ: doci01al in a 
continuQue l oop indicated that 
Xl has been coMputed and le 
stored i n Rn . 

52 . 	 Preas R/S. 

5J . 	 kecal l each X va lue from th~ 
pr imary registers by pressing 
ill through R9. 

CAU:U l.ATOR RUN WORKSl\EET 1REBOR ENGINEER ING 

f 
Pi:'S n. 00000 00 

DIVIDE B n . 00000 00 
~isplayed 
,..ith 
fl a shing
decimal i n 
a continu .. 
oua l oop. 

R/S tn . 00000 00 

START PAR1 D 1 . 00000 00 
II 

IA (n- 1) crd 

CLX I . 00000 00 

E 	 1:1 - 1.000000 
illls played 
"1th 
flashing 
ldeci01al in 
ia: continu ... 
oue loop, 

IA(l) 

END 

R/S n~I . 000000 

crd 

CLX 2, 00000 00 

E 1.00000 00 
Displayed
with 
flashirui 
decimal in 
a continu­
ous loop. 

R/S l , 00000 00 

RCJ, 
1 Xn 

RCL 
2 Xn - 1 

.. . .. . 
RCL 
n XI 

REFERENCES 

Kuo, Benjamin C, Linear Networks and Systems, 
McGraw-Hi ll, New York , 1967, pages 63 to 104 . 
A good d iscussion o f in t roductory netwo rk theory. 

Pearson , Car l (ed), Handbook o f Applied Mathe­
matics, Van Nostrand, New York, 19 74, pages 906 
to 908. Gives a t reatment o f t he Gaussian elim i­
nati on method. 

Listing 3: Selec ted register 

Listings 3, 4, 5 and 6 are 
continued on pages 186 
and 788. 

worksheets for the sample 

OUTPUTS 

program discussed in the text. These sheets illustrate the 
contents o f the registers at various l<ey poin ts in the 
program. 

PROGRAfol TITJ,E 1 9 Equatlon Example 
APP LICATIONo Calculator-A ided Desi{m 
PROGRAMMER , Bob Arp I DATA CARD LABEL• None 
[,AST PROGR AM STEPo 010 I NEXT PROGRAM STEP• 01 I 
EQUATIONo EQUATION> COUNTERS AND CONSTAt!TS 
REG CONTENTS LBL REG CONTENTS LBL REG CONTENTS LABEL 
RO 0.00000 00 RSO 0 .00000 00 A 9.00000 00 
Rl 0.00000 00 RSI 0.00000 00 B 0.00000 00 
R2 0 . 00000 00 RS2 0.00000 00 c 0.00000 00 
RJ 0 . 00000 00 RS) 0.00000 00 D 1 .00000 00 
R4 0 .00000 00 RS4 0.00000 00 E 0.00000 00 
RS 0.00000 00 RS~ 0.00000 00 I 0.00000 00 
R6 0 . 00000 00 RS6 0 . 00000 00 x I. 00000 00 
R7 0 .00000 00 RS7 0 . 00000 00 y IQ. 00000 00 
RB 0.00000 00 RS8 0 . 00000 00 z 0 . 00000 00 
R9 0 . 00000 00 RS9 0 . 00000 00 T 0.00000 00 

LSX 
PROGRAMfolER, 	 I DATA CARD LABEL• EQ. I A(!) 
LAST PROGRAM STEP • 046 I NEXT PROGRAM STEP• 047 
EQ UAT ION1 EQUATION I I A{I) COU NTERS ANO CONSTANTS 
REG CONTENTS LBL REG CONTENTS LBL REG CONTENTS LABEL 
RO 0.00000 RSO 6.66667 y A 9.00000 
Rt 0 . 00000 RSI 0.00000 A9 B 0 .00000 
R2 0 .00000 RS2 0.00000 A8 c 10.00000 
RJ 0.00000 RSJ 0.00000 A? D 1 • 00000 
R4 0.00000 RS4 0.00000 A6 E 2.00000 
R5 0.00000 RSS 0 .00000 A5 I IO. 00000 
R6 0 . 00000 RS6 0.00000 A4 x 0 . 00000 
R? iO. 00000 RS7 - . 500000 AJ y 2.00000 
RB .00000 RS8 -. 311))1 A2 z I .00000 
R9 b.00000 RS9 I . 00000 Al T 9.00000 

LSX I 
PHOGRAf•lMER 1 I DATA CARD LABEL' 1(2) 

LAST PROGRAf~ STEP • 119 I NEXT PROGRAM STE:Po 120 

EQUAT ION1 EQUATION1 1 ( 2) COUNTERS AND COl!STANTS 
REG CONTENTS LBL REG CONTENTS L3L REG CONTENTS LABEL 
RO 0.00000 RSO 1J. J)JJJ y A 9.00000 
RI 0.00000 RSI 0.00000 AB B 0 . 00000 
R2 0 .00000 RS2 0 . 00000 A7 c 10 . 00000 
RJ 0.00000 RSJ 0.00000 A6 D l . 00000 
Rl1 0.00000 RS'> 0.00000 A5 E J.00000 
R5 0.00000 RS5 0 .00000 A4 r 16. JJJJJ 
R6 0 . 00000 RS6 -s.00000 A) x 0.00000 
R? 0 . 00000 RS7 -7 . 00000 A2 y J . 00000 
RB 0 . 00000 RSS 16 . JJJJJ Al z 9 . 00000 
R9 0.00000 RS9 0.00000 T 16. JJJJJ 

LSX 

PROGR AMMER ' 	 I DATA CARO LABE:L' 2(2) 
LAST PROGRAM STilP I 119 [ NEXT PROGRAM STEP• 120 
EQUATION, EQUATION' 2(2) COUNTERS AND CO.~STANTS 

REG CONTENTS LBL REG CONTENTS LBL REG CON TENTS LABEL 
RO 0.00000 RSC 20 . 00000 y A 9.00000 
RI I0.00000 RSI 0 . 00000 B9 B 0.00000 
R2 jo.00000 RSZ 0.00000 B8 c 10 . 00000 
RJ 0.00000 RS) 0.00000 E·? D l.00000 
R4 0.00000 RS4 0 . 00000 E6 E 4.00000 

Listing 3 continued on next page. 
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Listing 3, continued: 

RS lo. 00000 RS5 -?.00000 B5 I -7 .00000 
R6 kl.00000 RS6 0.00000 B4 x 0.00000 
R? n.00000 RS? 14.50000 BJ y 4,00000 
RS .00000 RSS -7.00000 B2 z 9 . 00000 
R9 .00000 RS9 0.00000 Bl T -7.00000 

LSX 
PROGRAMMER1 DATA CARD LABEL• 1A(2) 
LAST PROGRAM STEP• 046 NEXT PROGRAM STEP1 047 
EQUATION' EQUATION I 1A(2) COUNTERS AND CONSTANTS 
REG CONTENTS LBL REG CONTENTS LBL REG CONTENTS LABEL 
RO 0.00000 RSO .816127 y A 9 . 00000 
Rt 0 . 00000 RSI 0.00000 A9 B 0.00000 
R2 0.00000 RS2 0.00000 AS c 10.00000 
RJ 0.00000 RSJ 0 . 00000 A7 D 2.00000 
R4 0 . 00000 RS4 0.00000 A6 E 1.00000 
R5 0.00000 RS5 0 . 00000 A5 I 10.00000 
R6 0 . 00000 RS6 -.)06122 A4 x 0.00000 
R7 o .o·oooo RS? -.428571 A) y 1.00000 
RS 0 .00000 RSS 1 . 00000 A2 z 2 .00000 

R9 0 . 00000 RS9 0.00000 Al T 9 . 00000 
LSX 

PROGRAMMERt DATA CARD LABl':L 1 1(1) 
LAST PROGRAM STEP1 119 NEXT PROGRAM STEP1 120 
EQUATION1 EQUATION, l(J) COUNTERS AND CONSTANTS 
REG CONTENTS LBL REC CONTENTS LBL REG CONTENTS LABEL 
RO 0.00000 RSO 25 . 714) y A 9.00000 
Rt 0.00000 RSI 0.00000 A9 B 0.00000 
R2 0.00000 RS2 0.00000 AS c 10 .00000 
RJ 0.00000 RS) 0 . 00000 A? D 2.00000 
RI> 0 .00000 RS4 0 . 00000 A6 E 4.00000 

R5 0.00000 RS5 -7. 00000 AS I 1t.50000 
R6 0.00000 RS6 -2.142S6 A4 x 0.00000 

R7 0.00000 RS? 11. 50000 AJ y 4.00000 
RB 0.00000 RSB 0 . 00000 A2 z 9.00000 

R9 0.00000 RS9 0.00000 Al T 11.50000 
LSX 

PROGRAMMER I DATA GARD LABEL1 1 (9) 
LAST PROGRAM STEP 1 127 NEXT PROGR AM STEP1 12S 
EQUATION• EQUATION• l (9) COUNTERS AND CONSTANTS 
REG CONTENTS LBL REG CONTENTS 
RO a.00000 RSC 8 . 165)4 
RI 0.00000 RSl J6. 9574 
R2 0.00000 RS2 0.00000 

RJ 0.00000 RS) 0 . 00000 
R4 0 . 00000 RS4 0 .00000 

RS 0 ,00000 RS5 0.00000 
R6 0 .00000 RS6 0.00000 
R? lo .00000 RS? 0.00000 

LBL REG CONTENTS LABEL 
Yl A 9.00000 
A9 B 0 . 00000 
AB c 10.00000 

A7 D 9.00000 
A6 E 9 . 00000 
A5 I 36.9574 
A4 x 9,00000 

AJ y 0.00000 

RS 0.00000 RS8 0.00000 A2 z 9.00000 
R9 0.00000 RS9 0.00000 Al T 9.00000 

LSX 
PROGRAMMER 1 DATA CARD LABEL • lA(9) 
LAST PROGRAM STl!P1 lJO tlRXT PROGRAM STEP 1 1)1 
EQUATION• EQUU'I ON1 lAI a) COUNTERS AND CONSTANTS 
REG CONTENTS LBL REG CONTENTS LBL REG CONTENTS LABEL 
Ro -S.165J4 RSC . 220010 y A 0,00000 
Rl J6,9S74 RSI l .00000 A9 B 0.00000 
R2 0.00000 RS2 0 . 00000 AS c 10 .00000 
RJ 0,00000 0.00000 DRS) A? 9,00000 
R4 0.00000 RS4 0, 00000 A6 E 116. 9~74 
RS 0 . 00000 RS5 0,00000 AS I 10.00000 
R6 0.00000 RS6 0 .00000 A4 x 0,00000 
R? 0 . 00000 RS? lo.00000 A1 'i Q,00000 
RS 0 .00000 RSB I0 .00000 A2 z 0 .00000 
R9 0,00000 RS9 lo . 00000 Al T 0 .00000 

LSX 
APPLICATION 1 D haa .1 uat been proaaed ta lni tlato Part II. 
PROGR AIOl&R 1 DATA CARD LABEL 1 

.LAST FROCRAM STEP1 141 NEXT FR OGRAM STEP 1 142 
EQUATION• EQU ATION1 COUNTERS AND CONSTANTS 
Rl!G CONTENTS LBL REG CONTENTS LBL REG CONTENTS LABEL 
RO 0 .00000 RSO 8.165)4 A 9 .00000 
Rl .2209)9 19 RSI )6.9574 B 0,00000 
R2 0 . 00000 RS2 0,00000 c 10.00000 
RJ lo.00000 RSJ 0 , 00000 D 9.00000 
R4 0.00000 RS4 0.00000 E 1,00000 
R) 0.00000 RS5 0.00000 I -.2209)9 
R6 0 . 00000 RS6 0,00000 x l .00000 
R? lo.00000 RS? 0.00000 y 0.00000 
RS 0 .00000 RSS 0 . 00000 z -. 2209)9 
R9 0.00000 RS9 0.00000 T -. 220939 

LSX 

PROGRAMMER ' DATA CARD LABEL1 
LlST PROGR AM STEP1 189 NEXT FROGRAI! STEP• 190 
EQUATION • EOU ATION 1 IA il COUNTERS AND CON<TANTS 
REG CONTENTS LBL REG CONTENTS LBL REG CONTENTS I.I.BEL 
RO .1406)) RSC .0645869 ' A 9,00000 
Rl . 2209)9 I9 RSI -. )44197 B 1. 00000 
R2 . t 406)) I B RS2 1.00000 c 11,00000 
R) 0 .00000 RSJ 0.00000 D S.00000 
R4 0 .00000 RS4 0.00000 E 2.00000 
RS 0.00000 RS5 0.00000 I 2.00000 
R6 0.00000 RS6 0 ,00000 x B. 00000 
R? 0 .00000 RS? 0 . 00000 y B.00000 
RB 0.00000 RSS 0.00000 2 s.00000 
R9 0.00000 RS9 0,00000 T s . 00000 

LSX 

CAU::ULATOR REGISTER WORKSHEET TREBOR ENGINE.ER ING 

Listing 4: A special simul­
taneous equations work­
sheet showing the con­
stants of the original nine 
equations of the sample 
problem discussed in the 
text. The first terms of 
each of the intermediate 
systems are shown along 
with the solution. 

SIMULTANEOUS EQUATIONS WORKSHEET TREBOR ENCINEER1"G 

TITLE 1 Nine Equations Example PAGE I OF I 

APPLICATION • Sol ve s s ystems o f up to 9 simultaneous equations DATE, 12/27/ 76 
SYSTEM 1 CONSTANTS 

EQ # ml m2 m) m4 m5 m6 m? mB m9 Y 

1 6 -2 - J 0 0 0 0 0 0 40 

2 -2 17 - 6 -5 0 0 0 0 0 

J - J - 6 16 0 -7 0 0 0 0 

4 0 -5 0 )2 -10 - 9 0 0 0 

5 0 0 -? - 10 28 0 -11 0 0 0 

6 0 0 0 -9 0 48 -14 -I ) 0 0 

0 0 0 - 11 -14 40 0 -15 0 

0 0 0 0 -1) 0 64 -18 0 

0 0 0 0 0 0 0 -15 - 18 52 0 

REG R9 RB R? R6 R5 R4 RJ R2 RI RO 
PJRST TERMS (A BSOLUTE VALUE) 

SYSTEM VARIABLES 

2) 4 5 6 7 8 9 XI 9.12165 
16 . JJJJ 11.5000 )0.0?01 19.4895 411,7189 28.1)14 59.4605 .2209)9 X2 2 .49275 

7 .0000 2.142S 11.304J J.J8J4 15 .9096 4.6250 20 .4661 IVv v XJ J.24814 
5 . 0000 7.0000 9.0000 11. 0000 13.0000 15 . 0000 IX xx~ X4 .928924 

4 0.0000 0 .0000 0.0000 0.0000 0 . 0000 lAXJ< ~~ X5 I . )78)9 

5 0.0000 0. 0000 0. 0000 0 .0000~ xx l)(\(\,~X": X6 . )864)4 
6 X? . 597162 

0.0000 o.oooo!X'YXIXX..> :XX">l XX)~~ XS . 1406)4 

8 o. ooool X YX IX' X >< X Y ) V 'X '> 'X X v){\,, "'>< )(":, X9 . 2209)9 
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Circle 73 on inquiry card. 

C 0 M P U T E R W A R E for 6800' s 
THE BASICS FOR WORK AND PLAY 

(lhal we ' re lamous lor.. . ) • CHECK FILE 49.95 • LEARN BASIC 39 .95 

• Random SSB Basic 89 .95 • HOME MAILING (VI) 49.95 • LEARN ASSEMBLER 19 .95 

• Flex Disk Basic 49 .95 • HOME INVENTORY 49.95 • PILOT DI SK 24.95 

• Cassette Basic 29.95 • BUSINESS MAILING (V2) 89.95 
WI SOURCE LIST 37 .95 
WI SOURCE DISK 49 .95 

100.00 
250 .00 

• Prom Basic CASSETIE 
2716 

···········••***************** 
write for informa: ion about our • MUSIC for the Newtech Model 68 

• Renbas W/ SOURCE LIST 
WI SOURCE DISK 

24.95 
34.95 

COMMERCIAL BUSINESS SOFTWARE 
includ ing: 

INVENTORY CONTROL 

4-Part Music # 1 24 .95 
4-Part Music# 2 24. 95 

Interpreter - coming soon -
We register our BAS IC owners and ORDER ENTRY com pose on your keyboard ! 
offer fu ture enhancements at reaso n­
able prices. 

ACCOUNTS RECEIVABLE 
MAILING SYSTEM 
and MORE 

all using RANDOM ACCESS capabililies 

tor more information circle inquiry no. 
for quick information write to us 

ORDERING INFORMATION $$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

• a I ways specify cassette . Flex disk , or 
SSB disk COMPUTERWARE $ Send us th is coupon before $ 

$ April 30, 1979 and get $ 
• on Pre-paid orders Computerware will 6800 specialists $ D Both Learn Basic $ 

pay shipping charges 830 FIRST STREET s and Learn Assembler 49 .95 $ 
• for C.O. D. orders shipping charges are ENCINITAS, CALIF. 92024 $ D 10% off any software order $ 

extra (714) 436-3512 $ of more than $50. 00 $ 
• Calif. residen ts add 6% sales tax $$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

Albert Einstein 
March 14, 1879-March 14, 1979 

World renowned photographer Lotte Jacobi 
announces the release of an outstanding series 
of photographs of the man who by his powers of 
reason and moments of wild speculation became 
instrumental in shapi ng the modern world. 

This unique portfolio of 25 five by seven 
portraits, selected from photographs taken over 
a span of two decades , have been assembled to 
mark the centennial of Albert Einstein's birth. 

The price of this remarkable set is $22.95. 
first class postage and handling included . 
Available from: 

1BITS •.M. inc =~:r::r~.u~~ . R~~eo~~5~est. 

G 
Books to erase the impossible 

Charge Card Orders May Be Placed 
On Our Toll-Free Number : 

800-258-5477 

(In New Hampsh ire Call 924-3355) 
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Listing 5: Instructions for 
running the program in 
listing 6 which checks the 
solutions obtained by the 
program in fisting 7. 

PROGRAM TITLE• Simultaneous Equations Check Program PACE 1 Of 2 

APPLICATION1 Checks solutions to systems of up to 9 equations 

PROGRAl·n4ER' Bob Arp 

STEP 
NO . 

1 . 

2. 

J. 

11 . 

5 . 

6 . 

?. 

8 . 

9 . 

10. 

t l. 

12. 

1) . 

14, 

15. 

\ 


lNSTRUCTIONS AND 
RE!olARKS 

Be fore the check program can 
be initia~ed , all values of X 
lrAlS be stored in the primary 
reg is er~ as follows : Xl in Rn, 
X2 in R(n-1) ,. . .,Xn in Rl. Th< 
val ue:; of X arc s tored in this 
tllanner at the end of the 

'"S lMULTAilEO S EQUAT!ONS'" 

proeram. 

Ke y in the number of sys em 
equ.otions. 

Pres s A. 

Stor the coefficients of eoua 
[tion 1 into the primary regis­
ter 3 as fol lows 1 Al in Rn , A2 
in R(n-1),. .. ,An in IU. Con ­
stants which are zero need not 
bo entered . 

Proaa B. 

Press R/S. 

The number which appears in the 
display s hould bo approximate!) 
equal to YI. 

Store the coefficients of 
equation 2 in the primary 
regl:i:ter!i as follows: Bl in Rn , 
82 in R(n - 1),. . .,Bn in Rl. 
Constants which are zero need 
no be cmtered. 

Press B. 

Preee R/S. 

The number which appears in the 
d lsp la.y should bo approxl..taly 
e qua l to Y2 . 

Store the coef!iclents of equa 
tion n In the primary reg is­
ters as follows• ml in Rn, ~2 
in R(n-1) ,,., , mn in Rl. 

Press a. 

Presa R/S , 

The number which appears i n th• 
display should be approximate! 
equal to Yn. 

CALCULATOR RUN WORKSHEET 

Blank coding forms like the 
ones used in this artic le may 
be purchased from Robert C 
Arp Jr, 3961 Acapulco Dr, 
Campbell CA 95008. 

Listing 6: A program 
which accepts the coeffi­
cients calculated by listing 
7 and checks them for 
accuracy. 

DJ\TE• 12-27-76 

INPUTS OUTPUTS 

LABEL KEY DISPLAY CARD 


n . 

START A n.00000 oo 

EQ l A\ 
STO 
Rn 
A2 
STO 

Rn-\ 

An 
STO 

R\ 


MU LT/ADD ,, y\ 

Di splayed 


B 

with 
fla s h ing 

dee I mal in 

a continu­

ous loop. 


HALT R/S o' Yl 

EQ 2 Bl 

STO 

Rn 

82 

STO 

Rn-I 

Bn 
STO 
R\ 

,.yzaMU LT/ ADD 
Displayed 

wi th 

flaohing 

deci mal i 1 

a continu 
ou s loop..,yzHALT R/S 

ml 

STO 

Rn 


EQ n 

n>Z 
STO 

Rn-I 

mn 

STO 

Rl 

a ~YnMU LT/ADD 

Displayed 

with 

flashing 

decimal i.n 

a continu­

ous loop . 


R/SEND "Yn 

CALC Ul ,ATOR l'ROGRM. TREBOR El•GlNEERJNG 

TREBOR ENGINEERING CONTTilUATION \·IORKSHEET • 

PROGRAM TITLE1 smULTAN EOUS EQUATIONS CHECK PROCRAI•\ PAGE 1 OF 2 

APPLJCAT! ON 1 Checks so] u t ion:.; to sys tems of uti to 9 eaua ti ons. 
PROGRAl·U·lER 1 Bob Aro DATE1 

REGISTERS 

O l m9 2 m8 J m7 ' m6 5 m5 I" m4 J7 mJ jB m2 9 ml 
1 ~0 Sl X9 S2 XB SJ X7 s I X6 s5 XS 1so X" fS'I XJ JS~ xz so X\ 

A # Eq c in I' Pri re IC.sec ree; D Tern E 'j I! nsc 
Sy:.acm po inter pointer counter st ora!;e storage 

LABELS FLG SET STATUS 
A 

St.a:~ 
B r.tu l t/ C D E 0 !'LAGS 

Add TRTG DISP 
r,-----ir.h____,_c___-td-:-----re----;~1,.---,~~ DEG ~ 

O Mui t/ \ Clear 2 Djcp ,, 
ndd I cop t~erj ~ ters loop 1---+---i GRA 

RAD 

SC l 
>-­
ENC~: 

>-­
n 'i 

001 11 25 t I f LBJ. fl \·Jith oll val ues of X sto r- ed in pr imary re-
002 21 O'i DSP c gis ers and with tho number of s y s tem cqua-

"'0"'0"'3'1--t-::J-;5+,,.2 ,;-) -t---t"""'7h-;-;1E~N':'1G tjon• keyed into the calculator , pressin ~ A 
"'o"'o,.;J,'+1 -+;:J-C\-+rl;<-2+--t~f:--t-::p""l°"'s ini tializ.es the check program by storinr 
oo5 )l llJ f CL REG t he values of X in the secondary registers 
006 )) 

11 
STO A an d cle::i:ring the primary regi s ters . 

007 J5 22 h RTN - -
OOR Jl 25 12 f LBL B \·ihen the program halts :ind di splay• the 
OOQ 11~ 11 RCL A number . of sys tem equations, the coeffic l cntr-:i 

'"0~1-0+--t~,-,-r-1~2-t--t~S~T-O-t--B"-< of he firs t sys tem equation must b11 ztored 
1':0"'1c:1+--;.,,.,,n ;-:-1,-11+--t-:S::T:-:O:r--:D-, in the primary registers ; coefficiente which 
t-:0:-:1c:2:t--1~+=0:-1 +--t~4-":'1 -1 are ze!·o need not e stored, The coef:.. i-

~0::1~1't--1-+70~0+--t--;-~o_, ~~~i~: t~~s!b~~cs~~:~ ~~et~~E~~~~~~~~sh:~d-
"'~'-':""'~+--+J""n,+1~""Jl-+--+-s--T,..o+--~,,.-1 ing (Gee CALCULATOR RUN WORKSHEET). 

,_o 
0 
,..,1 

1 
_6 

7 
..,_-t-..,..o,_o 

1 
_,_-+--t-~?__, During subsequent ha1 ts, the coefficien t " 

.,. of the other system equation s are stored, 
l':o"'1,.;8rt--;.,, J""I5 urn , in the primary reg is te r s .J·.,,-t o-t-~S"'T"'O:t---;::E-1 i n 

~~:-:~~~ -r.:" ~~ ~~~~ ~~Artcr the equation have;-rJ-1 ~r5-t:-,,-t-f--t~"' -t---;:: coefficients of an 
~:-:2 -t--;.,,, 5-r.:-3 -r---1--.,h-;-::S:::T~I been otored, pressing B causes each va.1 ue of0 :-:1 3..,, 3 :::-
l"i:i<-OM--t"~r.r;--r--;~--i--.,,C7L7:1 be mul iplled by the appropriate conX X to ­
~1",.,,..,'';,.i--;~-r.:-,-1-r--;-=-:~--:-"771 stant, and the sum of he multiplicationg' 

1 1ho,,,2,..J+--i.;;3,..1-F.2 .,,.•+--1-;R;.;C,.,L+ _...,,cil..., to be o tored i n register E. The Mult ipl y/ 
~o,,2~ 'lt\,,_J+-;~RC 1,=~ cont i. nues the te rm coun-tcr ,"-~)7 ~~. C-::-1 Add loop unti 1 
02 S 1 S 11 h S'J' I D, indicates that n terms have been pro-
~o 0 ~ C~X cesscd .'-'2"'"--l-'~1~,, , -t--1~'-l-=-::: L::-1

027 14 ,, RCL Ci l 
028 rll x 
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0117 22 00 CTI 0 
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ro=,0'1-'-t~r.;o-;: o sys tem equation to be s tored with .oat ­o"t-'-t-...,.--;" 

"'::t-'-t-;;3:;:-tro""<,o 1-;:o-;o"t-...,.-:s"'T°"C;t"--;o" tentior. pa : d to he coefficient~ which ar(' 
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05.' JJ 02 ST< 2 
0',) 33 01 ST 3 
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'-o~"°,..._ 2~ 0.._ ,,...~LB! 2-r-""" s tored Tn -r, i_l,,_ 2 .,_f '"' Reca l 1-;-the val ueo :"the-f term, O 5.,_ "' l;--.,,
061 14 15 RCl E E and display~ this va lue with a flashfr1 t; 

'""oJ62+--+~1-1....,, +--+----,f -- _ al pai n in a cont inuou s loop ; prc~s-~'"' S1"° ,......- ,..., decim11 
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The Fourth 

Trenton Computer Festival 

..79 

April 21 & 22, 1979 

10 AM to 6 P M at TRENTON STATE COLLE GE 10 M1 to4 P M 
SATl RDAY, 21st Tr enton, New J ersey SUNDAY, 22nd 

• Super Outdoor Flea Market • lndoo1• Commercial Exhibit Arca 
• Forums, Talks and Seminars • Cou~rcuicut to 1'TY, PA, l'ID and DEL 

Hundreds of Door Prizes • Banquet Saturday Nigh t 
For additional i11liin11a1io11 ndl 609-771-24-87 

Adm ission S4 - Sludcnls $2 

,-------------------------------------------- - -----------, 
STAR SH IP SIMULAT ION 


by Roger Garrett 

D Star Ship Simulation is a design for a program to simu late the 

operations of the starsh ip Enterpr ise , as defined on the origina l 

TV program, on a computer. Navigation, communication, helm , 

medical , engineer ing , and science functions are realized , a long 

w Ith the actions of several other Federation and enemy craft. The 

program is presented in a general structured form with informa­

tion to aid the user in implementing ii for a particular hardware/ 

software set-up. pp.122, $6.95. 

PROGRAMM ING THE 6800 MICROPROCESSOR 

by Bob Southern 


[1 This sel f- Instruction workbook is a guide to the fundamen tals of as­

sembly language and machine code programming of the 6800 micropro­

cessor and its per ipheral devices . Considerable coverage is given to pro ­


ROGER GARRETT 
gramm ing of the input and output devices . The asynchronous communica ­

tions , interface adapter, each with thei r various modes of operations, are 


POS 428, 25 Route 101 Westexplored in detail in both noninterrupt and interrupt modes . Program de­
Peterborough, NH 03458BITSsign and documentation are emphasized along with programming hin ts 

and aids . 200 pp ., $6.75 . Books to erase the 1mposs1ble 

SC IENTIFIC AND ENG INEER ING PROBLEM SOLVING WITH TH E COMPUTER 
by W i ll iam Ralph Bennett Jr . Address____________ 

C One of the most exciting books we 've seen in years . Besides teaching BA SIC 
(which it does adm irably), this li vely, lucid book presents a wealth of imaginative and 
unusual app l ications programs and simulations taken from many discip lines . The r Check enclosed 
exercises run the gamut from random processes to the dynamics of motion, from 
entropy in language to the Watergate problem . You ' II discover BASIC applications in D VISA lJ MC Expires_ _ _ 
lasers and in the Fou rier series and the law (!) . In its diversity and elegant style, it 
ranks with Donald Knu th 's works as a mi lestone in the art lo computing . Hardcover , I 
457 pp , $19.95 . Postage$.75/book or $1.00 outside U.S. l 

Prices subject to change without notice •• ZJ DIA L YOUR BANK ORDER ON OUR TOLL-FREE LINE 800-258-5477 I 
~-------------------------------------------------------- J 

f3a11qm:t ~ I 0 . :h oicl 
11JsuppoirHrncnt - p rc -regisl e r for 
the han q u e l ! Send your check ((> r 
~JO 1>1.: r JH:rson to: TCF 79. Trenton 
State College , Trenlon , :\ .. J. 
086~5. 

Sponsored by: 
.\ 111111..:iir Co 111pu1cr G roup ol' fkp1. of Engineering 
:\c"· ,J..:rscy Tcchnology. Trenton Stalc 
l'l!ilad..:lphi<1 .-\rcu Comp11tcr Collcgc 
Socic iy l.E.E. E.. l'r·inlTlon SectiDn 
Trc111u11 Stale Cullcµ:c Digilul 
Co111p111,· r s.,cict~· 
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64KB MICROPROCESSOR 

MEMORIES 


• S-100 - $695.00 
• LSI 11 - $750.00 

·::: :- . . '· ~[~ '\\\ . . . ' . .· \ \\~ ~ 
. . . . \ H 
. .. I - · - · ~ . 

Cl-5100 64K x 8 
' 

Cl-1103 32K x 16 

Cl-6800 64K x 8 

Cl-8080 64K x 8 

• SBC 80/10 - $750.00 
• 6800 - $750.00 

Cl-5100 - 64K x Bon a single board. 
Plugs directly into the IMSAI, MITS, 
TDL, SOL and most other S-100 Bus 
computers. No wait states even with 
ZBO at 4Mhz. Addressable in 4K in­
crements . Power requirement 6 watts. 
Price $695.00. 

Cl-1103 - BK 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 
12BK. BK x 16 $390.00. 32K x 16 $750.00 
qty. one. 

Cl-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compati ble with the 
evalu at ion modules. Addressable in 
4K increments up to 64K. 16KB $390.00. 
64KB $750.00. 

Cl-8080 - 16KB to 64KB on single 
board. Plugs directly into Intel's MOS 
BOO and SBC B0/ 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 Vi llage, CA 91361 • 213-991-2254 

Circle 4 7 on i nq u iry ca rd . 

BASIC Cross-Reference 
Table Generator 

William and Alice Englander 
1966 Titus St 

San D iego CA 92110 

A standard compiler feature for high 
level languages like COBOL and PL/I is a 
cross-reference of the source program. In 
the sim plest case, each named element in the 
program is listed in a report with the line 
nu mbers of al l statements containing that 
element. Words which have special mean ings 
in the language being cross-referenced, suc h 
as REA D or IF, are ignored. 

Features of more sophisticated cross­
refcrence fac il ities include placing the 
elements in alphabetical order, showing the 
statement number in which an element is 
defined separate from its references, defining 
the use of the element as a sending or re­
ce iving field and cross-referencing both data 
elements and procedu ral elements (state­
ment labels). 

As we began program development in 
BAS IC on our microprocessor, we dis­
covered the pleasures of using BAS IC, but 
were surprised to find that cross-references 
of our BAS IC programs cou ld not be pro­
duced with any of our regular system soft­
ware. In addition, our survey of the litera­
ture did not turn up any BASIC cross­
refcrence programs. 

A cross-reference can be an ex tremely 
usefu l programm ing aid . When you are 
debugging a program, it allows you to qu ick­
ly find eac h statement which dea ls with a 
particular variable. For exam pie, if the pro­
gram is looping you can look at eac h refer· 
ence of the loop control variable to ensure 
that it has been initia lized, that it is being 
incremented, and that a check for the upper 
limit is being made. A cross-reference is 

Text continued on page 192. 
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U .ir1:; I C: l!SGAME 
CBAS IC COMPILER Vlk I . 01 

J: Pl'\.!N l 'l:l l NAf~Y SEAF\C H GAME ' 
2 : l·'' l\I Nr 
3 : INPUT "Hll RETURN WHEN RE ADY ro PLAY ' i LI NE ANS$ 

'I: RA N[IOMI ZE 

~5 : 10 LOW " 1 

1,, : HIGH=-, 1000 
 Listing l: An example; ; NCl "' INT<RND*fHGH>+l 
e: FOR 1 =1 TO 2 4 program with a cross­
r; : Pl'\! NT reference table generated 

10 ! NEXT I by the BASIC cross-refer­
l1 : 20 PRINT ence generator program. 
1 2 : PRI NT "EN TER NU MBEk IN TH E RANGE 'i LO Wi'THROUGH'iHIGH 
lJ : INPUT GUESS 
1'1 : IF CGUESS ~ LUWJ OR CGUESS>HIGHJ OR CGU ESS<> INTCGUESS JJ THEN\ 
15 : PRI NT 'T RY AGAIN': \ 
16: GO TO 20 
1 7 : IF GUESS <NO lHEN\ 
18 : LO W=INTIGUESS tl J : \ 
19: PRI NT ' YO U' RE LOW': \ 
20 : GO TO 20 
21 : IF GUESS >NO THEN\ 
22 : HCGH =INTCGUESS- 11:\ 

23 ! PRINT ' YOU'RE HJGH' : \ 

2 4: GO TO 20 

2'.~ : F'RINT ' YOU WIN' I I. 


26 : PRINT 
2 7 : PRINT 'PLAY AGAIN?' 
28 : I NPLrl ANS$ 
29 : IF LEFT S CANSS r ll = ' Y" THEN\ 
30 : GO TO 10 

:H ; PR INl ' EN[! CW BINAF•Y SEARC H GA ME ' 

3:.>: STOP 

3:~ : ENl.t 

NU ~kRUkS D~fE C T E D 

CIWN XR EF 
C l~U N VEfi :1 • 0 3 

ENIER NAME OF PROGRAM ro BE CROSS - REFERENCED BSG AM E 

CROS S- REFERE NCE LI S TING UF PROGRAM B: BSGAME.BAS 
VAi'\ lAlil.[ 1;;EF El'\E NC ES 
.I. E! 1() 
1•HJ 7 17 21 
I UW ~~ 1 2 14 18 
ANl) ·I> '.1 2EI 2 '/ 
11 I. I.ii I 6 7 1 2 l 'l 22 
G UES ~ ; 13 l 'l .14 1 4 1 4 17 Hl 21 22 

About the Authors 

William and Alice 
Englander have a pro­
gramming and consult­
ing firm in the San 
Diego area. While most 
of their program devel­
opment is done on cus­
tomers' large scale com­
puters, they also do 
work for customers on 
their IMSA I 8080 disk 
based system. They are 
both computer systems 
instructors at National 
University. 

Pl easr' send _ _ 1op1es o f BYTE' Nybble :!f_ __ ilt $ _ ____ nostriai d 

__Check Enclosed 

Bill my BAC = - _ _ _ Exp Dare_------­

Bill my MC = _ Exp Dare--- - ---­

Name _ _______ ______________ ______ 

Street ---------------------------­

City_____ ___ _____ State ___ Zip Code ______ 

BYTE Nybbles Libra ry, 70 Main St. Peterborough NH 03458 

You n"la y p hotocopy this Page if vou w ish to keep your BYTE intact . 
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Text continued from page 190: 

The Nybbles Libra1y is an inexpensive means for BYTE readers to 
share some interesting but specialized forms of software. These pro­
grams are written by readers with small computers and printer facilities, 
and are therefore designed for particular systems. The algorithms and 
programming techniques can be used by readers with similar equipment, 
or can serve as an inspiration for improvisation on computers of differ­
ent characteristics. 

Potential authors of such programs should send us a self-addressed 
stamped envelope, with a request for a copy of our Guidelines for Nyb­
bl es Authors. Payment for Nybbles items is based on sales and length 
of the item. Rates are set at the time ofacceptance. 

Nybbles Libra1y programs are sent in listing form , printed on 8.5 by 
7 7 inch paper on both sides. The Nybbles Library programs are 
punched with three holes for collection in loose leaf binders, and come 
in an attractive folder which serves as a cover. This month the BASIC 
Cross-Reference Table Generator has been added to the Nybbles 
Libra1y. You can order a personal copy ofthis program (BYTE Nybbles 
Library Document # 705) for $. 75 postpaid {$7 .05 overseas postpaid) 
by filling out the coupon on the preceding page. 

handy when you need to make a program 
change, too. You can qu ic kl y see what 
names have already been used if you need 
to define a new variable. And you can 
double check your planned changes against 
uses of the existing variables, which may 
enable you to use ex isting ones instead of 
havi ng to define new ones. 

In BASIC, a cross-reference listing can be 
especially useful in helping you to verify 
that you have used correct names in your 
code . Since BASIC sets up variables for you 
without requiring explic it definitions, you 
can accidentally miscode a variable name 
and cause some elusive program problems. 
A quick look at the cross-reference would 
alert you right away since you would see 
both the correct name and the improperly 
coded name. 

Our BASIC cross-reference program was 
written using C-BASIC on an IMSA I 8080 
disk based system running under CP/M. 
Depending on your configuration, enhance­
ments could probably be made which would 
speed up the processing time. A typ ical 
program and cross-reference table is shown 
in listing 1 on the preceding page. • 

Motor Source Error 

A list o f stepping moto r sou rces in 
" A Stepping Motor Prime r, Part 1: The­
ory of Opera tion, ;, by Paul Giacomo 
(February 1979 BYTE, page 9 0) was in· 
complete. We omiLted Superior Electric 
Co, 383G Middle St, Bristol CT 06010, a 
major manu facturer o f stepping motors. • 

Get your PC masters 
in as little as 2 weeks 

At Echo Design your circuit drawings can be con­
verted into finished artwork masters in only 2 to 6 
weeks, depending on complexity. 

We do board layouts for many of the biggest names 
in the business. 

And we have broad capability. Such as computer 
boards having 450 ICs. 

Choose any or all these services: 
• 	 Layout (to digitizing • Assembly drawing 

standards if desired) • Schematic drawing 
• Tape-up (artwork) • Bill of material 
• Fab drawing • Printed board 

Place a call now to John Offenbacker or Al Chew 
and get your new board moving at competitive prices. 

Polyphony Made Accurate 

Perusa l or my copy of the January 
1979 BYTE, contain ing my article 
"Polyphony Made Easy," reveals two 
errors in the schematic on page 1 06. 

First the tri vial one: the counters 
are incorrectly la be led as 74 73 (in fact , 
both are called ICl Oa). They are, in 
real ity, 7493s. 

Second , the multiplexers - a ll 
nine of them - have a pinout error. 
Instead of " B A C" along the bottom 
of each one (input add ress), th ey should 
read "A B C," with the pin numbers 
cha nged accordingly to " 11 to 9." 

These are not c rippling errors ­
any one who's reasonab ly familiar with 
TTL (transis tor·t rans is tor logic) would 
spot the firs t one immediately, and th e 
second would cause sc ram bled key codes 
bu t wo uld sooner o r la ter be figure d 
out. 

Steven K Roberts 
129NGa ltAv 

Louisville KY 40206• 

Finishing the Job 

T he Progra mmin g Qu ickic "Si ngle 
Stepping the 8080 Processor " ( January 
1979 BYTE , page 179) has one small 
bug in it. A line o r code was left out 
o f the program listing on page 180. 
The last lin e of the program should 
read: 1 18A JMP FINI C37D IO .• 

FREE 
Ask for 
a copy 

Basic 
Guidelines 

for 
Printed 
Circuit 

Partitioning 

echo 

DES I GN AND 
DEVELOPMENT 
CORPORATION 

195 EAST GISH ROAD • SAN JOSE, CA 95112 

408-292-0918 

We also provide contract technical personnel world wide 
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32 Bit Microprocessors Are Rumored. While Zilog and Motorola are struggling to get their 16 bit microprocessor­
lCs into production, Texas Instruments and Intel have been delivering theirs for some time. Now rumors abound 
that both Tl and Intel will show prototype 32 bit processors by the end of the year and may be in production by 
the end of 1980 or the beginning of 1981 . 

Tremendous Growth of Personal Computer Systems Predicted for 1979. Mike Shea, marketing director for Atari, 
who recently brought two personal computer systems to the market, predicts a four to sixfold increase in personal 
computer sales for this year. He feels that between 200,000 and 300,000 personal computer systems will be sold 
this year, compared to 50,000 last year, and said that in the future Atari will pay less attention to developing new 
game consoles and instead concentrate on bringing out new software for existing units . 

Fairchild Camera & Instruments predicts that 4.6 million programmable video games will be sold this year, 
worldwide, compared to 2.1 million in 1978. Further, they predict that 18 million cartridges, worth $110 million, 
will be sold, compared to 5.7 million, worth $18 million, last year. 

Nonvideo games growth should prove even more dynamic, according to industry pundits. Sales should reach 
$290 million in 1979, and possibly $500 million in 1980. 

Lear Seigler Shipped 40,000 Video Terminals in 1978. The Data Products division of Lear Seigler announced that 
in 1978 they shipped 40,000 video display terminals. This was more than they shipped in their six previous years 
of doing business. LS is predicting an increase in video display sales in 1979 of 25 to 30 percent. 

Centronix Reports 20 Percent of Its Printers Go to Personal Computer Makers. Centronix, the leading maker of 
dot matrix printers , predicts that about 20 percent of its 1979 business will be from Tandy (Radio Shack TRS-80) 
and from Apple Inc. At the beginning of the year they were shipping 1700 printers per month to Tandy (in other 
words, 20,400 per year). Centronix is getting set to introduce a high density dot matrix printer and a word process­
ing impact printer to compete with Diablo and Queme. 

Computer Stores Becoming Big Business. Computer stores are becoming mass merchandisers, judging by an order 
recently placed with Perkin-Elmer Corp. Their terminal division announced that Micro-Age, a chain of five com­
puter stores in Arizona and Texas, placed an order with them for 2000 of their new Bantam video display terminals. 
That's a far cry from the garage-type computer store operations of just a year or two ago. 

Battle Shaping Up in 32K EROM. In February 1978 Texas Instruments introduced its TMS 2532 4K by 8 EROM 
(erasable read only memory), with full production promised for April or May. This meant that they were well 
ahead of all the other integrated circuit manufacturers . They accepted orders for the device at $54 in 100 price 
lots. Intel introduced their 2732 erasable read only memory in November. Needless to say, the pinouts were 
different and a heated debate developed in the JED EC committee over which would be the standard. TI hoped 
their 10 month lead would favor them. However, they encountered production problems and only started to 
deliver samples by year-end. Intel, in the meantime, is in production and has already lined up at least one second 
source. TI is promising production quantities by April. The unit price on the Intel part is currently $140. The 
2732 also uses the same pinout as the 2716 and 2708 EROMs. 

HP May Be Developing Personal Computer System. Hewlett -Packard is rumored to be developing a new personal 
computer system at its Corvallis Oregon Consumer Products division. HP has been selling a desktop computer 
with BASIC in read only memory and an IEEE-488 interface for a few years now. It is expected that the system 
will be a scaled down version of this system, that it will have a base price of $1 000, and that it will be on the market 
this fall. 

Tandy Developing New Computer. Tandy is rumored to be in development of a second generation Radio Shack 
TRS-80, possibly with color capability. Tandy, which has a 200,000 square foot plant and staff of 700 making 
the TRS-80, is supposedly looking for an outside manufacturer of the new system. Tandy also plans to develop 
many new software packages for introduction this year. 

Magnavox Files Suit on Microprocessor Video Game Patents. Magnavox, the originator of video games played 
on home TV receivers, has filed suit against several manufacturers of programmable TV video games; among them 
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are Fairchild, Bally, Sears Roebuck and Montgomery Ward. Magnavox has won previous suits on dedicated, non· 
programmable video games. Some industry experts feel that if Magnavox is successful in this suit, the next step 
might be to try to license makers of personal computers that connect to home TV receivers. 

DEC Forms Retail Products Group. Digital Equipment Corporation, the largest manufacturer of minicomputers, 
has formed a retail products group. Its initial objective is planning for expansion based on its successful experience 
with a retail store, which opened last August in Manchester NH. Located in a shopping mall , the store sells small 
computer systems starting at less than $10,000. 

Flat Panel Displays Getting Closer to Production. Last month I reported on a flat panel terminal display being 
readied for production by General Telephone and Electronics. Several other companies have also announced that 
they have display panels in development. However, none appear near to replacing the present video displays, such 
as that of GT&E. Nonetheless, they are worth reviewing. 

Datascreen Corp, of Mountain View CA, will soon start sampling a 40 character LCb (liquid crystal display) 
panel (5 by 10 dots) which works off 5 V and consumes 250 mW . 

Westinghouse has already demonstrated a 180 by 180 line LCD panel for TV use. Hitachi has shown a 120 line 
panel. Neither, however, is near production. 

Electroluminescent type panel samples are already available from Sharp. A 480 character display using a 7 by 9 
dot matrix, with complete drive electronics, is currently available for $2500. A 240 by 320 dot graphics panel 
will be available next year. 

ISSCC Gives Preview of New Technology Coming. The annual International Soiid State Circuits Conference, held in 
Philadelphia, February 14 to 16, saw the presentation of new hardware technology still in the research and develop· 
ment stage. These devices will not be on the market for at least a year yet, and most are still 2 to 3 years off. 
But all are real and coming. Here's a partial list of some of those presented at the ISSCC : 

From Intel: a self-refreshing dynamic 4 K programmable memory with 200 ns access, an NMOS 4 K static 
programmable memory with 25 ns access, a 16 K HMOS static programmable memory with 45 ns access, 
a 5 V only 16 K dynamic programmable memory with 100 ns access and an analog 1/0 (input/output) 
microprocessor with on board erasable read only memory. 

From Texas Instruments : a simple 1 transistor cell. 

From Nippon Telephone and Telegraph : a 128 K bit read only memory and a megabit full wafer MOS 
programmable memory with 350 ns access. 

From Hitachi: a 1 K programmable memory with 5 ns access. 

The Robots Are Taking Over. There are already about 20,000 robots at work in US factories. But this is just the 
beginning. Japan and several European countries are already ahead of the US in introducing manufacturing robots 
and automation under computer control. 

Automation experts claim that in most manufacturing situations a product spends 95 percent of its time moving 
and waiting. Time is money. Hence, automation can cut this wasted time tremendously, effecting considerable 
savings. 

Zilog Reports $18 million in Sales. Zilog, the creator and maker of the Z-80 processor, has reported sales for 1978 
of $18 million. The company, which started in late 1975, and brought the Z-80 to the market in 1976, operated 
in the red in 1976 and 1977. A company spokesman said that in 1978 they were "at breakeven." 

The Altair May Live Again. When Pertee bought MITS and its Altair line of PC system in 1977, they deserted the 
hobbyists who made the Altair a success. Pertee tried to change the Altair into a small business computer system. 
Things did not go too well. Pertee moved MITS from Albuquerque to California and then Pertee stopped making 
Altairs in June 1978. Pertee now is going to resurrect the Altair and start producing it again, in a new plant it is 
building in Albuquerque (of all places). Pertee plans to market it to small business users and not to personal com­
puter users. 

Computers Produce $350 Million Trade Surplus. It seems that all we read about in the newspapers are trade deficits. 
Well, last year the US exported $350 million in computer gear. Canada was the biggest purchaser ($12 million) , 
and Japan was secortd ($10 million). Actually the US exported $406 million but imported $56 million in computer 
gear. 

IBM Keeps Growing and Growing. When microcomputers came out and skyrocketed in popularity, many pundits 
predicted that IBM's domination of the computer business was coming to an end. However, that is not what has 
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happened. Today IBM has a larger backlog of orders than ever before. Their current backlog is more than four 
times the computing power it has ever shipped. Delivery time on its new 303X large computers is now over two 
years, and IBM has orders for about 13,000 of these machines, which replace large 370s. 

Paper Newspapers and Mail May Soon Be a Thing of the Past . The ground work for a digital electronic mail system 
is now in the works. Imagine having your newspapers , magazines, bills , etc , delivered to you directly via your 
personal computer system, and likewise being able to write letters (with on line text editing, naturally) and then 
transmit them at the press of a button. It is already here in some large corporations and government agencies. 
But during the 1980s, this technology will explode into business offices and homes. It is rumored that TI, HP and 
IBM are developing personal computer systems specifically for these emerging applications. 

Further, last December Xerox filed a petition with the FCC to develop a digital mail/communication system 
using microwave. It would provide for document distribution , data communication, etc , at rates up to 256 K 
bytes, which is far greater than current telephone systems and even than Bell 's new T-carrier system now being 
installed. Xerox claims they will be able to deliver documents at less cost than the US mail. Each office desk would 
be equipped with a keyboard, video display , disk and processor ; and would be able to do word processing, sorting, 
etc, in addition to mail handling. The mail handling naturally would be controlled by computer and hence include 
automatic addressing, priority routing, multipoint delivery, automatic transmission of previously stored messages, 
scan messages, etc. 

GT&E is setting up a group to test market (in early 1980) a system to transmit data via telephone lines onto 
modified TV receivers in homes and offices. The system will be similar to the Viewdata systems currently under 
test by the British Postal System. GT&E is also negotiating for Viewdata licenses. ITT, TI and RCA reportedly 
are doing the same. TI, however, is currently testing a home information system in Salt Lake City that sends data 
over regular broadcast channels. 

Also getting into the business is the US Postal Service, which last fall asked the US Postal Rate Commission for 
authority to offer an on line service called Electronic Computer Originated Mail (ECOM). ECOM is expected to 
start this year . The sender writes a "letter" on a terminal and sends it via telephone to the post office, who routes 
it to the destination post office where it is printed and delivered in the conventional way. This will be used mostly 
for mailing bills, overdue notices, etc. 

This communications revolution will be boosted by the new Advanced Communications Service (ACS) for which 
AT&T recently received approval. ACS will lower data transmission costs and increase service. It will lower costs via 
shared communications facilities and make possible interfacing of incompatible terminals and computers and provide 
user selectable communications capabilities. 

A few personal computer groups have already started a simple system called PCNET. The leading PCNET activity 
is run by the CACHE group (Chicago Area Computer Hobbyist Exchange). Other PCNET groups are functioning in 
the San Francisco, LA and Atlanta areas. The PCNET uses modems and telephone lines for communication . A 
writeup on PCNET appeared in the November 1978 BYTE. 

Another personal computer approach has been taken by AMRAD (Amateur Radio Research and Development 
Corp) in McLean VA. They have established a bulletin board type system using telephone and 2 meter 
radio telephone.• 

Sol Libes 
UCTI 
1776 Raritan Rd 
Scotch Plains NJ 07076 

PET PRINTER 

GET HARD COPY FROM YOUR The CmC ADA 1200 drives an 
COMMODORE PET USING A RS-232 printer from the PET 
STANDARD RS-232 PRINTER IEEE-488 bus_ Now, the PET 

owner can obtain hard copy 
I istings and can type letters, 
manuscri pts, mailing labels, 
tables of data, pictures. in­
voices. graphs. checks. needle­
point patterns, etc.. using a 
standard RS-232 printer or 
terminal. 

ADAPTER 
$98.50 ADA 12008 
Assembled and tested 

$169.00 ADA 1200C Ill 
With case , power supply .• . · · - JI I VISA" 
and RS-232 connector . _ 

Order direct or contact your l ocal compute r store. 
Add $3.00 for postage and handli ng per order. 

CONNECTICUT m1croCOMPUTER 
150 POCONO RD, BROOKFIELD, C T 06804 
1203) 775.9559 
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Ci rcle 12 on inquiry card. 

TRS-80 SOFTWARE ON 
COMPATIBLE CASSETTES OR DISKETTES 

SUPEAZAP Hex dump u t 1l11y for ex.;:irn1ning & ch.:;in91rt9 d is k sectors o, mom 
memo1v Nerds DOS 2 I ancl 32K , , $25 
DISASSEMB LER IN MACH INE CODE Works w1 1h d1sk oll1ec1 load modules & 
provides l ocat1on re ference 1nble. also d isassembles anv ram 1oca11ons S25 . 
ASSEMBLER MODS FOR DISK OPERATION Chongos vou< TAS-80 non d;sk 
assembler to provide lull d isk 110 u1il111u 525 . 
LOAD MODU LE A ccePts EOTASM ctea1ed load module~ from iape & conve ru & 
stores lhem 1n DOS exrcurable formal on d1sk S25 
LEVEL I RELOCATED IN LEVEL II AAM 116KI Run vour non ·conuenibtc l evel 
I programs or make Leve l I compa 11ble rapes 1n you1 LeOJe l 11 m.ich1ne S 15. 
ACCOUNTS RECE I VABLE AND INVENTORY CONTROL D"k based sv<tem s 
requmng DOS 2 1 lu 111t1es random files) Bv Mike Kellehe1 SJO . ea . 
BASIC DIRECTORY AlloM review & e)(ecut1on or disk Mirec10,yl 1)10gfams 
whi le under BASIC , with 3u1oma11c Index fea1u1e $1 S. 
ANYSORT U 11 l11y program a llows def1n1t1on & man1pula11on ol aov lorm al dalil 
file Useful tor reco rd keeping & inventory control . $ 15 . 
TRI BBLE TRAP Oneal the best Le>Je l II graph1cs 9 •wncs we·veseen S 7. 
Above 3 programs bv Ralph Bums requue Le>Jel 11. 
3-D REAL T IME LUNAR LANDER . $10. PLAY CHESS, $5 ,. TWIN S PARADOX. 

52, . Bv M1 choel Dre1ger t 16K Level 111 

MICRO TEST EDITOR IWo<d P<ocessod 4K . SS . BIG PAINT, S2 .. & CONCEN ­

TRATION 16K , $4 . Bv Don Coon !Level II on lvl 

MAIL LIST Disk basect program which SORT S & pr1nu LABELS Sy J::imes 

Beauchamp . . . . . . . . . . . . . . . . . . S35 . 

F INANCEEA 20 Financ ial 1voe programs on disk by James Beauchamp SJ5 . 

JOB ENTRY & STATUS REPORT - Bv Al Ha<go1 <equom 32K & DOS 2.1, handl01 
340 1obs 1n 48K . . S75 
DATA-SET CONTROL PACKAGE - Provodes casse1te lole OPEN , READ , WRITE & 
CLOSE lunct1ons plus 2 u1il i1v programs & lull documen1a11on S 8 . 
PERSONAL FINANCE PACKAGE 13 P<0grnmsl . 515 . 
MORTGAGE CA LCULATIONS & MATH TEST . 5 5. ea . 
The above 3 programs bv John OeM1ta 
HOROSCOPE CASTING BY COMPUTER bv D . L . P;1mon . 510 . 
Level II has ou1pu1 tormaued fo r p11n1f?r 
OUB IC - By Al1J1n Files (J .Q 11c 1ac 1oe w11h graphtcsl Le>Jel It 116 Kl S 4 . 
HERO'S QUEST A vers ion of swords & sofce rv 16 K lllwel Ill . . .. , _$ 5 . 
SEND FOR FREE CATALOG FO R COMPLETE PROGRAM L ISTING. A FEW 
SAMPLE GAMES FOLLOW STAR TREK (BKI . FLIGHT SIMULATOR MKI . 
FOOTBALL <SKI . S 5. •• 

ADD $2 FOR PROGRAMS ON CASSETTE, S5 FOR DISKETTE 
(INCLUDES SHIPPING AND HANDLING} Colorado residents .add 6%. sales i;;1x . 

tiXXJ E Evans Av. Bldg. 2 Cal I or write 
Denver. Co 80222 (303) 758-7275 for details . 

theULTIMATE in 

CHEAP VIDEO 
BOOK&KIT 

ONLY $42.95 

~ 

~ · · s 

~~i!llQ 
Don Lancasters "Cheap Vide;-:-concept allows almost 
unlimited options, including:

* Scrolling · Full performance cursor.
* Line/Character formats of 16/32, 24180, 32/ 64 . .. . 

or almost anything.
* Graphics-up to 256X 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. 

llDiA ELECTRONICS, OEPT.4-B, 1020 W. WILSHIRE BLVD•. OKLAHOMA CITY. OK 7311 6 

I'm Sold, PLEASE RUSH . . .. . C ) SEND FREE CATALOG 

C ) TVT·6 5.g Kit & Cheap Video Cookbook - $42.95 lenclosed l 
C l TVT·6 S-s Kit only (book required for assemblyJ - $39.95 

name:____________________ 

address:___________________ 

city:---------state: zip:--- ­
lllMA ELECTRONICS DEPT. 4-B, 1020W.WILSHIRE BLVD .. OKLAHOMA CITY. OK 73116 
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Continued from page 6: 

Another cause for possibili ty of losing 
files is just plain lack of experience with the 
system invo lved. A friend of mine who 
works al Digital Eq uipmen t Co1·poration 
tel ls the talc of how he once fo rgot which of 
several operating systems he was working on 
- and deleted a whole slew of files thanks Lo 
a "feature" known as wild card ope rations. 
Such operations are shortcuts to all ow moi-e 
than one file name to match the file name 
specified to th e operating system . This 
friend's prob lem came from the fact that 
one PDP-11 operati ng system had a wild 
card specification th at in another operat ing 
system was a unique specification . 

There are more than just wild card 
opportun1t1es for not understanding or 
forgetting how the operating system soft­
ware works . There are many ways in which 
the user of any small computer can interfere 
in disk fil ing operations so that the fi le wi ll 
be lost, or a whole disk file directory wil l be 
lost. For example, all it takes is the simple 
removal of the disk from the drive or reset­
ting of the computer whil e an operation is 
be ing performed. Thus the fundamental ru lc 
of smal l computer and big computer use is 
"don' t touch the computer dur ing a disk (or 
tape or any other fi ling) operation." 

But when you in troduce the possibility of 
physical errors due to imperfect media, the 
whole problem gets complicated, and 
sometimes such a simplistic rule has to be 
violated. My problem may have resulted 
from the facts that I have been using one 
floppy disk for three months solid ly and 
that I was updati ng a file one stormy winter 
day. Because floppy disk media arc contact 
media, they arc indeed subject to wea1·. 
Whether it was wear or the wile of Peter­
borough Flicker And Flash division o f New 
Hampsh ire Public Service, on the day of the 
disaster I got a little message from the 
physical 1/0 disk drivers wh ich support the 
opera ting system. 

It was an om inous message, for seve ral 
reasons. First, it occurred during a "krunch" 
operation wh ich i the UCSD Pasca l sys tcm 's 
disk file compression program. Second, it 
occu rred after the last file had been moved, 
so it was most like ly during a directory write 
operation. Third , it wa one of these frus­
trating situ ations where an apparently 
infinite retry loop was involved, with one 
error message corning every 15 or 20 sec­
onds. So, I vio lated the rule stated above and 
reset the computer. 

That was the end. The directory was no 
longer valid, I had no alternate directory, 
and I had not the foggiest idea ahead of time 
about what to do to fix th is situation. The 



directory inc lud ed maybe 20 or 30 Pascal 
programs wh ich I had written during the 
preceding month or so, including a reall y 
useful one called " li tt leblackbook ." Well, in 
my experience using computers, the best 
co urse of action fo ll owi ng such a disaster has 
al ways been to sit back and contemplate 
wh at has happened, to avoid compounding 
the problem with hast il y co nceived actions. 

One thing was obvious. Only the direc­
to ry had gotten zapped . Th is was confirmed 
by the use of some of the utility fu nctions 
built into the UCSD Pascal system software: 
in the Filer portion of the system, one can 
scan for bad blocks on a disk, then enter a 
fixup rout ine to try and recover most of 
the data . The bad block was obviously in the 
directory, due to its physical location on the 
disk and that in using another copy of the 
system no d irectory could be found among 
the remai ning data on the damaged disk. 
Knowing this, plus the fact that the fi les in 
the UCS D are stored contiguously on the 
disk, I knew that all the ac tual data was oul 
there and that I just coul d not get at it 
through the normal directory method s. 

But, if I could read rhe disk with out the 
be nefit of paying attention to such niceties 
as file st ru ctures, I would be able in principle 
to recover from this prob lem by writing a 

relative ly si mple program. Well , I proceeded 
to do exact ly that. Si nce most of my data 
was in the form of programs, my first 
step was to wr ite a program which would 
search arbitrary disk blocks in seq uence 
from a starting block to the encl of the di sk . 
As each bloc k was read by the program, I 
pri nted a confi rmation message giving the 
current block number. 

In th is search, the program would look 
for the key word PROGRAM which begins 
every program' text fil e. When fo und, I 
would prin t out the first 20 characters of the 
fi le starting at the word PROGR AM. Th is 
would give me a physical block acldre s 
directory of al l th e Pascal programs on the 
damaged di sk. The program entitl ed Recover 
fo und in listing 1 accomplished this end for 
me, using the low level 1/0 procedures of 
UCSD Pasca l ca lled UNITREAD, UNIT­
BUSY and UN ITCLEAR. Output was 
di rected to the sc reen and to the printer 
using the usual techniques of the 85/P 
implementation o f UCSD Pascal: a control P 
char;:icter is in tercepted from th e keyboard 
to toggle on and off the output to the 
Diablo Hytype II printer I have on the 
system. 

Once I had th is printed directo ry of 
ph ysical bl ocks which had th e word " PRO-
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LEADER IN 
ffilCROCOffiPUTER EDUCATION 

AH IMTRODUCTIOH TO PERSON­
AL AND BUSINESS comPUTIHG 
by Rodnay Zaks 
250 pp, ref C200 $6.95 
The basic introductory text 
on microcomputers, with a 
detailed evaluation of the fea­
tures and peripherals required 
for specific applications. No 
prior computer knowledge 
required. 

ffilCROPROCESSORS: from Chips 
to S,ystems 
by Rodnay Zaks 
420 pp, ref C201 $9.95 
An educational text , used 
worldwide at universities and 
in industry designed to teach 
all the fundamentals of mi ­
croprocessors, the assembly 
of a system, and its use. 

PROGRAffiffilHG THE 6502 
by Rodney Zaks 
320 pp, ref C202 $10.95 
An introductory program­
ming text for the 6502. Does 
not require any prior pro­
gramming knowledge. From 
arithmetic to Interrupt-driven 
input-output techniques. 

6502 APPLICATIONS BOOK 
by Rodney Zaks 
ref D302 $12.95 
Actual application programs 
lo interface the 6502 to 
the real world, from LED to 
motor, and analog-digital 
conversion. Available Shortly 

~£>100 
t 1NnllfACIMG 

nct11JQUIS 

~ (S 
ffilCROPROCESSOR 
INTERFACING TECHNIQUES 
Austin Lesea and Rodnay Zaks 
416 pp, ref C207 Sl 1.95 
All the basic interfacing 
techniques, from keyboard to 
floppy disk, including the 
standard buses (S100 to 
1EEE488). 

ffilCROPROCESSOR LEXICON 
120 pp, ref Xl 52.95 
Dictionary and tables. All the 
definitions of the micropro· 
cessor world in a pocket 
book format. 

m1cROPROGRAffiffiED APL 
lffiPLEffiEHTATIOH 
330 pp, ref Zl 0 $25.00 
How to design an APL 
interpreter. oso2 

APPUCATIOl<S BOOK 

SELF STUDY COURSES ON 
CASSETTES 
Ten courses to study at home 
or in the car. The most time­
efficient way to learn. Includes 
workbook and cassettes. 
INTRODUCTORY $29.95 ea 
S1 -I NTRODUCTION TO MI­
CROPROCESSORS (2.5 hrs) 
S2 -PROGRAMMING MICRO· 
PROCESSORS (2.5 hrs) 

COMPREHENSIVE $59.95ea 
SB1 ·MICROPROCESSORS 

(12 hrs) 
SB2· MICROPROCESSOR 
PROGRAMMING (10 hrs) 

SPECIALIZED $49.95 
SB7 ­ MICROPROCESSOR 
INTERFACING (6 hrs) 

TO ORDER 
By phone: 415 848-8233. Visa, MC, 

Amer Express 
By mail: circl e books on ad. Include 

paym en t 
Shipping : add 65e per book (41h class) 

or $1 .50 laster shipping (UPS). 
Double for casseltes and overseas. 

Tax: In Calllorn ia add 1ax. 

FREE DETAILED CATALOGUE 

8

2020 Milvia Street 


Berkeley, CA 94704 

Tel 415 848-8233 Telex 336311 


DEPT. 8 
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GRAM " in them, I proceeded to modify and 
extend Recover until I had a second Pascal 
program called Grabber which wou ld phys­
ically grab the good data from the damaged 
disk and write it on the new system disk as 
a fil e called A.TEXT. Grabber starts at a 
block address obtained by Recover's lis ting 
and transfe rs all data to the new file. This 
continues un t il a block is found containing 
the magical key word END. which marks the 
last line of every Pascal program in the 
system. 

The text of Grabber is found in l isti ng 2 
accompanying this editorial. It has a couple 
of minor technica l points worth no ti ng. 
First, the UCSD Pascal system editor pro ­
gram tries to keep integral lines of text 
(marked by carriage return codes) within 
one block of 512 bytes of data. Since lin es 
vary in size there is usually a segmen t of null 
data at the end of each block. Second, the 
UCSD Pascal system uses a form of data 
compression to elim inate redundant spaces 
at the beginni ng of each line of text in a file, 
so the fi rst two bytes physically fo llowing a 
carriage return character are often (but not 
always) not text at all but codes indicati ng 
l ine compression. Thus in converting the 
fi le, the conversion program Grabber had to 
ignore all nonprinting characters except 
carriage returns and various combinations of 
characters fo llowing a carriage return. 

The end result o f running Grabber is 
always a file cal led A.TEXT, which I can 
then change to a name appropriate for the 
program being recovered. In this way, the 
new system disk co uld be restored with the 
contents of any program I wanted to use 
from the old disk. Now, of course, the old 
disk will never be modified in any way until 
I have recovered al l the data I want from 
it. 

The fi nal ve rsion of the Grabber program 
as I wrote it is shown in listing 2a. IL is stil l 
not perfect, for there are various strange 
combin ations of carriage return and indenta ­
tion codes whi ch crop up when a file is 
recovered in this manner. It onl y handles the 
most common states of indentation codes . 
The except ions are relatively benign, in that 
they get turned into arbitrary charac­
ters at the beginning of I in es. These charac­
ters can in turn be edited out of the file after 
the grabber has co mpl eted its operation. 
Verification of the success of t hi s st rategy 
has been provided by several programs which 
compil e and run as expected after transfer to 
new f il es using Grabber. 

As for new operating procedures, I have 
now started to make a more regul ar practice 
of backing up files on my system disk. IL 
turns out that there is no particular diffi ­
culty in transferring the entire contents of a 



disk from one drive to another usi ng the 
UCSD Pascal system's filer program. So, 
readers who wish to learn from my little 
fiasco should consider taking the time at 
least once per day to copy all the fil es on 
their main disk to a backup disk as a little 
bit of logical insurance against a se rious 
filing system problem which may or may not 
ever happen. This is an important practice 
even if all you are using your computer for is 
fun and games, for every program that is 
ever written takes time and energy to create 
and type into a com puter. 

Listing 7: The first stage in the process of 
recovery from the directory zeroing disaster 
was to write an exploratory Pascal program 
called Recovery . The zapping ofcourse only 
applied to the current system disk, copied 
from the master supplied with the system. 
Thus it was possible to make a new system 
disk for the purposes of compiling programs 
such as this one. 

[Progriltl to scan blocks on disk for text strirq "PRcx:;RAM") 

PRcx:;RAM recovery; 
Cetlsr 

disk = 5; 
VAR 

blocknr,i,j : INTEGER; 
anychar : CHAR; 
buffer : PACKED ARRAY[0 •• 511] OF CHAR; 

PRO:::El)JRE i ni tial ize ; 
BEGIN 

WRITELN( 'Enter startirq block nunber for scan'); 
RFADLN(blocknr); 
FOO j :=OTO 511 00 buffer[ j] := ' ' ; 

E}I[) {initi alize}; 

PROCEDURE findprograrn; 
BffiIN 


WRITELN('Checkirq Bl ock I' ,blocknr) ; 

UNITCLEAR(disk); 

UNITREAD(dlsk,buffer,512,blocknr,0); 

UNITh'AIT(disk); 

j := O; 

WHILE j < 480 DO 


BEGIN 
IF ( 

(buffer[j-+-O)= 'P') AND 
(buffer[j+l]='R'l AND 
(buffer[j+2]='0') AND 
(buffer(j+J]='G ' l AND 
(buffer(j+4] ='R ' ) AND 
(buffer(j+5) = 'A' ) AND 
(buffer[j-+6]='M'll 

THEN 
BEGIN 

FO'l i : = j TO j+20 DO WRITE(buffer[ i) ); 
WRITELN ( I I ) ; 

j := 505 
EN:>; 

j : = j + l 
EN>; 


blocknr := blocknr + 1 

mo {findprogriltl}; 


BEGIN (recovery} 
initialize; 
REPEAT 

findprogrill!l 
UNTIL blocknr > 1100; 

END. {recovery} 

Write faster in BASIC, 
FORTRAN, or COBOL 
Document & modify more easily, too 

Human-engineered to do the job better. Yes. you really can gel flawless code 
faster , using lhe Stirling/Bekdorf™ sys tem of sof tware development too ls with 
st ructured programming concepts. The 78F2. 78P4. and 78Cl are human-engineered 
to reduce initial errors, improve de-bugging speed, and aid concept communica tion. 

First, use the 78F2 Flowchartrix™to lay out your or iginal concept blocks. Th en 
use it to wr ite a finely detailed flowchart. 

54% more logic cells than other flowchart forms, put far more of your program 
on each page. Each Flowchartm has a lull 77 logic cell s. not just 50. This saves 
paper, and makes your finished flowcharts easier to understand. By seeing up to 
27 ex tra steps of a program on each page, you comprehend program flow 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 write program documentalion, having a separate reference 
point fo r each cell makesyour program much easier to describe clearly. 

With Flowchartrix, you don't need a shape template to draw remarkably regular 
logic symbols. Guides for the most-used logic symbols are right m each matrix 
ce ll , to help you draw most standard flowchart symbols enti rely free-hand. 

78P4 Print-Out Designers are next. When you fi nish flow chart ing, lay out the 
printed repor ts your program wil l generate. Then when you write code you blaze 
through th e report generati on segments righ t along with the rest of your prog ram. 

Unique 70 x 160 matrix accommodates even proportional·spacing word processor 
formats. The 160-column wid th can handle practically any printer fo rmat. The 
78P4 is big, 1417 x 22 inches, because we've scaled the ce ll size to human writing 
comfort, not machine print. giving nearly tvllCe lh e charac tei ·writing area of olher 
printou t design sheets. 

Special 5-column area records the program line number of the code wh ich 
creates each printed line. It shows, at a glance. exactly which line of code cr eales 
each line of your report, sav ing hours of needless search time when you must 
change th ereport format (and don"t you always have to, sooner or laler1 l 

Every sheet of 78Cl gives you 2 form uses for the pr ice of one. Use 78Cl's 
lull 28 line x 80 column gr id area lo code regular program steps. Then lor inter· 
active or instructional sections, simply keep your characters wi thin th e appropriate 
CRT indicator lines. and you'll automatically know where eve ry character will sh ow 
on your CRT screen. 

28 line x 80 column coding capacity saves you 14 sheets out of every 100, 
compared to 24·1ine forms. 86 sheets hold more program steps than 100 sheets 
ol any 24 ·hne form. yel we offer full -size Gmm x 3mm grid blocks to give you 
comfortable writing room and visual space betweenlines. 

Works with your CRT display, no matter what brand you own. Equipped fo r 
bo th 16 line x64 column and 24 line x 80 co lumn display formats. 

Available m three versions (one fo r BASIC languages. one for FORTRAN, anothe1 
lor COBOll. the 78CI 1s so powerful we include a 7-page instruc tion manual with 
every order. 

Every tool in the Stirling/Bekdorf system is surface-engineered to take both 
pen & pencil without blotching. Our tough, ex tra·heavy, 22= paper 1s pure enough 
to use with critical magnetic ink character readers. and gives you rnsp. sharp char 
ac ters with pencil or plastic-tip pen. 

Every part of our system uses eye-comfortable soft blue grids. All grid rul ings, 
lints, and div ision rules are reproduced in a special shade of blue. easy on your 
eyes even after hours of con tinuous programming. If you"re a professional pro· 
grammer, you"ll particularly app rec iate ou r improvement over the green lines you 've 
been writ ing on. 

A 3-ring binder is one more of our secrets for your success. All your notes, 
logic concepts. flowcharts. co de, CRT layouts, pr int-out designs. and documentation 
can be kep t together. m order, in one place. When everything you create stays 
together, debugging and modification is much simpler. 

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

71f2 Frawdurtm 1&tl Combinilioli Cod tn1/Cltl l1'0llh 
D 'l p~ ds ol ~O • SJ IJO • ' 2 8~ p).ne & snpe All ;ue the ume p11c e.. t11Jt poleau theH wh1CN l.AnitJ4,lt 
o lG ,.0,.110 - 114 JI· 16 •1 o•nl & shoe fo,111 •t101.1 111 an1 

0 for 8AS IC 0 101 rQRfRAN Cl lot C'.)BOl 
18114 P11nl·Oul Oei11n Shtels 
0 1 1>~ ol ~ - V 4~ • U I~ pi. n.£ & shpt o I o.J<lsot W - 16 ll • l lll ''"i & "'" 
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You don't buy a 
personalco1nputer 
everyday. 
So when you do, 
make sure you know 
what you're buying. 

Hayden can help with 
4 lntroductory guides! 
A Consumer's Guide to Personal 
CompuUng and Microcomputers 
(Freiberger/Chew) 

You need no previous knowledge of 

microcomputers to understand and use 

the introductory principles and products 

that are explained and reviewed. 

115680-X, paper. S7.95 


Small Computer Systems 

Handbook (Libes) 

A primer covering the practical knowledge 

you should have to be able to intelligently 

purchase, assemble, interconnect, and 

program the microcomputer. 115678-8, 

paper. SB.45 


The 6800 Microprocessor: 

A Self-Study Course with 

Applications (Leventhal) 

A self·teaching introduction to the popular 

6800 microprocessor, containing 15 

lessons that emphasize the control 

applications of microcomputers. 

#5 120-4, paper, $7.95 


APL: An Introduction (Peelle) 

Teach yourself the APL language by using 

this book - with or without a computer! 

Includes many examples of APL 

expressions and selected exercises. 

" 5122·0, paper, $8,50 


Hayden Book Company, Inc. 
50 Essex Street 

Rochelle Park, NJ 07660 


Available at your 
local computer store! 

peJ8onal
co~uting

bOoks! 

Listing 2: The second stage in the process of recovery was a modification and 
extension of the first program, now renamed Grabber. Once the earlier ver­
sion of the program had printed out a rough listing of block numbers and 
names of programs, the program shown at {a) was created to transfer these 
files from the bad disk to a good dis!?. At (b) is shown an example run for 
recovery of a Pascal program ofsome 5 blocks in length. 

(progrooi to cow physical IO files to "A.TExr text file) (2a) 

PRCGRAM grabtext; 

CCNsr 


acarriagereturn = 13 (decimal inteqer equivalent of ASCII <CR> l; 

indentcode =16 (decimal inteqer equivalent of ASCII <DLE>); 

disk= 5 {physical unit address of righthand floppy drive}; 


VAR 
blockex>unt,blocknr,i , j , k : INTEGER ; 
onecharacter,anychar : CHAR; 
buffer : PPCKED ARRAY[0 •• 511] OF CHAR; 
filenooie : STRIN'.J [32]; 
ifo undaretum : (no,yes,spacecount); 
theoutput : FILE ,CF CHAR; 

PRCCErxJRE initialize; 
BEGIN 

blockcount := -1; 
ifoundareturn := no; 
WRITELN ('Enter startirY,J block number to grab from right drive '); 
RFADLN(blocknr); 
filename := 'A.'IBXT'; 
WRITELN ('output will be to the file "A. 'IBXT"'); 
WRITELN ('Do ~u approve?'); 
RFAD (KEYBOARD,anychar); 
WRITELN (anychar); 
IF anychar<> 'y' TIIEN 

SEX>IN 
WRITELN (' i..tien ~u have figured out what ~u want to do,' , 
' try me a:Jain'); 
blocknr : = 9999 (to force prenature end of progrooi) 

END; 

Rfl'.'RI'IB(theoutput,filenarne) 


EllD {initialize); 


PROCEDURE makenormal r 

BEX>IN ( simply t ransfer i f printirY,J character ) 


IF ( 

(k >= ORO( ' ')) 


AND 

(k <=ORO( ') ')) 

) 

THrn 

WRITE(theoutput,onecharacter); 


ifo undareturn := no (~> first state) 

EN> (makenorrna l} ; 


PROCEDURE transferblock; 

BEX>IN 


(first g rab the block from the bad disk} 

WRITELN ( 'Transferri03 Block f ' ,blocknr); 

UNITCLEAR (disk); 

UNITRFAD(disk,buffer,512,blocknr,0); 

UNI1WAIT(disk); 


(then transfer the block to output file} 

FOR j := 0 TO 511 I:O 


BffiIN 

onecharacter := buffer[j ] ; 


(test for erd of file] 

IF j> 3 TIIEN 


BEGIN 

IF 	( 

(buffer[j-3]='E') AND 
(buffer[j-2]= 'N' ) AND 
(buffer[j-l]='D') AND 
(onecharacter = '. •)) 

THEN 
BEX>IN 

WRITELN('I found END. i n block I' ,blocknr); 
blocknr := 2000 

END 

Listing 2a continued on opposite page. 
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Listing 2a, continued: 

le;ial possibilities are as follows 
<any><any> ••• <any> 
<CR><C~> ••• 
<CR><DLE><n><any> ... 
<CR><DLE><n><DLE><n> ••• <DLE><n><any> ••. 

k := CRD(onecharacter); 

CASE i fo uidareturn OF 


no: 
IF k <> acarria:iereturn 'THEN 

makenonnal 
ELl>E 

BEGIN 
WRITE(theoutput ,onecharacter); 
ifo1J1dareturn : = yes (--> next state) 

END (IF ... ELSE ••• ); 

yes: 
BEX:;IN 

IF k= indentcode 'THEN 
BEX;IN 

WRITE(theoutput ,onecharacter); 
ifouidareturn : = spacecouit {-->next state} 

END 
ELl>E 

BEGIN 
I F k = acarria:iereturn '!llEN {-->same state} 

WRITE(theoutput,onecharacter) 
ELl>E {-->first state) 

makenonnal 
END 

END; 

spaceco unt : 
BEX:;IN 

WRITE(theoutput ,onecharacter); 
ifouidareturn : = yes (--> previous state} 

END 
END {CASE); 

END {FOR) ; 
blocknr := blocknr + 1 

END {transferblock); 

BEGIN (grabber) 
initialize ; 
IF blocknr < 1103 THEN 

REPEAT 

(put an upper limit on number of blocks to transfer) 

blockcount : = blockcount - l; 

IF blockcouit < 1 'JllEN 


BEGIN 
WRITELN('Enter number of blocks to do ' ); 
READLN (blockcount) ; 
IF blockcouit = O THEN blocknr : = 9999; 
IF blockcount > 20 THEN blockcount := 20 

END; 

IF blocknr < 1103 THEN transferblock 

UNTIL blocknr > 1102; 

CLOSE (tlieoutput , UX:K) 

END . 

Enter starti1"'3 block number to grab fran right drive (2b) 
259 
Output will be to the file "A.TEXT" 
Do you approve? 
y 
Enter numoor of blocks to do 
5 
Transferri1"'3 Block i259 
Transferrirt3 Block #260 
Transferri1"'3 Block #261 
Transferdrt3 Block 1262 
I foU'ld END . in block #262 • 

Historical Correcrio n 

Regardi ng Keith S Re id-Green's arti· 
clc "The History of Computers : The 
IBM 704" ( January 1979 BYTE, page 
190), the magnetic core storage unit , 
shown in photo l, is the IBM 737 . It had 
a capacity of 4096 36 bit words. The 32 
K core storage, referred to in the article, 
is the IBM 738 and did conta in a minor 
amount of solid state logic. 

The IBM 71 1 (photo 3) cou ld read 
any of 80 card columns, se lectable by a 
plugboard whose access is shown under 
the identification tag. On ly 72 of those 
80 columns cou ld be read a t any one 
time, however. Also the Q bit of th e 
mu ltipl ier-quot ien t register was used in 
mul Li ply to con tain bits of partial pro· 
duct during shifts. 

I am sure that all of us "old-timers" 
who worked on the 704 appreciate your 
nostaglic look backward to the early 
clays of this industry. 

Warren G Tisdale 
Rt 6 Box 348N 

Raleigh NC 27612• 

Commander in Chief Genera lized 

Regarding the program Commander 

in Chief, presented in December 1978 
BYTE, page 192, there arc several 

minor errors: location 093 shou ld read 

G instead of 8 ; and @B:> should 

be inserted at location 041. To get dif· 

fcrent games each time, one need only 

enter any number before pressing @ . 
The program can be modified in the fo l· 

lowing manner to remove the necessity 

of enteri ng a ne w seed number for each 

game: 

128 § 
129 8 

130 8 

131 8 

132 @ 
133 B 

134 CD 

135 8 

136 ® 

137 0 


Dennis Grundler 
818 E 22 nd St 

Marysvi ll e CA 95901 • 
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April 3-5, Specifications of Reliable 
Software, Hyatt Regency Hotel, Cam­
bridge MA. This confere nce is sponsored 
by the IEEE Compu ter Society. Contact 
Douglas T Ross, Sof tech Inc, 460 Totten 
Pond Rd, Waltham MA 02 154, (617) 
890·6900. 

April 5-6, Computers in Ophthalmology, 
St Louis MO. This is a course in app li ­
cation o f computers to ophthalmic 
pat ient ca re and clinical rescac h. Sessions 
dealing with data bases, automated 
patient testing, a rtificial inte ll igence, 
and image processing are being planned. 
Contact Robert Greenfie ld , DSc, Bio­
medical Comp u ter Laboratory, Washing­
ton University School of Medicine , 700 
S Euclid Av, St Louis MO 63110. 

April 9-11, Computer Contract Negotia­
tion, Atlanta GA. This 3 day course is 
designed to give participants sound an­
s1vers to the complex ramifications of 
preparing and negotia ting computer con­
tracts. Contract Brandon Consulting 
G roup lnc,505 Park Av, NY NY 10022. 

April 9-11, Data Processing Operations 
Management, Miami FL. This seminar 
will emphasize the management skill and 
techniques ap plicable to the data pro­
cessing operations function. The curri­
culum is designed toward practical, 
applied management techn iq ues to pro­
vide a sounder understanding of the 
ways of managing data processing 
operations more effectively. Con tact 
The University of Chicago, Center for 
Continuing Education, 1307 E 60th St, 
Chicago IL 60637. 

April 9-12, Interface '79, McCormick 
Pl, Chicago IL. This is the seve nth annu a l 
conference and exposit ion on data 
comm unications and computers. Contact 
The In terface Group, 160 Speen St, 
Frami ngham MA 01701. 

April 16-20, Data Communication Sys­
tems and Networks, George Wash ington 
University , Washington DC . This course 
is designed for systems ana lysts, engi­
neers, managers, and others who need a 
better working knowledge o f data com­
munication systems. The course wi ll be 
of particular value to those who arc cur­
rently planni ng, design ing or imple­
menting a computer that involves data 
communications. The objective of the 
course is to prov ide participants with an 
understanding of the basic principles 
and curren t tech niques involved in com­
puter to computer and terminal to com­
puter commu nications and networking. 
Contact Continuing Engineerin g Edu­
cat ion, George Washington University, 
Washington DC 20052. 

April 18-20, Understanding and Using 

202 April 1979 © BYTE Public.uion!. Inc 

Computer Graphics, Dallas TX. This 
course is for peop le who arc now using 
or making decisions about using com­
puter graphics and its role in their organ­
ization . It will describe computer graph­
ics; show how installing com puter 
graphics can be jus tifi ed; explain what 
hardw are and software sys tem s are 
available and give costs and performance 
comparisons. Contact Frost and Sullivan, 
106 Fulton St, NY NY 1003 8. 

April 23-26, Middle Eastern Electronic 
Communications Show and Conference, 
Bahrain Exhibition Ctr, Bahrain. The 
exhibition will consist of com panies 
marketing communica tion systems, pro­
ducts, and services. Contact Gerry 
Dobson, MECOM '79, Arabian Exhi­
bition Management, 11 Manchester Sq, 
London Wl M 5AB. 

April 23-27, PASCAL Programmi ng for 
Mini and Microcomputers, Ramada Inn , 
Woburn MA. This course covers a gene ral 
approach to the Lise of h igh leve l lan­
guages in small computers, including an 
intensive course in PASCAL program­
ming, and an introduction to structured 
programming techniques. Con1 ac1 Insti­
tute for Advan~ed Profess ional Studies, 
One Gateway Cen ter, Newton MA 
02158. 

Apri l 23-27 , High Speed Computer 
Organization : Super Machines and Low 
Cost Systems, Holiday Inn , Westwood 
CA. For compu tcr designers, sys te m 
archi tects, project leaders and managers 
involved in the imp lementation, applica­
tion and eva lu ation of hig h speed com­
puting systems. The course provides a 
thorough understandi ng of the principles 
of high spec cl compu tcr orga n iza t ion and 
their use in cos t effect ive systems. Severa l 
commercial an d paper high speed com­
puters arc presented and compared. 
Contact UCLA Exte nsion , I0995 Le 
Conic Av , Los Ange les CA 90024. 

April 24-26, Electro/79 Show and Con ­
vention, New York Coliseum and Ameri­
cana Hotel. Contact Willi am C Weber Jr, 
general manager, Electronic Conventions 
Inc, 999 N Sepulveda Blvd, El Segundo 
CA 90245 . 

April 30-May 2, First Annual Interna­
tional Conference on Computer Capacity 
Management (ICCCM ), Washington DC. 
Individuals invo lved in cornpu ter capaciLY 
management wil l present papers on re­
search, experiments and other ac tivities 
concerned with th e importance, rcqu ire­
menls and benefits o f capaci1y manage­
men1 in today's data p rocessing e nviro n­
ment. Contact Mark en Comm unications, 
2275 E Bayshore Rd, Palo Alto CA 
94303. 

May 11·13, The West Coast Computer 
Faire, San Francisco Civic Aud itorium. 
Tl1 is is a conrc rcnce Jnd exposition on 
personal compu1e rs for hom e , bus iness, 
and industry. Coniact Computer Faire, 
POB 1579, Palo Alto CA 94302, {415) 
851-7075. 

May 21-25, Systems Analysis Workshop, 
Chicago IL. Th is workshop will te ach 
systems analysts and others need ing sys· 
terns analysis skills to use a practical set 
of tools an d techniques to evaluate user 
requests and documcnl requirements for 
new data processing systems. Contact 
Brandon Systems Institute , 4720 Mont­
gomery Ln, Be thesda MD 20014. 

June 6-8, Eighth Annual Conference of 
the MUMPS Users Group, Marriott Hotel, 
Arlanta GA. Papers will be presented on 
al l aspects of MUMPS development, 
irnplcme n1ation 1 and use. Contact Judith 
Faulkner, Program Commiuee, Dcpart­
mcn1 of Psychiatry, Clinical Sciences 
Center, 600 Highland Av, Madison WI 
53792. 

June 6-8, Twelfth Annual Association of 
Small College Computer Users in Educa­
tion Conference, Denison University, 
Granville OH. Sessions will inc lude the 
presentarion of papers and demonstra­
tions of lh e educational use of micro­
computers, computer textbook surveys, 
d iscuss ions with au tho rs of computer 
tex ts , administrative uses of compute rs 
in small colleges, and a tutorial on micro­
processors. Contact Douglas Hughes, 
Computer Center, Denison University, 
Granville OH 43055, (614) 587-0810. 

June 6-8, Computer Contract Negotia­
tion, NY NY. This 3 day course is de­
signed to give participants sound answers 
to the comp lex ram ifica tions of pre­
paring and negot iating compu te r con­
tracts. Contact Brandon Consulting 
Group Inc, 505 Park Av, NY NY 10022. 

June 19-21, International Microcom­
puters I Minicomputers I Microprocessors 
'79, Palais des Expos itions, Geneva 
Switzerl and. The 1979 conference pro­
gram will probe advances in systems and 
equipment with emphasis on practical 
applications and uses of minicomputers 
and m icrocompulers as well as the tech ­
n iq ues important to their development. 
Contact Industrial & Scientific Confer­
ence Management Inc , 222 W Adams St, 
Chicago IL 60606. 

June 20-22, The 1979 Symposium of the 
Wilmington Section of the Instrument 
Society of America, University of De la­
ware, Newark DE. The symposium 
theme: Measurement Technology for the 
'80s is bei ng programmed by three of 
ISA 's d ivisions: Process Measurement 
and Control, Analysis lnstrumentalion , 
and Water and Was ie Water Industries. 
Contact A H S1raightiff, E I Du Pon1 de 
Nemours and Co Inc, {302) 366-38 10. 

June 27-29, Machine Processing of Re­
motely Sensed Data, Purdue University, 
W Lafaye tte IN . The symposium will 
focus upon the th eory, implementation 
and novel applications of machine pro­
cessi ng of remotely sensed data. Con­
tact Purdue Universi ty, Labora to ry for 
Applications of Remote Sensing , 1220 
Potter Dr, W Lafayeue IN 4 7906. • 



Circle 384 on inqui ry card. 

MORE DATA PER DOLLAR•---------· 
OTRS-80 Complete System 
Includes : CPU/Keyboard, Power Supply, 
Video Monitor, Cassette Recorder, Manual, 
and Game Cassette. 

~Line Printer 
~Mini Disk System 
Q C-1 0 Cassettes 
@Verbatum Diskettes 

Description 
TRS-80 Complete System 
Level 11-4K RAM 
TRS-80 Complete System 
Level ll-16K RAM 
Expansion Interface 
Pertee FD200 Disk Drive 
BASF 6106 
Centron ics 779 Printer 
Centron ics 101 Printer 
Anadex DP-8000 Printer 
Centron ics P1 Printer 
560 (selectric) Printer 
Memory Unit (installed) 

(kit) 
Verbatum Diskettes ea. 

3 
10 

Maxell Diskettes ea. 
3 

10 
C-1 OCassettes 5 

25 
C-30 Cassettes 12 
Paper (9 V2" x 11" fanfold , 

3500 sheets) 

Each 

$ 628 .20 

$ 889 .20 
$ 269.10 
$ 385.00 
$ 495.00 
$1299.00 
$1400.00 
$ 995.00 
$ 445.00 
$ 975.00 
$ 138.00 
$ 98.00 
$ 4.95 
$ 12.00 
$ 37.00 
$ 7.50 
$ 21.00 
$ 60.00 
$ 4.50 
$ 18.75 
$ 23.95 

$ 29.95 

1MEG 
OF DISK MEMORY 
on line for TRS-80 
$2670 
Includes: 
2 Double Density 811 Disk Drives 

with Controller 
1 HUH Electron ics 8100­

S-100 Interface to TRS-80 
FREE with package 
1 CP/M Software for TRS-80 
$145.00 value 

Write or call for new innovations­
Printers, Disks, Etc. 

WWata.. CORP. 
777 Henderson Boulevard N-6 
Folcroft Industrial Park 
Folcroft PA 19032 
(215) 461-5300 

MODEL34DD 

DUAL DRIVE 

SUB-SYSTEM 

Your system is only as good as the components that 

make it up. The heart of the 3400 Sub-System is 

the proven excellence of the lnnotronics manufactured 

Model 410/ 420 Diskette Drives. They are complemented 


3400 Rack Mounted Subsystem by a custom enclosure design made up of top quality 

components and featuring distinctive 

solid woods such as cherry and walnut 

for the desk top Model 3400 F. 


If your system demands cons istently 

high performance from your 8-inch 

Floppy Disks, then this equipment 

is the answer. 


Available for the first time a fully 

integrated design that you can 

customize to your needs. We believe 

we manufacture the highest qual ity 

Diskette Drives and Integrated Sub­

Systems on the market today. 


ICS 
BROOKS ROAD, LINCOLN, MASS. 

01773 TEL. 617-259-0600 


Circle 180 on inquiry card. 

410/420 
Diskette Drlv~ 
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Circle 77 on inquiry card. 

P.E.T. food 


SEAWOLF $10.00 

BREAKOUT - - $10.00 

HOUSEHOLD FINANCE 

PARTS 1 & 2 - - $15.00 

Dual .Joystick Interface 

lwitti two programaJ- $45.00 

LIFE - - - - - - - $20.00 

ORDERS : Send check, money orde r, 
or VISA/Mastercharge (include expi ­
ration date) and add $1 .50 shipping. 
Calif. residents add 6% sales tax. 

INFORMATION: More inform.ition 
on these and many other currently 
available programs is available on a 
free flyer. Write directly to Creative 

Software. 

Creative Software 
P.O. BOX 4030, MOUNTAIN VIEW, CA 04040 
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Exchange Information with Brazil ian 
TRS-80 Group 

A Braz il ia n TRS-80 use rs group is 
in te rested in starti ng a so f tw are and hard­
wa re experience exchange with other 
use r group s. Con tact Dou glas Gilson, 
RUA Sam baiba #51 6, Leblon, Rio De 
Jane iro 20,000 BRAZIL. 

The C leveland Digital Group 

T he Cleveland Dig it al Group meets 
a t 2 PM on t he t hird Sund ay of each 
month in the o ld ra ilroad stat ion at 
Safier 's Inc, 8700 Ha rvard, Clevela nd OH 
44 105. Write the club at the above 
address for more info rmation. 

The Valley Computer Club Changes 
Meeting Locat ion 

The Valley Computer Club of Bur­
bank CA is no longer meeting at th e 
Ha rva rd Schoo l in Stud io City . The club, 
which has 228 members, now meets al 

the Bu rbank Board of Rea ltors Ha ll, 
2006 W Magnolia Bl vd in Burbank . 
The time rem ains the same as the flrst 
Wednesday of each month at 7 PM . 
Inquiries should be sent to The Valley 
Computer Club, POB 6545, Burbank 
CA 9 15 10. 

Apple II Users Group in Denver Area 

A new Apple 11 users group, called 
Apple Pi , has bee n for med in th e Denver 
area. They meet at 7 :3 0 PM th e first 
Thursday of each month in roo m 271, 
Gree n Ce nter, Co lorado School of Mines 
campus in Golden CO . They have begun 
a software exchange and are planning a 
traini ng, ha rdware an d software ideas 
exchange as we ll as a newslener. Contac t 
Austin R Brow n Jr, sec re tar y , 407 Peery 
Pky, Golden CO 80401 , (303) 279-5388. 

Educationa l, Recreational Com puter 
Club 

The E RCC (Edu ca t ional, Rccrea· 
tion al Computer Club) was formed in 
Owosso Ml in September of 1978. 
Mee t ings are schedul ed monthl y and 
usuall y inc lude a speaker. A large par· 
tion of each mee t ing is de vo ted to d is­
cussion and trade of programm ing ideas. 
Plans for the fu ture inc lu de forming a 
club li brary and possible group pur­
ch ases . A newsle tt er is published month· 
ly and is available for $2.5 0 a yea r to 
nonmembers. Contac t Pau l Heimnick, 
14 15 O lmstead St, Owosso M l 48867, 
(517) 723-76 02. 

St Louis Area Computer Club 

The St Louis Area Computer Club 
meets at 7 PM on the first Thursday of 
the month at the Thornhill Branch o f 
the St Louis County Library on Fee Fee 
Rd north of Olive Rd. T he mee tings arc 
open to the public. Club dues arc $5 
which Inc ludes a newsletter . Contact 
SLACC, POB 28924, St Louis MO 
63 132. 

Glitch Kickers Computer Club 

The Glit ch Kic kers Computer Club 
has rece ntl y formed in Des Moines IA 
and is looking for new members. The 
club is open to anyone, wh e the r you 
have a compu ter or arc just interes ted 
in learning about computers. The club 
plan s Lo work in several areas, among 
them ed uca tion , writing soft ware and 
starting a personal computer netwo rk . 
The club meets the first and third Satur· 
day o f each month at 2 PM. The meeting 
p lace is the Computer Emporium, 37 11 
Douglas, Des Moines IA. For further 
information , call (515) 279·8861. 

Commodore PET 2001 User Group 

PET User Group is an organization 
for people interested in the Commodore 
PET 2001 computer. Their purpose is to 
share and exchange applications, pro­
grams, and hardware expansion tech­
niqu es; and to provide genera l user feed · 
back. The first year membership is $5 
and will include six issues of the PET 
User Notes. Write Gene Beals, POB 371, 
Montgomeryville PA 18936. 

Delaware Club Develops Home Heater 
Control 

Jod ie Hobson, president o f the 
Del aware Use rs of Mi croprocessor S1•s· 
terns, writes to tell us tha t his club is 
interes ted in both hardware a nd soft· 
ware and the y a re combi ning both in 
the development of a home heater con ­
trol as a club proj ect. The club meet s 
the fi rs t Monday of each month at th e 
Un iversity of Delaware. Cont<ict Jodi e 
at 3 18 B Chapel Av, Claymont DE 
19703 or cal l ( 302) 792-2319. 

New Mexico Computer Society 

Dick Franzen, president o th e NMCS 
(New Mex ico Computer Society). has 
written 10 in form us of th e existence of 
hi s cl ub . NMCS promo tes th e und l!r· 
standi ng and use of comp uter t.cclrnology 
in all areas of our society. Tl1 ey have d 

http:programaJ-$45.00


diverse membership incl ud ing high school 
and college students; housewives; elec­
tronic and computer technicians; and 
various professional and bus iness people. 
Anyone interested in computers, regard­
less of their level of understandi ng or 
expertise, is encouraged to attend one of 
their meetings. The cl ub's interest groups 
include: TRS-80 bas ic programming, 
TRS-80 advanced programming, TRS-80 
business applications, M6800, softwa re, 
personal programmable calculators, and 
computer technology. NMCS meets 
quarterly; however, each of the interest 
groups has its own meeting schedule 
wl1ich is published in their monthly 
newsletter, the Bit Stream. For more 
information, write or call Dick at POB 
26544, Albuquerque NM 87 125, (505) 
292-1572. 

Microcomputer Investors Association 

The January 1979 issue o f Th e 
Microcomputer Investor, the journal 
of the Microcomputer Investors Associ ­
ation, continues to refl ec t admirab ly 
upon the activities of the association . 
In this issue there are 18 artic les within 
tl1e journal's 214 pages. Each article 
deals with utilizi ng microcomputers to 
make or manage inves tments . Th e 
association is professional and no nprofit 
In nature. Dues arc curren tly $30 per 
year. Membership in the association 
carries with it the req uirement for each 
member to submit one artic le per year 
for publishing in the associa tion 's jo urn al. 
Persons desiring to become m embers of 
the Microcomputer Investors Associa­
tion should send a self-addressed stamped 
envelope to J Williams, 902 Anderson 
Dr, Fredericksburg VA 22401. 

Caterpillar Computer Club 

Th e members of the Caterpi llar Com­
puter Club are interested in home built 
as well as prepackaged systems to be 
used in home applic a tions or civ ic interest 
app li cations. Some instrumenta tion is 
club owned and may be loaned out. They 
meet the first Thursday of each month 
a t 7 PM in th e Caterpillar Admin istration 
Building, 100 NE Adams, Peoria IL 
61629. Contact Robert Miller, club 
president, 1539 Moss, Peoria IL 61606. 

Publ ication for Apple 11 Owners 

Apple Pu getsou nd Program Library 
Exchange (A.P.P.L.E.) is an association of 
approximate ly 400 members throughout 
the United States. Each month the y pub­
lish a magaz ine ca lled Call - A.P.P.L.E. 
which conta ins inform at ion on the 
Apple II' capabi li ties, uti lity, programs 
and general tidbits of useful facts. Vol­
ume I has been compiled into a bound 
edi t ion consisting of all the artk les pub­
lished in 197 8. For further inform ation 
about obtaining the magaz ine or Volume 
I, con tact Call - A.P.P.L.E. , 6708 39th 
Av SW, Seattl e WA 98136. 

Newsletter for Computalker CT-1 
Speech Synthesizer 

Computa lker Co nsultants, manufac­
turers of the Computalker CT-1 speech 
synthesizer, have announced the first 
issue of The Word from Computa/ker, 
a user newsletter. Tile Word is a 16 page 
newsletter designed to open up two way 
communication between Computa lker 
Consultants and users of the CT-1 
speech synthesizer and other in terested 
parties. It contains items of interest 
abo ut CT-1 app li cations, new software, 
new hardware, software fixes, software 
written by users, technica l manual 
updates, and more. The premier issue of 
Th e Word is free to all who wri tc for a 
copy. Five issues wi ll be incl uded with 
the purchase of eac h CT-1 speech syn­
thesizer. Additional copies of Th e Word 
wi ll cost 60t each and may be obtained 
by writing to the company at 1730 21st 
St, Suite A , Santa Monica CA 90404. 

Attention: Phoenix AZ Computer Users 

A new computer club is forming in 
the metropolitan Pl1oe ni x area. For more 
information, ca ll or write Marc Tessler, 
3520 W Dunlap Av, # 106, Phoenix AZ 
85021, (602) 249-6224. 

Attention: Long Island Computer 
Enthusiasts 

Aileen Har riso n , treasurer and secre­
tary of the Long Island Computer 
Association, has written us that the club 
meets at 8 PM on the third Friday of the 
mon th at New York Institute of Tech ­
nology, Route 25A, Old Westbury NY, 
building 500, room 508. On e hour 
before the regula r meeting the 6800 
users group meets at the same location 
and every second Friday of the month 
the 8080 user group meets. Th e club is 
entering its fourth year and has approxi­
mately 140 members . The meetings con­
sist of various programs such as "show 
and tell," tu torials, hardware lectures, 
language lectures, group disc ussions by 
members, computer manufacturer pre­
sentat ions, and presentations by com­
puter stores describing the products they 
market. The dues arc $10 per year and 
every paid member gets a free raffle 
chance each month on some "goodie." 
Also paid members are entitl ed to bor­
row USCD Pascal disks and users man­
ual on a monthly firs t come first serve 
bas is. Members receive a copy of the 
monthly meeting notice. For more in ­
fo rmation , contact Aileen at 36 Irene 
Lane E, Plai nview NY 11803 .• 

Write and run programs-the 
very first night-even if yqu'l'e
nel'er used a computer before! 

ELF II with video graphics system gets 
you up and running for just $99.95 
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ELF II Explodes Into A Giant! 
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heads nor tai ls out of a Pasca l listing. 
Other than th ese few gripes, I enjoy 

your magazi ne, and look forward to its 
arrival every month. 

Ivan Dzombak 
621 Spring St 

Latrobe PA 15650 

[A uthors take note! Our articles come 
from our readers. Let's see some more 
information on the 7802- RGAC. J 

CANCE LLED AND HAPPY ? 

Recently I took advantage of your 
offer to receive one free issue of BYTE 
by fi li ng for a subscription and canceling 
after receiving the first issue. 

Although I did cancel the subscrip­
tion upon receiving the first free issue, 
I do wish to compliment you on the 
quality of BYTE . I canceled not because 
I did not think BYTE to be a good buy 
for the computer hobbyist, but because 
it made it clear to me just how big the 
hobby is! As an active amateur radio 
operator in the process o f designing and 
buildi ng some new major pieces of hard · 
ware, I dec ided that I had better ge t 
more o f tha t work out of the way before 
I delve into computers too deeply. 

I expect to ret u rn to BYTE in about 
a year or so-a short time before I begin 
any extensive home computer experi · 
mentation. That first issue of BYTE has 
convinced me th at it wi ll provide the 
means for coming up to speed on the 
subject. 

Richard A Griffiths 
6510 Foster St 

District Heights MD 20028 

A BASE COMMENT 

enjoyed Harold Pritchard's tip on 
using an ordinary calculato r for addition 
and subtraction of hexadec imal numbers 
(January 1979 BYTE, page 165) . Your 
readers might be interested to know that 
th is techn ique works for all number 
bases from 2 through 99. To use for 
other bases , al l you need do is fi nd the 
number to add or subt ract for carrys 
and borrows. T he "magic number" is 
simply 100 minus the base be ing used. 
For hexadecimal it 's 100 · 16 =84 as 
we've seen . For octa l it 's 100 - 8 =92, 
and for b inary, 100 - 2 = 98. As with 
hexadecimal, four digits is the most you 
can work with using an 8diglt calcu lator. 

David L Johnson 
4106 Montreal Av 

Prince George, VA 23875 

COPYR IGHT INFORMATION 

GATHERING 


I'm becoming more and more inter· 
ested in the question of software copy· 
righ ts. I'm sure the editors at BYTE 
agree that th is is a subject which is 
confus ing to anybody who starts talk­
ing about it ; there are no legal prec· 
eden ts, nobody really knows how to 

Continued from page 8 : this can be done in hardware wiihout 
the need for a bootstrap read only mem­

1802 QUEST FOR INFORMATION ory. Memory interface is simple and 
straightforward, bec ause no bizarre data 

Hey, how about some support for multiplexing is performed; sequential 
tl1e poor little 1802? It is no longer an h igh and low order bytes of the memory 
obscure processor used by few of us. add ress are st robed onto an 8 bit bus by 
Many personal compu ters uti lize this two timing pulses. Once decoded , the 
chip-the RCA VIP, Quest Super Elf , address is used just as any other 16 bit 
Netronics Elf II, many homebrew sys­ add ress bus. Hardware single step is also 
tems, and others. An 1802 recently went easily implemented . 1/0 (i nput/output) 
up in an OSCAR satel lite! Much soft ­ is especially simp le, due to three binary 
ware is available to 1802 users, inc lud ing encoded ou tpu t lines that can be con­
debug and monito r routines, video trolled by the processor to select one of 
games, Tiny BASIC, and ge neral purpose eight Input and output devices directly. 
programs availab le from th e many 1802 Also avai lable are four flag lines that can 
based c lubs. be tested by the processor to determine 

Wr iting one's own software is simple, a course of action. Th e e fea tures , 
due to the unique COSMAC architec­ coupled with the simple 93 instruction 
ture . The processor con ta ins sixteen 16 set and RCA support chips make soft· 
bit general purpose reg isters th at can be ware an d hardware development pain ­
used to ho ld da ta and memory addresses less (and sometimes even fun). 

to point to stacks, subroutines, etc. The We avi d 1802 fans are no longer a 

program co unter can be changed to any tiny minority, and would like some sup· 

one of th ese under program control , port from BYTE , a magazin e that many 

faci li tating the use of subroutines. of us subscribe lo for the purpose of 

What about hardware? The 1802 is discovering th e la test in the computer 
completely static and CMOS, resulting world . The 6800 and 8080A arc good 
in very low power d issipation , an impor­ processors, but there ure others on the 
tant conside ration when designing bat­ market. 
tery operated systems. It is ava il able in In addi tion, please go a littl e heavier 
two voltage versions: 4 to 6 V and 4 to on ha rdware. Also, I would like to see an 
12 V. There is also an on chip di rect article on the ,,ery basics (no pun in · 
memory access controller that simplifies tended!) of Pasca l. I've read and reread 
loading of programmable memory, since the previous pieces, b ut I sti ll can't make 

6800 PERFORMANCE PRODUCTS 
FROM MICROWARE 

A / BASIC COMPILER Unmatched lor speed, versati lit y and ellic iency, 

generates pure 6800 m achine lang uage lrom BAS IC source. Fast int eger math, 

strings, log ical and ar ray operations. Output is ROMable and requ ires no run­

t ime package. Cassette ve rsion req u ires RT / 68 and BK RAM. Disk vers ions re ­

quire 12K and have complete disk 1/ 0 statements plus other extensions. 

Cassette Version - A/ Basic V1 .0C $ 65.00 

SWTPC Miniflex - A/ BASIC V2.1F $150.00 

SS B DOS-68 - A/ BASIC V2.1S $150.00 


RT/ 68 OPERATING SYSTEM Compatible MIKBUG replacement ROM with ex­

panded, improved monitor plus rea l-time mu lti programming executive. 1000's 

in use since 1976. 

RT / 68 MX on 6830 ROM (Mikbug pin compa tible) $ 55.00 

RT / 68 MXP on 2708 ROM !EPROM pin compatible) $ 55.00 


6800 CHESS cha llenging chess program, two difficulty levels. Runs in BK RAM . 

Mikbug-compat ible ooject plus A/ BASIC source. Specify cassette , SSB or 

SWTPC minidisk . 

CHESS V1.0 $ 50.00 


DR. ELIZA 6800 ve rsion ol famous MIT arti fi c ia l intelligence program. Com­

r.ute r as psychoanalyst communicates in plain English dialog. Mikbu.g .cc:mpat· 

1ble object plus A/ BASIC source. Specify casselte, SSB or SWT P m1n1d1sk. 

ELIZA 1.0 $ 30.00 


AS-1 A I D INTERFACE. Eight c hannel , 8-bit high speed AI D sys tem lor SS-50 

110 buss. Assembled . $115.00 


AS-4 DI A INTERFACE Four channe l 8-bit ultra fast DI A syste m for SS-50 1/ 0 

buss. Independent isolated Z-axis st robe output lor osci ll iscope or p lo1ter 

graphics. Assembled. $195.00 


U.S. orders add $2 for shipping. VISA and MASTERCHARGE welcome . Call or 
writ e lor free 6800/ 6809 ca ta log. 

2035 East Ovid Ave.MICROWARE 
 Des Moines, IA 50317 
SYSTEMS CORPORATION (515) 265-6121 
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define the dividing line between ex­
pected use of published software and 
theft. 

I'm polling editors and the major 
computing magazi nes, hoping they will 
help me define some o f these issues. I'd 
appreciate getting your views on th is 
thorny subject. Besides being editor of 
Dr Dobb's journal, I'm getting a maste r 's 
degree at Stanford in Journ alism - this 
quarter I'm taking a course in the 
law sch ool entitl ed " Communica tions 
Law." l wi ll be talking (and in fact, am 
already tal king) wi th lawyers and lega l 
sch ol ars on this subject - frankly, th ey' re 
more confused than anybody else. One 
con sensus amon g th e legal peopl e 1've 
ta lkcd to is this : the dividing Iine be­
tween expected use and th eft is money. 

When you publi sh software, what do 
you expect wil l happen to it? An in te r­
ested computerist will adopt or adapt 
the program for hi s or her own use? A 
cl ub will play around with it? Another 
magazine- nonprofit. for instance like 
m ine- will repr int it? When do your 
hack les rise over use o f software origi­
nally pri nted in your m agaz ine? When 
does it become un fa ir? 

What I wa n t to do is gathe r com­
ments from people like you and combine 
th em with adv ice and facts from iega l 
scholars. After which, I will wri te an 
article at tem pting to pull this da ta 
together and make sense o f it. Hope­
fully , the artic le wi ll be the first of 

persons engaging in such unauthorized 
reproduction. 

As fo r so f tware publishing, when we 
buy a program for reproduction in book 
form, or as a simple listing p lus doc­
umentation (often accompanied by 
machine readable code}, we treat it in 
the same way as we treat the ideas of 
an author writing a conventional article 
or book. We are buying the-embodiment 
of those ideas in a particular written or 
program form, not the ideas or concep ts 
which consti tute th e p rogram or wor k of 
writing. Because of che rampan t con­
fusion in the software area, our typical 
contrac t with authors of software 
explicitly states that we are buying an 
exclusive l icense to the software re ­
productions in boo/~ form, with the 
righ ts to license the sofcware in other 
ways to manufacturers or media dis ­
tributors retained by the author. The 
act of sole of th e book or l is ting copy is 
then, in our view, to tally analogous to 
the act of sole of such items as a phono­
graph recording, a book about some sub­
jec t, a video recording, or other rela­
tively conventional published work. 
This act of sale carries wich i t an implied 
zone of fair use reproduc tion possibi­
lities, but is in no 1vay a license to 
widesp read reproduction wl1 eth er it is 
done commercially or by some "non­
profit" en ti ty. 

Basically, there should be a software 

publishing analogue of the ASCA P or 
BM/ organizations of the music world, 
but the field is coo young at present. 
There are a number of questions to be 
answered as history unfolds in this field 
bu t, contrary to your letter's view­
point, there are historical precedents 
which can certainly be exam ined and 
applied to the new concept of computer 
programs as works of authorship and 
original composition. . ..CH 

IBM Emulation In formation Needed 

As an avid BYTE reader, I have , as a 
las t resort, tu rn ed to you to request 
some ass istance. I am looking for a soft ­
ware house that can supply the com ­
mun ications software for effecting IBM 
3780 an d Teletype emu la tion us ing a 
standard mini/micro sys tem . There are a 
numbe r o f manufacturers (ADDS, 
Datapoi nt , SYCOR) who have such emu ­
la tors ava il able when one purchases or 
leases their equipm ent; however , I do 
not wish to be li ed down to a ny o ne 
manu fac turer. The software is propri ­
e tary and can not be used on the sta n­
dard systems. Can you supp ly any leads 
in th is area? 

George J Lehmann 
Data Processing Consultant 

163 S Sycamore Av 
Hollywood CA 90036 

many others in whic h people in the 
field wi ll try to arrive a t some working 
conclus ions. 

I look forward to hear ing from you . 

Suzanne Rodriguez 
Dr Dobb's Journal 

POB E 
1263 El Camino Real 

Men lo Park CA 94025 

When we publish software, it is sub­
jecc to copyrighc, the only m eaningful 
form of protection. just as we would 
expect som eone to formally ask fo r per­
mission to reprint an article published in 
BYTE magazine, we would expect simi­
lar respect from anyone going beyond 
the bounds of fair use with respect to 
program copies token from our products. 
In short, when we publish a program 
with copy right protection, whether as 
part of a book or as port of an article, 
we would expect anyone copying and 
distributing such a program to write 
requesting permission to do so. We ore 
nor averse to gi11ing permissions with 
credit, and no publisher with a long­
term view would, in my opinion, hove a 
blanket policy agoinsc granting such 
permissions. 

If anyone were to widely reproduce 
copies of our products without our 
permission, chances ore we would find 
out about such use and be forced to 
examine Che effects and our oplions in 
such a situa t ion. There is a matter of ou r 
own reputation, which con be com ­
promised by indiscriminate reprodu ct ion 
of our products even if there is no mon­
etary gain co be hod by rhe person or 

Write and run machine language programs al home, display video 
graphics on your TV set and design microprocessor circuits-the 
very first night-even If you 've never used a computer before I 

ELF II 1ealuring RCA COSMAC 
mlcroproce::;;;: COMPUTER sgggs 

Slop re:1ding abou1computers ~ind gel your hands o n one ! Wi1h a S99.95 ELF 
11 and ou r Short Cv 11rse by Tom Piltmi'"· you mas lc r computc rs. in nri lime :11 

a ll ! ELF I I demonslratcs a ll 91 commands an RC A 1802 can c•ecu1c and the 
Short Cuurse quickl y tcachc~ you to use each of 1hc J802's capabil il ics . ELF 11 

also displays graphics o n uny TV se t. including a n exci1ing new 1:1rgellmissilc 
gun ~;1 mc: ! Add:ons arc :u:no ng the mos1ad'f'a nced av;:1 iln ble . :.:my~~crc . You (tCt 
massive computing polent1al. No wonder IEE E c hnptcrs. umvers1t 1es and mi-JOI' 

corporat ions ull use ELF 1110 1rain engineer'\ nnd student s! Kil is easi ly as~c mbled 
in a s ingle evening a nd you nu1y still h;wc time to run your first progra ms be fore goinl: 

--------!2.!'~ -SENDTODAY!-----------,nNOW AVAILABLE FOR ELF II ­
0 Tom Pill man"; ShortCouru On Mi ­
~roprouuor & Computu Program.m ­
"''leac hes you JU!!il about cvcrylhmg 
1here is to know about ELF 11 or a ny 
RC1\ 1802 compulc r. Wri11c n in no n· 
1echnical la nguage . i1 "s a learn ing 
brcakthroughforengineersand laymc n 
alike . $5 .00 p0>1paid! 
D Deluxe mi:1a l cabinet wi1h plcxiglas 
dust cover fo r ELF I I. $29.95 plu' 
S2.50p&h . 
D E L F 11 conncch to 1hc vide1..1 input 
or your TV ><I. If you prefer lo use 
your lintcnn a termina ls . order RF 
Modulu1or, $8.95 p~!1p:1id . . 

D G IANT BOAR[) kit w11h casscllc 

110. RS ~32- fTTY 1/0 . R-b i1 P 110 . 
decodcrS for 14 scpam1c 110 insiruc· 

tio ns :i nd 01 srnem mon 11 or/ed11or. 

$39.95 plus S2 p&h . 

0 Klug•. (Protolypc) Boord acccp1< up 

10 36 tC : $17 .00 plu s SI p&h . 

0 4~ Shiite RAM kn . Addressable to 

any 4k page to 64k . $89.95 phi> SJ p& h. 

a Gold plou c:d 86-pin conntttors (ll n c.! 

required for each plug- in board). $5.70 

posi paid . 

D Professio nal ASCII Keyboard kil 

wilh 128 A C IJ urpcrnowcr <:asc SC l. 


96 prin1;tbk c harnc tcrs, onboard re~u -
lator. parity, l~gic ~~lec l ion and c ho i_cc 


Ll
of.i handshakings1gmtlsto mntcw11h 

lmosl an)'' computer. $64.95 plus S2 
&h . 

O De hue mew l cablnol for ASCII 
Keyboard, $19.95 plus $2 .50 p&h . 
0 E LF l I llny BASIC on cassc llc 
tape . Com ma nd s i nclude SAVE, 
LOA D , ~>< . ~ . ( ). 26variabks A· Z. 
LET. I Fn H EN . INP T. PRINT. 
GO T O. GO SU B. RET U RN . E ND. 
RE M , C LEAR . UST. RUN . PLOT. 
PE E K. POK E . Come.' fully docu­
mc ntcd trnd includes a lphanumeric 
generator req uire d 10 display al· 
phanumericch:iracler<dirccllyonyour 
TV screen without add iti om.1 1 hard· 
ware .. Al'o plays tick-tack-toe plus a 
drawing game lh ~H uses ELF ll"s hex. 
hcyboard as ajoys1kk. 4k memory re­
quired . $14.95 P<» lpuod . 
C To m Pillm:m" Shon Course on Tiny 
BASIC fo~ E LF tt . $5 po<tpaid . . 
0 Exp•ns~on Power Supply (required 
when a dding •k RAM ). $34.95 plus S2 
p&h . 
0 EU"-BUG" O.luxe Sy'!•m "'!onitor 
o n ca.sscn e lape. ~llows d1>oplay1ng the 
conten1s of all rcgoste" o n your TV al 
any poi nl in your program. Also d is­
plays 24 hytcs of memory with full ,\d ­
drc<scs. blinking c ursor and au lo scroll· 

ing. A mu s1 for l~e serious program­
mcr 1 . $ 1 4.~.S poslpa1d . 

C~mlng Soon : A· D . D · A Converter. 

L1gh1 ~en. Con1 n:-.1 ~er Bo•u·d. Color 

Grn~ h1cs & Mu s1 1.: Sys te m . . . and 
m o rc. 

Ca// or write tor wired prlceol 

Ntironlt• R&D Ltd. • Dcpl. BY-4 
333 L1tchf1eld Road , Phone 
New Milford. C T 06776 (2031354 -9375 I 
Yes! I want to run programs at home and I 
have enclosed 0 $99.95 plus SJ poslage 
& handling lor RCA COSMAC ELF 11 kil, I 
0 $4.95 lor power suppli ( requi r~dl. 
0 $5 lor RCA 1602 User's Manual. 0 $5 1 

tor Short Course on Microprocessor & 
Computer Programming. I 

:i I w1nt min e wired 1nd leated with 
power aup_ply, RCA 1802 U1tr '1 Manual I 
1ndShot1Cou1nlncluded!or lu11S149.95 I 
plu1Slplhf 
~ 1 am also enclosing paymenl lindu dlng I 
postage & handling) fo r the Items checked 
at the leh . 
Tolal Enclosed (Conn . res . add lax) I 
s o Check here ii 

you are enclosing Monei Order or cashier 's I 
Check 1o ••P•dlte shipment 
USE YOUR o VISA o Masler Charge I 
nnterbank II ) ·1 
Accounl 

11 I 
Signalure Exp . Dal•- ­
PHONE ORDERS ACCEPTED (203) 354-9375 I 
Print 
Name I 
Address 

. I 
City ___________ 
S z- J1•1• --- IP 

-DEALER INQUIRIES INVITED. 
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THE SHAPE OF LIFE 

liked the articles on Life in the 
Decem ber 1978 BYTE. 

An area of Life th at I find particu· 
larly fascinati ng is the be hav ior of Life 
forms in uni ve rses other than the flat 
two-d imensio nal un iverse . Fo r example, 
in cy lindri cal or torus shaped universes it 
is possib le fo r va rious kind s of s table 
"shock waves" to exist. T hese consis t 
of complete loops arou nd the un iverse 
and travel at the veloci ty of ligh t, or 
twice as fast as a space sh ip. Th e simp lest 
forms look like combs an d can leave 
variou s kinds of debris behin d or simply 
em pty space. Anothe r class of objects 
not found in the flat universes a re 
"universal oscil lato rs" that can exis t in 
finite uni verses of the to ru s type and 
whi ch engulf the enti re universe. 

To investiga te these ki nds of Life 
forms I wrote a program in COSM/\C 
1802 machine language tha t runs on the 
RCA VIP Compu ter. The geometry of 
the un iverse can be se lected by the user. 
Speed is very desirable if you arc try ing 
to determine the fa te of a partic ular 
pattern and I spen t considera ble effort 
to maximi ze th e program speed . The 
program calcul a tes about fi ve genera­
tions per second for an almost fu ll 
universe up to 25 ge nerations pe r second 
for an almos t empty one. The actua l 

spee d ca n be set to a lower val ue by the 
user and this is usefu l for exami ning a 
pattern in detail or for des ign ing new 
patterns. 

To make the program generally use· 
ful I added pat tern storage and pattern 
editi ng feat ures. Thnse reade rs who are 
;nlerested in ob1ain ing copies of the 
program can wri te to ARESCO, POB 43 , 
Audubon PA 19407. 

Brian As tle 
22 Fi el cfs ton Rd 

Prin ceton N) 08540 

KUDOS 

After reading so many complaints 
(and sufferi ng from the same problem 
myself) abo u L vendors of co mputer 
per ipherals, I'd like Lo s;1lu te one of 
the "good guys" of the industry. We 're 
always quick to condemn, but how many 
of us take the time to give pr·a ise when 
someone's worked l1 arcl to earn it??? 

I nominate for "The Good Guy of 
th e Month Award " Warre n Ro senkrantz, 
supers tar of V R Dat a Corpora ti on in 
Folcroft PA. After dealing with several 
othe r rathe r q uest iona ble firms, I re­
ce ived a fiver from V R Data congrat· 
ul ati ng me on the purchase of my Radio 
Shack TRS-80 and list ing severa l perip h­
era ls at very a tt rac ti ve prices. I inves ­

tigated an d, to m ake a long story short, 
bega n what I hope to be a long and re­
warding business relationsh ip. 

Warre n and h is staff exhibited a 
w illi ngness to he lp a f ledgli ng computer­
ist. They brough t back that old, for­
got ten trait th a t makes good business­
men great- th e custom er comes first. 
Sure, like every one else in this mad 
in dustry, we had probl ems such as 
prin ter modificatio ns that didn't work 
and the disk drive that gave weird re­
sul ts. However, Mr Rosenkra ntz spent 
considerab le tim e and effo rt to correc l 
these problems an d , toge ther, I th ink 
we bo th lea rned a lo t. He's als o very 
knowledgeable in the field of electronic s 
an d is qu ickly becoming a pro on the 
TRS-80. Wh al do you ex pec t from a guy 
who s tar ts work at 5:30 AM and some­
times doesn't quit until afte r 10 PM? 

I re ite rate th at praise is something 
earned - and Warren Rose nkra n t7. of V R 
Data Corporat ion has certainly earned 
pra ise from this very satisfied customer. 

Clifford W Coughlin 
30 S Ki rklyn Av 

Upper Darby PA 19082 

"THUS & SO " IMPLEMENTAT ION 

In the December 1978 BYTE Carl 
He lmers, co mparing BASIC to Pascal, 
made th e po in t that: 

/11 BASI C I would have to ref­
erence / a procedure/ in the pro­
gram with a number artificially 
cre111ed for that purpose. I migh t 
say GOSUB 10000, fo r example, 
when I really mean to call and 
execute a thus-and-so procedure. 

Good point! Because of th is I ack of 
ex pressiveness in ordinary BAS IC the 
Ca non model BX -1 allows s tatements 
such as GOSUB "Thus&so". Elsewhere 
in the program the same alp hanumeric 
li tera l appears as a label, ide n tified as 
such by the keyword F LAG . Note that, 
due to using quotes, it is possi ble to use 
upper and lower case , spec ial characters, 
spaces and eve n graphic charac ters. It is 
not necessary to begin wi th a letter or to 
avo id keywords of th e language . The 
BX · I does, however, li mit the length of 
the label to eight characters. 

GOTO may be used in the same way. 
Furthermo re , the BX-1 executes state· 
men ts such as O N A$ GOTO "YE S", 
"NO", "MAY BE", "H ELP !". If A$ 
m atches any of the li te ral s tri ngs shown , 
then a branch to the location so Iabe lcd 
wil l occur. If there is no ma tch, execu­
tion co ntin ues with the next statement. 
The s ta tement form excep t with GOSUB 
is also in the BX -1 language. 

As far as I am aware, the observa t ion 
of' Mr Helme rs is cor rec t for all other 
BASIC imp leme nt ations. 

Craig Busse 
Canon USA, INC 
140 Indu strial Dr 

Elmhurst, IL 60126 • 
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pplC! computar* 
SOFTWARE 

FOR BUSINESS 
includes: 

* Mailing List 
* General Ledger 
* Payroll 
* Phone Directory 
* Customer Information 
* Invoice Writer 
* Inventory 
* Check Writer 
* Complete Business System 
* Master Business System 

A vailab/e Soon Word Processor 

vidEo~...~==~WORld... 

2224 N. University, Peoria, II. 61604 

Phone 309/686-9352 

·Trademark of Apple Computer Co. Inc. 

W E SHIP FROM STOCK - EVERYTHING FACTORY FRESH. FULLY WA RRANTEED 

TELETYPE MODEL 43 TTL ..... . ........ . ........... $985 

RS232 .... . . . .. . . ..... ... . . . . ........ . .... .. ........ $1 ,045 


IWe stock Teletype Paper and Ribbons! 

HAZELTINE 1500 assembled ............ . ............. $945 

1510 . .. ........ . ..... ..... . ................... . .... $1 ,085 


PER SCI 
Model 277 Dual Disk Drive, single density .... . .... .. ..... $1 ,21 O 
Slimline cabinet w / power supply . . . .. . . . ... . .. ... . .. . . . .. $299 

MARINCHIP SYSTEMS M9900 CPU 

The Complete, Compatible 16 bit CPU for the S-100 Bus 


Kit Assembled 
M9900 CPU . . . . . . . . . . . . . . . . . . . . . • . $550 $700 
PROM/ RAM / SIO .... .. ......... . .. $275 $350 
Pascal . . . . . . . . . . . . . . . . . . . . . • . . . . . . $150 
META .... . ..... . . . . . .. . . ... .. . ... $100 
System Generation Kit . . . . . . . . . . . . . . $100 
Documentation only . . . . . . . . . . . . . . . . $ 20 

Assemble your own system or let us assemble one for you . Our 
system will include: 

M9900 CPU PROM / RAMI SIO PASCAL 
TEI 12 slot mainframe TARBELL Disk Controller 
IMS 64K Fully static memory (Four 16K Boards) 
PER SCI Model 277 Dual Disk Drive. Slimline cabinet , power supply. 
COMPLETELY TESTED . .. . ............. .. ............ $5.700 
IN ADDITION: W ith the purchase of this system, $50 off the price 
of any terminal we stock . 
We also configure systems to suit your individual requirements. 

IMS MEMORY BOARDS. 16KB, FULLY STATIC .... . $459 
S-100MAINFRAME12slot, TEI Model MCS-112 ....... $433 
To Order: S10 shipping lor Teletype, Hazehine. PerSci and Mainframe. SJ shipping for orher 
il ems . 24 hr. shipping upon receipt of certified check or money order. Personal chec ks: allow 
10 days. Credit cards: 4% charge. NY residents add tax . 

WE EXPORT 

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 

PET WORD PROCESSOR 


This program perm its composing and pr int ing letters, 
flyers, advert isements. manuscripts , etc. , using the 
COMMODOR E PET and a pr in ter. 
Script directives include li ne length, left margin, cen­
tering, and sk ip. Edit commands al low the user to 
insert Ii nes, delete I ines. move I in es and paragraphs. 
change strings. save onto casset te. load from cassette, 
move up , move down, print and type. 
The CmC Word Processor Program add resses an RS ­
232 pri nter through a CmC pr in ter adapter. 
The Cm C Word Processor program is avai lable for 
$29. 50. Add $1.00 for postage and handl ing per order. 

Order direct or contact your local computer store. 

VISA' 
I · I CONNECTICUT microCOMPUTER 

150 POCONO ROAD 
BROOKFIELD, CONNECTICUT 06804 

(203) 775-9659 

Why

Pay More? 


Why pay for more printer than you need? Our 
series 40 printers offer more features for less 
bucks than any other commercial quality printer 
on the market today. A complete stand-alone 40 
column impact dot matrix printer with a 64 
character ASCII set. Includes power supply, 
casework and interface electronics. Single 
quantity price for the parallel ASCII interface 
model is $425. Serial RS232/current loop 
interface models start at $575. OEM discounts 
available. 

For more infor­
mation write to: 

MPI 2099 West 

2200 South, Salt 

Lake City, Utah 

84119 or call (801) 

973·6053. 
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An Introduction to Microprogramming 


Ben E Cline 
702 Southgate Dr 

Blacksburg VA 24060 

Figure 7: Functional bloc/? 
diagram of a con ventional 
bus structured computer. 
Solid lines indicate data 
paths and broken lines 
indicate control lines. 

Many computer users have not been ex ­
posed Lo the subject of microprngrarn rning 
although it was introduced more than 25 
years ago. With the advent of m icropro­
grammed microprocessors, though, more 
and more peop le are gai ning access to the 
world of microprogrammi ng. Th e purpose 
of th is art icle is to provide an in troduction 
to the subject. 

The word microprogramming was in tro­
duced in 1951 by M V Wil kes to describe a 
method of imp lementing the control circu its 
of a digital computer that differed From the 
convent ional hardwired logic approach. T he 
actions of a 111 icroprogrammed processor 
during the execution of an in truction are 
determined by a program in high speed 
memory called the control store. The data 
paths, memory uni ts, and adthmetic and 
logic circui ts of Lhe processor arc d irectly 
contro lled by bits in a microinstruction held 
in the control store. Each machine instruc­
tion results in the execution of one 0 1· more 
microinstructio ns. 

MEMORY A DDR ESS 
REGISTER 

I 

I 
 BUS 

CONTROL 

UNIT - - ­

I I
I I 

I 1
L _ ___I 

I 

I 

I 

I
L ___________ -- - -- _J 

MEMOR Y 

ARITHMETIC 
AND 

LOGIC 
UNIT 

(ALU) 

INPUT OR 
OUTPUT 
CONTROL 
UNIT 

( IOCU) 

.. 

Conventional versus Microprogrammable 
Architectures 

Figure 1 is a fu nctional block diagram of 
a conventional bus struc tured compucer. The 
memory unit is used to hold both data and 
machine instructions. The arithmetic and 
logic un it (ALU) performs arithm etic and 
logic functions such as addition, logical 
AND, etc. The input and outpuc (10) con­
tro l un it communicates with the external 
world . Data is passed between memory and 
the arithmet ic and logic unit by a bus sys­
tem . The 10, arithmetic and logic unit, mem­
ory, and bus circuits are controlled by hard­
wired logic to generate the necessary signals 
to fe tch , decode and execute mach ine in ­
structions. 

A microprogrammed arch itecture is pre­
sented in figure 2. This functional diagram is 
si mil ar to figure 1 except for the control 
unit. The conventional control unit has been 
rep laced with a programmable contro l un it. 
Each step of the machine level instruction 
fetch and each step of a machine instruction 
execution is contro lled by a m icroinstruc ­
tion. The microinstructions are held in the 
con trol store. The control store is a high­
speed memory wh ich is usually independent 
of mai n memory. The address control unit 
determines which microinstruction will be 
fetched and executed next. Severa l addressing 
methods arc discussed later in th is article . 
The microinstruction register (M IR) holds 
the current micri:i instruction being executed. 
The microinstruct ion in the register is de­
coded by the decode logic wh ich generates 
signals to control 10, ari thm et ic and logic 
un it, memory and bus according to the ac­
tions specified in the microin struction. 

The decode and address contro l circuits 
of the m icroprogrammable archi tecture are 
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RADIO SHACK COMPUTER OWNERS 24 

HOUR ORDER LINE 

(914) 425-1535TRS·so· MONTHLY 
NEWSLETTER 

•PRACTICAL APPLICATIONS 
•BUSINESS 
• GAMBLING • GAMES 
•EDUCATION 
• PERSONAL FINANCE 
• BEGINNER'S CORNER 
• NEW PRODUCTS 
• SOFTWARE EXCHANGE 
• MARKET PLACE 
• QUESTIONS AND ANSWERS 

EA 
•PROGRAM PRINTOUTS 
....AND MORE 

E 

RE WORD PROCESSING PROGRAM 


(Cassette or Disk) 

For Writing Letters, Text, Malling Lists, Files, Etc. 


With Each New Subscriptions or Renewal 


PERSONAL INFORMATION 

MANAGEMENT SYSTEM 


Personal Informa­
tion Management
System is indeed a 
data base manage­
ment program. It's 
carefully customized 
for th e small system 
owner. You can de· 
fine and construct 
your own data bas­
es. Each record can 
contain up to ten 
fields. You define 
what goes in each. 
Then modify it 
whenever you want 

through use of just three commands. You 
can search, list, sort and also sum col ­
umns of numbers. Complete source list ­
ing is included. Check No. 10 on the 
coupon. ONLY $9.95* 

Z80 INSTRUCTION 

HANDBOOK 


Your complete guide 
to the powerful Z80 
instruction set. Ma­
chine codes arc pre·
sented in both octal 
and hexadecimal 
format. A conveni­

~ ent index lists all 
instructions alpha­
betically along with 
machine codes a nd -- "!i- timing information.•:L' Industry standard 

1nne1nonics are used 

throughout. A prac­


tical guide for the novice, intermediate 

or advanced programmer. Pocket size. 

Check No . 20 on coupon. ,JUST $4.95 * 


CALCULATING 
WITH BASIC 

Here's a variety of 
programs in BASIC 
language to help the 
student, scientist, 
engineer, technician 
or hobbyist apply
the language to 
practical problems.
Covers mathematics, 
finance and statis­
tics. mechanical en­
gineering and elec­
tronics. For fun be­
tween such serious 
app lications, Hang· 
man and Space Cap· 

ture games are also provided. A real steal 
at s uch a low price. Order now. Available 
for sh ipment in March. Check No . 30 on 
coupon. ONLY $7.95* 

LEARN MICROCOMPUTERS 
A new multimedia information package. Includes 
t e xt (Understanding Microcomputers) plus high­
quality cassette. For the beginner. Covers all the 
basics quickly, easily and enjoyab ly. All the funda­
mentals behind the operation of virtually every
microcomputer. Clear. Concise. Tell s what to look 
for in buying a microcomputer. Companion tape
includcs chapter-by-chapter synopsis of the book. 
Check No. 40 on coupon. JUST $14.95* 

6800 & 8080 SOFTWARE 
COOKBOOKS 
Now you can cook up mouthwatering programs.
Delectable "how to" facts include 8080 or 6800 
instruction sets. How to manipulate stacks. Flow 
charts. Source listings. General purpose routines 
for multiple precision operation . Programming
time delays for real time. And much more. In­
cludes floating point arithmetic routines. Check 
No. 50 (6800) and No . 60 (8080) on coupon. 

ONLY $10.95 * EACH 

••····················••························• 

Box 149 New City, New Yort 10956 

ONE YEAR SUBSCRIPTION $24 
TWO YEAR SUBSCRIPTION $48 
SAMPLE OF LATEST ISSUE $4 
START MY SUBSCRIPTION WITH ISSUE ___ 

(#1 - July 1978 • #7 - January 1979) 
NEW SUBSCRIPTION __RENEWAL ___ 
CREDIT CARD 
NUMBER ---------- - EXP. DATE ___ 

SIGNATURE------ - ------- ­

NAME 

ADDRESS ---------------­

.
• 
: 'Send for FREE Sof1ware Ca1a1ogue (Including liSlings of hundreds 

• of TAS·SO programs available on cassetle and dlskette) . 


ft SCELBI Publications 
• P. O. Box 133 PP STN, Miiford, CT 06460 

*IMPORTANT ORDERING INFO! Include 75 cents postage/hand­
ling for each item. Prices shown are for North American customers. 
Master Charge, VISA, Postal and Bank Money Orders preferred. Per­
sonal checks delay shipping up to 4 weeks. 
o No. 10 o No. 20 o No. 30 o No. 40 o No. 50 o No. 60 
Name (please print)_____________________ 

Card No. -------Bank No. Exp. ___ _ 

Address_ ________ _ ___ _ ___ _ _ _ ______ 

City/State---------- - - - - - Zip _ _____ 

Signature ------------- Amt. Enclosed ______ 
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________ 

much simpler than the control circuits used 
to implement the ful I instruct ion set of the 
conventional machine. However, the sim­
plicity of the elementary har·d wired micro· 
contro ll er is partially offset by the addition 
of a new element: the contro l store. A sig­
nificant part of the cost of a microprogram-

BUS 

M 
I 
c 
R 
0 R ... 
I E 
NG 
S I 
T S 
R T 
U E 

~ R 
I 
0 
N 

IL______________________J 

Figure 2: Functional block diagram of a microprogrammed bus structured 
computer. Solid lines indicate data paths and broken lines are used to indi­
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MEMORY 

ARITHMETIC 
AND 

LOGIC 
UN IT 

lALU) 

IN PUT OUTPUT 
CONTROL UNIT 

j I (IOCU) 

I 

cate control lines. 

MD 

MA 

A 

B 
Figure 3: Input side of a 
typical bus in a hypotheti­

PC 
cal computer. The register 
names (MD, MA, etc) are 
not important and serve 

IR 

only as labels for this 
example. 

Figure 4: Portion ofa hori­
zontal microinstruction to 
control the connection of 
registers to the bus In figure 
3. Each box is a microin­
struction bit that enables 
the indicated register-to­
bus connection. 

~ 

BUS 

Figure 5: Portion of aver­
tical microinstruction to 
control the connection of 
registers to the bus in 
figure 3. Here, three bits 
are used to encode a 
choice between seven 
registers or a 0 "no oper­
ation. " 
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med computer also lies in the set of micro­
programs wh ich must be developed and de­
bugged to simulate a full virtual machine 
instruction set. As a result, the costs of the 
two types of computer architecture are 
probably comparable. 

The microprogrammable central proc­
essor is often referred to as the host ma­
chine because many different virtual ma­
chines can be superimposed on it by changi ng 
the control store. By implementing different 
microprograms in the control store the hard­
ware seems to change from the viewpoint 
of the virtua l machine software. For this 
reason, a microprogrammable computer is 
said to emulate the architecture of a par­
ticular virtual machine. 

This emulation techn ique is a powerful 
tool. It enables the same basic hardware to 
implement the instructio n sets of many d if­
feren t computers. For the homebrew com­
puter builder who goes this route, a basic 8 
bit microprogrammed mach ine acting as the 
host might be programmed to emulate any 
one of the existing 8 bit microprocessors. 
The same host machine might even be used 
to emu late an IBM 370 so that some widely 
ava il able public domain software could be 
ut il ized . Potential microprogrammers should 
be warned, however, th at creating the micro­
prograrn for such an emu lation is not a trivia l 
undertaking. 

Microinstruction Formats 

There are two microinstruction formats: 
horizontal and vertical. Most mach in es use a 
combination of these two. In a horizontal 
system, each bit in the microinstruct ion con­
tro ls one data path or function in the ma­
chine. Figure 3 shows the input side of one 
bus in a hypothetica l mach ine containing 
several registers. The A, B, MA, MD, PC, IR 
and I registers may be logical ly switched onto 
this bus, which might then route the data to 
one inp ut of the arithmetic and logic unit. 

Figure 4 shows a portion of a possible 
horizontal microi nstruction format to con­
trol th e data paths of figure 3. Seven bits 
are rese rved in each microinstruction to 
indicate which , if any, registers are to be 
switched onto the bus . If all these bits are 
0, no data is put on the bus and the bus 
carries a val ue of 0. If any of the seven bits 
of the current microinstruction is 1, the 
corresponding register is put on the bus . To 
avoid confl icts, on ly one bit posit ion in the 
7 bit bus field may be logical 1 at any given 
time. Depending on the electronics of the 
bus structure, switching more than one reg is­
ter onto the bus at the same time may 
damage the hardware or simply give unore­
d ictable results. 

CONTROL 
STORE 

-

• 

ADDRESS 
CONTROL 

L 

BUS SELECTION 
~ 

lb1 lbzlb3] 



A vert ica l microinstruction format groups 
sim ilar functions into operation codes cal led 
micro-orders. A micro-order for thr> bus 
input of figure 3 is given in figure 5. Since 
only one binary code can exist in the 3 bi t 
field, it is not possible to put more than one 
register on the bus at a time. The vertical 
microinstruction format is more compact 
than a corresponding horizon tal format. 

Each microinstruction typ ical ly contains 
bits to contro l all compu ter functions. In a 
microinstl'U ct ion, the two inputs of th e 
ar ithmetic and logic unit and the desti nat ion 
of th e output would be specified. The main 
memory read and write functions are spec i­
fied by microinstruction bits. Bits for testing 
register quantities are also provided along 
with bi ts to cause jumps and subrou tine calls 
in the microprogram. "No operation" may 
be specified if a particular bus or function is 
not used for a microprogram step. 

Control Store Addressing 

Th e control store is much l ike a con­
ventional memory . In cases o f machines 
where user microprogramming is not 
allowed, a read only mem ory is used to 
co ntain the standard virtual machine in­
struction set. I f the manufacturer suppl ies 
microinstruc t ions to emu late more than 
one machine, or if user microprogramming 
is al lowed, a programmable memory cal led a 
writable control store is used. If users are 
allowed to add instructions but not alter the 
basic instruction set, part of control store 
will be read only memory for th e basic in­
truction set and part will be writab le con­

trol stor·e for addi t ional in structi ons. 
Homebrew computer people who choose 

lo do microprngramming will most l ikely 
implement a writable contro l store and 
hardware to load it. Another alternative 
is to use inexpensive high-speed program­
mable read only memory to store micro­
instructions. 

On e control store addressing technique 
often used is to execute microinstructions in 
sequence. This technique is typical ly used 
with the vertical microprogramming format. 
A micro instruct ion counter, which is similar 
to a program counter or instructio n counter 
in a virtual machine environment, is used to 
step through the microprogram. A micro­
instruction may contain a jump command 
which is indicated by a certain bit pattern 
in one of the micro-orders. With this tech­
nique the jump add ress is contained in the 
microinstruction in place of certain other 
micro-ord ers; thus, not all operations can be 
specified in a microinstruction that specifies 
a jump function. 

Another addressing technique uses a field 

in each microinstruction to specify the ad­
dress of the next microinstruction to be 
executed . Horizontal microcod ing formats 
typical ly use th is technique. Th is method 
requires additional bits in each microinstruc­
tion th at the sequencing method does not 
need. 

Executing Virtual Machine Instructions 

Executing a virtua l machine ins truct ion 
typically begins with the microprogrammed 
instruct ion fetch. The instruction fetch is 
perform ed by a microprogram routine which 
sends the virtual machine program counter 
contents to a memory address reg ister, 
cycles memory and puts the instruction 
which comes back from memory in to the 
instruc t ion register (IR) . This instruct ion 
has a virtual machine op code whi ch indi­
cates which operation should be performed. 
To emulate the ins truct ion, the proper 
microprogram in control store mu st be 
selected and executed. For example, if the 
op code 4 means ADD and the ADD micro­
program begins in control store location 
100, the next microinstruction fetched after 
loading the ADD instruction in to the in­
struc t ion register should be fe tched from 
location 100. 

One method of providing the proper map­
ping between op code and contro l store ad­
dress is by an indi rect jum p through the 
instruction reg ister op code fie ld. When the 
op code indirect jump is specified (by a 
specific bi t pattern in the current micro­
instruction), normal control store addressi ng 
is suspended and the op code gives the ad­
dress of the next microinstruction to be 
fetched and executed. I f a 4 bi t op code is 
used, an op code ind irect jump would cause 
th e next 111 icroin st ruction to be fetched 
from a con trol store location from 0 lhru 
15, depend ing on the op code value. The 
firs t 16 loca t ions of th e contro l store wou ld 
con tain jump instructions to the micropro· 
grams for each of the 16 op codes. I f the 
ADD ins truction is op code 4 and the 
ADD microprogram is at location 100, co n­
trol store location 4 wou ld contain a micro­
instruction specify ing a jump to location 
100 (see figure 6). 

A second method for rela t ing op codes to 
microprograms is the use of a read on ly 
memory mapper. A spec ial read only mem­
ory contains the beginning address of micro­
programs which emulate each virtual mach ine 
ins tru ction . When the mapper is invo ked, the 
op code in the instruction register is used to 
address the read only memory whi ch looks 
up the proper address of the m icroprogram 
to emu late the virtual machine instruction 
ind icated by the op code (see figure 7). 
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This method is used in such machines as the 
HP 2100 min icomputer. A memory mapper 
is not flexib le enough to be used in a com­
puter where the virtua l mach inc instruction 
set is altered dynam ically. To change the 
virtual machine instruction set easi ly, a 
new map per must be invoked . The read on ly 

OP CODE INSTRUCTION REGISTER 

memory mapper is most useful for manu­
facture rs who supply a fixed set of micro­
programs that emulate only one virtua l 
machine. 

In both mapping techn iques, a table of 
beginning ad dresses of microprograms is 
kept - one in contro l store and one in an in­
dependent read only memory. These tabl es 
are refe rred to as jump tables. 

4 

CONTROL STORE 


0 


2 

3 

4 

100 

JUMP 100 ,___ 

. 

. 

. 
"ADD " 
M ICROPROG RAM 

. 

. 

. 

Figure 6: Mapping an op code into a microprogram routine by means of a 
table of indirect jumps. Here the op code 4 pic!?s the fifth jump in the table, 
causing the microprogram to execute the ADD routine. 

OP CODE I NSTRUCTION REGISTER 

Hybrid Systems 

Some of the flexibi lity of a micropro­
grammed processor is losl when certai n func­
t ions are not co ntro lled entirely by micro­
instructions. For example, input/output on 
the HP 2100 minicomputer is handled 
in hardware and merely ini tiated and syn­
chronized by microcode. As more control 
functions are performed in hardware and the 
abili ty to use different instruction formats is 
hampered, the number of different vir tual 
machine instruction sets that can be easil y 
emulated decreases. On the other hand, if 
ce rta in control functions are handled by 
hardware and the machine level instruction 
fo rmat is relatively fixed, a vir tual machine 
ins truction set may be emu lated effic iently. 

The hybr id com bi nat ion of m icropro­
gramming with some custom hard wa re is 
used in most general pu1·pose computers. 
Fu nctions which cannot be hand led easi ly 
in microcode, such as isolating specific in­
strnction register bits, are de lega ted to ha1·d­
wa re. The flexibi lity of microcode is stil l 
avai lable fo r instruction sets that take advan­

4 

ROM MAPPER 

0 

2 

3 
4 ~100 

. 

. 

. 

CONTROL STORE 

. 

. 

. 

100 "ADD" 
M ICROPROGRAM 

. 

. 

. 

Figure 7: Another way to map microroutines: the instruction register op code 
field is used to address a special read only memo1y that points to the proper 
microprogram routine. Here the example of figure 6 is illustrated using a read 
only memo1y mapper. 
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tage of the hardware fu nclions. 

Advantages and Disadvantages 

There arc several adva ntages to a micr-o­
programmable architecture. For compu ter 
designers, the choice of the virtua l mach ine 
instruction set may be postponed longer 
than with a conventional architecture, al low­
ing hardware and software design to over lap 
and influence each othe r·. Instructions may 
be added afte r the computer has been de­
sig ned, built and marketed. As examp les of 
Lh is , Lhe HP 2100 minicomputer's floating 
poi nt option is implemented entirely in 
microcode, and the DEC LSl-11 floating 
point fcat ur·e is achieved by plugging in an 
extra contro l store read only memory . 

It is also possible with a microprogrammed 
machine to market a line of computers with 
similar instruc tio n sets even though the 
ac tual ha1·dware of less expensive machines 
may be very different from the more com­
plex models. The IBM 360 computer uses 32 
bit wo rd s and 16 genera l purpose registers. 
Some of the smaller I BM 360s have less than 
16 registers and 32 bit data paths but are 
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TAKE A BIGGER BYTE 

If you ' re looking for a big piece of the act ion, come to 
Parker Brothers , a leader in the Toy and Game in­
dustry. Our Beverly, Massachusetts location puts you 
in the spotlight of the technological R&D capital of 
the country, and within ten minutes of the sailing 
capital of the world . So, get a bigger bite out of I lie. 
Come to Parker Brothers, and investigate the satis­
faction of the New England way of life. 

Microcomputer Programmer 
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ficiency in at least one microcomputer assembly 
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Michele Peluso 
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m icrop rogrammed to appear like full-sized 
360s. Such microcoded versions are, of 
course, slower than the more expensive 
models. 

Some manufacturers al low the user to 
add specia l instructions to their machine by 
use of microprogramming. Functions or por­
tions of routines th at arc cxecu ted frequently 
in the user's sy tem are good candidates for 
implementation in microcode. Microcode 
routines ru n fas ter than similar routi nes 
executed in main memory. 

One d isadvantage of allowing user micro­
programm ing is the possibi li ty of altering 
the standard instructi on set. This could 
eliminate compatibility with other ma­
chines of the same model and decrease the 
re l iabi l ity of a system's software. Since 
manufacturers sell both hardware and soft­
ware, user microprogramming is usually 
not provided because of the compatibil ity 
facto r. The design of microprogramming by 
the user seems presently l imited to special 
applications and people who design their 
own computers from the ground up. 

Studying Microprogramming 

Studying the microprogramming users 
manual for one or more user m icropro­
grammable mach ines wil l provide much 
information about microprogramming. 
Another source (al though heavy reading) of 
information is a copy of IBM 's pa tents on 
the system 360. I f a m icroprogr-ammable 
machine is available, writing some simp le 
microprograms will prov ide a lot of insight. 
I f no m icroprogrammab le machine is avail­
able, the m icroprogrammable architecture of 
a real or hypothetical machine can be simu ­
lated on a conventional machine. A simu­
lator usua ll y w ill not provide insight into 
the hardware tim ing problems that can be 
encountered on a real machine, but i t can 
be used to try out microcoding ideas. 

I t is pos ible that a microprocessor sys­
tem coul d be converted to support user 
microprogramming. The National IMP-16 
and Raytheon RP-16 both use read only 
memory to contro l bit-s liced register and 
arithmet ic and logic un its. I t is possib le that 
a programmab le read only memory or a 
writab le control store could be substituted 
for the standard read only memory i f timing 
problems could be overcome and if the con­
trol logic in the standard read only memory 
circuits can be simu lated. 

Another possib i lity is the use of a tran­
sistor-transistor log ic (TTL) bipolar micro­
controller integrated circuit. Th is chip is 
typica l ly a 4 bi t sl ice in some m icropro­
grammed cen t ra l processor's data paths. 
Pu tt ing four 4 bit microcontrollers toge ther 



with a control store and address control 
logic implements the central processor of 
a 16 bit computer. Th is techn ique is being 
used for the next generation of high per­
formance minicomputers and is a plausible 
way for the hom ebrew computer designer 
to implement a microcoded machine. 

Although this type of project would 
allow more people to work with mi cro­
programming, it seems to be a sizable 
enginee ring problem. ls anyone interested? 

Conclusion 

Microprogramming offers something for 
both hardware and software proponents. 
The software fan can approach micropro­
gramming from the programming v·iew­
point. Since the microprograms in control 
store must be efficient for the machine to 
run quickly, the design and programm ing 
of microcode is a challenging activity. Micro­
assemblers and microcode edi ting and debug­
ging programs should also appeal to the soft­
ware person. The design and implementation 
of a microprogrammed machi ne shou ld 
similarly interest the hardware enthusiast. 
A microprogrammable mach ine that re­
sembles a new design may be used to test, at 
least partially, a new hardware design. 
Microprogramming should interest and 
challenge many computer experimenters.• 
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Editor's Note : BYTE is looking for more 
articles on the subject ofhomebrew com­
puters with microprogrammed instruction 
sets. This is one of the most advanced 
state of the art techniques in computer 
science, yet it should be possible for i11di­
111duals and clubs to do significant work 
in this area. ...CH 
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A Digital Alphanumeric Display 


Daniel Chester Th e demand for microprocessors for A R T '= # -= 
Dept of Computer Sciences personal use is growing phenomena lly. If B b u LI 
University of Texas at Austin these personal computers are to be more c c v LJ c 
Austi n TX 78712 than fancy desk calculators, however, they D d w u J 

need to be able to receive and display letters 0E E x * of the alphabet as well as numbers. While y "" F F !:I + -f
there are numerous terminals on the market 

G !3 z 2 ...Jthat make such communications possible, 
H h 0 Dthey are so expensive that a complete 
I 1 Icomputer system is still prohibitively priced. 

How can the costs of inputting and out­ J J 2 2 I r 
putting alphabetica l characters be reduced? K f- 3 3 '1 

Getting letters into a computer is relative­ L l 4 'i !..; 

ly easy. There are lots of surplus keyboards M 5 5 cn < 
arou nd which can do this for a reasonable N n 6 5 = ­-
cost. The hard part is getting the computer :70 D 7 7 > 
to answer back in a readable form that p p p8 B
isn't just a string of digits. Television dis­

Q 9 9 9 I ..,
plays wi ll do the job, if you have a spare 

R r ,,;;;
television; but there is another way that wil I s 5 I/ ;:.;;, = 
permit you to build a terminal without a = television, a way which may even provideEditor's Note: 
you with an alphanumeric terminal Ii ttle Table 7: Alphanumeric characters and 

Although prices have larger than a pocket calculator. The secret corresponding output from the 7 segment 
is to use the same digital displays that desk digital display. been significantly re­
cal cu I a tors use. duced since this article 

was written in 7 9 76, the 
Ideas presented are still A digital disp lay consists of a decimal 

point and seven line segments. If the decimal quite valid. The learning 
point and line segments are numbered asexperience involved with 
shown in figure 1, each display patterndesigning and building 
represents eight bits of information . Onlyany type of interface is 
21 of the 256 possible patterns are used byInvaluable . ... RGAC 
calculators. After a few hours of experi­
menting, I found, surprisingly, that most 
letters of the alphabet are included among 
the remaining 235 patterns. Although far 
from ideal, it is possible to disp lay a large, 
recognizable character set on 7 segment 
digital readouts. The character set that I 
came up with is shown in table 1. One of 
the shortcomings of this set is that some 
letters are upper case and others are lower 
case. This inconvenience is unavoidable, 
except for a few letters like C, G, and U. 
Some letters, like K and X, are impossible 
to display others, like M, V and W, are just 
difficult. For these letters, and the other 
symbols in the character set, I chose patterns 

Figure 7: Labelled 7 segment digital display. that are in some sense "close" to the desired 

I 

I 7 

.__I-4____,/ 
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HEMM-103 DATAMODB 

AND COMMUNICATIONS ADAPTER 


"iFCC APPROVED HIGH QUALITY 
Both the modem and telephone system interface are -so dBm sensitiv ity . Auto answer . Auto orig i nate . Auto 

FCC approved, accomplishing all the required protective dialer with computer-controlled d i al rate . 61 to 300 baud 
functions with a miniaturized, proprietary protective {anywhere over the long-distance telephone network), 
coupler . rate selection under computer control. Flexible, soft· 

WARRANTY 
ware-controlled, maskable interrupt system . 

ASSEMBLED I TESTED
One year limited warranty. Ten-day unconditional 

return priv i lege. Minimal cost, 24-hour exchange policy Not a k i t! {FCC registration prohibits kits)
for units not in warranty . 

LOW PRICE-$319.95 For Modem AND Coupler - •-"7SA" 

r r 

Call for further information: 
VOICE: (703) 750-3727 

Potomac Micro-Magic, Inc. MODEM: (703) 750-0930 

write for brochure: 

POTOMAC MICRO-MAGIC, INC. 

P.O. Box 11149 

Alexandria, VA 22312 


APPLE Il SOFTWARE 

TURF ANALYSIS Take the guesswork out of handicapping with th is FUN PAK 1 The FU NPAK t 1s asmall library of 5programs all rolled into one. II you 
new and easy way to handicap horse racing on the APPLE II ThlS hke achallenge. the Rat Race Maze. Mine Field or Canyon Bomber has ii. On !he other 
program provides incredibly accurate predictions through the use of hand. 11 you ·re interested ina l1ttle sound odyssey. lhen lry the Music Machine or Sound . 
multiple regression and you don 't have to know statistics to use 11. You The FUNPAI\ I is sure to give hours of enjoyment . (Requires > t6k of free memory.) 
may use as many variables and as much data as you hke. You're only ..... ............... ' .............. $8 .00 

limited oy the available memory In your computer. TURF ANALYSIS has been tully 
tested and more oHen than not. It will bea t the experts . (Requires ::J t6k of free memory.) ~ PAO FOOTBALL Never before has there been a program that can 

....................... ··············· ...................... '... ... ..... $20.00 ""~~ predict such unbelievably accura1e pointspreads with the APPLE 11 . This 


THE FORECASTER Let your APPLE do the work lor you . THE FORECASTER 
performs a complete li near regression analysis and gives you an accurate regression 
equation with in seconds. Your data is then graphed in High Resolution Graphics and a 
trend li ne is plotted by using the regression equation . THE FORECASTER 1s an 

~~~~~;;~ ii~~~~;. ':a~~er!~ti~;~a.n t . tr.e~.d _a~a_1v.s1s : .. _i~e~u.ir.es_~ _,~k of__fr__ee ~~~~6J 

MATRIX INVERT This program will quickly find the inverse and determinant 10 a 
simmetrical matrixor solve asystem of symmetrical linear equations. (Requires ::J t6k of 
lree memory.) ..... .................................. ... ............................ $12 .00 

THE PLO TTER With the APPLE It . this program will allow you to easily plot 
equations 1n High Resolut ion Graphics in just seconds. THE PLOTTER is per1ect for the 
beginning or advanced math student. (Requ ires :J1 6k of free memory.) 
Applesoh firmware card required . .........................................$ 13 .00 

SOLO RACE 1s avery exciting and challenging LowResolution auto race game where 
you drivearace car over curvy roadsand a.round obstlcals . You are allowed only 5 wrecks 
at which time you must have accumulated as many points as possible. This challenging 
game 1s superOly wr itten and Is sure to give hours of tun. (Requires> 16k of free 
memory.) ............. .... . $8 .00 

MANO ALA SUP RE ME (Side 2: Game of Thinkum) 
You can now create artistic objects on the APPLE II similar to lhe popu lar Double Bessel 
FunctioA with in minutes. Simply enter a few numbers. and the APPLE will 
mathimahcally create a superior 3 dimensional·like object. (Requires :J 16k ol lree 
memory.) Appltloft lirmwaro md required .. .. . $ 15. 00 

. .;; ~ f~~~;~r%as ~~~Y~~~,~~e~~~:~~~~~,1~;~~,~~;~~r~~~e;0~f;~J~n;~:~~!
•'"':.4- lrom data saved on cassette or disk. The data hie requ1es only tO 

' ;ti minutes per week to maintain and will instantly give you a complete 
rundown of the season 's ac11v1ty. Each program includes a complete 1978 season data 
file. (Requ ires :::J22k of lree memory.) ........................................... $20 .00 

COLLEGE FOOTBALL Similar to !he PAO FOOTBALL program. COLLEGE 
FOOTBALL will give accurate pointspread predictions within seconds on lhe APPLE II 
This program contains over 78 ma101college football teams and a complete 1978 season 
Ille (Requires ::J35k of free memory I ..... $20 .00 

See your dealer 

Or for immediate delivery 


SEND CHECK OR MONEY ORDER TO: 


Systems Design Lab 
121 8th St. Altizer 

Huntington , W.Va. 25705 
304-525-8932 

All programs have beencompletely tested 
and documented. 

Ci rcle 349 on inqu iry card. BYTE April 1979 219 

http:i~e~u.ir.es
http:r!~ti~;~a.nt


I I I I /7 I- /-/ /7 II I ;­ I I I­
I- 17 I _/ I _I /7 _/ 17 I I I- L I­ I-///­

_I II I II I I I-// I 17 I I 11­
LI I _// 1- !IL I I I _I I- L 17 _I L I 7I I/­

1-1 I 1-1 I // II;- I 17 17 I ;- I­
// L I- 17 If 17 LI I IL- /- I ;- I- 1717 /- /7 /- I- /- /- _I 

I I I I II II I I- 17 
111/U _I I I LI ;- ;- II I I /- LI I- I- I- L- I _I II 

II ;- I I ;- II ;- ;- I- II I/ ;­
17 _/ 17 I C ~ I IC _/ _/If _I L I 17 

I- II I I I 
I- 17 _/ L I ones. Even with these imperfections, how­

ever, this display code is quite readable, as 
Figure 2: Sample message written in 7 segment display code. is shown by the sentences in figure 2. 

A simple 8 character alphanumeric dis­
play panel can be made from eight single ,-, 

I !. 
6

) 

) 
/) 

I 
I 

\ 

( 

< 
\ 

I ( 

-­
/_I I I 
/_/. /_/. 
I I 

l 

' 

Figure 3: Block diagram ofan alphanumeric display panel. 
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digit readouts and eight shift registers. Each 
shift register corresponds to a different line 
segment in the digital displays. All the bits 
in register 1 are connected in parallel to 
segment one in each of the readouts, and the 
other registers are connected in similar 
fashion to the other segments as shown in 
figure 3. When an 8 bit pattern is fed into 
the registers via their left shift inputs and the 
registers are shifted, the appropriate display 

- character appears on the rightmost readout. 
As more characters are entered in this way, 
they progress, ticker tape fashion, across 
the display panel until they disappear at 
the left end of the display. To make this dis­
play panel compatible with other computers 
besides your own, you can use a 256 word 
by 8 bit read only memory to convert from 
ASCII code to the display code required by 
this panel. To extend the panel , just add 
more readouts and more shift registers so as 
to extend the original eight registers. 

The most practical form of alphanumeric 
inpu t is the ASCII encoded keyboard, but 
the digital displ ay code makes possible a 
computer terminal the size of a pocket 
cal cu lator. Alphabetical characters could be 
entered by drawing them with a stylu s on a 
pattern of eight metal sensing areas arranged 
as shown in figure 1. A small number of 
digital readouts wou Id display the output.• 

~ 
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TRS-80 CORNER 

ANNOUNCING... ONE-STOP SHOPPING 
FOR YOUR TRS-80 MICROCOMPUTER 

SOFTWARE (State of the Art) 
- Disc -based business software 
- FORTRAN for the TRS-80 
- Functional , cassette-based programs 
- Of course , some games 
- And much more 

HARDWARE 
- 16 K RAM kits with instructions 
- 5 V. • Minidiske ttes - only the very best - Scotch 
- C- 10 Data -settes - blank cassettes fo r programs 
- Isolation Filters - the insurance you need ! 
- All Radio Shac k equipment al 10% off 
- And much more 

BOOKS 
- David Lien 's - "The BASIC Handbook" - A must 

for every programmer 
- Coming Soon - David Lien's - "The LEVEL II 

Handbook" A mus! fo r every Level 11 owner 
- The Adam Osborne Series on Microcomputers 
- Robert E. Purser 's - "Computer Cassettes" - A 

compilat ion of all TRS-80 Software on the market 

CONSULTING SERVICES 
- Including insla llalion and hands-on training 

with the TRS·BO Business System, fo r those end -users 
who are not computer hobbyists 

- and much more 

FOR MORE INFORMATION WRITE 

CIRCLE ENTERPRISES, INC. 

POST OFFICE BOX 546 


GROTON, CONNECTICUT 06340 


SHOULD it be a Heathkit~ ? 
Whether you are considering the purchase of an 

additiona l peripheral or your first computer you 
should know more about Heath~ computer products . 
Heathkit~ has a continuing commitment to selling 
well-docwnented computer kits and software . Are 
they for you? How can you find out? 

Read Buss : The Independent News l etter of Heath 
Co . Computers , where information on new products 
is printed as it leaks out of Benton Harbor , not 
held back to suit a marketing plan . Buss is not 
a company-controlled publication , so it can deal 
with weaknesses of Heathkit~ products as well as 
their strengths . It features news of compatible 
hardware and software from other vendors . Ever y 
Buss issue has candid accounts of experiences of 
Heathkit~ owners . Results of their discoveries , 
which often include hardware modifications , save 
s ubscribers headaches--and money . That ' s proven 
by two years ' experience . So Buss can guar antee 
a ful l refund any time you 're not satisfied . 

Buss is mai l ed first class (by airmail outside 
North America). The 24-issue subscription gives 
you the choice of starting with the latest issue 
or with available back issues (about 8 are still 
in stock) . Send $ 8 . 00 for 12 issues or $ 15 .25 
for 24 (overseas , $10 . 00/12 ; $19 .25/24 t.S funds) 
to : Buss 

325-B Penns ylvania Ave ., S . E. 
Washington , DC 20003 

The Independent Newsletter 
of Heath Co. Computers 
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EJYTE's EJits 

Call for Papers : Third Inte rna t ional 
Confere nce on Computer Software 
and Appl ications 

Papers are be ing solicite d fo r the 
Third International Confere nce on Com ­
pu ter Software and Applications (CO M­
PSAC 79). Sponso red by th e IEE E Com­
puter Soc iety, COMPSAC 79 wi ll bring 
toge tl1er compu ter practi tioners , users, 
and researchers to share the ir ideas, ex­
periences, and requiremen ts for ap­
plications software, management tech­
niques, and software developmen t sup­
port, including automa ted techn iques. 
The conference will be held Nove m ber 5 
thru 8 at the Palmer House, Chicago IL. 
Some of th e areas where pape rs are 
invited include: software devel o pme n t 
methodology, software manageme n t, 
database managemen t systems, d ata 
commu nication and comp uter net­
worki ng, com pu te rs and biomedic; inc, 
busi ness office automatio n, industria l 
an d desig n automa t ion, app licat ion o ri­
ented languages, sof t ware test ing and 
tools, and legal imp lication of electronic 
data processing tech no logy. Pape rs 
should range in le ngtl1 between 1000 and 
5000 words. T he subm ission dead li ne is 
Ju ne 1, 1979. Fo r add itional in for­
mation, con tact Dr Will iam Smi th , 
executive director, Toll Electronic 
Switching and O perator Services Div­
ision, Bell Laboratories, Naperv ill e IL 
60540. • 

Call fo r Papers: Twelfth Annual 
Microprogramming Workshop 

The T welfth An nual Mi crop rogram ­
min g Worksh o p to be he ld Nove mber 
18 thru 21, 1979 a t the Hershey Mo to r 
Lodge Con ve n tion Center, Hershey PA 
will p rovi de a forum Fo r prac tical and 
theoetical as pects of firmware and re­
late d areas. Au th o rs in in dustry and 
academ ia a re encouraged to submi t 
pape rs for fo rmal presentation. T opics 
for consideration at the workshop 
inc lude, but are not limited 10: direc tl y 
executab le (intermedia te) languages; lan­
guage oriented arc l1itcctures; em ulation ; 
m icroprogrammable host machi nes; on 
ch ip microprogramming; microp ro­
gramming experien ce; microprogram­
ming languages; firmware deve lopmen t 
methodology; support tools for micro­
programming; data base su pport; ope r­
at ing systems and security ke rn el su p­
port; and signal processing. Forma l 
sessi ons will be en hanced by informal 
discuss io ns in a workshop atmosphere . 
Papers shou ld be submit ted in t ri p­
licate by June 1, 1979 to Richa rd A 
Belga rd, MIC R0-1 2 program chairman, 
Da ta Genera l Corp, 62 Alexander Dr, 
Research T riangle Park NC 277 09 .• 
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NOTICE TO 

BYTE READERS 


Withdrawal Of Offer 

In the October, 1978 issue of 

BYTE, 


Reston Publishing Company 

of Reston, Virginia, 


advertised a computer kit, 

RECOMPI. 


This product is NOT available, 

however, and 


the offer is withdrawn. 


We regret any inconvenience 

to potential purchasers. 


Reston Publishing Company 
1140 Sunset Hills Road 
Reston , Virginia, 22090 

At last... 

the mechanical interface! 


Turn your electric typewriter into a low cost, 
high quality hard copy printer. 

The all new 
1/ 0 Pak from 

Rochester Data . 
Inc. Interfaces lhe keyboard 

of any commercially available 
electric lypewriter wilh any 

User list compuler. The resu ll: low cosl, high 
quality hard copy. s39500 Write today for more Information. 

ROCHESTER DATA 

3100 Monroe Avenue, Rochester, New York 14618 
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Label and File 
Program 
Andrew A Carpenter 
POB 841 
Gordonsville VA 22942 

I occasionally need to order a part that 
cannot obtain at my local vendor. Thus, 
wrote a parts order program for th is 

purpose on my SwTPC computer. The 
program generates two letters and two 
address labels. I kee p one letter for my 
fi le. 

Lines 8 and 2100 erase the screen and 
place the cursor in the upper left hand 
portion of my CT-1024 terminal. The 
program starts off by asking if a vendor's 
name and address is needed. If no t, the 
program jumps to the letter form at line 
2100. The user keys in the information 
prom pted by lines 2110 thru 2245. If only 
one line is needed for parts, a carriage 
return may be entered when prompted for 
the second part (lines 2220 thru 2245) . 

If an address is required, the user is 
prompted to enter the first letter in the 
manufacturer's name. The letter B will 
list lines 250 thru 278 on the PR-40 (Bell 
and Howel l) printer. The command LIST 
#7 on lines 50 thru 110 lists the lines 
noted on the number 7 output device. 
In thi s case, the output device is t he printer. 
Lines 200 thru 2000 are reserved for 
vendor's names and addresses. They may be 
changed to suit the user's requirements. 
Lines 50 thru 150 select the various sections 
of the address file. 

Listing 7: Parts order 
program written for the 
SwTPC 6800 computer. 

0008 PRINT CHR$(16) ; CHR$(22) 

0010 PRINT " ' PARTS ORDER"' 

0012 INPUT "NEED AN ADDRESS (Y/N)",8$ 

0015 IF 8$- "N" GOTO 2100 

0020 PRINT "F ILES ARE LISTED A-Z" 

0030 INPUT " WHICH FILE ARE YOU 


SEARCHING FOR ", A$ 
0050 IF A$-"A" LIST # 7, 200,248 
0060 IF A$- "8" LIST # 7, 250,278 
0065 IF A$- "C" LIST # 7, 280,298 
0070 IF A$- "D" LIST # 7, 300,318 
0080 IF A$=-"G" LIST # 7, 350,378 
0100 IF A$=-" L" LIST # 7, 450,498 



0110 IF AS="M" LIST # 7, 500,610 2290 PAINT # 7, TAB(20) ; " TV SERVICE" 

0155 PRINT 2300 PAINT # 7, TAB(20) ; "GORDONSVILLE, 

0160 GOTO 2100 VA. " 

0200 ADMIRAL DISTRIBUTOR 2310 PAINT # 7, 

0202 DIXIE APPLIANCE CO. 2320 PRINT # 7, TAB(20);E$ 

0204 BOX 12766 2330 PAINT # 7, 

0206 ROANOKE, VA. 24028 2340 PR INT # 7, 

0208 2350 PRINT # 7, A$+L$ 

0250 BELL & HOWELL DISTRIBUTOR 2353 PR INT # 7, B$+M$ 

0252 BELL & HOWELL CO. 2355 PRINT # 7, C$+NS 

0254 GENERAL SERVICES 2358 PRINT # 7, 

0256 7100 MCCORMICK ROAD 2363 PRINT # 7, "GENTLEMEN :" 

0258 CHICAGO, I LL. 60645 2365 PRINT # 7, 

0260 2370 PRINT #7, "PLEASE SEND C.0.D. THE 

0280 CONCORD DISTRIBUTOR FO LLOWING PARTS" 

02B1 STEREO LAB 11, INC. 23BO PRINT #7, "FOR A ";FS; " MODEL ";G$; 

02B2 2350 MIDDLE COUNTRY RD. 

02B3 CENTEREACH, NY 11720 2390 PRINT # 7, 

02B4 2400 PRINT # 7, 1$;" ";H$ 

0300 DELCO DISTRIBUTOR 2405 PRINT # 7, 0$;" ";P$ 

0302 MO LLEN BROS. AUTO 2410 PRINT # 7, 

0304 2727 W. BROAD ST. 2420 PRINT # 7, "THAN K YOU." 

0306 RICHMOND, VA. 2430 PRINT # 7, 

2100 PRINT CHR$(16); CHR$(22) 2440 PRINT # 7, TAB(20) ;"YOURS TRULY," 

2105 PRINT # 7, 2460 PRINT #7, 

2107 PRINT" ' LETTER FORM'" 2470 PRINT #7, 

2108 PRINT 2480 PRINT #7, TAB(20);"A.A. CARPENTER " 

2110 INPUT "COMPANY NAME" ,A$,L$ 2490 PRINT #7, 

2130 INPUT "ADDRESS",8$,MS 2500 NEXT I 

2150 INPUT "CITY & STATE",C$,N$ 2505 PRINT # 7, " -------------" 

2170 INPUT "DATE'',ES 2510 PRINT #7, "------------- --" 

2190 INPUT "MFR" F$ 
 2520 PR INT #7, AS+LS 
2210 INPUT "MODE,L & EQUIP TYPE",GS 2530 PR INT #7, B$+M$ 
2220 INPUT "QUAN & PART NO. ",1$ 2540 PRINT #7, C$+N$ 
2230 INPUT "PART DESCRIP",H$ 2550 PRINT #7, " ---------------" 
2235 PRINT 2560 PRINT #7, "A.A. CARPENTER, TV 
2240 INPUT "QUAN & PART NO. " , OS SERVICE" 
2245 INPUT "PART DESCR IP",P$ 2570 PRINT #7, "BOX 841" 
2260 FOR 1=1T02 25BO PRINT #7 , "GORDONSVILLE, VA. 
2265 PRINT # 7, "----------------" 22942" 
2270 PRI NT # 7, 
2280 PRINT # 7, TAB(20); 2590 PRINT #7, "-------- ----- ­

" A.A. CARPENTER" 2600 END • 
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New North StarSoftware 

• DOS S35 
Enables any program to execute all Nonh Star 
Disk and/ or Meca Tape commands. Allows 
batch command list and more. 
• PRO-TYPE WORD PROCESSOR S75 
Ea y to learn. Combines text input. editing and 
printing in one program. Features right margin 
justification. tabs. paging. underlining. 
relocation of text blocks. etc. Requires onl y 8K 
of memory. Manual alone . $25. 
• GUIDE TO BASEX $33 
A new interactive compiler similar to BASIC 
for 8080-type microcomputers ( Z-80. 8085 ). 
Executes programs up to 10 times faster than 
equivalent programs while requiring about half 
the memory space. Features include: array 
va ri ables: string manipulation: arithmetic 
operations on signed 16 bit in terge rs: and 
vers itilc JO communication functions. Manual 
a lone $8 . 
• BASEX TAPE and DISK GUIDE S35 
Allows your BAS EX programs to access up to 
four North Star Disk and/or Meca Tape d1ives . 
All operations can be executed from the 
Keyboard. Manual alone S20.00 
Specify: 
North Star Disk/Meca Tape/ Other 
Send for Free Literature 
INTERACTIVE MICROWARE INC. 
P.o. Box111 •m• 
State College, PA 16801 I 
(814) 238-8294 w 
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Microcomputer Timesharing 


A Review of the Techniques, 

With Pointers to Further Reading 

Kenneth J Johnson 
56 Hodge Ln 
H artford, Northwich 
Cheshire CWB 3AG 
ENGLAND 

Until read Steve Ci arcia 's article 
"Having a 'Private Affair' with you1· Com­
puter" in April 1977 BYTE, page 18, I had 
not envisaged my 6800 or my 8080 as th e 
basis of a timesharing system. Then I asked 
myse lf, "Why not? Wh y shouldn't a micro­
processor be capable of supporting a time­
sharing system?" I subsequently had the 
opportunity at the ONLIN E conference 
held in London England on May 14 1977 
to see Robert Uiterwyk's 6800 based multi­
user system . This prompted me to search 
back through the literature (especial ly that 
of the time when timesharing systems were 
first being introduced) to check on the 
problems their designers encountered an d 
their solutions. This artic le is the outcome. 
It does not set out to specify in deta il how 
a timesharing system can be esta blished, 
but it does dea l with the main problems 
involved. Perhaps it will provide a starting 
point for readers' systems development. 

Requirements 

Timesharing has been defined in many 
di ffere nt ways. For our purpose it will be 
taken to mean the co ncu1Tent, effect ive 
uti lization of computer resou1·ces by seve1·al 
users, possib ly at 1·e mote terminals. It will 
imply mu ltiprogramming, possibly multi­
processing ; in ge nera l, multiple access to 
system resources . 

The key requirement in any multipro­
gramming or· t im eshar ing system is that 
programs and data shou ld not be bou nd, 
that is, converted into hardware dependent 
form, until the mom ent of execution. This 

requirement has many implications and 
may invo lve ma ny prob lems, some of 
which have been solved in different ways 
with vary ing degrees of success. Th is article 
exam ines what is perhaps the main prob­
lem: relocating programs and data in a multi­
progr·amming environment. The related 
problems of scheduli ng and prio rity systems, 
memory addressing algo rithms and resource 
all ocat ion are also discussed briefly. 

The Problem 

A timesharing system shou ld be designed 
to execute user programs in such a way as 
to provide reasonable service and to sat isfy 
each user's requirements. This means that 
each user should believe that he has all the 
benefits of a dedicated compu ter . It is the 
basic philosophy of timesharing and leads 
directly to th e co ncept of virtual machines 
li nked to physical computer resources 
thro ugh address mapping tables . 

Typical ly, individual user progra ms are 
allowed exc lusive use of the computer 
reso urces in some o rd er of priority for 
short peri ods. They are stopped after a 
certain ti me, freq uent ly before comp let ion, 
to allow other user programs to be given 
the ir exclus ive use of resou rces. They are 
continued at some future time from the 
p int where they were stopped, in either 
the same memory rea or a memory area 
differe nt from the one they were all ocated 
when first allowed to run. 

To be ab le to continue a program in this 
way, the system must have facil iti es to 
preserve the status of a program when it is 
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• PET 2001 • PET 2001 • PET 2001 • PET 2001 •PET 2001 • PET 2001 • PET 2001 .,, 
m 

N 
8 
...... 
a. 	 ~Programmer's Guides 

.... 

..,,
g 	 m.. for the PETT.. .... 
ti 
a. ~ 
8.. ... 	 TIS... 
a. 

WORKBOOKS FOR THE COMMODORE PET 2001 • g Getting Shirted with Yoor PET WB·1 $4 .00 ;l: ...."' 	 Covers lhe fundamentals o l PET BASIC: calcutalor N...... 	 and program mode , dala inpul end output. da le §a. representation, program storage on the cassette • 

PET Siring 1nd An•y H•ndllng WB· 2 $3.95 ;l:g.. 	 Covers su ing and substring search. concelonation, .... 
roplacomenl and manipula tion. ~t; 

a. 	 PET Graphic• WB-3 $4.95 ~ 
Covers use of cursor control and special graphics .,, 
symbols 10 draw plots, histograms. and sketc hes . m .... 
PET CuH110 1/ 0 WB -4 $4 .95 "' 

Covers OPEN. CLOSE. string and numencdala mes . ~ 
Ml1cell•neou1 PET Fealur11 WB-5 $3.95 • 

~ Covers the clock, random number generator. upper ~ 
and lowercase alphabet ic charac1ers. saving memory ... ~space, etc. 

PET Conlrol 1nd Logic WB-6 $3.95 


... 
a. 	

.,,. Covers IF. GOSUB. loglcal operations. and ON X. 
0 m
0 

N 
 ......,Add $1 .50 tor shipping and handling . t; 	 g
a. 	 TIS

Deeter 	 .,,.P.O. Bo• 921
Inquiriesg 	 Loo Alamoo. NM 87544 mInvited ....

"' 	 Money back guatanlee ~ ...... 	 ~ a. we also sell PET Software. Write ror details. ..,, 
g 	 m .... 
N PET is a trademark of Commodore Business Machines 
I;; ~ a. 
• PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 

IMMEDIATE 

DELIVERY 

Domestic & Export 

DEC LSI -11 

COMPONENTS 

A full a1Jd complete
line with software 
support available. 

J~~_; · mini Carnpuier 
··~. . Supp~iers .. ~nL. 

!! 
25 CHATHAM ROAD 

SUMMIT , NEW JERSEY 07901 


SINCE 1973 


(201) 277-6150 Telex 13-6476 
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ANNOUNCING 

~oc-~v 

THE EDUCATIONAL LANGUAGE 
NOW READY FOR YOUR TRS-80 

THIS VERSION FEATURES A BUILT IN EDITOR (THE 

ONLY ONE WITH ONE ON THE MARKET THAT WE 

KNOW OF) AND COMES WITH THREE SAMPLE 

PROGRAMS. 


TH IS IS A PROGRAMMING LANGUAGE SO SIMPLE 

A YOUNG CHILD CAN USE IT. 


ALONG WITH YOUR ORDER YOU WILL RECEIVE 

THE LATEST LIST OF PILOT PROGRAM PACKAGES. 

WHICH SELL FOR $7 .95 EA . 


AND- YOU WILL BECOME A MEMBER OF THE 

PI LOT USERS GROUP , WITH A NEWSLETTER SENT" 

TO YOU FREE FOR THE NEXT YEAR ! 


ORDER NOW!! 

TAPE $14 .95 DISK $24 .95 


!OTHER VER SI ONS W ILL BE AVAILABLE SOON) 

w~~~wvv~~~~~v~~~ 
900E SALEM ROAD• DRACUT, MA 01826 
• PHONE: (617) 682-8131 vx. 
22 START-AT-HOME 
COMPUTER BUSINESSES 
In "The Datasearch Gulde to Low Capital, 

Startup Computer Businesses" 

CONSUL TING• PROGRAMMING• SOFTWARE PACKAGES 
•COM• FREELANCE WRITING• SEMINARS• TAPE/DISC 

CLEANING • FIELD SERVICE • SYSTEMS HOUSES • 

LEASING • SUPPLIES • PUBLISHING • TIME BROKERS • 

HARDWARE DISTRIBUTORS • SALES AGENCIES • 

HEADHUNTING • TEMPORARY SERVICES • USED 

COMPUTERS • FINDER'S FEES • SCRAP COMPONENTS • 

COMPUTER PRODUCTS AND SERVICES FOR THE HOME. 

Plus - Loads of ideas on moonlighting, 

going full-time, imege building, revenue '°""""'""".."" 

building, bidding, contrects, marketing, ~~··• 

professionalism, and more. No career 

planning tool like it. Order now. ~f not .-:: __ A 
completely satisfied, return within 30 __ 

days for full immediete refund. 


• B'h x 11 rlngbound • 156 pp. • $20.00 

Phone Orders 901-382-0172 

DATASEARCH 
Incorporated 

5694 Shelby Oaks Dr., Suite 105, Dept. B. Memphis, TN 38134 

Rush __copies of '"Low Capilal S1ar1up Compuler Businesses" al $20 
per copy 10 me righ1 away. 

NAME/COMPANY --------------­
ADDRESS _ _______________ ~ 

CITY/STATE/ZIP -------------- ­

0 Check Enclosed D Bankamericard D Master Charge 
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state condition 

active in a working state. 
wait ready to run whenever brought into main memory. 
user wait waiting for the user to issue a command. 
10 wait temporarily held up waiting to be serviced by 10 device. 
file wait temporarily delayed until another user program has finished using 

requested program of data file. 
dormant stopped running and has returned control to supervisory program, 

but its machine conditions have been preserved. 
dead terminated . 

Table l: All possible states· that a program may exist in at a particular point 
In its execution cycle. 

stopped and to restore it when it is resumed. 
That is to say, at the point in time when one 
user's program is stopped and another user's 
program is resumed, the instantaneous 
description of the former program must be 
saved and the description of the latter r·e· 
stored . These instantaneous descript ions are 
typically referred to as the cu rTent "state" 
of the user program. The state of a program 
typical ly contains such information as the 
contents of the accumu lators, progr·am 
co unter, and condit ion code reg ister. The 
stateword might also contain pointers to the 
address mapping tables which determine the 
correspondence between virtual and physical 
addresses . 

To explain th is process in more deta il, it 
is necessary to examine the factors which 
make multiprogramming possible and to 
st udy a typical system in ope r"Ct tion. 

Multiprogram ming Requirements 

Technically, there are a number of con­
siderations which decide whether it is 
possible to run programs together . In th e 
book Computer Timesharing (see refer ­
ences}, Pope/I specifies a minimum of five: 

• 	 A supervisory program referred to as 
executive, monitor, or supervisor. 

• 	 An interTupt processing system. 
• 	 Memory protection faci lities to prevent 

one program from destroying oth ers. 
• 	 Dynamic program and data r·e locat­

ability so that the same routine can be 
reentrant. That is, the routine can be 
used, unmodified, in different memo r·y 
locations at different t imes. 

• 	 Direct access facilities, or at least the 
facility for the convenient addressing 
of peripheral equipment. (For personal 
computers the floppy disk is lhe 
typical example of a direct access 
device.) 

Typically, user programs to be run are 
stored in auxiliary memory, usually disk, 
read ily accessible so that the superviso r·y 
program can sw itch them into main mem­

ory when their times to operate arrive. 
Each program is al located the required area 
in main memory and that area is protected 
by either hardware or software, from inte r­
fere nce by other programs. Any instruction 
attempting to address an area outside the 
allocated memory block is trapped and 
prompts an error message. 

A system of priorities is usually imp le­
mented. The superv isory program permits 
the execution of the program with the 
highest priority until such time as it is 
suspended for some reaso n. Priorities are 
usually deter·mined by a schedu li ng algo­
rithm which is used by the su pervisor·y 
program to keep a r·ecord of the status of 
each user program. Table 1 lists all the 
possible states of a program at a particular 
point in time. 

If, 	 by bringing a program into its area in 
main memory, there is a storage confl ict, the 
program with the lower· priority status must 
be restored to its place in aux il iary memory. 
This process is variously called swapping, 
switching, push-pull or rol l ou l·roll in . 

The most common cause of progr·am sus­
pension is a peripheral operation such as 10. 
But there are others such as a machine or 
program error or the lowering of pr·imities. 
Until suspended, however, user programs run 
for periods of time deter·mined by the 
schedul ing algorithm. At the end of each 
program's appropriate time slice (or when it 
changes status) the supervisory program 
determines which user progr·am is to be rnn 
next. The state of the program which is to 
be suspended (contents of accumul ators, 
index registers, condition code reg is ter, etc) 
will then be saved either in a supe r·v isOl"'s 
stack o r· dumped to auxil iary memory. 

The supervisory program then retr·ieves 
the next user program from auxi liary storage, 
together with that program's old state. It 
loads th is program in to main memmy, 
processes it, restores it, proceeds to the next 
user program and so on, until it re turns to 
the first user program to give it a second 
burst of processing (if required) . Then it 
contin ues the cycle. It can be seen that the 
quintessential function of the supervisory 
progr·am in a t imesharing system is schedul­
ing. 

Scheduling 

On early machines, programs were 
assembled into th e part or parts of main 
memory they were to occupy during l"Un 
t im e in much the same way as they are on 
microcomputers today. If a large program 
requir·ed too much memory, it was necessary 
to assemble the program in sec tions, trans­
ferring each section as it was comp leted to 

auxiliary storage and restoring it (if nee. 
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"BIG-EDIT" FOR BIG APPLE II PROGRAMMERS 

• 	 Convert your INTEGER or APPLESOFT BASIC 
programs to "text" files on disk for easy editing and 
subroutine library development! 

• 	 Quickly change lines in "text" programs; search and 
replace occurrences of strings; merge l ines from other 
program files; restructure programs! 

• 	 Renumber your programs - you specify the starting 
number and increment! 

• 	 Strip REM's from "execution" versions of your 
programs (improves speed and frees up memory)! 

• 	 Create and edit non-program text files (letters, 
announcements . . . ) I 

• 	 Prints upper and lower case on line printer, inverse 
video on screen! 

• 	 Comes complete with System Disk, User's Manual 
and handy Reference Card I 

REQUIRED : APPLE II with Floppy-Disk drive, APPLE­
SOFT BASIC in ROM, and 32K minimum RAM (48K 
is recommended). "BIG· ED IT" supports optional 
printer. 

GARVEY, MARTIN & SAMPSON, INC. 
210 Bavarian Drive (C) 
Middletown, Ohio 45042 
Phone: (513) 423-6608 

Enclosed is $39.95. Send me "BIG-EDIT" (ASAP!). 

Name -----------------------~ 
Address 

City/State/Z ip------------------ ­

C/PM ·' SOFTWARE TOOLS 

_,,,,__,__ 

ED•BO TEXT EDITOR 
THE PROGRAMMER'S MOST IMPORTANT SOFTWARE TOOL 

- WHY NOT MAKE IT YOUR BEST? 
EO.IO encnmpasses the futures found on luge mainfrome and minicomputer editor" 
such as the IBM 370, CDC 170, UNIVAC 1100, and the DEC PDP· l 1 series computers, 
plus additional features designed for floppy disk based operating sysl9ms. It is a 
conl9xt editor which Is compatible with C/ PM and its derivatives . Including IMDOS. 
DOS·A, COOS, etc. 
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 
comm1nds for rep0sitioning, duplicating, concal9nating, and managing text files and 
libraries. Soph isticated search and change techniques are provided for managing 
BASIC, FORTRAN, COBOL, Pl/I, ALGOL, APL, PASCAL, ASSEMBLER. TEXT 
FORMATTED, and other file types. 

The WINDOW command allows instanlllneous full screen displays of both the current 
1nd surrounding lines for further editing, and provides for forward and backw1rd 
scrolling in the full screen mode. Designed for today's high speed CRT's and video 
monitors, the WINDOW command separates ED-80 from all other available editors, 
end is not hardware dependent. 

Up to three MACRO commands may be defined for i terative execulion of concatenated 
editor commands. Once defined. they may be subsequently executed, or recalled for 
observ1tion . A MACRO may also be defined and executed in a single operation . 

Confi1urable parameters for tlliloring the editor to the user's keyboard and environment 
are provided through the use of the C/ PM Dynamic Debus Tool (DDT). The WINDOW, 
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE, and PREVIOUS LINE commands 
fell in this category . These commands are considered so important to text editing that 
onl1 one k.ey has to be depressed Ill cause any one of them to execute . 
A CURRENT LINE NUMBER is internally maintained by the editor tor displaying when 
prompting for input and with certain other commands. Line numbers are dynamielll)I 
adjusted as the result of line inserts and delete,, and may be used for positfoning within 
the file . They are not stored or associated with the text in any manner_ 
ED-80 is thoroughly documented with a User's Manual of over 35 pages describing each 
command and teature, and includes numerous examples. lt is 9.5K bytes in site, and a 
minimum C/PM operating sysb!m of 2()1( Is recommended. A User's Manual and standard 
size single density diskette are $69.00. A User's Manual is $7 .50. relundable with 
purchase . COD and money orders shipped next day. COD orders requ ire 101' dep0sit. 
Persona l chocks must clear before sli ipment. Include 52.00 sliipping/ handling per order. 

SOFTWARE DEVELOPMENT AND TRAINING, INC. 
P. 0 . Boi 4511 Huntsville, Alabama 35802 

C /PM~ Is a trademark ol Digital Research 
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• 
ATTENTION SSB DISC SYSTEM USERS •• 
Run mini FLEX formatted software on your SSB BFD-68 : 
System without any hardware changes . Here' s howl Obtain 
the Mini FLEX Dos from SWTPCo and get Ed Smith ' s M68FB 
(Flex Boot) program on a SSB formatted disc . Use M68FB to 
load FLEX Dos to memory and manually add the patches in· 
eluded with Flex Boot. and you are up and running in Mini 
FLEX . Price includes diskette, instructions and a commented 
assembly listing. M68FB ....... . .... . .. .. . .... $25.00 

S-M-1-T-H-B-U-G 
From the same programmer that developed SMARTBUG (a 1 K 
single 2708 MIKBUG replacement) for Smoke Signal Broad­
casting comes an enhanced 2K version that provides a built in 
mnemonic Disassembler/Trace , plus many new features 
designed to aid rapid program development and debugging. 
SMITH BUG contains an equivalent function for all the SMART· 
BUG commands except tape load and save. It uses the upper 
2K memory space from Hex FSOO to the FFFF and can be used 
stand alone or as an adjunct to your present monitor. For • 
SWTPCo MP-A2 board users with an ACIA, a SWTBUG com­
patible version is available (with instructions on how to use it in 
an adjunct to SWTBUG if desired). Delivery of either version on 
a 2 71 6 will depend upon price and availability. Both versions 
are presently available on 2708's. A software only package 
(i .e. manual with assembly listing) may be ordered if you wish 
to burn your own. Specify present monitor. 

SMITHBUG on 2708's ..... $60 .00 

SMITHBUG manual only .. . $30 .00 

Order direct by check or MC/VISA bank card . California 
residents add 6% sales tax . Customers outside of U.S . or 
Canada , add $ 5 for air postage and handling. 

Dealer inquiries welcome. 

•
Ed Smith's SDFTWAAE WDAHS 

P.O. Box 339 , Redondo Beach, CA 90277, (213) 373-3350• 

NORTH STAR * DISK OWNERS 

THE MOST COST-EFFECTIVE MACHINE 
LANGUAGE DEVELOPMENT SYSTEMS AVAILABLE 

THE XL-8080 & XL·Z80 SYSTEMS 

EDITOR •• Create & modily source lislings using 15 powerful 
commands . Provides string searc:h / replacemenl , auto·llne 

1 
 numbermg, multi-d isk file storage. automatic memory 

management . built- in tab, printer listings and much more . Also. a 
North Star-compatable line editor provides rapid lme edi l 
capabil i ty 

ASSEMBLER •• Processes source listings d lreclly from dosk 
and optionally stores binary code 1n memory or on dtsk . Fea1ures 

2 mulll·cfisk/lile processing, multi-length labels. symbol lable 
listing . console or printer ou lput, etc.. Allows any size program 
(source or code) to be processed! 

3 
DISASSEMBLER •• Processes an ObJ8CI Ille on disk and 
produces source li te listings both ona second disk file and on the 
console or printer 

"MAXIMIZES DISK CAPABILITY 
"USES EXISTING DOS USER 1/ 0 ROUTINES 
"REQUIRES LESS THAN 16K MEMORY TO OPERATE 

XL-8060 SYSTEM w /comptere documentelion .. . ... .. .. . . . . ... . - - $39.95 


XL- Z80 SYSTEM 	(same as above bul processes 

Z80 Zilog-torma1 fil es ... __ . $59.95 


XL·ZP/ M SYSTEM IZ80 Assembler for CP/ M) ___ . _. __ ,. $59.95 

Avai lable at your local computer store or by sending check or money o~der lo : 

~ (1 !:(DJUT~R P.O. Box 805 
~ IJ.r PROOU!:TS Mesa, AZ 85202'N~. 

Dealer rnQ umes welcome 
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OMSI 
PASCAL 

TM 

Reliable, efficient production Pascal compiler 

for the DEC PDP-I I family. Including the l51-l I. 


Full Language 

All element:> of Standard Pascal, Including the capabilities 

not found in student Pascals. Extensions for complete low­

/eve/ control with direct memory and 1/0 device access. 

embedded assembler code. FORTRAN procedure Interface. 


Production 

Integrated with DEC operating systems (RSTS/ E, RT! I, RSX, IAS). 

Compatible with existing file structures, editors, and utilities. 

Interactive symbolic Debugger with breakpoint:> and full trace. 


Performance 

Fast one-pass compiler runs in 16K words (32KB). translates 

thousands of lines per minute. Produces compact PDP-1 l 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. POP. RS'TS. RT-11. RSX, lAS, and LSl-11 are t,.adem11rk.!J ol Olg1t.11I Eq. Corp. 

Improve your game with . .. 

> > >FASTGAmmon > > >™ 
An exciting new backgammon opponent! 

You Play 
> > >rnsr<;nmmon >>> X's 

ON H IE THS-80 Computer 
Plays O's 

OUTSTANDING FEATURES! - Computer makes good moves 
in stantaneously. Li teral and graphic displays of each move. 
Opt ion to replay same rol ls. Eigh t -page instruction manua l. 

Avai lable on casse tt e (S201 for · 
TRS -80 (level II)" COMPAL-80 ' 
APPLE II" POLY-88" 
SOL" 

Availabl e on d1ske11e (S25) for 
TRS -ao· COMPAL-so· .. 
APPLE II" SOL/ NORTH STAR' 

·16K RAM requucd ""24K RAM r eq unetl '''M1cro nol1 5 tlu;il dons11 v 

SEE IT NOW AT YOUR LOCAL COMPUTER DEALER 

OR ORDER DIRE CT FROM 

Quality Software 
10051 Odessa Avenue. Sepulveda . CA 91343 

[Cah forn1a resit.I n1 s add 6~.-. s .rth~s 1<uc ) 
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essary in overlays) immediately prior to 
entry. For this purpose, a suitable portion 
of memory was reserved for th e segment of 
the program bei ng assembled, and for each 
instruction two separate addresses had to be 
recorded: one givi ng the address of the cur­
rent inst ru ction and the other indicating the 
address it would occupy at run time. With 
elaborations, this techniq ue became the 
basis of early timesharing systems. 

Basic to the runn ing of these early 
systems was the co ncept of independent 
peripheral operation . The processor, having 
initiated an 10 ro utine for one program, 
could then proceed to service the computa­
tional needs of other programs until the 10 
routine signaled its comp letion by interrupt ­
ing the processor operat ion. For various 
reasons, these timesharing arrangements 
did not fully ut il ize even the relative ly slow 
storage access time on some computers. Th e 
mul tiprogramming concept was deve loped 
fu ll y to realize this potential. The logic was 
incontrovertible : if the machine had spare 
memory and spare peri pherals, these could 
have been utilized by a second program. If 
this still left unused capac ity, why not load 
a thi rd program to use the peripherals and 
access ti me not required by the first and 
second programs; and so on. 

Tsu11gado showed that it was theoretically 
possible to process simultaneo usly a large 
number of programs (256) in the conver­
sational mode. Although theoretical ly pos­
sible, this would be impractical even now 
on large computers because of the large 
memory requi rements. In consequence, it 
is necessary to resort to swapping tech­
niques, and a suitable scheduling algorithm. 

The swapping techniques adopted ini­
tially depended upon the hardware design 
(the control mechanisms varied widely 
between manufacturers and between 
models). Some hardware is sti ll requi red for 
effective control of the process, but the 
software usu all y provides the necessary con­
trol procedures. In "Computer Software " 
(see references) Archibald et al specify the 
necessary software fea tures. They include : 

• 	 A means of reserv ing memory and 
peripherals for exclusive use by 
indi vidual programs for predetermin ed 
periods of time. 

• 	 A means of switching from one pro­
gram to another to optimize computer 
performance. 

• 	 Faci lities to relocate programs dynam­
ically during execution as the overall 
patte rn of programs in the computer 
changes . 

The effect of th ese routines is to provide 
mu ltiprogramm ing fac ilities which enable 



many users to initiate programs and to 
schedu le them through th e system accord­
ing to their relative predetermined priorities . 

The simplest system is based on a circular 
queue for "round robin" scheduling. Each 
program accepted into the system is assigned 
a fixed time slice and processor operation is 
switched from one program to another in 
round robin fashion until each program is 
completed. In this arrangement, on ly one 
active user program is in main memory at 
one time. Other active programs are held on 
disk. 

In other systems several user programs 
may res ide in ma in memory simultaneously. 
The operational switching between them is 
control led by a clock whic h is used to 
generate an in terrupt to signal the processor 
that a certain time period has elapsed. The 
scheduling al gorithm is then entered every 
time a clock interrupt occurs . If it is found 
that the program in main memory has ex­
hausted its time slice or has changed its 
status, that program is swapped for the next 
program in the queue. 

Most sophisticated insta llations of any 
size find the need to operate a system of 
queues. The appropriate queue to be serviced 
by the processor at any particula r time wil I 
be selected according to priority and pro­
gram type by the schedu ling algorithm . 
Programs are initiated, or released for 
processing by being selected from the tops 
of the various que ues which are formed in 
accordance with the part icular installation's 
design phi losophy. In addition to systems of 
queues, the supervisory program norma lly 
has to deal with systems of priorities . Again , 
what determines these priorities will be a 
matter of design ph il osophy. Var ious criteria 
are used in practice . Usually it is possible for 
the system itself to cause priorities to be 
modified wh ile programs are being queued. 
Such modifications are especially desirab le 
in real time systems because one program 
might be continual ly bypassed; or because a 
deadline is approaching and the program 
concerned is not being serviced . 

From time to time it may be that a pro­
gram being queued wi ll have to take prece­
dence over a program being se rviced. Down­
grading of priorities happens often in 
scheduling systems. To facilitate this, some 
operating systems provide a roll in-roll out 
fac ility wh ich enab les the supervisory pro­
gram to make a request for processing time 
on behalf of a higher priority program in the 
queue. This will resu lt in a lower priority 
program being rolled out to enable the new 
program to be processed. Programs rolled 
out in this way are written into temporary 
storage along with their current status. When 
changing circumstances permit the reloading 
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The world's only 

single-chip LSI Universal 

Printer Controller is here! 


The very low-cost 40-pln CY-480 
printer with print speeds up to 200 cpsl The 
Controller from Cybernetic Micro Syslems Is lhe first-and only-40-pin LSI 
device which will conrrol and Interlace any standard 5" x 7" crot matrix printer 
(lnclud ng !hose lrom Victor, LAC, Practical Automallon and Ampoifex) having a 
print speed up to 200 cps. It operates from a single +sv power supply and will 
Interlace a pnnlar with any microcompuler or minloomputer system through 
standard 8-bll ports. The CY-480 accepts either serial (RS232C) Of parallel ASCII 
Input from the host syslem's data channel. 

The CY-480 replaces bulky, expensive dedicated contro llers. The small. single 
LSI package offers a 5 x 7 dot matrix character generator. full upper and lower 
case ASCII 96-character font. and a 48-character (expandable by dalsy-chalning) 
lnlemal line buffer storage. Slandard are a 10, 12 or 16 characlers/inch vartable 
character densily oommand. 2-color selectable prinl command, forward/backward 
printing command. and horizon1a1 and vertical Independently expanded print 
command. The CY-480 provides graphics capablllly and includes a "nlp-prinl'' 
operating mode tor 160" vlewini;i . Ready Dnes provide full asynchronous 
communlcallons with handshakrng. 

Low price! $35 a single unit! 
CYBERNETIC MICRO SYSTEMS 


2378-B Walsh Ave. · Santa Clara, Calif. 95050 

Phone (408) 249-9255 


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


From EMM - the industry's largest supplier 
of 4K static RAMs'- a 2114 with a year and 
a half of delivery behind it. Not a new part. 
Just a new pln-out of a proven part. 1 K x 4 
organization. 5V only. Standard 18-pin DIP. 
It draws only 300 mw, has all the speed you 
need for microprocessor applications. 

Emm sEM1~1Nc. 

A division of Electronic Memories & Magnetics Corporation 

3883 North 28th Avenue, Phoenix, Arizona 85017 (602) 263-0202 
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Pl...™ 
NEW! tor the • 
HIGH RESOLUTION GRAPHICS! 


Now !here Is acomplele Software Package and asimple. low cost Logic Circuit lhal 
gives the PET 2001 HIGH RESOLUTION GRAPHICS. II can plot 3-0 Images. picl­
ures, rancy graphs,maps-almost anything! Poinls are plolled on a high resolution 
matrix of 236h. x 191v. Graphic displays can be s1ored on tape casset1es. 

Oo II yourself with the Graphics Hardware Manual from Conley Graphics. Complete 
hardware Information , diagrams,and easy to understand explanations allow you to 
build your own Logic Circuit for the allordable price or ONLY S15. Parts are readily 
available from popular elect ronlcs stores. Now, high resolution graphics opens up 
a world of new uses ror the PET! 

Complete Software Package and Graphics Hardware Manual •. .. .. ......... Sl9.95 


MailOrdorTo ' CONLEY GRAPHICS 
211 Purdue Avenue, Kensington, CA. 94708 

Cafll. residents add 6 % Sales Tax PET is a trademark ol Commodore Business Mach. 
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of programs temporarily suspended, the 
supervisory program will automatically roll 
in these programs and they will restart 
from where they left off. 

It may be that the exact locations in 
memory which such programs and their data 
were using are no longer availab le. To deal 
with this situation, operating systems 
provide the faci li ty to relocate programs 
dynamically. 

Scheduling Methods 

To summarize the discussion so far, there 
ar·e basically two methods of scheduling: 

• 	 Simple swapping systems with only 
one program at a time residing in main 
memory for a fixed unit of time in 
accorda nce with a system of priorities. 

• 	 Elaborate systems which overcome the 
disadvantage of only one user program 
in main memory at a time with con­
sequent waste of time due to switching. 

This necessity of switching programs into 
and out of main memory at speeds approach­
ing the internal clock rate leads to further 
problems which can only be solved with 
additiona l hardware and software faci lities. 
In particular, since a given user program 
does not always get loaded into the same 
place in memory it leads to addressing 
problems. 

Addressing Techniques 

In most systems, individual programmers 
will have to write their programs without 
knowing which other programs, if any, will 
share main memory with theirs . The implica­
tion must be that they will need to use 
symbolic addresses that will be converted 
to absolute addresses at some time by the 
supervisory program when allocating memory 
space and peripherals to the various pro­
grams. This necessity has led to the present 
timesharing philosophy which requires the 
conceptual separation of absolute storage 
addresses from the logical system addresses. 

In a multiprogramming system, reso urces 
are not normally allocated to programs until 
execution time. Since the physical resources 
allocated may be different during each time 
slice, it is essentia l that the run time repre­
sentation of programs should be in hardware 
independent form. Th is means that the 
addresses in particular should be virtual 
addresses. Ph ysical addresses will be repre­
sented by an address mapping table which 
will be updated whenever programs are 
moved from main memory to temporary 
storage and vice versa. 

As Wegner points out, the structure of 
the address mapping table will depend not 
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only on the relation between the virtual 
address space and the physical address 
space, but also upon the hardware facilities 
avail able for performing address mapping. 
For example, in "Addressing Structures" 
(see references) Gammage recalls that the 
need for dynamic program relocation was 
met on second generation machines by the 
provision of a single base register, the 
contents of which were added to a virtual 
address generated within the program to 
map it into an actual main storage address. 

The major drawback here was that the 
program had to be moved between main 
storage and temporary storage as a single 
unit (a wasteful process where large pro­
grams are involved). It also meant that no 
program could be larger than the availab le 
main memory space. 

To overcome these problems, more 
elaborate addressing structures were devised. 
These structures reflected the hierarchical 
organization of problem oriented programs 
and the need in real time systems to pro­
vide for the organization of sets of inde­
pendent, multiprogrammed jobs. To give 
the facility of dynamic program relocation, 
for example, some machines were fitted with 
special hardware. I BM built upon the address· 
ing system of the IBM 360, which allowed 
on ly two levels of addressing, and provided a 
third level. They did this by providing two 
sets of additional base registers, one set to 
act in the same way as the base registers of 
the IBM 360 (being accessible to the pro­
grammer). The other set, sometimes known 
as segment registers, accessible only to the 
supervisory program, are used in allocating 
storage. 

Gammage outlines three such schemes, 
but suggests that because these schemes use 
variable length segments as the basic unit for 
storage swapping, they are very inefficient in 
terms of storage utilization . Their ineffi­
ciencies cannot be overcome completely 
unless a full paging system is employed, 
using fixed length units for swapping. 

Paging 

Most modern machines provide some 
kind of virtual memory structure if they are 
to be used for multiprogramming. This 
addressing space may be provided by hard­
ware or created interpretively by software. 
Most modern systems also interpose an 
address mapping structure between virtual 
and physical addresses. 

Typically, the virtual address of a word in 
memory consists of two parts. The first 
refers to a page number (a fixed size block 
of main memory). The second refers to a 
location with in the block. In operation, 
secondary memory is connected to these 
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permit programs to be swapped directly 
from disk into any one of the main memory 
blocks without interfe ring with processor 
operation. This process is known as direct 
memory access and all ows execution of one 
user program in one block of memory while 
programs are bei ng swapped to and from 
another block. 

Main memory is similarly divided into 
physical pages, each capable of handling one 
page of a program or block of data . Pro­
gram pages, although the same size as main 
memory pages, will not necessari ly be 
contiguous in mai n memory and may well 
occu py differe nt main memory pages at 
differe nt t imes. One of the fu nctions of the 
su pervisory program in a pagi ng environ­
ment is to form and keep up to date a page 
tab le which establishes a mapping of the 
program and data pages into phys ical pages. 
By this means, the address of a page within 
a program is transformed via the page tab le 
into an absolute memory locatio n. 

In practice, to ac hieve dynamic reloca­
tion, it is necessary to extend the instruction 
address to include a segment number as well 
as a page and location number and to leave 
the binding of address parameters until run 
time. Th e segment number is then used to 
access a segment table belongi ng to the user 
whose program is runn ing at that instant. 
Th e reference in the segment table is to the 
page tab le which in turn maps onto the 
physical page and through this to the phys­
ical address. 

Th is scheme can be very clu msy and take 
too long, unless the machine is fitted with 
additional reg iste rs wh ich permit the develop­
ment of an associative memory. The associa­
tive memory combines the segment and page 
numbers, so that only one interrogation is 
required to fi nd the number of the physical 
page containing the appropriate address. 
Systems in which page registers are designed 
to be accessed associat ively operate various 
page turn ing algorithms which determine : 

• Whether certa in 	 pages are in memory. 
• 	 Whe ther pages are to be preserved or 

overlaid. 
• 	 How recently pages have been used so 

that, if need be, they can be disposed 
of when new pages are brough t in to 
memory. 

These systems are the basis of the virtu al 
memory concept which in turn provides the 
means for dynamic relocation. 

Dynamic Relocation 

Let us spel l out the need for dynamic re­
location in a timesharing system. In general, 
a program consists of instructions and data. 
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While being executed it wi ll contain refer­
ences to intermediate resu lts. These will 
need to be mapped or translated into refer­
ences to specific parts of the machine 
(machine addresses, device numbers, etc) . 
This can be accomplished at three different 
times: 

• 	 During compi lation, assemb ly, or 
translation into machine code. The 
resu lt is an abso lu te program which 
will be assigned to the sa me memory 
locations and use the same peripherals 
each time it is run , assuming they are 
available . (This is the most common 
scheme for user programs in typica l 
personal computers.) 

• 	 When the program is loaded. Most 
machines have a relocating loader 
which enab les programs to be re­
located statically. 

• 	 During execution, using dynamic 
relocation . 

In multiprogramming it is difficult, if not 
impossible, to allocate memory concurrently 
to two or more independen tly written pro­
grams if they are absol ute programs. The 
allocation method requires that the pa rticu lar 
combination of programs to be run at any 
one time and their storage requirements are 
known in advance . Th is is informat ion that 
is not always avai lable when the programs 
are written. 

If the absolute addresses are left L/11­

translated by the assembler or compiler and 
translated by a relocating loader into actual 
addresses only when the program is loaded 
for execution, the particular combinat ion of 
prog1·ams to be loaded together can be 
decided just prior to load ing. This method is 
known as stat ic relocation. Using static 1·e­
location it is possib le, with a relocating 
loader, to allocate memory to a program cacn 
time it is executed, provided : 

• 	 The program can be separated in to a 
data part and a proced ure part. 

• 	 Th e procedure part is never modified 
during execution. 

• 	 The data part, including the contents 
of registers at the time of interru pt, 
contains no absol ute memory addresses. 

• 	 When the program is in terrupted, the 
data part is dumped onto auxiliary 
storage. 

The e four condi ti o ns arc not difficult to 
ac hieve. Nevertheless, the relocation or an 
interrupted program by this method has a 
number of significant drawbacks, which are 
sum marized by Denni ng in his artic le 
"Virtual Memory" (see references). 

In dynamic relocation, the translation of 
virtu al addresses to main memory addresses 
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is delayed until the last possible moment 
(until access to memory is required in running 
the program). Because the program contains 
no absolute addresses, it is independ ent of 
the actual memory allocation it receives . 
This means that it can be in terrupted at any 
time and subsequently reloaded in to a d if­
ferent part of memory with out modificatio n. 
This desirable fac ility can on ly be achieved 
at the expense of add itional hardware and 
more complex instrnction fo rm ats . This is 
desirable since instructio ns in general must 
now hold untranslated addresses in a form 
appropriate to the relocatio n technique 
adopted. 

There is also the related problem of 
storage protection (th e need to prevent user 
programs from in terfering with each other 
while being processed) _ The usual so lution 
to thi s probl em is to allow them to o perate 
in well defined areas of memory only (un­
restr icted access to al I parts of memory 
being reserved fo r the supervisory prngram 
only). Frequ en tly the technique used to 
ac hieve dynamic relocat ion can also be used 
to effect storage pro tectio n. 

Conclusion 

Many programs running concurrently in a 
multiprogramming environment typical ly 
require far larger total memory space than 
is availab le in a par ticular system. The virtual 
memory concept and dynamic relocatio n 
techn iqu es outlined here have solved many 
of th e problems of managing and optimizi ng 
the use of large, hierarchica l memor ies . 
These techniques are often seen in large 
computer systems and can be adapted (i n 
princi pl e) for use in microco mputer time­
sharing systems.• 
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A Binary Guessing Game 


Calculator Pattern Recognition 
Mark Z immermann 
M J House, Caltech H l7 
Pasadena CA 91 126 

James Blodgett 
45 Southern Blvd 
A lbany N Y 12209 Humans and anima ls do not as a rule be­

have at random: instinct and past experience 
play too important a role. In the computer, 
a good pseudorandom string of digits isn 't 
hard to produce, but to get genuinely un ­
pred ictable output is tremendously difficu lt. 

This article introduces pattern recog­
nition and gives a sample program that 
recognizes patterns with better than random 
accuracy. The program is in game fo rmat to 
add to the fun, but it can be easily adapted 
to other purposes. 

We will look only at binary patterns (ie: 
sequences of Os and 1s). This is not a limita­
tion, since any string of symbo ls ca n be 
encoded into a corresponding binary se­
quence using a suitable conversion code such 
as ASC II, and, of course, neurons and flip 
flops are binary devices . (One could encode 
the tex t of this article up to this point in 
bina ry, and attempt to predict the rest of 
what we are going to say; if you want to 
try, good luck!) 

Consider the string: 

1010110 

What is the next digit? 
There is no correct answer, and in fac t, 

there is no "best" answer. A lot depends on 
what kind of system generated th e string. 
[Recent mathematical worl? has shown that, 
in general, there can be no "best" element 
following a given string of elements,' that 
indeed any element can be shown to be the 
correct successor to any given string . .. CM J 
If the string were generated by an algori thm 
with almost no "memory" of the immed iate 
past, but with a possible bias towa rd 0 
or 1 (such as a roulette wheel), a good 
strategy wou Id be to note the majority 
of 1s appearing and to bet on 1 in the 
future, regardless of what the last digit was. 
On the other hand, a human producing a 
pattern may tend to 1·epeat sequences 
made in the past, even if an attempt is 
made to avo id th em. 

It is useful Lo define the term "depth" 

at this point to mean the longest recent 
sequence of digits that a program will con­
sider. The basic pattern recognition al­
gorithm we have developed simply looks 
at the last few digits in a string, checks to see 
what choice followed that sequence pre­
viously, and guesses that the same choice 
will fo ll ow this time. 

As a specific example, consider the above 
binary string. A depth 0 algorithm does not 
look back at all ; it has no memory. It simply 
guesses that the next digit wil l be the same 
as the present one (a 1 in the previous 
example). A depth 1 program checks back to 
the previous time that a 1 occurred (the 
sixth digit in our example), and, since it is 
followed by a 0, makes the prediction 0. 
A depth 2 routine searches for the previous 
occurrence of 01, and a depth 3 for 101. 

The program listed in this article per­
forms the procedure described above 
precise ly, to depth 3. (Special circumstances 
which require further processing are dis­
cussed below.) All this is not difficult when 
you have plenty of program and memory 
space. Imp lementing it on the HP-25 calcu­
lator requires considerable economization, 
though. If readers with calculators have need 
of "bit packing and manipulation" it would 
be worth the ir whi le to spend a few hours 
pu zz ling out the logic involved, but for 
app lications and gaming, this isn't necessary . 

Now that you know the algorithm, it 
is possible to defeat it in a competition by 
tak ing advantage of its weakness (an over­
rel iance on past patterns). For a simple 
depth N progra m, it is possible to generate 
a pattern of length 2N+l that varies in such 
a fashion that the program is constantly 
one step behind and never gets a right 
answer. A depth 0 routine, which just 
guesses th at the most recent digit will be 
repeated again, is fooled by the simple 
string 1010101010 .... A depth 1 program 
wil l fail when it meets 110011001100 . .., 
that is, the pattern 1100 repeated continu­
ously. A pattern that will defeat depth 2 is 
11101000. This combination is not unique, 
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but once such a pattern is found and used, 
the program wil l always guess incorrectly. Address Operation 
We won't mention a pattern to defeat ou r 01 STO + 3 
depth 3 program, but one can be foLmd 02 STO + 2 

03 RCLO 
04 f PAUSE

fairly easily now that you know how it 
works. 05 f x 1- y

The program is about evenly matched 06 Go To 09 
07 2with human oppo nents. It is very difficult 
08 STO - 7

for a human Lo win decisively (ie : to get 09 2 
10 RCL 2 
11 f x ;;. y 

more than 15 points ahead) without 
analyzing the logic of the program. Don't 

12 ­
spoil your friends' fun: let them play with­ 13 g ABS 
out first ex plai ning how it works. 14 RCL 5 

15 xUnfortunately we seem to have spoiled 16 STO +4 
the fun by explaining most of the game's 17 8 

18 RCL3logic in this art icle. If the reader wil l cha nge 
19 f x;;. y

step 9 to "4," and step 44 to "7," the pro ­ 20 ­
21 g ABS 
22 STO 3 

gram wil l acquire new evasive tactics: it is 
now designed to outthink the readers of 

23 4
this article! It will also recognize much 24 ­

25 g 10Xlonger patterns, altho ugh it takes a bit 
26 STO 5longer to learn them. Readers can st il l foil 27 RCL 5 

the program in this mode, but the task is 28 RCL1 
29 xconsiderably more difficult. 
30 RCL 4

Several questions of interest remain un­ 31 x~y 

32 
33 g FRAC 

answered . First, what is the optimum depth 
for a machine to look when attempting to 34 RCL1 
outguess a human? How much does it 35 x 
depend on who is playing? (Do 6 year· olds 36 f INT 

37 STO 2 tend to generate simpler patterns than 38 x 

ad ults?) . Are there other algorithms better 
 39 STO - 4 

40 f LAST xequipped to tackle human opponents? Are 
41 2

deeper or more complex programs also more 42 ST O x 3 
interest ing? What about a base 3 number 43 STO x 2 

44 R L guessing game such as "rock paper scissors," 45 f INT 
or a more intr igui ng video displ ay? What is 46 STOO 

47 1it that makes art ificial intell igence (A l) 
48 STO + 7 

progr·ams so interest ing in ge nera l? Psychol­ 49 RCL 7 
ogists and software experimenters might 
consider working on some of these 
problems. 

lnslruclions for Running lhe Binary Guessi ng Game 

Implementation on Other Systems Step Comments 

Key u1 prog1am . 
Our program should be convertible for 2 Set d•splay d•gits . 

use on most programmable calculator·s with 3 Initialize . 
conditional branch ing and severa l memory 
registers. It will not work wi thout extensive 4 Key 1n value s. 

revision on some microco mputers because it 
requires at least 8 digit accuracy. 5 Clear st ack. 

Watch the 1 ox function; it must be ab­ 6 Start prog• am. 
solutely, not approximately, accurate for 7 Program s1ops w•th score disp layeci , for 

opponent's guess . Enter 1 or 0 . 
flrnponant don't enter any other number 

integers in the range between x = +4 and 
x =- 4. If it is no t, write a rou tine to correct or run with score displayed.I 
il. 8 HP·25 displays its guess, th en the curnu la ­

tive score : + for opponent, - fo r HP·25.Some calculators like the SR-52 do not 
9 Go 10 s1ep 7 . have the required INT and FRAC func­

tions, but these funct ions can be easily Notes . The advanced program described in the artic le 
st ruc1ions. If you convert back to 
version , ihe conients of several

programmed. 
Note that there is an implic it "GO TO this, st a1"l over at 

advanced program, remember00, R/S" at the end of the program, since 
program will guess 0 

this is what the calculator docs when it runs 123 .0123 ST04 . 

past step 49.• 

Listing 7: A pattern recog­
nition program written for 
the HP-25 programmable 
calculator. The operator 
enters a series of bina1y 
digits and the calculator 
attempts to guess each 
one, gi11ing itself points 
when successful and penal­
izing itself when wrong. 
Unless the operator enters 
digits that are truly ran­
dom, the algorithm stands 
a good chance ofdetecting 
patterns in the operator's 
string of figures. 

Dal a Keys 

f FIX 0 

f PRGM 
f REG 

10 STO 1 
11.1001 STO 4 

1 STO 7 

fSTK 

R/S 

1 or0 RIS 

atso u~es th e above 1n­
the regular version after running th e advanced 

memory registers will cause problems. To avoid 
step 3 above . After changing the two steps necessary for the 

to return to 00 to run th e program . The advanced 
lor severa l t1rn es ur11il it learns your Style. To avoid this. try 
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Languages Forum is a 
feature which is intended os on 
interactive dialog about the 
design and implementation of 
languages for personal com­
puting. Statements and 
opinions submitted to this 
forum con be on any subject 
relevant 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· 
tories. 

Note: We received the following letter detail­
ing several possible changes to the BASIC 
language. Readers might try implementing 
them on their own systems if they do not 
already have these instructions available ... 
RGAC. 

Amended BASIC 

Robert Pau l Bass 11 
4827 N 63 Ln 

Phoenix AZ 85033 

Having been an avid programmer for 
many years, t 've seen many ways for 
"Mr Murphy" to add some of his handiwork 
to programs. In order to accommodate some 
of the beginning programmers, I felt that a 
new version of BASIC that incorporated 
some of Mr Murphy's ideas would be appro­
priate to he lp explain away some of those 
mistakes that we all make at some time or 
another. Here I present some of the new 
statements and functions that I would like 
to see in this new version of BAS IC. 

Assignment 

1 0 LET A # 4*G 	 Set A to any value 
not equal to the 
expression. 

20 LET B""' 19/T 	 Set B approximate­
ly equal to the 
express ion. 

These are also handy for generating data 
to test routines that need data close to a 
particular value, or if any value but one can 
be used in a program. 

IF-MAYBE 

100 IF G = 17.4 MAYBE 210 

Advanced imp lementations of this state­
ment could have nested conditions, ie: 

110 IF G # A*2 MAYBE 210 
THEN AGAIN 300 
OR PERHAPS 405 

Modified FOR - NEXT 

200 FOR N = 0 TO ABOUT 100 

300 NEXT N 

This statement is used when one isn't 
absolutely sure how many t imes to execute 
a loop. 

MISPRINT and MISREAD 

320 MISREAD A$ 
330 MISPRINT 8,S 

These are the standard input/output 
(10) statements, except that they have a 
bu ilt in glitch generator to produce those 
inexpl icable characters that appear in 
everybody's output. Caution must be 
exercised when both of these statements 
are used in one program because it is pos­
sible that the errors could cancel out. 

COME FROM 

350 COME FROM 100 

This is great for debugging programs as 
it al lows the programmer to trace back 
where he should have been going. 

FUZZ Function 

400 FUZZ= 39 

This fun ction tells the actual mon itor 
program that executes the BASIC program 
how picky it will be regarding errors. If 
FUZZ=O, the program will execute correctly 
regardless of how many errors there are in 
the program. If FUZZ=99, the entire system 
will crash on the smallest logical or even 
syntactical error. 

FORGET 

440 FORGET 450-560 

This wou Id be used to indicate which 
statements should be ignored. 

DIMENSIONLESS 

10 DIMENS IONLESS A,B,C,D,E,F,G, 
H, 1,J,K,L . . .. 

This was designed for the theoretical 
mathematicians working on problems in­
volving points, those zero dimensioned 
beasties. Systems using th is statement 
should have plenty of memory, since an 
infinite number of DIMENSIONLESS state­
ments are allowed (and usually need ed) so 
that the programmer can define lines, planes 
and spaces. 

BLINK 

500 BLINK 10 	 Blink for 10 sec­
onds. 

Th is is used primarily in demonstration 
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programs where a visitor ca n see the Fron L 

panel lights of the computer. When execut­
ing this statement the lights wil l bl ink in a 
fas hion gua ranteed to impress anyone who 
doesn 't know too much about computers. 
With appropriate interfaces, this could be 
used with your Christmas tree lights next 
winter. 

GLITCH 

530 GLITCH 

Thi s is th e most inval uable statement that 
the up and corning program mer can use. It 
wi ll randomly choose a location in memory 
or in the internal registers and wil l change 
one bit of that word . 

SLOW DOWN 

650 SLOWDOWN 

When entering a particul arly difficult por­
t ion of a program, this statement would be 
used to slow down the compu te r so it won 't 
stumble over the program's harder portion. 

WHOA 

720 WHOA 

Same basic (no pun intended) use as the 
SLOWDOWN statement but it is pri mari ly 
used after a series of particularly easy state­
ments to rem ind the computer that th e easy 
stuff is over and it will have to dig in again 
and get to work. 

I hope that these suggestions for addi ­
t ion s to BASIC will inspire so me enterprising 
young programmer to invest a couple of 
man-years to develop th is new version of the 
old language that we all know and love. 
Good luck - you'l l need it. • 

Pascal versus BASIC: Round 2 Includes FORTRAN 

Lawrence C Andrews 
2634 Wycliffe Rd 

Baltimore MD 21234 

The article "Pascal versus BASIC : An 
Exerc ise," by Allan M Schwartz (August 
1978 BYTE, page 168) is a typ ical example 
of a language chauvinist using a language 
ineptly and then pointing to the faults 
in the code he has written as inhere nt 
properties of th e language. 

The function GCD (page 172) that he 
has written (leaving aside the BASIC version) 
has several faul ts, to wit: 

·1) 	 X and Y are not declared in the Pascal 
version. 

2) 	Th e FORTRAN version wil l develop 
an in fi nite loop if X or Y equals zero 
(no comment there excludes X, Y 
greater than zero). 

3) 	Th e FORTRAN version never defines 
the functional value of GCD and so 
will not eve n compile in a good 
compi ler. 

4) 	There sure are a lot of GOTOs and 
statement numbers in his program ; 
in particul ar, statement 180 is 
total I y useless . GOTO 180 should be 
GOTO 120. 

5) There is no reason to have any GOTOs. 
It cou ld be written as in listing 1. 

6) 	If you don't mind downward branching 
GOTOs (ge nera lly considered to be 
harmless) function GCD can be 
written as shown in listing 2. 

As in Pasca l the fl ow is clear and flow ­
charting is simple (Warnier-Orr diagrams are 
still better). I don't run down Pascal but I 
fai l to see why Schwartz runs down 
FORTRAN just because he writes a pidgin 
dialect inexpertly. In FORTRAN, as in 
Pascal, "Go to statements can fog the other­
wise clear logic of a routine," as Schwartz 
states in his artic le. FORTRAN 77 with 
IF ... THEN ... ELSE statements, and zero 
trip coun ts on DO loops, removes most of 
Schwartz's FORTRAN objection. An yone 
can write a bad program in any language. 
Pascal is no exception to that sta temen t. • 

INTEG ER FUNCTION GCD (X ,Y) 

INTEGER X,Y, A ,B, LIM 

C.. . X ,Y .GT. 0 

A = X 

B = y 
DO 1000 I = 1 , LIMLIM = MAXO (A,P) 
IF (A .GT. B) A = A- 8 DO 1000 I = 1, LIM 
IF (B .GT. A) B = B-AIF (A .GT. B) A = A- B 
IF (A . EQ. Bl GO TO 2000IF (B .GT. A) B = B- A 

GCD = A 	 1000 CONTINUE 

IF (A. EO. Bl RETURN 2000 GCD = A 

1000 CONTINUE 	 RETURN 

END 	 END 

Listing 7: The GCD func­ Listing 2: A much shorter 
tion written in FOR TRAN version of the GCD func ­
with no GOTO statements. tion using one downward 

branching GOTO state­
ment. 
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The face is (becoming) familiar 

No surprise ... it stands out in the crowd . The 

quality and reliability that Industrial Micro Systems' 
customers have grown accustomed to is now avail­
able in our complete system. A system that will grow 
with your needs. 

You can start with a minimum 16K, single disk 
system. The system shown above can be expanded 
to 608K-Bytes of fast RAM with three double-sided , 
double-density drives. And more to come. 

The microcomputer industry standard CP/ M1
M 

operating system is delivered with the system. 
PASCAL is available. Industrial Micro Systems sys­
tems users are developing an impressive array of 
application software. 

The system is offered in rack mount and table 
top versions and also in our own desk enclosure. 

In addition to gaining in familiarity, the Indus­
trial Micro Systems picture for total system products 
should be coming into focus for everyone. Advanced, 
reliable electronics ... industry standard software . . . 
and functional, high quality enclosures. 

Industrial Micro Systems, your source for com­
plete syslems. And the prices are right. 

Ask your dealer to see the full Industrial Micro 
Systems line of products and be watching for excit­
ing new additions soon to come from Industrial Micro 
Systems, 628 N . Eckhoff St. , Orange , CA 92668. 
(714) 633-0355. 

INDUSTRIAL MICRO SYSTEMS,INC 

The great unknown. 

• C P/ M is a trademark of Digital Researc h, Inc . Circle 171 on inquiry card . 
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Note on an Easy 


Programming System 


Mike Brown 
POB 2263 

West Lafayette IN 47906 

I have just completed reading Joseph 
Weisbecker 's article "An Easy Programmin g 
System" (Decem ber 1978 BYTE, page 108). 
I was quite favorably impressed - with on e 
minor exception . Th e random num ber 
fac il ity does not seem to be very good, but 
coul d be imp roved with one minor modifi­
cation. Regardless of what pseudoranclom 
num ber generator is used, the idea is to 
provide a sample fro m a uni form distri· 
bu tion in the range of (0. .KK]. The tech­
nique of simply using a mask is clearly not 
satisfactory . If, for examp le, KK = 02, the 
ra nge of pseuclorandom numbers is [O..21. 
However, by usi ng the mask, the possibl e 
numbers obtained are 0 and 2. It is no t 
possible to get a 1. 

There are several ways around Lhis 
problem. The si mplest is the rejection 
method in which new pseudorandom num­
bers are generated un til one is fou nd to be 
small enough. Since mos t pseudorandom 
number genera tion routines I have seen are 
fairly quic k, th is method would probably be 
satisfactory as long as KK is reasonably large. 

My suggestion is a refi nement of the 
rejec tion method, which wi ll work fair ly 
well even as KK gets small : 

• 	 Determine high order 1 bit position 
in KK (p) . For·m mask with bits 7 thru 
(p+l) off and bits p thru 0 on (m) . 

• 	 Genera te pseudorandom number in 
rangeof jO. .255] (r) . 

• 	 r2 = r x m. 
• 	 If r·2 > KK, go to second step. Oth er­

wise r2 is the required pseudorandorn 
number. 

In the worst case, only an average of two 
random numbers will have to be picked, and 
verifying a good num ber or rejecting a bad 
number is a quick and easy task.• 

Th.8100 byH~!! 


• SERIAL RS232/ 20ma 1/ 0 

• PARALLEL INPUT AND OUTPUT 

• SPACE FOR 16K DYNAMIC RAM 

• CAN USE LEFT OVER 4K CHIPS 

• S.\00 BUS INTERFACE • LOW COST- PRICES START AT S185• 
• 6 SLOT MOTHERBOARD • AVAILABLE IMMEDIATELY 
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PRICES START AS LOW AS $1 85* (S.100 BUS INTERFACE ONLY] 

CALL OR WRITE FOA COMPLETE PAICING 
INFOAMATJON ANO MORE. OElAILS 

San Mateo, CA 	 THE 8100 IS AVAIL.ABLE FROM l..EAOtNG 
COMPUTER OEAlERS OR FACTORY OIAECf 

1429 Maple St. 

94402 
DEALER INQUIRIES INVffED

(415) 573-7359 
• t,)111\ $-tt'(l c:oonoc:t~ AAM WPP0/1 . 
I Oe>ieuVtCC::C..,,.,.i 
USA OOME.snc PRICE ONLY 

Ever wonder 

what it takes 


to win a contest ? 

In late 1978, Mullen Computer Products ran an 

applications contest for the Controller Board Kit. While 

we 're congratulating the winners, you might want to see 

what we considered contest-winning material. 


********************* 
1st PRIZE : 	John D. Gill, Blountville. TN. 

********************* 
lohn's a pplication used the boa rd os nn inte r faco bo1wcon the 
5V lngic of nn IMSAI 6080 and lhc 100 VDC relay logic usod 
IJ v u Fridon Flcxowril e:r . He Included softwnrc timing tric ks lo 

nvoid passing c urran t through the rl! lnys un til fully closed . 

\o\le fo lt his cm1ry wn s \Jc ry prac ticnl. imoginntlvc. used tho 

Cont rolle r Bon rd lo goocl ndvo nt a gc . n od deserved l s t pince. 


2 nd PRIZE : Peter Midnight . Oakland, CA. 
Pote r proposed n r.omput ori1.ocl editing nnd s ;•nchronlzo lion 
s: ;·~Hcm fo r douLh ~ systum sounrl Iracks. The entry wn~ wc ll ­
tb uught out nnd novol. 

Runn etrs-nri included: Vtt.uKhn Jupc, Cnrlolto , C/\ {sa tolliW track ing nnd o lhur nmole ur rod io 
11Jl pli cn lium1 ]: Gr jl jlOr)' Yoh, 11H lu Allo. CA (llhmm r.o nlrollml wntc rbccl v1br11 torJ: Glenn K1ng. 
Topuku. KS [LuloplwnuJr;orn1>11tur/cli11linH l111Cr fo co}; Paul Mc Knlghl , W:1shi11gton , DC 
! mkrn1m11 :tJ~ !->11r run tralled l~' l lflh'rll urJcompu l or l11Wr h1 r.o ); n 11d M.lkc O'Urien. Colorado Springs. 
CO llC rn~ lm~ llm•i1 :c ]. 

·n.un L.- lo .u1•or yun a " 'ho 1.r1rtldJi11h~d In th o con1cs1. 1;1 ml for lhe uniforml y hi1h qu.alily of lhe a·n1 rl1111, 

H you'd lik11 moru in form ulio n on tl rn urmu.ingly vcrsutilo 

Mullen Controller Board kit, 
vi~ll your lm:n l 1:ompu1 ur Sloru o r wri ll! us d ir .,c t. 

MULLEN Computer Products 
BOX 6214, HAYWARD, CA 94545 
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HAZELTINE 

1400 fffil 

~;95! ~ 


• 	 Verbatim M i ni Disk ettes $3.70 
each (boxes of 10) 

• 	 Two-tier walnu t formica e n c l o ­
sure for SA-400 Shugart . • . $39.95 

• 	 Typewriter R ibbons (many makes 
such as D iablo, Centronics, DEC 
and print wheels) 

• 	 TRS-80 16K 

Expansion Kit• ..$89.95 


• 	 Centronics 779. tractor - $1150.00 

• 	 Horizon 11 ass. - $1999.00 

~Mail TORA SYST EM IN C. 
miillOrder 2 9 -02 23r d Avenue 
.Only. A sto ri a NY 11105 

(2 12) 932.3533 

Circle 371 o n inqui ry card. 

Ca ll (7 14) 
979-9920 

• 	 Floppy Kil (S I 001 
SA 801 lloppy (6'") a con1 S599 

• 	 Ado On Floppy D<i•es 
SA 800/1 18") lloppy . . . . . . . . S469 
SA 400 mini floppy .. . .. . .. . .$285 
Pertee FD 200 .. . . . . . . . . .. . S285 
Pertee FD 514 . . . . .. . .... .. $479 

• 	 Cenlronlcs 779 prinler . . . . $999 
Cenl ronics P1.. . . .. . . . ... . ..... S399 
Cenlronics 700/w 1raclor . . . . . . 51475 

• 	 Miscellaneous 
Tarbell Conlrol ler Kil . . . . . . ...... S 185 
CPIM Operaling Syslem/Manuals . S89 
8" Verbatim Diskefles . .. . .. . .. ... $3.99 
s· Diskelles .. . ......... . .... .. ... $3.39 
16k RAM chips.. . ... $9.75 
Pwr Supply cabinel (mini lloppy) ... S79 

filjjj CCW!Pq!,~~~f~~f, h~~~~OLOGY 
1080 South Guuid . Guu1o ~ CIQntro. Si1nt11o An11. CA 97705 

Cir cle 71 on i nquiry ca r d . 

TIME SERIES AND 

STATl~TICAL 


ANALYS IS PACKAGE 

THIS PACKA GE ALLOWS THE USER TO: 

·1 LOAD DATA INIO DYNAMICALLY 
CREATED FILE S. 
EDIT TME DATA 
AN,\LYZE THE DAfA. 

·I . PRIN T our /\ND PLOT THC: DAT A 
AND RE SULTS 

SOME OF THE TYPE S OF ANALYSIS INCLU DE: 
FOUR IER ANALYS IS. 
CROSS AND AUTO CORR LAT ION 
PROBABI 1.1 IY AND DISTRIBUTION 
FUNCTIONS 

•I. 	PEAK. AVERAGE AND ROOT M;AN 
SQUARED 

5 	 MEAN, V,\R IANCt AND STANDARD 
DEVIATION 

6. LINEAR. EXPONENTIAL AND 
GEOMETRIC RE GRESSION 

THIS PACKAGE IS WRITTEN IN NORTH STAR 
UASIC ANO CAN BE PROVIDED AS A LI STING 
OR ON A DISKETTE FOR $125.00. 

Potter's Programs 
22444 Lakeland 
St. Clair Shores, Ml 48081 
Phone 313-573-8000 

Circ le 308 ()n inqui ry car d. 

Midas Business 

Software™Programs 


(disc based) 

MBSI 	 Point of sale 
cash register I 
inventory update 

MBSII-1 	 Personal 
checkbook 

MBSII-2 	 Small business 
checkbook 

MBSIII-1 	 Basic ma il list 

MBSIII-2 	 Extended mai l 
list 

$49.95 

$29.95 

$39.95 

$49.95 

$59.95 

Forward check or money order to : 
ISDG Inc. 

312 Highgate Avenue 
Buffalo, New York 14215 
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TRS-80 

MEMORY EXPANSION 
to 16K 
Each Kit $79 

Includes easy to fo llow 

instru cti ons 

Jumpers and 8-16K Rams 


2 Sets (32K) $165 

3 Sets (48K) $249 


6 Months Guara ntee 

- Visa - Master Charge ­

Cal if. A dd 6% Sales T ax 


Mi croCom pute rWorld 

Box 242 


San Dimas, CA 91773 


C ir c le 2 18 o n inquiry card. 

TRS-80 Quality Software 
at mass-product ion prices ! 

WORD PROCESSOR: Helps pr·epore letters , 
manuals, books. Use drske'te file lor text, page, 
line control, centering, margin justification, etc. 
Oiske,te $39 Level 11, 16K •ers. $29 
MAIL: Lets you enter, display, search. update. 
delete name & address in lo . Reports & labels 
sorted in name. state, city or zip code order. 
Diskette $35 
INVENTORY: Full control saves you thousands of 
dollars. Several reports. 
Diske'te $39 
DISKETTE data base manager/report generater . 
3 2K required $49 
KEY random access: blocking & hashing. 
DOS. $19 
SORT & LINKED-LIST. Level 11. $10 each or $16 
both . 

Level I or II 
Cassette data base manager f1 6KJ $20 
Cassette inventory rontrol ( 16K) $20 
Stock security info &analysis $1 D 
Check balance $1 O 
Stock &check $15 

MICRO ARCHITECT 
96 Dothan St. 

Arlington, MA 02174 

C i rcl e 21 7 on inq uiry card . 

Termina l Systems 
I• 

Deal ing / 

£@)00 ~£ 

a 
FOR THE BEST DEAL c ll , 

(J, ' . 

~ T UMINAl S 'l'SHMS I N'­
......,M....,......"IJ• ···~-..· ···..._..._() {-~~- . ..... 

i213J769·6772 [714.738·4444 

14151637·7723 18001423·2449 

Rely on US 

Ci rc le 367 on i nquiry c ard. 

WILD & CRAZY 

ASSEMBLY 


PROGRAMMERS 

The number 2 manufacturer ol 
stand alone POS terminals needs 
experienced assembly program­
mers to help Introduce 14 new 
software based products In 1979. 
Challenging assignments cur ­
rently exist at all levels Including 
applications, diagnostics and 
systems software development. 
Great benellls including yearly 
vacation to Europe. Starting 
salary 16-30K. Please call or write 
Dave Adams, (617) 246-2815. 
N.E. Recruiters, 6 Lakeside Office 
Park, Wakelleld , MA 01880. 
Collect ca ll s accepted. Slrict con fi ­
dence assured. All l ees, relocalion 
a nd interviewi ng expenses assu med 
by company. 

APPLE II 

TINY BUSINESS SOFTWARE 


ACCOUNTS RECEIVABLE - 100 c us · 

tamer accounts max. 8 transactions/ 
month/customer llypica l l, mon t h end 
and indiv idual pos t ings. automa l ic 
interest calculations. $ 7 5 .00 

ACCOUNTS PAYABLE - 100 payable 
accoun t s ma~. 8 tr ansactions / 
monthly/payable (typical) , month end 
post ing. $75 .00 

PERPETUAL INVENTORY CONTROL ­
100 suppl iers, 900 individual inven· 
to ry i tems. heur istic reorder pro ­
cedu re. $ 100.00 

All o f these programs have rnndo m record 
access, easy addi1ion and doletion ol i10ms, 
pass word prolection on scnsifr"' e procedures . 

MIN. REQUIREMENT 48K APPLE 11. one disk 
OPT. REQUIREMENT 4 BK APPLE II , two disks 
Tl1ese procedufeS for screen environmem. 
printc!f opt ions available soon . 

DOCUMENTATI DN on ly for the above S 1 0 oa . 
CHECK OA MONEY DRDEA ONLY 


DEALER INQUIRIES WELCOME 


~ CUSTOM COMPUTING 
SYSTEMS N:. 

X>ol ~&-..:~ -~ .......~... ... . . ~JZlll_ ,.. 
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Some Contrary Opinion 

Pater D. Robertson 
17047 Via Pasatiampo 

San Lorenzo CA 94580 

After scanning your August 1978 BYTE, 
some amusing images came to mind. One 
was a landscape wherein 10,000 programmers 
sat in front of their terminals, each one say­
ing, " Gee, if I only had Pascal , I could do 
this a \ot easier than in lousy old BASIC. I 
really need Pascal." Another image was of 
Nik\aus himself, saying, " Isn 't it amazing 
how many fools there are who ignored 
Euler, but are wholeheartedly supporting 
Pascal ?" Yet neither language has any real 
input/output (10) or was meant for any 
real machine. Euler was, after all, the more 
serious effort. Pascal is only a teaching toy. 

This is how I see the programming lan ­
guage con t roversy in the world of personal 
computing. First of all, Pascal belongs to a 
class of highly structured, strongly typed 
languages. This means that it is hard to use. 
All variables must be explicitly typed, and 
con trol structures must follow a rigid syn ­
tax, or else the program is garbage. For well ­
documented, widely distributed programs, 
this is "good programming practice. " For 
personal computing, this is useless. Sec­
ondly, Pascal is difficult to learn . 

I spent six months studying Pascal in ­
tensively, but even so, there are a number 
of subtleties and nuances of the language 
wh ich escape me today. Yet i t took only 
two weeks to master BASIC. Th irdly, Pascal 
was not meant to be debugged. Pascal is 
so good that every program you write is 
supposed to be correct. You just type it 
in, compile it, run it and move on to the 
next program. If it doesn 't work, then 
hopefully your computer has PDB, the Pas­
cal debugger program, to help you sort 
things out. Whereas in BASIC, every state­
men t is (or should be} checked for errors 
when it is entered, not when it is inter­
preted . For run time errors, most BASICS 
allow you to print the values of variables 
and execute statements selectively, changing 
them as needed, rather than having to re­
compile every time. 

In shott, I don't see how Pascal can ever 
extingu ish BASIC as the language of choice 
for personal computing. For industrial sys­
tems programming, sure, but not for per­
sonal applications. Pascal is, after all, only a 

Circle 72 on inqu iry card. 

NOBODY SELLS THE 

BEST FOR LESS 


LIST SPECIAL 
PRICE PRICE 

Exidy S-100 Expansion Unit for 
Sorcerer 299.00 255.64 

Expandor Black Box Printer 491 .95 420.61 

Ithaca Audio 16K Memory Upgrade 
for Exidy Sorcerer & TRS-80 140.00 119.70 

Teletek System Central Interface 385.00 329. 17 

ATV Research Micro-Verter 35.00 29.92 

Cromemco 32K Bytesaver Kit 195.00 166.72 

Scotch 5" Diskettes (Box of 1O) 65.00 45.00 

Ca// for our prices on: 

North Star, Sanyo, Integral Data Systems, IMC, Problem Solver, SSM, 


Vector Graphic, Dynabyte, ECT, Oliver, Sorcerer 


Subject to Available Quantities • Shipping and Insurance Extra 


WE ARE NOW AUTHORIZED DISTRIBUTORS 

FOR SCOTCH DATA PRODUCTS 


HOURS: Monday: 12 to 6, Tuesday· Friday: 12 to 9, Saturday: 1Oto6 


Computer Lab of New Jersey 
141 Route 46 


Budd Lake, New Jersey 07828 

Phone(201)691-1984 


Prices val id thru May 15, 1979 


ONLY PROGRAMMERS 
SHOULD BE ALLOWED 

TO MANAGE FILES! 

Isn ' t that ridiculous? They're your files, your infor ­
mation and your needs. Take control of them now 
with 

FMS-80 

the only fully integrated microcomputer File Manage­
ment System . From initial file definition through 
selective report generation, FMS-80 takes you every 
step of the way interactively. 

Written entirely in assembly language, FMS-80 is 
both efficient, fast and will run under any CP/M ­
based program (IMDOS, COOS, etc) . 

Also ask about REMOTE-80 Intelligent Terminal 
Software; SCREEN DESIGNER - interactively create 
and utilize video forms ; and MLU-the complete 
Mailing list Utility. 

DEALERS: Liberal discounts and painless evaluation 
packages available. Contact us on your letterhead 
for additional information . 

COMPUTERS PLUS, INC. 

678 S. Pickett St. 


Alexandria, VA 22304. (703) 751-5656 

The plus makes the difference. 



l 2" BLACK & WH ITE 
LOW COST VIDEO 
TERMINAL 
$139.00 LIST 
Add $5 for shipping Md handling 
Te:itas residents add 5% sales lax . 

• ldeill lar home, ~r.sona l irnd bu!lnll!!ss compult!! r S)'stem s: 
~urvicUla~ mon.l l ('I'~ • 1'2" dlo.gonol Yidco m onitot • Com· 
posilc vl dl!:o input • Compa1lbl ll!: with m<Jny compUll!! r 
.S)'m:m*' • Solid 0su1e c:l1cul try for o i tobh: C :sNt rp pie· 
lu•c • 'Vidro bandwidth-12 M.Hz ±) DD • Input Im · 
pednncl!:-75 Ohms • Rl!!solut '<ion-650 llnu M inimum IN 
Cicnnoilol 80% ol CRT; 550 Lines MJnimum bc!yond cenlral 80'?. 
ol CRT rel BA RS-375 • Olmenslon:i.- l I ,J75'" high: 1 6 .2~" 
~Ide : I l.25-0" diccp (c.ir;duck video input con· 
nec101) • Weig h t-6.~ KQ (\4.) lbs) net 

Use Master O.a rgeJVisa or send money order. 

Micro P roducts Unlimited 
P.O. Bo• 1525, Arl ington, TX 76010 

811146 \ -8043 

Circle 224 on inquiry card. 

'68' MICRO 
JOURNAL™* The only ALL 6800 Com­
puter Magazine. -------CHARTER -----· 

SUBSCRIPTION SPECIAL 


1-Year $10.50 2 Years $18.50 

3 Years $26.50 


OK, PLEASE ENTER MY 

SUBSCRIPTION 


Bill my: M/C 0 -VISA 0 
Card # 
Expiration Date 
For O 1-Yr. D 2 Yrs. D 3 Yrs. 
Enclosed: $ 
Name 
Stree• 
City 
State "ip_ __ 

'68' MICRO JOURNAL™ 

3018 Hamill Road 


HIXSON, TN 37343 


Ci rcle 323 on inquiry card . 

Special for 
TRS·80 and APPLE II 

Users 

\f®rr@~~TIITIID 

Diskettes 

MD 525-01 - Soft Sect. 
MD 525-10 - Hard Sect. 
MD 525-16 - Hard Sect . 

3 for $10. 

(8" Disks - 3 for $12) 

Check, Money Order, Vi sa or 

Masier Charge Accepted. No CO D's. 


P. 0 . Box 327 E 
Disks, Etc. Center Valley , Pa.., ~ 

18034 
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MICRO'S SHOULD 

EARN THEIR KEEP! 


You liked Venlon 1 of our General Ladgu, 
wait unlll you ..... Var11lon 2.2l Some 
faaluru Include: (Version 1 owners. writs 
for crerilr on Version 2.2) 

1tt«"I 
Our new "Sklp·Sequanllal" (TM) me 
11ructun; Up to 100 {or mo1'8) cutlom 
account•: Dl1'9CI curoor control (lor 
1ome video devlceo) or 111ndard 
acrolllng; Complete Income 1tatement 
and balance 1heel wllh printer output; 
Complete audll trall1; Expanded e"or 
checking; Uaer orienled with expanded 
manueli much morel 16 program• 
totalling over 70K. Price: $79.95 

Check our documentation: is.oo (credited 
toward• purch111). All p1ogram1 on 
dllic•H• and UH North Star BASIC, HK of 
free memory, I or more drives. 

Deaier inquiries Invited 

ECOSOFT 

P.O. Box 88802 
lndlanapof11, IN 45268 

Circle 110 on inqui ry card . 

Want to stick it on your bu mper? 
Honk if you l ike "bumper bi ts. " 
It's the new way to communicate 
witl1 you r fe llow compu ter pros on 
the highways <md byways of life. 

Each bumper sti cker is b lack·o n ­
white, 4 x1 4" . $ 1.95 eac h ; 3 for $5 . 

a. Want to hop in 
and compare peripherals? 

b. Semiconductors are only in 
charge of the woodwinds 

c. Waiter, look at debug 
in my soup 

Se~d=-=-;:;-o ~o ,-;--= a~~b.-=-~ 
(California res id ents add sales tax .) 
Mai I check, cash or money order to : 

Box 2062, Menlo Park, CA . 94025 

Circ le 26 on inqu iry card. 

. r: ~~~~ 

., ,al l ·~o 
~ ... 


lml'1e1rm 11!!11! •·•• 
SINGLE BOARD COMPUTER 
$99.50' 
with 6800 MPU. 6850 ser ia l 1/0, 2 
6820 paralle l 1/ 0 (32 lines). 512 RAM, 
socke t for 2708, 27 16, EROM. In ler­
face modules for industrial control, 
dala acquisit ion, lab inslrumentalion. 
on 44 pin 4'h"• 6 'h" PCB's. RAM, 
ROM, CMOS RAM/battery, AID, 0 / A , 
Driver/ Sensor, Serial 1/0 , Para lle l 
1/ 0 , Counter!T imer, IEEE 488 GPIB, 
floppy conlrol ler . 
'Ol!M (500 p iece) puce 

mWl9THI I Corp. 
902 N. 9th Street 
Lafayette, IN 47904 
Phone (317) 742-6802 

Circle 389 on inqu iry card. 

How did you ever 
do without it? 

© 1979 PS Inc . 

Circle 302 on inquiry card . 

WELCOME TO: 

«THE SOURCE» 

******** 
80801,!!2. OISK · BASI 0 QISASSlMll (R 

RUNS ON 9080/ &oeS 01 zeo UNDU (PIM 

SUPPOITSL!.!.ll.Z90 INSUU(l\ON SlT 

08)lCT COOl OISASSEMBUO fBOM DISK NOT flOM 

MIMOa'Y 
OISASSEMBUO (001 DlllCTlD TO DISIC O• PR I N TU 

£.2.Q.!.Q CROSS-llfEl(N(l HliBll 

S'rMBOl fAIHI 

M"N'r OPllONS 
EITHUI TOl MNlMO NICS ITSOUIC l l 01 

MAC MNEMONIC S [MSO URCI I 
AVAI LA8Lf O N 8" SINGll OINSIT'Y flO'P'r 01 S" 

ILOPPY ICPIM fOR NORTH SI AR 9' llfllOA I I 

Ptl ICIS: fSO URCl 13, ,IJS ... , ) l ... 11 

MSOURCE U9.95 IU)l()IN I ~ 

...Oil , .... 
BOTH l<o9.95 

MJB 
COMPUTER 41 Meo.ldow Dr . 
ASSOCIATES Spenc-l'tporl , N.Y. i.i 559 

RS232 USERS 

__, 
Low cosl RS232 swilch kil will 
al low a vnriely of co nnec tions. 
Kil conlfl ins no wires. Lales l 
I'. C. boa rd and swil ching tech· 
nology. Up lo three devices can 
be sw i tched with a lu rn of lhe 
knob. Iden] fo r rnnned ing 1hree 
driving sources to one pr in lcr . 
CRT. PROM Programmer . 
MODEM. etc. 

Pri ce $64 .95 Kil $47.95 

GIL TRONIX INC. 
Call: 415/493-2199 

Circle 144 on inquiry card. 



programming language, whereas BASIC is an 
entire programming system. If you want to 
write something neat and elegant, use Pascal , 
bu t expect to spend a lot of time on it. If 
you want to get the job done, however, 
maybe BASIC isn 't so bad.• 

How To Define an OS 
Which Does Not Need 
a Wizard 

James E Jones 
123 NE 2nd 

Moore OK 73160 

I have noted a trend towards microco m­
puter operati ng systems which allow pro­
grams to be wri tten wi thout worryi ng about 
pecul iar device interfaces. Nothing could 
please me more . 10 and interrupt program­
ming are the worst part of th e transfer fro m 
large to micro. There is one di sas ter that 
must be avoided, though: the use r's interface 
with it , when it co mes, wi ll rese mbl e OS/360 
or 370 "JCL" (Job Control Language) . 

Other than the DD statement, )CL 
ma in ly presen ts tolerab le nuisances. Indeed, 
it once made a perverse so rt of sense. )CL is 
360 macroassembler wi th a "//" at the 
beginning of each statement, and in the 
ti mes when everybody used assembl er and 
had to know the sordid detail s of th e DCB, 
it was actuall y conve nient. But in my ex peri­
ence, most peo pl e use high level languages 
now. (I 'm from an academic background and 
pro bab ly biased. For purposes of argument, 
I'll even admi t that FORTRAN and COBOL 
arc high level languages.) These peopl e, who 
enjoy the advantages of such languages when 
programming, are saddl ed wi th large 
amou nts of machine dependent trivia when 
)CL time co mes. Maybe it's not li ke having 
to wri te your own CCWs, but the user must 
still be concerned with many device pecu­
liarit ies. (Don't te ll me th at's what proce­
du res are for . Users must al ways fill in 
anyth ing not foreseen by the proced ure 
wri ter, who can 't have much fo res ight in 
such cases.) Processes tha t are easy to think 
in terms of beco me cumberso me to wri te or 
may be impossi ble. 

The worst part is that in the name of 
upward co mpat ibil ity, the use r is fo rever 
stuck with it. 

So what does th is ha rangue against 
OS/370 have to do with us? just this: once 
an operat ing system ari ses in th e mi cro-

Circle 86 on inquiry card. 

LSl-11 TIME 


It 's TIME you brought your LSl -11 up to DATE. TIME and 
DATE, two important parameters in the computer world , are 

available to your LSl -11 on one DUAL SIZE BOARD. When 
requested , the TCU -SOD will present you with the date (month 
and day). time (hour and minutes) , and seconds. Turn your 
computer off and forget about the time - your battery sup ­
ported TCU-SOD won 't, not for 3 months anyway . The correct 
date and time will be there when you power up . 

The TCU-SOD is shipped preset to your local time, but can be set 
to any time you want by a simple software routine . 

AT $295 

YOU CAN'T AFFORD TO IGNORE TIME 


T ime is only one way we can help you upgrade your LSl-11 or 
PDP-11 system. We'd also like to tell you about the others . So 
contact Dtgllal Pathways if you 're into -ll 's. We are too. 

.l. 8~'115 
~-<-<: 8K STATIC RAM 
GITALJ .IL ASSEMBLED 

S-100
RELIABILITY 
QUALITY 
DEPENDABILITY 
ADDRESSING 

OtHJOARO 5\'n1ct4 WAltt PAOTECTSl'UNPA0f£CTS Al.L BK 
OR EACH 4X BlOCK CAN BE PROTECTEOVIA mom PANELPROTECT 
ALL S-100 ~l.1'4ES ARE nJU.V OUFFERm 
ON:: LS-m LOAD Pm UNE 

2 ll02 RAMS · ftE 61<.RS l'YPICAU.Y AEOJIRES 1~ AMPS 

BUFFERING 
AT 6 VOlTS - -1 Qrl-OOARD 6 VOLT REGUl.ATORS 

0, 1, 0R2WAIT STATESMAYBESE1..ECTED 

LOW POWER 
VIA A PU.JGClADlE .AJMPEn 

Tl-E BOARD rs OVtSS EPOXY WITH Sl.J( SCAEEN l£CEn o 

WAIT STATES 
RU. SOt..DER "'1.ASKS ON oon1SIDES. Ft.OW SOlOERt'°' GOlDCONTACTS 

If NOT SATISFIED f'liET\JRN nE UNDN!'-AGED BKAS w n HiN 

QUALITY 
10 OAVS FOft ~\JU. AEF\JHO • ALSO 90 DAY LIMI TED WARAANTY 

STOCK TOXI DA.YS ·CAI.I. flEl\\rEEN 8-30 Ar.O 6 00 TO RESERVE 

GUARANTEE 
YOUR $<RS OR FOR MORE IHFQnMATIOHDELIVERY 

PHANTOM 
COMPl..UE TES T'ING NOT ONLY OF AU. MEMORY CEllS an ALSO 
OF AU SUPPOflT CIACUITRY ANO OPTIONS TESTING 

INTROOU CTORY 4 50 ns 250 ns 

PR ICESPECIAL ASSE MBLED / TESTED $149~ $189~ 
CAL IFORNIA RESIDENTS ADD 6~ TAX 

(714) 992 - 5540 
255~ E. CHAPMAN AVE. 
SUITE 604 
FU LL ERTON. CA 92631 

Circle 294 on inquiry card . April 1979 © BYTE Publinrions Inc 245 



------
Circle 374 on inquiry card. 

TERMINALS FROM TRANSNET 

PURCHASE 


12-24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 


PURCHASE PER MONl H 
DESCRIPTION PR ICE 12 MOS 2~ MOS 36 MOS 

LA36 DECwriler II ....... . . . . $1 ,595 s 152 s 83 s 56 

LA34 DECwriter IV .. ..... . . . 1,295 124 67 45 
LA120 DECwriter Ill , KSR . .. . 2,295 219 120 80 
LS120 DECwriler Ill , RO . .. .. 1,995 190 104 70 
LA180 DECprinter I, RO . ... . . 1,995 190 104 70 
VT100 CRT DECscope . .. .. .. 1,695 162 88 59 
Tl745 Portable Terminal ... . . 1,875 179 98 66 
Tl765 Bubble Memory Term . . 2,795 267 145 98 
Tl810 RO Printer .. ... . .. . . . 1,895 181 99 66 
11820 KSR Printer ... .. . .... 2,395 229 125 84 
ADM3A CRT Term . . . .. ...... 875 84 46 31 
QUME Letter Quality KSR.... . 3,195 306 166 112 
QUME Letter Quality RO .. . .. . 2,795 268 145 98 
HAZELTINE 1410 CRT . ...... 895 86 47 32 

HAZELTINE 1500 CRT .. .. .. . 1,195 115 62 42 
HAZELTINE 1520 CRT . .... . . 1,595 152 83 56 
Data Products 2230 . ..... . .. . 7,900 755 410 277 

OATAMATE Mini Floppy .. .. .. 1,750 167 91 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 

ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 


RIBBONS • INTERFACE MODULES• FLOPPY DISK UNITS 


PROMPT DELIVERY • EFFICIENT SERVICE 


1RANS'NEr CoRPORATION 
2005 ROUTE 22, UNION . N.J. 07083 

201-688-7800 

A UNIQUE NEW PRODUCT 
... protects your hardware and your invest­
ment. Saves maintenance, downtime and 
looks great. Our Dust Covers come in hun­
dreds of sizes each custom designed to fit a 
particular model of terminal. CPU, Line Printer. 
Floppy Disk. They·re a proven way to help elim­
inate dust and d irt accumulation, improve sys ­
tem reliabi lity and save many times the cost in 
reduced maintenance and downtime. Whal"s 
more, your satisfaction Is 100% guaranteed . 

Cover Craft Dusi Covers are available from 
your local computer retailer or contact Cover 
Croft. 

Can you afford to wait any longer? 

n_; sC?a.Ys~~.,fN'Jo!FT 
Telephone (603) 673·8592 

246 .i\pril 1979 © BYT E Public;uions Inc Circle 76 on inquiry card. 

world, because of its very real advantages, 
there will be exactly the same pressures for 
its maintenance that there are for those of 
the dinosaurs: rewriting costs, upward com­
patibility, and difficulties of relearning. The 
first OS must be the best we know how to 
write, using the experiences gained from the 
minis and maxis . 

Those who are considering writing an OS, 
please consider these as possible guidelines: 

(1) The OS functions ought to be call­
able by user's programs, not restricted to the 
OS or some privileged set of programs. On 
the 3 70, users' programs for the most part 
can only read and write, unless they wish to 
write assembler programs to subvert the sys­
tem. All other functions are performed by 
the OS between jobs or by mysterious, 
nearly unusable utilities programs. (Around 
here, they are called the futilities.) Users 
should be able to write utilities on which 
natural selection can work. Let only the 
convenient survive. 

(2) The OS functions should be a clean, 
orthogonal, simple set that does not refer to 
any device perversities. Not only will such an 
OS be easier to use, but it would be a true 
standard, transportable between processors. 
(Consider the increased ease of com mu ni ­
cation of programs tha t would result.) 
To see how it can be done, read the July 
1974 CACM paper on Un ix . For heaven's 
sake, read at least the first three. chapters 
of Software Tools by Kernighan and Piauger. 

I want a system· that I can use without 
spend ing all my time fighting its bureau­
cracy. As time goes on, there will be fewer 
and fewer hardware hackers, and more 
people raised on high level languages running 
on microcomputers. These people will 
depend on the OS written by the hackers, 
and it scares me to read about people 
thinking about 10 in big system terms, 
with a plethora of access methods. If it's 
done correctly, everyone, includi ng the 
hackers, will have an environment far 
better suited for people and working on 
problems instead of commas, buffers and 
blocksizes.• 

fEditorial Note: Buried within this letter are 
numerous references to acronyms which 
eve1y 05/370 job Control Language (/CL) 
hacker must deal with in everyday life. Being 
lazy, and rationalizing on the grounds of not 
perpetuating the mistakes, we leave the text 
as is, filled with references to /CL, DD 
statements, CCWs, DCBs, and all the other 
incantations of the wizards of 05...CH] 



A Fix for the Dazzler 


Michael A Baltrush 
New Jersey Institute of Technology 

323 High St 
Newark NJ 07102 

The New Jersey Institute of Technology 
purchased a Cromemco Dazzler as a kit 
which was constructed by a student during 
the summer of 1977. Plu gging the unit into 
our S-100 bus computer system, we found 
that it produced pretty pictures on a video 
monitor. But an unfortunate side effect 
was that our terminal printed garbage while 
the Dazzler was operating. An investigation 
revealed a pulse on the SOUT line during the 
time the direct memory access (DMA) trans­
fer was taking place. Cromemco was in­
formed of this by letter and their response 
was... "your serial 1/0 (input/output) board 
cannot tolerate DMA." But the problem is 
deeper than tolerance of an 1/0 board. Our 
S-100 system uses a Z-80 processor rather 
than an Intel 8080. During direct memory 
access on the 8080, the PHOL D (S-100 pin 
74) is asserted by the peripheral and is 
answe red with PHLDA (S-100 pin 26) . 
The PH LD A signal appears at the leading 
edge of ¢ 1 and the address bus and data bus 
are floated (put in three-state output con­
dition) at </>2 . Thus there is a period of time 
between PHLDA and the floating of the 
buses. 

During direct memory access of the Z-80, 
the PHO LD signal is asserted by the peri­
ph eral and is answered with PHLDA. The 
appearance of PHLDA signals that the 
address bus and data bus are floated with no 
del ay. In use, the Dazzler controls the buses 
and the signals derived from the control bus. 
In our system the assumed delay between 
PH LDA and the floating of the buses does 
not exist. Therefore, the SOUT signal was 
uncon trolled during that interval and was 
treated as a hi gh signal, which is the SOUT 
assertion level. 

A fix for this problem is to take control 
of all the lines at the assertion of the 

Circle 91 on inqu i ry card. 

NO FRILLS! NO GIMMICKS! JUST GREAT 

DISCOUNTS 

MAIL ORDER ONLY 

HAZELTINE DIGITAL SYSTEMS 
1400 ............. $ 650.00 
 Computer . .. ....... $4345.00 

1500 . . . . . . . . . . . . . 995 .00 Double Density
Mod 1 . . . . . 1495.00 Dual Drive . . . . . . . . 2433.00 

CENTRONICS IMSAI 
779·1 954.00 VDP 80/1000 ....... $5895.00 

779·2 
700·2 
761 KSR tractor .. . . 
703 tractor ........ . 

1051 .00 
. 1350.00 
1595.00 
2195.00 

VDP40 ..... . .. .. 
VDP42 . ... . ....... 
VDP44 ............ 
16K Memory assem. . . 

3795 .00 
3895 .00 
4195.00 

399.00 
NORTHSTAR PCS 80/ 15 . . . . . . . . . 679.00 

Horizon I assembled . 1629.00 
1s•1. au on all olher lmsai products

kit .. . ... . 1339.00 
Horizon II assembled .. 1999.00 CROMEMCO 

kit . .... . 1599.00 System Ill~ . . 4990.00 
Disk System ..... . . . 589.00 10-;. at! on all oth flr Cromamco products 

TELETYPE TEXAS INSTRUMENTS 
Mod 43 .......... . 995 .00 
 810 Printer 1595.00 

IMS CENTRONICS
16K Static Memory . . . 459 .95 Micro Printer 495.00 

Most Items In stock for Immediate delivery. Factory·lresh, sealed cartons. 

DATA DISCOUNT CENTER P.O. Box 100 
135-53 Northern Blvd., Flushing, New York 11354, Z12/465-6609 

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y. 
BankAmericard , Master Charge add 3%. COO orders require 25% deposit. 

• . PROGRAM LIBRARY 
fr om 

CASCADE ENTERPRISES 
ON CASSETTE TAPE 

U you use· Solos™ or have an 8080 SolTw Syste.m, 

G2,w Extended Basic is faste.r and better than others 

requires (IS.SK) $49.9S 


• 	For our 6800 users G2,w Standard Basic specifically 

for the S.W.T .P.C.™ 6800 requires (7K) $34.9S 

Both G2 basics are by Microsoft™ 


• 	We have the followl.ng games and entertainment which 

will run in these machines: 


-0 -i )>
00 "'"' "' ITI ll -0 ~ r ll -iTHE GAME TAPES 0 

-0 -i 
-t "' r -0ARE ONLY "" 3: 0 

.. ITI 0
ll -i$14.9S each -t -i3:
ll 3: 3: "" 

G2 BEAT THE HOUSE 

G2 CLINIC 

G2 OUTWIT 

G2 THE MARKET 

G2 ADVENTURE 

G2 B L OCKADE 

G2 OIL TYCOON 

G2 P I LOT 

G2 Beat the House includes Blackjack, Craps, Roulette 

and Slot Machine. Craps is a ve.-ry big proqram. Ours 

left 3K u sable in Level II 16K TRS -80™. Allows a family 

to play as a gTOUp aqainst the computer. 

Call us anytime except Sunday (916) 926-SlS4 or write 

As an introductory 

offer-th e first 500 
 CASCADE ENTERPRISES 

orders get a free 
 Box 213 

JO minute blank cassette. 
 Mount Shasta, CA 96067 
Cal. Res. add 6% tax 

Bank Cards add shipping & h andling $2.00 


0 	 M/C 0 B/ A-Visa Expires ___ 

Signature ---------------- ­
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Figure l: Portion of 
Cromemco Dazzler cir­
cuitry which is used to 
control direct memory 
access to system memory. 

The information in this 
technical forum was also 
sent by the author to the 
newsletter of the Amateur 
Computer Group of New 
jersey. 

PH OLD 

PH LD 

IC58 

4 

9 

IC49 

6 

IC57 
7495 

8 

I 
I 
I 
I II 

SINP 

ADDRESS 
BUS CO NTROL 

STATUS DSBL 

DO DSBL 

ADDR DSBL 

Figure 2: Addition to the Cromemco 
Dazzler circuit to eliminate problem-causing 
pulses on the author's Z-80 S-100 bus 
system. The fix eliminates spurious SOUT 
pulses that can cause garbage to be printed 
out on the system printer when the Dazzler 
is operating. 

PHLDA signal. This is done by removing 
IC57 (a 7495), bending pin 12 stra ight 
out and reinserting IC57. This removes the 
effect of pin 12's output from the circuit. 
A signal must be supplied from pin 11 of 
IC57. Unfortunately, for simplici ty, buffer­
ing must be used to be consistent with TIL 
loading ru les. Fortunately, an uncommitted 
socket exists on board # 2. A 7407, a hex 
noninvcrting buffer with open collector 
output, can be mounted in this socket along 
with the pull up resistor. The additional inte­
grated circuit is connected as in figure 1.• 

DAM YOUR COMPUTER 
AIM161 STARTER SET 

DATA It,: NOW YOU R COMPUTE!< CAN LISTEN TO T HE 16 ANALOG INPUTS 
ACQUISITION hy !WI \;[J ic:· l< <.AJ. WUl<J.IJ YOU c.;ET 16 8 BIT AN ALOC 	 I , AIM161 B BIT S · 100 MICROS EC 

M O DUI.ES l'=i INP UTS WITH OUR Ali\iil . 


1 . POW1 POWER MOOULE 

INP UT CONNECTOR - 20 PINS 

• 
1 . ICON SOLOEA !YE.LETS 

OUTPU T CONNE"CTOR · 18' PtNSMEASURE - RECORD - CONTROL 	 1 . OCON SOLDER EVELETS 

• 	 TEMPERATURE • ENERGY CONSERVATION EQUIPMENT 1189.00 
• 	 DIRECTION • GREENHOUSES l~·-1PRESSURE • SPEED 


LIGHT LEVE LS o WEATHER STATIONS 

• 	 db • NOISE POLLUTION 
o POLLUTION CONTROLS o pH 	 CONNECTICUT microCOMPUTER 
• 	 DARKROOMS o EARTHQUAKE TREMORS 

HUMIDITY • VELOCITY 150POCONO ROAD · 8ROOKFJHD. CONNECTICUT 06804 
LIGHT • ACCELERATION 

f;JOJJ 175 ·9659 • 	 JOYSTICKS o GAMES 
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Where Do New Products Items 
Come From? 

The Information printed in the 
new products pages of BYTE Is 
obtained from "new product" or 
"press 'release" copy sent by the 
promoters of new products. If in 
our Judgment the Information 
might be of Interest to the per­
sonal computing experimenters 
and homebrewers who read BYTE, 
we print it In some form. We 
openly solicit releases and photos 
from manufacturers and suppliers 
to this marketplace. Whl/e we 
would not knowingly print untrue 
or inaccurate data, or data from 
unreliable companies, our capo- · 
·city to evaluate the products 
and companies appearing in the 
"What's New?" feature Is neces­
sorl/y limited. We therefore can­
not be responsible for product 
quality or company performance. 

Camac Interface Board for Integrated 

Circuit Pluggable Wire Wrap Use 


Circle 640 on· inquiJy card . 

Products for the PET 

PET Shack Software House, POB 
966, Mishawaka IN 46544 has available 
a line of products fo r th e Commodore 
PET. Their products include a complete 
set of schematics of all the boards in 
the PET plus parts layout and iden ­
tifica tion ; a complete disassembled list ­
ing of all seven read only memories 

Camac inte rface boards for integrated 
circuit pluggable wire wrap applications 
are now available from Garry Manu­
facturi ng Co, 1010 Jersey Av, New 
Bru nsw ic k NJ 08902. The new boards 
arc 'plug compatible with the Camac 
standard instrume ntation bus. They pro· 
vide 38 uni versal rows of 64 socket 
terminals per row, with ground a nd volt­
age termin als between every other row, 
spaced .300 inch (.76 cm) . The boards 
will accommodate up to 125 16 pin 
integrated circuits or an equivalent mix 
of larger integrated circuits. 

The new boards are availab le at $2 to 

$3 per integrated circuit position.• 

plus identified entry points and ma­
chine language monitor program listing; 
and a multitude of software on cassette. 
The schematics are priced. at $3 5 and 
the read only memory routines are 
$19.95. • 

Circle 641 on inquiry c.ard. 

Instrument Enclosures for Designers 
and Manufacturers 

Dust Covers for Computers and Terminals 

Cover Craft has recently announced a 
new line of high quality protective dust 
covers to fi t all popu lar brands of com­
puters and peripherals. Hu ndreds of sizes 
are available, each designed to precisely 
flt a specific model . Each cover is cus­

tom designed and hand cu t from h igh 
quality textured flexible vinyl. All seams 
and edges are machine stitched for maxi­
mum st ren gth. Contact Cover Craft, POB 
555, Amherst NH 03031.• 

Circle 642 on lnqulry card. 

Th is S series of sloped top panels and 
the V series of vertical front panels pro­
vide a wide range of uses. Vertical and 
sloping panels are finished brushed and 
clear anodize d. Covers are finished in 
hard scratch resist, baked-on black tex­
tured enamel. Rubber feet and hardware 
a re provided. All models are of flanged 
const ruc tion, using .063 inch (.16 cm) 
14 gauge tempered aluminum. A pre­
punching option on all models is avail­
able with instructions upori request. Pric­
ing ra nges from $4.43 to $17 .90 each in 
quantities of one to four . For more 
information contact AAK Corp, POB 7. 
Methuen MA 01844.• 

Circle 643 on inQuirv card. 
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Technical Brochure on Video 
Analog to Digital Converter 

PUBLICATIONS 
··c.<U'.EL 
'•\ ' .. ~ 

The Computer Book Features Workbook 
Format 

The Computer Book by Fred Lee is 
an Introducto ry reference for readers, 
student and nontechnician alike, who 
wish to improve their understanding 
of the digital world, This 365 page 
self-teaching workbook format guide 
is presented in a clear, straightforward 
style . In addition to text on each page, 
the top th ird o f each page graphically 
represents a memory location which 
includes memory and add ress registers 

Teach Yourself How to Use BASIC 

BASIC For Nome Computers is a 
se lf-contained book for learning BASIC. 
The authors have used Microso ft BASIC 
for the MITS Altair comp uter; however, 
BASIC learn ed in this book will app ly 
to any computer that understands a 
similar version of BASIC. This se lf· 
instructional book shows you how to 
read, write and understand BASIC. 
The material Is presented in short 
numbered sections called frames, each 
of which teaches something new about 
BASIC and either asks a question or 
tells you to write a program. 

Answers are given, and numerous 
applications and games are included. 
The book is priced at $5.95 and is 
published by John Wiley and Sons Inc, 
605 Third Av, New York NY 1,0016.• 

Circle 621 on inqu iry card. 

to be fi lled in by the reade r so he or 
she goes th rou gh the same logical steps 
th at a computer wou ld follow while 
ru nnln g a program. A sampling o f the 
contents Inc ludes: number systems and 
codes, vacuum cleaners and circuits, the 
instruction set, programming, thumbs-on 
experience, asse mbly language, high 
level language, microprocessors, and 
microcomputers. The book is priced 
at $28 and is available from Artech 
House, 610 Washington St , Ded ham MA 
02026. • 

C1r-cle 6 20 on inquiry card. 

Superior Electric Offers Free Stepping 
Motor Control Catalog 

This 28 page catalog covers 16 new 
Slo-Syn stepping motor controls. It 
includes new translator and preset 
indexer modules, power supply modules, 
open chassis and buffered translators, 
open chassis preset indexers and com· 
pletely packaged translators, preset 
indexers and buffered translators. Con· 
trollers drive at rates up to 5000 steps 
per second (1 .8 ' steps) or 10,000 half 
steps per second (0.9 ' steps). 

The catalog utilizes charts, specifi· 
cations, speed versus torque curves 
and connection diagrams to facilitate 
selection of correct unit. 

For this free cata log write to The 
Superior Electric Co, 383 Middle St, 
Bristol CT 0601 O.• 

Circle 622 on .nquirv card, 

This recent ly published four page 
technical brochure by DaLel Syste ms, 
1020 Turnpike St, Canton MA 02021, 
details the electrical and mech anica l 
specifications on the new video analog to 
digital converter Model A DC·TV8B. This 
converter features an 8 bi t reso lu tion, 20 
MH z encoding rate, and an internal high 
speed sample hold. It is Ideal fo r digital 
television processing and t ransmission, 
radar digitizing, a nd ultrahigh speed data 
acq uisition systems. Other features in 
this brochure incl ude block diagrams, 
timing diagrams, technical notes a nd ap· 
pl ica lions. • 

Circle 624 on inquiry card. 

Catalog Offers Used Electronic 
Ins t ruments 

REI Sales Company, which sells used 
state of the art electronic instruments 
and equipment, has a nnounced the 
publication of a new 20 page catalog of 
equipment for sale. The catalog is avail· 
able free upon req uest. 

500 different products from 76 
manufacturers are listed; items available 
are amplifiers, analyzers, atten uators, 
counters, couplers, detectors , filters, 
generators, meters, microcomputer 
development systems, oscilloscopes, 
power supplies, recorders, synthesizers, 
and miscellaneous equipment. 

Terms and conditions of purchase 
and sale prices of all items are described 
in this illustrated, indexed catalog, which 
ls avallable from REI Sales Co, 1 North 
Av, Burlington MA 01803.• 

Circle 625 on 1nQuirv card . 

Handbook of Archer Semiconductors The Semiconductor Reference Nand­
book is a compilation of data on Radio 
Shack's line of Archer semiconductors. 
A cross-reference listing for replacement 
of transistors, diodes and other inter· 
changeable semiconductor devices is 
listed at the back of the book. The total 
number of cross-referenced devices ex· 
ceeds 46,000. These listings are corn· 
pu ter selected and are based on analysis 
of the key parameters of the listed 
devices. 

The price ls $1.95. For further 
information contact Radio Shack, Fort 
Worth TX 76102.• 

Circle 623 on inquirv card. 

Interested in -Sound Recording? 

Nome Recording for Musicians by 
Craig Anderton is a 182 page book 
which explains how to make professional 
sounding tapes inexpensively at home. 
This fully illustrated book includ es in for· 
ma tion on tape decks , mul tich anneled 
recorders, microphones, studio setup, 
tapes, mixing, noise reduction, special 
effects and more. A special projects 
section and demonstration record are 
included. It is p riced at $9.95 and is 
distributed by Music Sales Corp, 33 W 
60th St, New York NY 10023.• 

Ci rclf!' 626 on in~ ui ry card . 
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MEMORY SALE! have it your way ... 

16K 	 $295.00 ! ! (450 NS) S2K $485.00 !! (450 NS) 

$S27.00 ! ! (250 NS) $549.00!! (250 NS) 

ASSEMBLED AND TESTED ONLY ! ..... Check fearures before you buy any other memory 
• 	 Extended addressing allows board to exist anywhere • Static, of course 


in 1 megabyte of memory on standard S-100 bus 

• 	 Phantom line 

• 	 LOW Power, 1.8 Amp per 16K • 	 Each 4K block locateable anywhere 

• 9 Regulators for perfect heat distribution • Fully tested and burned in for 48 hours 

ADD-ON MEMORY CHIPS - $4.95 EACH!! (TMS ·4044 or MM 5257) - 8 Chips - Minimum order 

16K.. 
:J2K 

MEMORY MANAGEMENT 	 $135.00 I ! 

• 	 Turn banks of memory on and off 

• 	 "Sensitize" board to 15 CPU instructions (similar to DEC System) 

• 	 Extends addressable memory space to 1 megabyte 

Z-80 CPU 	 $195.00 ! ! 
• 	 2 Parallel + 2 Serial Ports 

• 	 2 MH z or 4 MHz Switch Selectable 

• 	 8 aud Rates 150-9600 

• 	 Power on Jump to On Board E prom (2708 or 2716) 

VIDEO TERMINAL SIMULATOR $296.00 ! ! 

• 	 Plugs into S-100 Bus and simulates all functions of a Soroc or 
other RS-232 type terminal. A simple video monitor such as 
a Sanyo or Sony TV will perform as a smart terminal by writing 
into an I0 Port. 

• 	 2K Eprom, 4K Ram (2 video pages) 

• 	 Lower Case Descenders ( 16 x 64 or 24 x 80) 

• 	 Tabs, protected fields, home/load cursor, blink, reverse video, 
under! ine, page erase, etc. 

West Coast: ORDER NOW!! East Coast: 

DELTA PRODUCTS 
1653 E. 28th Street 
Long Beach, Calif. 90806 

SALES 

& 

DELTA PRODUCTS 
1254 South Cedar Road 
New Lenox, Ill. 60451 

Tel. (213) 595-7505 SERVICE Tel. (815) 485-9072 

Personal checks mus! clear before shipmen! • 90 day unconditional warranty • B ofA, M/C Okay 
Circle 89 on inquiry card. 	 BYTE April 1979 251 



TRS-aoe.s. 
SERIAL 1/0 
• Can input into basic 
• Can use LLIST and 
LPRINT to output, or 
output continuously • 
RS-232 compatible • 
Can be used with or 
without the expansion 
bus • On board switch 
selectable baud rates 
of 11 O. 1 50.300. 600, 
1200. 2400, parity or 
no parity odd or even, 
5 to S data bits. and 1 
or 2 stop bits. 0.T.R. 
line • Requires +5. 
-1 2 VOC •Board only 
$19.95 Part No. 801 O. 
with parts $.59.95 Part 
No. S01 QA, assembled 
$79.95 Part No. SO 1 0 
C. No connectors pro­
vided. see below. 

ElWFIS-232' con­
nec.tal' Part No . 
OBC:iPS600.wM 
9 ', e conductor 
al:lll S, 0.9SPlif'\ 
No 0825"9. •3' nObon c.able 

W1lhHt.KhldCOA • 
l\OClorl ta lltTAS· 
00 U ld 0\11" ltn.111 
~S199~Plft 

No. 3CAB40. 

RS·232/ TIL{l­
INTERFACE 

• Converts TTL to RS­
232, and converts RS­
232 to TIL •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 

MINIDISK 

Box of 10 

$29.95 

RS·232/ TTY{} 
INTERFACE 

S-100 BUS-::· 
ACTIVE TERMINATOR 
Soard only $14.95 Pert No. 900, with perts 
$24.95 Part No. SODA 

.,. 

Program saver software in 1 270S EPROM 
$25, Bare board $35 including custom coil, 
board with parts but no EPROMS $ 139, with 
4 EPROMS $179, with S EPROMS $219. 

has 19 keys. 16 encod­
ed with 3 user defin­
able. The encoded TTL 
outputs, S-4-2-1 and 
STROSE are debounced 
and available in true 
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. 

DC POWER SUPPLY·!:· 
• Board supplies a regulated +5 
volts at 3 amps .. +1 2, -12, and -5 
volts et 1 amp. • Power required is 
8 volts AC at 3 amps .• and 24 volts 
AC C.T. at 1.5 amps. • Board only 
$12.50 Pert No. 6085. with parts 
exc luding transformers $42.50 
Part No. 60S5,A 

MODEM{} 

•Type 103 •Full or 
half duplex • Works up 
to 300 baud • Origi­
nate or Answer • No 
co ils. only low cost 
components • TIL in­
put and output-serial 
e Connect S 0 speak­
er and crystal mic. 
directly to board • 
Uses XR FSK demod­
ulator • Requires +5 
volts • Board only 
$7.60 Pert No. 1 09. 
with parts $27.50 Part 
No. 109A 

A. - - • -­
APPLE llU l I I ' r . , 
SERIAL 1/0 ' , I I 

.il,_~ -~-<·.:·· :·iINTERFACE 
1 11 11 1111 

Baud rate is continuously adjustable from 0 
to 30,000 • Pfugs into any peripheral 
connector• Low current drain. RS-232 input 
and output • On board switch selectable 5 to 
8 data bits, 1 or 2 stop bits. and parity or no 
parity either odd or even• Jumper selectable 
address • SOFTWARE • Input and Output 
routine from monitor or BASIC to teletype or 
other serial printer • Program for using an 
Apple 11 for a video or en intelligent terminal. 
Also can output in correspondence code to 
interface with some &electrics. • Also 
watches OTR • Board only $15.00 Part No. 
2. with parts $42.00 Part No. 2A, assembled 

Char. gen. 2513 •$62.00 Part No. 2C ________________... Upper case only • 

BK EPROM PllCEON 

Saves programs on PROM permanently (until 
erased via UV light! up to SK bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. • S­
100 bus compatible • Room for SK bytes of 
EPROM non-volatile memory C270S'sl. •On­
board PROM programming • Address 
relocation of each 4K of memory to any 4K 
boundary within 64K • Power on jump and 
r eset jump option for "turnkey" systems and 
computers without a front panel • Program 
saver software available• Solder mask both 
sides • Full silkscreen for easy assembly: 

T.V. 
TYPEWRITER 

• Stand alone TVT 
• 32 char/line. 16 
lines. modifications for 
64 char/line included 
• Parallel ASCII CTTLI 
input • Video output 
• 1Kon board memory 
• Output for computer 
controlled curser • 
Auto scroll • Non­
destructive curser • 
Curser inputs: up,down. 
left. right. home, EOL 
EDS • Scroll up, down 
• Requires +5 volts 
at 1.5 amps, and -12 
volts at 30 mA • All 
7400, TTL chips • 

UART& 

BAUD RATE 

GENERATOR~} 

TAPE:;: 
INTERFACE 

• Play and record Kan­
sas City Standard tapes 
• Converts a low cost 
tape recorder to a 
digtal recorder • Works 
up to 1200baud• 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 • Soard only 
$7.60 Part No. 111, 
with parts $27.50 Pert 
No. 111A 

Board 
Pert 

only $39 .00 
No. 106, with 

parts $145.00 Pert 
No. 106A 

HEX ENCODED 
KEYBOARD 

E.S. 
This HEX keyboard 
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............................ . 
ACCELEWRITER DOUBLES = DEC WRITER SPEED 

The ACCE L EWR ITER doubles th e 
LA36 Decwr1ter's •peed from 30 rn 60 
CPS. The ACCELEWRITER is a <m all 
molded module wh ich p lugs in to th e 
prln1er'1 log ic board . 

The ACCELEWRITER enables the 
Decwrlter to pr int at its "catch ·up " 
speed of 60 CPS all of the time. You 
must be able to program f i ll characters 
into the data stream af1er carr iage re · 
turns. 

Easy ins ta I lat ion and easy recon ­
versi on , i t ever desired. Compat ible w i th 
standard Decwriter option boards. Fu ll 
one -year warranw . Only S115.00. 

Plonso wrlto o r p hone. 
I l l ino is resfdcmts odd 5% sales t a ~ . 

A vailable NOW from 

LARKS ELECTRONICS & DATA 
P. 0. Box 22 

Skokie, Illinois 60077 
(312) 677-6080 

Circle 205 on inquiry card . 

••CRT INTERFACES•• 
black• white/color 

Monitors • Combination ·Rcvr /monitor nll 
• Madu lator kill • B·W C1mtr11 • Color 
C•merH • Audio Subcarrler kill • P1n1 

WRITE or PHONE !or DETAi LS & PRICING, 

DIAL: 002·981·3111 

Dealers welcomed. Well es!lbll1hed progum. 

~ 
i3·B ATV Researcll D•km CllY,

Broadlny ~ NE, 6B1U 

Circle 19 on inquiry card. 

SUPPLIES 

{a~
• FLOPP Y OISXS, MIN I OR 

ST AND A RD MEMOREX DR 3M 
• J M DATA CARTR IDG ES 

DCl OOA, DC I ODA 
• 3M OIGI TAL CASS ETTES 
• 3M OR ME MOR EX AUDlO 

CASSEnE S. C-60 
• J M DISK CART RIDG ES 

WE OFFER ' 
•COMPETITIVE PR ICI NG 
• IMMEDIAT E DE LI VER IES 

(An. v Qi. uul1vl 
• UN CONDITIONAL GUA RANTEE 

BETA BUSINESS SYSTEMS 
BJ.W V ICKE RS ST. , IJI G 

~ SAN OIE: GO. CA 92 111 raai 
liiiil 171 41 !l65-tOOS ~ 

TRS-80 16K MEMORY EXPANSION KIT 
INCLUDES 8 USTEO & GUIUllll'HlED MSK 4ll6 3 16K RAMS. 


PROGRAMMING PLUGS& EASHO·FOLLOW INSlRUCllOHS. 

$72 2.Q PERKIT 

6800 64K BYTE RAM SET AND CONTROLLER 
CHIP SET 'ff%5.f:f'!f.{fSJg[Jfff£/ ORY()Jf? 

31 MSK 4116·3 J6K RAMS. 
$295 fil! 1 MC3480L MEMORY CONTROLLER. 

m COMPLETE SET l MC3242AP MEMORY AOORESS 
. MULllPLEXERICOIJNTER. 
DATA &APPtl CAllON SHEETS. 
PARTS JESTED & GUARANTEED. 

16K DYNAMIC RAMS 4K STATIC RAMS 
MSK 4116·3 100NSEC EQUIV,TO TMS40l44-l0 
ACCESS TIME / JISNSEC JOONSEC ACCESS TIME/ 
cYCLE TIME TESTED & CICLE TIME FOR 4MHZ 
BURNED· IN MO OPERATION. 
$8~ EACH/MIN.QTY. 8 17~ EACH/MIN .QTY.B 

TESTED & GUl\RANTH D 

(///ANT/TY OtSC(}//,ffS AYA!i/161{ 
ALL ORDERS POSTPAID . U.S FUNDS. CHECK OR MONEY 
O!!OER. VISA,BA,MASIERCHARGE - SEND ACCOUNT NO., 
EXPIRATION OAIE , INIERBAN~ NO., & SIGNED OROER. 
PHONE ORDERS : 714 / 633-41 60 

MEASUREMENT SYSTEMS &CONTROLS, INC. 
MEMORY DE VICES DIVI SION, DEPT. BJ 

861 NORTH MAIN SI, ORANGE, CA 92 668 

Circle 216 on inquiry card. 

Pascal Micro Engine $2695 .00 

111111111111111111111111111111111111111111111111111111111111111 

Discounts on 

Xi tan , Gromemco, SD Systems, 

Vector, TEI , North Star, Apple, 

Hytype II, Qume, Axiom, Tl , 

Centron ics, Integral Data Systems, 

Sarac, Lear Siegler. lntertec, 

Micromation, PerSci, M icropolis, 

SSM, Computalker, Heuristics, 

Mount ain Hardware, Summagraphics, 


•11111111111111111111111111111111111111111111111111111111111111 

rn I[) ir. 1J fllflir.T 
Microcomputers, Peripherals 

and Software 

10 15 NA VARRO SAN AN TONIO, T EXAS 18205 

5121222 1421 

Circle 221 on inqu irv card. 

( SHORT CASSETTES 


C-100 ~a F~~T 
list $2.00 10 forS7.50 50 for$32.50 

MICROSETIE CO. 
777 Palomar Ave. · Sunn!)Va!e, CA 94086 

j • 

Duplication Services 

Microsette also offers professional 
duplication services for Commo­
dore PET and Rad io Shack TRS-80 
Level I and Level II cassettes. Our 
service provides mastering. quality 
control , a ll material including two­
piece boll, affixing of your labels or 
supplying our blank labels and ship­
ping. Prices start at $2.00 each In 
100 quanUty. 

MICROSETTE CO. 
777 Palomar Ave. · Sunnyvale , CA 94086 

SURPLUS ELECTRONICS 

ASCII ASCII 

IBM SELECTRIC @ 
BASED 1/0 TERMINAL 


WITH ASCII CONVERSION 

INSTALLED $645.00 


• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Supplies 12V15A. 12V25A, 
5V35A Others, • Displays 
e Cabinets e XFMRS e Heat 
Sinks • Printers • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 

130 NORTHEASTERN Bl VO . 

NASHUA, N.H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1-800.258· 1036 
In N,H, 603 ·889 · 7661 

Circle 395 on inquiry card. 

~ TRS- 80 )~ 

SPECIAL PROMOTION SALE 
SA VE 10%, 15% or more on ALL 

Computers, Peripherals, Software, 
and ALL .other fine Radio Shack® 
products. 

NO TAXES on out-of-state ship­
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 


1117Conway 

Mission, Texas 78572 


•

(512) 585-2765 


1115o1• - .J 

Circle 314 on inquiry card. 

VA~f3UA~[) 
161\ STA.TIC l?A.M 

Advanced Memory Technology 
480 Mercury Drive, Sunnyvale, CA 
(408) 736-3864 94086 

Circle 23 ,on inqu iry card. Circle 229 on inquiry card. Circle 4 on inquiry card. 

http:for$32.50
http:forS7.50


---------

Circle 174 on inquiry card . 

MORE BRAIN 

COMPUCOLOR 
HORIZON-I 
SOROC 10120 

SD SALES KITS 
16K MEM 
32K MEM 
64K MEM 
N£w-VIDEO BO 
zao STARTER SET 
VERSAFLOPPY 
SBC-100 

1495.00 
1395.00 
795.00 

250.00 
365.00 
615.00 
250.00 
225.00 
159.00 
225.00 

SHUGART DRIVES 
SA-400 305.00 
SA-800 490.00 

AD P ICE GOOD Till MAY 31,1979 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BODY: Non bfittlc, Solvent res., G.E. Valox . 
CONTACTS: Bifurcated; Phos/Bronze: Gold over Nickel. 
ABBREVIATIONS : SIT Solder Tai l; SIE Sold . Eyelet : 

WIW Wire Wrap 3; SWIW Short WIWrap; 

PART# Description 
50 10 
5020 
5030 
5040 
5050 
1450 

. 100" 
1020 
1040 
1050 
1060 
1065 
1070 
1075 
1OBO 
1085 
1090 
1093 
1095 

501 100 SIT ALTAIR 
501100 SIT IMSAI 
501100 W/W IMSAI 
50/100 SI E ALTl lMSAI 
501100 SIT CROMEMCO 
IMSAI CARO GUIDES 

Contact Center Connectors. 
13/ 26 SIE lmsai MIO: 
25150 SI E 
25/50 SIT 
36172 WIW Vector . 
36172 SIT Vector . 
401BO SI E PET 
40/BO WIW PET 
401BO SIT PET 
43185 SI E Cos .ELF 
43186 SI T Cos.ELF 
43186 S/T Cos.ELF 
43186 WIW Cos.ELF 

POLARIZING KEYS : For Above 

,156 ~ 

1550 
t 560 
1575 
1580 
1590 
t 620 
t 650 
1660 
1670 
1690 
1710 
1720 
1730 
1740 
1750 

Contac1 Center Connectors. 
61· S/E PET.Etc 
6112 SI T PET :NSC. 
12124 SI E PET 
12124 SIT PET 
15130 S/E GRI Keybd . 
18136 SIE 
22144 SIE KIM .VECTOR 
22144 SIT KIM,VECTOR 
22/44 W/W KIM,VECTOR 
36172 WIW 
3617 2 Ste . 
36172 SIT 
43186 SI T Mot. 6800 
431B6 S/T Mot. 6800 
43186 W/W Mot. 6800 

POLARIZING KEYS: For Abovo 

Row Sp. 1·4 5.9 10-24 
.140 3.75 3 .50 3.30 
.250 3 .95 3 .75 3.50 
.250 4 . 10 3 .90 3 .70 
. 140 5.00 4 .50 4 .25 
.250 6 .25 6 .00 5.75 

0 . 16 0 .14 0 . 12 

. 140 2. 10 1.85 1.75 

. 140 2.95 2.75 2 .50 

. 140 3 .00 2 .80 2 .60 

.200 4 .80 4 .60 4.30 

.200 4 .00 3 .75 3. 50 

. 140 4 .80 4 .50 4 .30 

.200 5 .00 4 .65 4 .35 

. 140 4 .90 4 .60 4 . 25 

. 140 5.00 4 .75 4 .50 

. 140 5.10 4 .85 4 .60 

.200 4 .95 4 .70 4.45 

.200 5 .50 5.20 4.90 
0 .10 0 . 10 0 . 10 

. 140 1.30 1.10 0 .90 

.140 1.35 1.15 0 .95 

. 140 2. 15 1.95 t. 75 

. 140 2 . 10 1.90 1. 70 

. 140 2.25 2.05 1.85 

. 140 2.40 2.20 2.00 

. 140 2 .20 2.00 t.80 

. 140 2.00 1.80 1. 70 

.200 2.40 2.20 2.00 

.200 3 .90 3 .75 3.50 

. 140 3 .50 3 .30 3. 10 

.200 3 .30 3. 10 2.90 

. 140 4 .40 4 . 15 3.90 

.200 4 ,35 4 . 10 3.85 

.200 4 .45 4. 25 4 . 10 
0 . 10 0 . 10 0 . 10 

·---------­

'FOR YOUR BUCK 

CROMEMCO 
DYNABYTE 
EXTENSYS 
INDUST. MICRO 
NORTHSTAR 
SEALS 
VECTOR GRAPHIC 
TEI 
MICROPOLIS 
TARBELL 
T. I. 
IMSAI 
EXIDY 
NEC 
QUME 

D.E.C. 
AXIOM 
H,AZELTINE 
BALLY 
CENTRONICS 
DIABLO 
RADIO SHACK 

MAIL ORDER ONLY 

SEND soc FOR OUR 
CATALOG & PRICES 

TO ORDER SEND 
CHECK OR M.O. add 
1% for shipping 
Calif. res add 6% fax 

suite 112HOLLYWOOD SYSTEMS 9100 Sunset blvd. 

L.A. CALIF. 90069 

• BEC'Kl~NENTERPD TSDC' T All Prime Quality - New Parts Only •..--------- • ---------­
.IU1 La.:J Satisfadion Guaranteed.-------------------................________..
RS232 & 'O' TYPE SU8MINJATURE CONNECTORS:EDGE CA.RD CONNECTORS: GOLO PLATEO. !Not Gold Flash! 

QUANTITY 
OE9P Male 

1-4 
1:4s 

5·9 
1.35 

DE9S Femalo t .93 1.80 
DEi 10963· 1 2pc. Grey Hood 1.20 t.10 
DA 1 SP Mole 1.95 1.80 
OA1 SS Female 2 .80 2.60 
DA51211 · 1 lpc. GrcyHood 1.25 t. 15 
DA 110963·2 2pc. Grev Hood t .22 1.10 
DB25P Malo 2 .20 2. 10 
OB25S Female 3 . 20 3.00 
0851212· 1 1pc. Grey Hood 1.30 t.20 
0851226· 1A 2pc . Black Hood 1.40 t.30 
081 10963·3 2pc . Grey Hood t .35 t.25 
OC37P Mule 3 . 70 3. 50 
DC37S Female 4 .90 4 . 70 
DC110963·4 2pc. Grev Hood 1.95 1.85 
0050P Male 4 .40 4 .30 
0050S Female 4 .90 4 .70 
0051216· 1 lpc. Grey Hood 2.30 2. 10 
00110963·5 2pc. Grey Hood. 2.40 2.20 
020418· 2 Hardware Sot s 0 .75 0 .70 

CONNECTORS FOR CENTRONICS 700 SERIES: 

1.70 
t.00 
1.70 
2.40 
l. 10 
t.05 
1.90 
2.70 
1. t 0 
1.20 
t.15 
3 .35 
4 .40 
1.75 
4.1 O 
4 .50 
1.90 
2.00 
0 .65 

Amhpenol 57·30360 For Bock of Contronlc• ' 700' Series: 
Pnco : $9.00oa. 5 pcs . $7. SOea. 

10·24 l .C. SOCKETS. GOLD. , 
WIRE WRAP 3 TURN.1:25 
14 pin S0.36 ea . 
16 pin 0 .38 ea. I 
l .C. SOCKETS. 

Olp Solder. Tin. 
 I 
14 pin $0 . 15 ea. 

16 pin 0 . 17 aa. 


80BO PRIME I 
$8.00 ••. 

2708 EPRDMS PRIME 
II

$14.oo eo. 

I 
WHISPER FANS: Excellent for Computer cabinet cooling . Extremely quiet. 
Oim. 4 -314 " x 1- 112" thlck . U.L. listed. 1·4 5· 9 10·24 

s22.0o sf9.oo sfB.00 I
WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INOUIRIES ARE 
WELCOME. 

WE ARE CONNECTOR (EDGE CARDI SPECIALISTS. IF YOU DO NOT SEE I 

WHAT YOU NEED JN THIS ADVERTISEMENT. PLEASE WRITE US. WE WILL 

REPLY. 


TERMS: Minimum Orthr $10.00: Add $1.25 for hand/Ing and shipping. All ordon I 

over $25.00 in USA and Canada: WE PAY THE SHIPPING. 

NOTE: CA resldenrs please add6% sales tax. 


NO C.O.D. SHIPMENTS OR ORDERS ACCEPTED. 

MAIL ORDERS T
0 'Beckian Enterprises I 

P. 0. Box 3089 I 
Simi Valley, CA 93063 ..I 

254 BYTE April 1979 Circle 30 on inquiry card. 



BYTE April 1979 255Circle 100 on inquiry card . 
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7'Cl0 7..tCl07 I 2S 1<CW 
M~TZS $2 OS ~~-~~~ : ~ ~::~i8 s.ts.. ...~~------------~~~--.....------~--' 00--t" ,,. '" CA2tl1ll "' CA308"' SCR AND FW BRIDGE RECTIFIERS 

CAllllSI CA31180ll as C3'0 1!1A flj 4GCIV SCR(ZNIM~I s19s7•CW 39 74CISI 74C923 ,,.. .. _, , (.41 l•CI SA 300 7'""5 ....'" CAJOJOT "' CiUG8!1H ~~= ~ ~ M~lU OS "'C3022P C38M SCI!"' 7•C1S7 21' 7•tm ,., 
C"3!)&6H I.JG CA31:)(11 DM8~ I 00 MMSlHi &~ MCJ061Jl "' ~= SCR ·~~11C1l ... 14Cl60 OOC90 I SO CAlOSSH '" CAJ1401 l~ MM.!il19 US Mc,.10 16(1 U1 6t ,,. 2N232J "°" '" u 1.. p , 161 "' IOCt7 150 ~ 3'5 CA31501 3M MDA.980·1 fW MIDGE AlC 19~75 
CAlOOOI I! CA:MOIN ~~~1199tlA !: ~~~ 6~ MOA tlO.J FW 8AIDGt R[C 1~71MG "' L.M110N 

li!M~U !ii ti M~l).&4PLM1(16H CA3081M 2.00 "'.. LINEAR umot " ~;.;;.;;;........o-..~;;;;;....,.,:;,"*';;.;;,..-"'i'i;;,,.,.,.,..,.,,:,..,..,.,,....,,,,.,,....,,.........~~~~-' ·so' r .....,-......~.-,o-.'ir'l~llTll"llP.O~R~S:;- -""'~~. ""'I
-it-c•068 m•,.,. •,,•,.LU3GOlt .00 LMJCOIK-11 1l5 l Mn lNIH "S5,.. FILE [TIN! SOCK£TS MPSACS .JJl ml05> " l Nl90S "'noLM30 1CH IH JS l M13lHLMJ.40IC·1.f. 1-24 u~• t·2• 2!·"1 50·1«1 MPSAOG 5JI 00 MJE3055 1 00 2Rntl6 ' H 00LM 739NlMl401·S 1.2!1
LMJl)IH ...... •• mlmlil :n' ~ lP ' 31 ,38 .35 TIS97 611 00 2:NJJ'2 Sii 00 2N41)1J JJI 00 '"""" ,.." LM 3CGH 1 

'" 
,. l M741CH/H "' JS 14 pin LP "' .,, ~ t4p111LP 31 .n 36 nssa 011 oo zNll98 S.1 1 oo ZN4 113 , ,, rA:J 

LM JO.lCNJH 3S"" LMJ40T · l2 "' LM ,47NJtt "LM:J• DH LM141-1•~ l&plnl.P n ·u.t·-16&CNJH 1 00 lM).401·15 "' lM148HJfi 3g " "' " • 2& 11111 LP 45 .44 4.3 "0409 I 7S PK3S67 1!1 DO PN4149 41100 
16pinlP ,. 

l6pinl.P .6CI .59 SI 41>'1 0 115 PlrO!ioSI 4fl OQ ~2~ Crl C(I 
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LMJl2H 116 LMJ73N l .2! l.M IC96."I 

'" llpifl SI "' " ."30 4(1 ~ S1 I .st 7.N22m S11 00 M~7(M $11 00 2'14'0'J Sii 00 
LMJ111( 6SO IM317N <00 lMISS6V 1.75 

24pl!!Sf " "., .42 SOLDER TAIL ST/cNOARO (GOLD I PNm2 """' 7n oo '"'"" 111no ll<S086 "'no" 14pwiSG S t0 .&3 ,57 ZN2369 SJ1 oa MPS37GS ~1 00 4"11501! 7 • 1100 
LMJISH ,,. LM3IOCH '".. tM2111N ,,.l"'JllCNt'H ,,. l M- MCl1CISCP 3 

'' 
DO ...... s.JG 27 2'' 2t 5"I S(i I 10 1.00 90 2N21HA •11 00 2N'lro6 ~ti DO ViSOll 4! 11 1):1 

U.U2DK·S rlS l MlllN l i'9 LM1901N 2!1$ 1Colr! SG .12 .2SI 36 pin SG 1 GS 1 40 t.21 MPSZJM Stl 00 MPS3706 511 00 11'5(1!9 411 GO
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LM 32Cf: •ll l JS N!S>OA .,. LMJ~ :u IGDLD}LEVEL ,,3 ~==', ·: .: ~ i=~ PIUl!c ~~u~ :~: 1 : ;::;: ~:: 
LMJ?Oll:·24 NESlltW l9S l M3909N "' 

14Cllr!WW ",.U.IJ1CIT·S ,,.'" JjE~ 600 M~5S6V "' " .. 1&oln VN1 "<J .•? i~ .. - ~~= ~ ·~ :·~ ~ ·~ :.T~ 5~: ~:~ ~~ ~:;!!: ;;:: 
l M32'G T-S 2 lr£5AOI.. •oo :; 4(JplnWN "75 1.56 1.40 21t~ 21100 2 S1100 2'H5 1 111!olnWN 7! .!II 1,,.lM J2CIT·& "' NI SA Of LM7S4.!.0N ""'' '"••lM 32t:IJ-1? NfS~ 15'51CH 
UWOl·IS '" N£5~V '"' 15-'SXN " "' 1/4 WATT RESISTOR ASSORTMENTS -5% CAPACl! OJ! r£t1.~~':~ CORNE 
lMl201'11 1.2! NB!&'< ... TSA~H "' " l!" 1.;'l iltl M 1? 011P,\ 1') ~ "' lH {14 1M ,., ''·' !Op! 01 ., OJ nor.• ~ ~~ .,,,,l.Ml201 ·2• ....... S DO 154$.ICN 
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lMJ-'OK·S " fj[5660! 7S4 9.&C1' 4100• OS 04 OJ.5 1..,r 12' 09 01~"""'"' ,, "'""' .'9 
LM1'4 QK..fi '" NE561Vl'H "' RC41)6 ,., IOOVOl.T Ml1...UIRl.MWACffOllSASST . 3t.Ml• tMC-8 "' .., RC"41S1 ·' ,! ~ 50 PCS 1.75 OO lmt 12 10 07 022ml I] II .. 
LM.34DK·12 I .JS lM70ltHJH AC.419.t 
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LM34<1K·15 I JI LM70SHJH 
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Ul.S31 74LS111 ·" 1•1$200 '" 

.i; .i 1 .j.9 1oom1,1 ~" 10 ",,/llA/l. ORDER ElECTIWN/CS - lllURLDlll/DH 
ll 29 27 lOOrSOY .3.S 3074l..S4Z " 7.C.LSl1S 1'1.S067 1021 HOWARD AVENUE . SAN CARLOS. CA 94070 SS 50 45 nGl16V 1l 17 ,,"" 7•L.S1 l'2 ,....,.. " "" 70 . li'.l 5.5 410!2:SV 31 1'ADVERTISED PRICES GOOD THAU APRIL7ClS1 1'1..5670 ,,.-""' " 

- 7400 TTL ­Sli747~ 
SH1412U 29 

S.'f7400N SN 741JH $N74460N 
" .. Je::lt~s~ Kits 

" " SH7"01N ~7H4N SN741&1N ... 
SH1.t&2H " SH7•1SH 

,. 
SN7,162H ,,. 

S117.(.(13t• ,." SN1471SH ••,. SH10SlN 
$.'m'O"N 1• 5-!f7H9tj soo SH14164H " Regulated Power Supply
5117,~pj SN1'•WH SN741&5PI " 
SN1.IOSN ,. SN7.l.82N" .."" SN7416'1N L2"S "',.5"114QJN SH14~ S..tf74tl7N 
SHU CL~ SH74.15N SH74170N 
S.!f7.f.il9N "' SN 706N " SN7.t1 7'2N '" 

.. "' 
" 

" 
•• 

"' ,. ,_,. 
SNUION SN7.U!>N Slt14113N 
srn.. 11 N S!f149CW SN74114N .." "' "' 
SN141W Sli7''1PI SN74175N 

St-114 1)/j •O ~1~92H 4J " SH74115" " 

SN1.614N SI049JH .., SN74177N " 

SH741 0N " Stm94N $N741~H 
 " 
Sld411H SN74 180H 
SH1AWI " StmiGN " $N141. IN 1!1$ 

" SN 7C~ " "' 19 

JE200 5v lamp •14.95'S PH471N ,."' ~1~91H lOO" $N 741&2N ,_,.Sllf7422N SN74100N S>f1"'4H " 

SH1 «2l!l " SIU.HtlH s1m11SH ..., 
ALSO AVAILAB LE :" "" S.1114~1 SNl .& IOilf SH14116H .... JE900 · Digital Stopwatch kit $39.95 JE2206B Function Gonerato1 S1 9.95 
sim.2tiff ,." SN741! &N " 5Ji1'1Ak ,., 

JE701 · 6 Digit Clock ki t $19.95 JE747 Jumbo &digit Clock kit $29.95S!t7-l~Ut ,. SN7' 111N "' $H741510tl l>S,. " SN7.& 29h sm-om 39 SN74UllN 
SN700N SN7411) N .. Sff1'1t2N "" DISCRETE LEDS • TIMEX TI001~74lW "',. SN7.tl2Sl ., SN741Sl.N " 
S"11431N $.°'7026H .. SN741~H .." ,.?OO"dl•. LIQUID CRYSTAL DISPLAY 
SN7, 3flN SJl74\3J"t SN'1HlSN XC5S6R rtll 5/SI . 1u~ di• . P: I EL. D E FrECT " XCS56G grean 4/$1 XC20'lR red ~!SISff71l9~ ,." S!f141Wf S..tf1'1 91!1H ".. 

XCS56Y yotlow •/St XC209G ljilrP:tn 41$1SN7'40fl ,. 5Jf141.&IH 
" 

S."174191H .. 
Xt556C deir <ISi XC209Y yottow <!StSNJUlll SN7•142N ,.," SH74199N ug" ,.," .zoo· di• .SN7U2N •9 SN7•14JH Slt1'199N .lll"dlo.

SNH.&_)lr,j IS Slf14!Ull ,., SN11S?OO ..."' XC22R red 5/SI XCS26R 51SIXC22G grMn •ISiSN:'~·UI SN7• HSN 19 SN742SIN xcszro oreen 4/SI" ,., '" XC22Y yellow • ISi ""SN1°"'S-.I 5'1141UN SH14119H XC52tiY YtlloW 4/St "' DIGIT - 15 .. CHARACTEAS$ '11~'-i " SN7414!H SN742ilN 2-2" 5 .110· 41 .. XC526C dur 4/S I,., Tl~Rlif FNU'NC:JATOR$SN1 441111 " ~7•1SOM "'.. SH142MN MVIOB red 4/SI 'l OD" )( 1.20 'PACIK A GE.110" 1111 .S'4 7H !N " S'17•1S1 N S.N7•21SH .•5" dl1. XClllR ,,. 5/SI INCLl.JO ['_S CONNECTO RS..lil i •50'1 " S'l7"1 S2N " SH7436Sk '" 69 MVSO red 6JSI XCl llG QlfJflA •1s1 T1001 ·TranJfl'llUivt $7.9SSt·mS1H " Sll74JSJ..'f " SN7«360H 
INf fl/l ·RED l£0 XC111V yellow 4/$1SN r4~JN 5'1741S4N s1m.J6 7N " ".. " T100 IA·R1Utttlw1 l .2Sl /4'):11'/'Jl /16* 1111S~T45AN " ~141S5 r-' ,. SH,4361 N "6• XClllC •HSI 

s.1ms,i. " SNJ.t lWt SH14»0N ,., 5/SI ''"'' 
Stm&Jtl ",. SH7't57"1 " SN74l93H I" DISPLAY LEDS" 21)% Dls.co111l110CI pt1 cemtth•ld Ofdtt H'% ·1DOO pea to!Ul.111d onltr 

'°LAIUT'I HI 1RICE •awin HI 
ClHtn:I n CO<OIO MAH r Conimon INM:lc·rtd ComrllOl!Anollf ·m:I· I "'' ,., ""' '""'..C/MOS ",,C0.-011 5 1 70011 M.a1 ri ..r1d MAA61'4Q..,,., '" 100 "' ""'"JO Common C..tMOt teu o D "" ... 
CD•OO? ,, Q).1018 .. C040T) ., '"'" CorrwnonCl~CKlllH' ed Ill W.N6i1!ill Corn.tTK111Cilniool· tN .! I .."''"" " ,., "" 

co.a~.., C0401"6 ..... Carmion CMNIG1·rl(I " Mil.H l57MI Comrl'IOtl Mo~•Mtd "" CD41XJ7 COC030 ,, CO•Oll MA.."I 1G Common A11CH11 ·91,.n "' M.AN 61150 ~C,,1nod11Hed "" ..'"'"" "' "' "' " C1l•009 " C0 '0lS .. CD'Otl ",, Cc1rr11rt11111Anodil·y1llcr• 100 "'... DL101 Comrnct1 Anooc ·tta : I ""lOO .."'° .,CD~OHI •• au.., C04D'JJ '"'"' MAN 1' CornmOflAnoOt -1ed JO) DL11)4 Cornmo:'IC11lnCH1c·r'1! JOO 
C04011 •• (lJ.11).tl l>S Cl>I091 ,,," ...,.,. eor...mon C.SU10d4 ·1ed ,)Oii " OL1 D1 Cl)l'MIOftAnOde·t«I 300 ..'" 
CD4 011 " C04~1 99 M.CU-l09 ,.,. ,... ..... ., Con'.nlon Anode·y JOO '" Ol nft CorMtOt1C.mo11tHtd 
CDCOIJ C0t1>4J MCIUIO ....... JOO " DL741 ·reil "" "' 
Common C..r!IOIM ·Yt .. CQnitnQllAtlode ..." .,CD4014 1 )g " CO'G-1 4 " MCWll 14~ -Common Mo4e·OUng• JOO 0L1'& CGmlTIO'I Anode l'fd :. I '" 
cn,015 ,, (0"'46 " Mt'1Ul9 ... \IA.'il6lll ComnlOll MOl1-C•OnttQll !. 1 30ll .. DL147 CoitimonAnootrt4 ..."" "' 
ctM.016- coiGc1 '50 t.!C14.UJ 1995 comr.ion C.ttP:1o1111-1111na1 DLN9 Com.'TIOl'I C.lbOClt•fld :. I "' "' -~... - ., .,. ..."' 
CO"OI T Cl>tO<I 13' .l.IC14S06 MAH461G JO)C4mmotl Mollll-orfllQe "'° .. ou:sa Cammon C.lnode rtd ... 
t04Ql8 "'.. MCl•S07 .. MAH 4&40 Common titrlodt •Ofll'l~ t <DO OLJ3B Connon ClttMMlt-rtd 110 JS "' CO<"' ,, " 
C.0'01!31 liilCUS62 l<SO MAH4710 Connon Niode-r"1 .<DO fND 11) CcrnroonC.t..,Ode 69 " -""CO<G10 •• CD.IOS1 

" 
.MC14SIJ lSO MAH '7l0 Common 4Mlckt·red ~ I n~o::isa ee,.,,mon t o11lll0df !. I,,. """" '"00' 011 '" cn•osl 119 MAM47.tD Coll\.'llan C4CflCllMHecl ,",." " .." rnD)~ CQmrnan ca11101Jt JS7 "' ., 

.. 
CD<D>? CDl"'6 CO•SIO M.NC4610 C.0IM'IDll Wld1·f'dow .. f ND SOJ (Qo.'1WT\OllC1!1'D11t(fHDSOO) 500"""" "' "" " C-04D2J '"ll,. a>•OS. '" C!)CSll "' MAN'84G Co111.-.,,on Cllf'IOO.·yt!)iw rNDS07 Comm.on MQ6I (J D510J .,
C04:1»4 00•06J '" C0•51~ . '" MAN6610 Co'Tlm.11n. Ant1dl ·Otir\Ql·OO, 

,,. 
" 5B62-1130 Ccmmon Anoo.t·1tM1 ""!611 lOO,,C0402S Cl>•C66 CO«Sll Colf\mM ArlOOt•OllllCf ~ 1 .. 1msr.:uoo ... '"' .... 6630 COr'T11t10t1Mod•·rr!I ZIO "' '" " C0<01' Cl>< OM " C04520 "' MAN 6640 Common Calho6t•OrJ1191•D D 500 .. HO SP·34GJ CocnMon C.ll'IM>t ltd ... ZIO "" ,_Cl).IQlT '" 69 CD4-U6!1 .." Cll•l66 '""25 MAH 6&50 Comrno11 C.ttllOClt ·O~t • I 500 ~:HJOO <4 1 I1QI Dlgll·RHDP ... 199S 

Co;nm!ll'I Ml>Oe-or-qtt " >OQTJOl 4~ 15ol DIQHl_,P ... 19 95
li 71Ct63 ,,.. ...."'" ""' Comtnon C.ll:Pi00.-011noe "" ".. SOM·1JIJ.t lhtrr~coc ctur1~u '!. ll ... 1! DO74COO39 7«C 16'4 "' MAN 67 10 Conlmot1 Mod..rfJd ·D D "" ., ~J.1}10 "~ 1 ~ a.an·HnJdK:llNI ... 22 .~ 

l•C/11 .39 7CCU 14Cl13 """ "' "" 
74tl92 RCA LINEAR CALCULATOR CLOCK CHIPS MOTOROLA74C10 "39 7•1:9l 

"''., 14C1t3 , ''° ..'""" ,,. "'"" ',. , "' ..7' C14 1..tC~ 195 74C19S CA.l013J 2. 15 CAJ081N CHI PSIORIVERS M"-"°' s< ., ""'°'" ~ 

4-Digit Clock Kit 

•l1ftli1.35r' ..Lud4ltJln 
• S.iiuen1M1ltlal111n,colo11 
• Uo1l4h4i11ropttltlH 
fl E:atl\lrld .,tumunium ~ lbLK~) 

111 '1num11W1tdl.t1 for ~Dim, mr11u111 1nd II.old fuDC:tJOn.i 

• IMludort Il l c•m11W11t1. UM '".. w•11 11in.dbrmt1 

·~·"'11'"· 1 ·'1'" · 1 ·"'" 
JE730 *14.95 

TEUPHONE/KEYBOARD CHIPS 
AY-5-9100 114.95 

14-95 
AY·5-9500 
AY-5-9200 

05 
AY-5-?llfi 14.95 

7.95 
7'C11l? 
HD0165 

5.95 

ICM CHIPS 
ICM7045 CMOS Precision Tmiv WI.\ 
ICM7205 CMOS UO StoPwalctt nnet 19.95 
ICM1207 Oscilllor CMuOllf:r 150 
ICM1208 SMn OK.ade Counter 19 95 
ICM7209 000: Ge.neritor 695 

NMOS READ ONLY MEMORIES 
MCM6571 128 Xg X7 ASCII ~lea wi!h Gtt11k 13 50 
MCM6574 128 X9 JC 7 Mith SVmllOI & Pictures tl 50 
MCM6575 126 X9 X7 Aloha.numeric Coolrol 13 50 

Characte1Generilor 

XR205 $8.40 Xll??<?CP 1.50EXARXR210 UO XJl226.I 4.25 
WIS HO XRl~ 3.20 
XR32D 1.55 JE2206KA 1'.95 XR2567 2.99 
XJ\.1.555 1.50 JE2206KB li.!15 XIU<03 I ZS 
XR555 .39 XRlllOO 3.20 XJl'136 1.25 
XR~ .99 XR2106 UO XR•ISI 2.!S 
XR561CP .99 Xll.2207 3.85 XR•t9' <.95 
XR567CT 1.25 XR?208 5.20 XR4 202 3,60 
XRl3tOP 1.30 XR2209 1.75 XR•?t 2 ?.05 
XRl468CN US XR2211 5.25 XR<SSI .75 
XR1'83 1.39 XR2212 • .3S XR4739 U S 
XRl'99 1.39 XRl?<O 3.45 XR<7'1 1,41 

IYPI YOlfl wDIODES ....Olll 10IJPIV 1 MtP 1'""' 2;100
VOLTS w llU003 200PIV I A.MP ll'JICQ 

01116 ..,,, "" 411"'"'00 uw»i I ~l .3 •!XI PlV I AMP 1 00 
IH1SI S t C1I 00 IH4005 600 PIY I AMit 101 00 
H~r~ "'"" 4/1 00 1N•IJl6 60JPIV I AMP 1011 00,.,., ..... 4!100 1H4Qll1 IOIXIPIV I AWi Ul rl IXI " 
tH75t ..,.,, 111 00 1Nl61JO 50'"''" " 61100 
lHl51 " ..... 1... 1.s,1 OD9.0 IN·tl" """ 

4/1 0000 IH41541N7!d 110 ..... " " JS ,... l1 t100,.,., " 
1!m'11 00 IH430S 15Jt<IO 

INOG.I •Ollm ~ 1 DO UU1J4 ,.""'-~ ,." 
INS1J2 " " ! .6 ,. INOlS .." , ,.""°'" 1Nt7:l6 lw!OOm 61'""" " ,. ,, ,." " ,.INS1J5 6.1 "la 1N4 731 
rN"36 7S 014742 <2 1• """' " 
IN'Sl'2 """" ,. 1~1u ,, lw n 
IHS2•S " """' IH11Sl SOPIVlSilr.MP 
1H456 lS '°"" " IHll&.c IOOPIV lSAM.P " '''00 ''° 
IN'SI ISO "'" 61100 1N11as 1SOPN3S 4Mfl 11'0 "" 
1N485A '<Om'" 511 00 INlll6 200PIV" AMP 100 
1N4001 ''° SOPfVl AMP 1211 00 INllll •OOP1V15.lMP 

256 BYTE April 1979 Circle 200 on inquiry card. 

http:SOPIVlSilr.MP
http:1num11W1tdl.t1
http:MAM47.tD
http:t.!C14.UJ
http:lJ.11).tl
http:INCLl.JO
http:LM7S4.!.0N


Transistor Checker 
- Compl• t t ly Allltmbled -

- Biltttry Opera.led -
Thu ASI Tr.amluor Cti ocker II C~P· 
tibt• of chac ldn9 .1 wilCI• t•noo or 
trant.lnor 1VPH.eittuu "Ir. eln::ult'" 
or out ot clrcul1. To ooet111t•, 
simply plug th1 uan1i1101 to I>& 
ehe.r:kod' In to 1119 front penal 
IOCl(•t. or conn•<= I i t Woth the eUI · 
getor ctil) l ll•t ltH05 i:irovidod. 
The LJnh ulely •"d •t.11ome1icallv 
lc:t• n1 •fln low. medium and h fgn ­
power PNP end NPN 1••n1iu on.. 
Sia . 3 %"' 111 6~ .. • 2 ·· 
uc" call battery nor lnclud~. 

Trans·Checlc $29.95 ea. 

DB 25 Series Cal>les 
Cable Lenglh Connectors Price 

4 fl 2·DP25P SIS 95 ea . 
4 fl 1 ·DP25Pll ·25S S16 95 e• 
411 2·D P25S Sl 795ea 

Dip Jumpers 
I ft 1 ·14 Pin 
I \\ 1·16 Pin 
1 11 1·24 Pin 
111 2·14 Pin 
I 11 2· 16 Pm 
1 11 2·24 Pm 

SI 59 ea 
I 79 ea 
2.79 •• 
2.79 " 
J 19 .. 
4 95 ea 

see JAME.CO 1119 C111r fair Pt1cin 

CONNECTORS 
25 Pln·O Subminialure 

DB25P (as pictured I PLUG (MeelS RS2321 S2 .95 
08255 SOCKET (Meets RS2J2) SJ.50 
0851226·1 Cable Com IOI D825P or D815S $1.15 

PRINTED CIRCUIT EDGE ·CARD 
1 ~$putt,g · llftDoLJ'Jlll\t.O·OUt-6!!i;;1JCtedCootaru.- fd:S 05'IO 010PC Cu01 

15/30 PINS (Soldei Eyele ll S1.9S 
18/36 PINS (Soldor Eye~l l S2 .49 
22144 PI NS (Solder Eyc~I) SZ.95 
50/IOO (.100 Spacmg) PINS (Wore Wrap) S6.95 
50JIOO (.115 Spacing) PINS Wi re Wra ) R68H S6 .95 

MICROPROCESSOR COMPONENTS 
- --I CH o\JI OA surro10 amen-- ­ ---tllCllOPROClS$01l MA.llllJALS -- ­

'''"'' C?\I 1991 W·i°GQ 05.er.IQU 'SJ !O 
11?11 6 &rlng~Out;;ul "' M CDP 180l uw~...u 711)
11211 PriontylntrYru~Conlrol >91 l1H650 Ukt M..a f'l'U.i 100
1121!; li 01rrtt1oni18'nOt1vu "',,,. C~Gftle;~t/011j11 "'.,,. lb1l>t1Ytf ,,. 

2SllflU OJ.,,. Stt::tmCol'-'~ 11!krtDrt,c1 191 Z51lil02 11 

"'' SyittJT1Coi".r:~ 1.91 10>6 
!/SI Proo Com"' t.G(USIJtt) ; 9~ ..,,,..
112Sl P-oo 1ti11mt Timtl' Hgl 

'"' Pl09 Ptn:il'l ltOfPPIJ '" "" Piao DMA tonltOI 1995 1101.,., J1rD? 1urucc Coa1to1 "" 1103 
---UOtJMOO SU,Nltf D[VICES-- ­ 1101(111011 
MC6000 •Pu SI.& i~ IHI> 
MCWD2'CP '-'PU..,,111 Clocl..1nd R.i'"I ,. 91 2\l02 
MC6810API Il8XI Sliill~ Rim ,,, ? 11 1(1111) 
MC6811 Ptnph It.WI ~l!'-'CEoVO) "' nn 
MCi.IU Pl'loft'tflni:~rupi:Coi1fr°"'1 1195 111' 
MCUlOl! 1'20:8 &t ROM (M(Ul.'.IO I) "ii 711Cl 
MC6al0 ~IO!IO.l1i~Aatti!•t 7 ii 211 ·"3 
MC61l5"<: SJ"Kf\I011CK11 Stf\11 D.111 Ainc~ ... 1tUL·l 
M~ D600 Deli Oli;ICJI MODfM "., 510 1 
MC6W Z tOObeilU~fOI lot 9~ ~80(.'IOT 

~"""' Quad l ·SUk BllS ln1u 11¥1Cl1:if.I '21 1489 

- MICllO~ocrsso11 CKll'l-MISUlWfEDUS ­ 145200 
9"l•tnl80(7llOCI "'° S 19~ UP!)fl-&

Z8QA(1Ml ·ll CPU 7495 (MK"O:Z7)COPl&O? "'° 199!1 UP0.. 16,.., 
""' 1995 llill·'11 6)0031 l ·B.t MPU •Idec• !UM l lO MH "., lMS40U · 

PIO&! "'° 1991 .C.stJl
IMS!l'lOOJI. 1Mlic MPU .,~11.-.,1 ~ ,,.....,·­ '991 2117

SHIR RIGllTl"I 
MPA~ t)Jal2S&.11>,1111'Uc ,., 

MM5'6l··­ Dll115(1!Jlc~TU."!11C ., 
'A l80&H ~ 1 681CS&.w IO....... eu-11 100 &I Sl11K: IO 
M.\&SIOH ~ .. 8•1°Aroa'""1.itol II) 

"""MMSOIDH S1'n12 S.t Oytumc ... I MS~\(j,..., 102.. 0,~( 391 (211617511 HnJt 81 sui.c "' TMS2W
1"2 Dul 132 84 Stm lil 

""',,,. s12S111Jt .. ~11511
2'S2!i 1ll.&D,'fli1!19C; "' ••fieq.o-n 3 -ol:IQts, -SY. • SV, • llV

"" D:i>f?$68d~ 191 "°' ,.., FA.MOS "" 111• DIM! ?SD Sca;.c­ ... DJOH0611) um T1~Utt8'1tctlt J ••>Sn OvJI :.coB11S1a11c ... 63JD -U760l) 2S6 Oot-1 C&•PCU• 291
2131 two 90 84 Su:.c 191 ~S2'J ,,,. OP«ltohctor ,.,
"'' 1~.aSu•ic '" Sl511S .... &"""' 1995
33.&1 rilo ... 112Sl'1 ma T1.w-1e '91T4LSl.i70 '4:U AeQllltt flit 4't1S11tt\ 191 741&6 112 TTL Optn tct.cior 'ii

UAR ts 7·11115 ?SO rn OPM eontuor 391 
o\ ·'f-5·1DIJ ):J!t:8AUD S91 1• S141 !Cl2• SUllC us=$= CONTINENTAL SPECIALTIES 

PROTO BOARDS 

The Incredible 

"Pennywhlstle 103" 

S144 .95) for only $139.95 

COMPUTER CASSETTES 
• 6 EACH 15 MINUTE HIG H 

QUALITY C· 15 CASSffiES 
• PLASTIC CASE INCLUDED 

12 CASSETIE CAPACITY 
• ADDITIONA LCASSffiES 

AVAILABLE NC· 15·S1.50 ea 

•• Solar Cells 
2x2cm 

• 0.4 volts 

• IOOmA 

• 41 MW 

Can be added in series for 
higher voltage or parallel for 
higher current. 

ESC 2x2 $1.95 ea. or 3/$5.00 

• CM ll•UIU ...MU U:• 1•Hll& IO 
• ~1.0l!•U•lut- l u.>U ..UM •I• 
· 1• ... -.11n 1 ... 1• 11.. .. • . • 1 o u~. 
ojM~.... . ~......... . .... l ... lft.. l .. j 

• l"l.oi:••ll •O 
• l •-• ""l'l•IWl • •• 1+o n 1a-t
•!UC'•""' c...u 

INSTRUMENT/CLOCK CASE. 

• ..u1 •t.od11•"1f ,...., 

lltMM • f ,.tut ul; *"'' 
" "' ' ~ ...., ..1o1... .,..., 
, ..... , ........!:IV , ......., 
.. ..... .i... ........., 1 .. 11. 
' ~ .." ......,.,.. n>!I 
, .. . . , .........~ol• "",.. 

........ • 19 ,,,_ "'" "~ 

""""'" "__ ,..._,. 
]IU .., Ill' Ufll1lt " ' 

Part No. 
MM -A4 
MM·CS 
MM ·I PC 
MM ·AC2 
MM ·AC3 

All 1i.r h t1,.1n1t II•• ,.HJ •lo.• 
t1H.1.""4olp_.,.,..., 11.,._.,,,, 
111 u111n , ,._"'11•'•1..,)\lllC "'W. 
hotftllffl~OMlnfO•l·ztlt fl .. 
\Olu.c IO"J.lllt• •UVOC .... - 1\ 
voe t\.1 "'-''"' '"" •·1­
""•111'.1~ olllf .....••~,.,~ I 
""•"''.. \lll'l.loll!ll ... t...... _ 

'' · ­ ·lh'i.."ln 1... \1"1
UiA 

This i! a 63-key. t~rmin.a11leyboard newl\I m.anuraclurcid by a 

Pon No. 
D62SP+P 
DB15P·• ·S 
DB25S·••·S 

DJl4 ·1 
OJ l 6·1 
DJ24 ·1 
DJ14 · 1·1 4 
0J16·1·16 
DJ24·1·24 

* 
Thisaselsan injecUonmclded 
unil 1ha1 is lde.al for us.es such 
as OVM , COUNlER, or CLOCK 
cases_II hiis dimensions of 4"1" 
In lenglh by 4" In widlh by 
1·9/16" in hel ghl. II comes 
complete with a red bezel 

PART NO: IN-CC $3.49 each 

$10.00 Minimum Onfer - U.S. Funds Only 
Calllgmla Resldenls - Add 6% Sales Tu 

PHONE 
ORDERS Hexadecimal1;~Jameco WELCOME Unencodedt.'g_.,/~ ELECTRONICS (415) 592-8097..-v--., , .,._.,,.ui.t;jU.l,ClllDfOC:'-'~ 	 Keypad 

MA IL OR.DER ELECTRONICS - WORLDWIDE 19-key pad Includes ~ •10 keys , 
1021 HOWARD AVENUE, SAN CARLOS. CA 94070 ABCDEF and 2 oplio nal keys and a 

ADVERTISED PRICES GOOD THRU APRIL shill key. $10.95/each 

Spoc ShHtJ - 25t 	 li11ge tomputer manufacturer. II is unencoded with SPST keys , 
unattache<l 10 any kind or PC bo>rd . Aveiy solidmolded plastic 131979 C• l•log Avalltblt--Send 41 ' •lamp 
x 4· base suilS mosl appl1catlon IN STOCK $29.95 each 

PIDM'J 
(NrKi&i Gt.._tlllOf!Vp(Jlff t21t] sg gs 
OuBatt 6-tMn.rorttowtt au} ,., ni. ~flrl'Tdl llle HD rt~~ 1)118(.QrdlflO OOJ~ 10 .aM lrlll!l ll.ICIG CJ:. ..ntn~ 

Chilld"Gt11rr1:ot 1096 t!U.ll~f•rtmtntiklltlllrKO!'!!trltlll1t11111111!10(.0llnrn11111Ut1.a.rcw1 •ri 
.anl)IJltr modtrn 1tld 111'f111M tar tt~.t IWMlirtO 1rw f.O'.'lllT.iltlCiltD'l' NI 
1dollb!ln ,1111lilFMo l cn11C11np1llntnt!cdl1~ ..11hrior1·D'KUllln r~i.ii.~ 

?0-48-1111 Rw Dnr\I: N.l:mOl"'f "' rtiraRAM 'S 
Olll Tran•mJU lp lift1J11t• • •••,l'fqutflt'f·Sl'lt1 ~:flllQ' lul-C~ IJlt_I lfl.llf4\;0lU 

1020:1 
216>1 SDtte SI .ti 

ICIW.itblrJ 

2SP'4 Ji\ M.t• l111 111!11 ll1t1All1 .•.•• . .. lOOlhi.1:3 

IQl.UI """"" 17' 

.. 
0111 fofnu t ••...•..••.• ,, A\'rf!l.~OM!iSSt11.1llrl-!11rn1i:irn;;irlilc"11:l1r;i"U11H """ 

trfl'*'WllollUl""JICtl/101..tXl '"" 
llltul11 C ..IUlll Fr-.1rtel11 , .202S IU lOr '~ 1125 H.l !pr m•I\S11~ J 9~'"'" "' lmu19ill CtiH1n11 f,...,ltlel u "••S..-;icn sr:lec1.101e ~a.,.. fnorrn.11) ~ 1071) :l).K..t.Sl:~ICMOS """ 1111>~~ ~~nu zru11ur'· IO?U:C SU-tic •.SOn,. "'..."'"' llltu l" Sllll tiltYllJ . •• • • • • • •. -4.l!i lt!lm itCOVPic.tlly aiu~Stll.c c!iCIM lb' ;IOWfl !096'°"':"' Trt ntlllit lln l --··· .••.•••• - IS aorn ~OITWlll All111SU. .blt I ra~ 6 G""102•~· Stltlt lOOrn !091 

10 - 20a.o.mlf)lU.f ~M~lawpgwtr 
AtUIAI "' ' "'"" hl11uu .•.rreouertcr rereren.u 1.i1om4t1ca11y 1d1ui11 10 

4096XI 
:Z56X4 St~bC 

.iJ!i.'111 ta1~m!Ol'l0tt~e11o1800Hz w ?•00 HI 
Dlflt.111 01u 1ntubt1 •• , . ••• , .w. AS-2J:?C or :xt mA ('utlf"H loo-ll ~rm..-cr rS 

"" ...'" 
16Jt• 175 "'"""" 011fo1'°!.l'.td¥10t1G11o•tl!N rl 2S6X1 SUoc tmtJlf .., """ Pntt 1\14111111111m1J • •• • •• . 120 '-'"' · U!'IQlt ptia~ 10 Witts2S6lt1 Sli!ic: 291 Pftrllul .•...•...... ...... . . Alt tO"'llOOr.t-.nl• 11'10\lftl on• pnp s D~ g.­
4.,f>riu."TIN;l(ipin• DMl1Btlrat.1Dur.a ~uur.00tttnt1md:l.1:4I! 

~tit a \'OM . A.u.lta OKlltitor. frl!Qutn~ ~lu inatar CkciMov.v.it to aJio~1a. O;N!nlr. 1611111 14.~ 

" S!alle TRS-80 16K Conversion Kit"" 
tM•X-& Slibc U95 Expand your 4K TRS-80 System to 16K. Kit•6•.380 :1 D~incJSO!l1 ... 

(ll<JllM~Uell comes complete with:ICll Oyn.1rt11C: 41100 

• 8 each UPD416 (16K Dynamic Rams) 
'"0M'S • Documentation for conversi on,.., FA.MOS "91

11;.« EPROMtlr..~ti 27161 .&99S TRS-16K $115.00
·Acqumes s1n11\e • 5V ~·...u ~:;."' 

l:PAOM '991 Special Offer - Order bolh your TRS· 16K and the 

" "" EPA0'-4 1091 Sup'R' MOD II Interface kit tog elhe1 (retail value1611."' EPAO\t 2991 
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SOFTWARE 

Software Patch for SwTPC 8 K BASIC 
Adds Disk Data File Capability 

A software patch that adds disk data 
flle commands and functions to SwTPC's 
8 K byte BASIC has been announced by 
PerCom Data Company Inc, 4021 
Windsor, Garrand TX 15042. SwTPC 
8 K byte BASIC is for microcomputers 
that use the 6800 pro~essor. 

The software patch is overlaid after 
8 K byte BASIC has been loaded in 
memory. This may be done either 
manually or from a PerCom disk which 
includes the patch and a loader program. 
The modified BASIC takes up 10 K 
bytes of memory. The patch permits up 
to four data files to be active con­
currently and files may be formatted and 
updated in place. Formatted files may be 
accessed randomly. 
, In addition to OPEN, CLOSE, LOAD 

and SAVE commands, the program fea­
tures special instructions that simplify 
data manipulation. The software patch 
Includes nine commands and functions. 

A listing of the patch program and 
user instruction manual sells for $1 0 . 
A listing, manual and disk recording of 
the patch and patch loader sells for 
$15.• 

C1rcl1Lt 593 on inquiry card. 

6800 Compiler 

Written in 6800 assembly language, 
this 3 pass compiler (on floppy disk) 
provides a disk based high level language 
for microcomputers with at least 16 K 
bytes of programmable memory. The 
new language, called STRUBAL (Struc· 
tured Basic Language). featu res fully 
relocatable and lin kable code. Versions 
of the compiler are available for !COM 
FDOS·ll, Smoke Signal Broadcasting 
DOS68 and SwTPC Flex. 

The software supports a full set of 
scientific functions, one-dimensional 
and two-dimensional arrays, three data 
types (16 bit integer, 10 digit floating 
point and variable length strings). 
structured programming forms, string 
functions , embedded assembly language 
in the source program and common and 
dummy sections. Line numbers are not 
required in source programs. Subroutines 
may be separately compiled or as­
sembled and called by named para­
meters. 

The price of STRUBAL is $99.95, 
which includes a user's manual. For 
further information contact Hemenway 
Associates Inc, 151 Tremont St, Suite 
BP, Boston MA 02111.• 

Circle 594 on inquiry card. 

Software Package for 8080 and 
Z-80 Microcomputers 

The SOS (single user operating 
system) package provides the user with 
a step between the Opus stand·alone 
high level languages and the Tempos 
multiuser/multitasking operating system. 
The SOS package includes: Opus{Three, 
the high level compiler/Interpreter from 
ASI; Texted, an easy to use, line orient­
ed text editor; Assembl, an 8080 as­
sembler; Files, a diskette file manipu· 
lator; and Utilities 1, a package of 12 
utilities programs. 

Full upward compatibility has been 
retained to allow the user of SOS to 
access data and programs developed at 
lower levels; all may be used under the 
TEMPOS operating system as well. All 
floppy disks and serial device input/ 
output (10) is handled by SOS; a system 
generation routine lets the user define 
10 drivers as required. 

The recommended hardware con· 
figuration includes an 8080 or Z-80 
processor, 32 K bytes of programmable 
memory, one or two floppy disk drives, 
and terminals as required . The system 
typically resides in less than 10 K bytes 
of programmable memory. 

The package is priced at $385 and 
the user's manual set may be purchased 
separately for $20, which is credited 
toward purchase of the SOS package. 
For more information contact Adminls· 
trative Systems Inc, 222 Milwaukee, 
Suite 102, Denver CO 80206.• 

6502 Assembler in BASIC 

-
.. - ......:. . ·.~ ~ ,... 

lk . -·· ....~ 

The 6502 Assembler in BASIC lets 
you write programs in assembly language 
for the 6502 microprocessor and have 
them translated to machine language 
for direct execution on the PET. The 
assembler accepts all standard 6502 
instruction mnemonics , pseudo-ops and 
addressing modes, and evaluates binary, 
octal, hexadecimal and character con­
stants, symbols and expressions. Sou rec 
programs can be read from cassette and 
object programs can be assembled any· 
where in memory. The package includes 
both 1 and 2 pass versions of the assern ­
,blcr, a text ed itor and a disassembler, 

.- and a 30 page manual with PET mach ine 
language programming hints, for $24 .95 . 
It Is availabl e from Personal Soft ware , 
POB 136, Cambridge MA 02138. • 

Circ/1!!' 595 on inquiry card. 
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Heurikon Introduces BASIC and 
Disk Operating System 

The Heurikon Corp, 700 W Badger 
Rd, Madison WI 53713 , has announced 
the addition of Hcurikon BASIC and 
disk operating system (DOS) to its line 
of MLZ-80 microcomputer products. 
Heurikon BASIC and DOS is a multilevel 
system offering two levels of concurrent 
operation and a disk operating system 
with file management. The system 
provides both edit and real time program 
areas which run concurrently . Real time 
programs run independently from the 
keyboard and program editi ng functions. 
A real time program Is given highest 
operating priority and may be started 
automaticall y in response to external 
stimuli. Edit area programs will be 
interrupted to service real time oper· 
ations. When the real time program 
corn pletes a ta"sk, control is returned 
to the interrupted point in the edit 
program. New programs may be deve· 
loped and tested in edit while the real 
time program continues to monitor 
ex ternal events. Heurikon BASIC and 
DOS file management architecture 
allows any number of variab le length 
files to be cataloged on the disk. 

This system is available configured 
to run on the Heurikon MLZ·80 micro­
computer system, which is fully com· 
patible with Intel's SBC Multibus. It 'can 

Ibe provided on disk or in erasable pro­
grammable read only memory.• 

Circle 596 on inquiry card. 

Circle 597 on Inquiry card. 

Language Family Designed for Z-80 
Computers 

Designated P LZ, th is family of sys­
tem programming languages is Imple­
mented as a set of disk based programs 
that run in the RIO operating system of 
Zilog's Z-80 computers. Linkage to other 
languages such as BASIC, COBOL and 
FORTRAN is straightforward. PLZ 
permits a systematic combination of 
high level machine-independent modules 
with low level machine-dependent 
modules within the same program . 

The high level modules utilize the 
procedure oriented PLZ/SYS language. 
PLZ/SYS blends elements of such lan­
guages as Pascal, ALGOL, PL/I, and C to 
provide a medium for expressing algo­
rithms in a high level, structured fashion. 
PLZ/SYS requires minimal run time 
support. 

A structured assembly language, 
PLZ/ASM, provides all of the low level 
programming capabilities necessary for 
the user to manage such processor 
resources as registers, memory, accesses 
and lnpu t/ou tput (10) operations. 

Initial PLZ program implementation 
consists of the PLZ/SYS compiler, 
PLZCG code generator, Zinterp inter· 
pretcr, Plink linker, PLZ/ASM trans· 
lation filter, and PLZ 10 package. 

For more information contact Zilog, 
10340 Bubb Rd, Cupertino CA 95014.• 

Circle 598 on inquiry card. 



A Hom e Compute1 & A Video Came m iJ S tn91 e Unrl ! 

$750 INTERACT Model One 
14 FREE CASSETT ~ . 

8K-S499 16K-$599 

PET 
• 14K ROM , SK RAM 
• Fast Microsoft BASIC 
• Integral Tape & CRT 
• Graphics & Lower case 
• Real-time clock 
• IEEE and Parallel 1/0 

The most computer value you can buy in a single box, 
the PET is a complete system. It's our most popular 
computer. 

THE PEy-­----­- - ------­
CONNECTION 
Sl!COND CAH£nt ~Oii Pu$95 
' "" ' H••O"•r11 lrom Cam1T1ct00te orve, 
,011 ,.,. • tl• •• tr ro 1o1,• one 11~ de-< ' lor 
1npw1 •n(I on, lo• 01.11g.,.110 tooir t.le• 
vocflll'lf!COPCJJelc 

apple 
II 

iB•r-1Mr - P£1 ccn1111oU•C1 
t1eep 

Petunl.11 - P••t m-.s•1c; 11 om 
your PET 

V•<l•O 8 ...rrer ­ OulO\ll IOI 
wcond monitor 

CambO ­ Pe111n1• lhdeo 
e vu.. , ca.1110<tM1C1 

The mosl powerlul compuler you can attach to your TV 
NCE/CompuMart now carries the popu lar Apple 
II microcomputer system. II easlly attaches to 
any TV and can be used fo r eHher business or 
games. To see why the Apple II continues to be 
the leader in TV-display compulers. write for 
more Information . 

t 6K Apple II Computer 
48K Apple II Computer 
Disk Dri ve & Conlrofler 
Second D i s~ Drive only 

$1195 
$1795 
$ 595 
s 495 

RS-2Jl Mod1m 1nt1rl•1;n lo• PfT 

O~~"~!c:'.~..,.,nm~ 
01111 Port AS-231 

8 10.rt<tion111,..1r•l• c• 
S•niQJe Po" RS-U2 

810<reci.on111nt1rl•c• 
C1b•N1t lo1 ~bo¥t' 1 nl 11 l ~ce, 
Stt1tl P,1n1er lt'!t11lue • •I" 
«IM IOUIPl.ll 01'11)1 

$675.00 

32K PET 
With the trade-in of your work­
ing PET. 

$1,195.00 otherwise 

\tl 
Now a 5th Generation ...illl..llllliiMiflli!,_ 
in Terminals : 
Immediate Delivery 

Hazeltine 1500 full of features $1049 
Hazeltine 1510 with buffer logic $1149 
Hazeltine 1520 with printer interface $1499 

call or write for more information 

• Colo• 9•• P"oC 1o on J OllP TV 
• M11 11o ic: .,,at.011 na ''" 1"n•t•r 
• Bv•tHn c att•n 1 l • Pil c1 111e 
• l • , g• SJ ·'•T "• rOo••d 
• T• o 101"•c: k• 1nc:ruded 
• Ea v-1!•51( c: •11o u r1, 1"'c:h11:ua 
• 10•0 M1uoo•OC 1UOJ 
• II(. fU1M l'IC ROM 

ti 'JOll c:•nt dH~f 0'1 • t' • rt • 
tOOPl••llC:.1111 0 ~·d•O ; • m• .Incl II 
"ome computer I"•" ll'lt' lntt r 
It ! MOOt-I O llt' ,, !or ,ov Hook •I 
to ,ou1 color TV•"" rov o ;1:11 
Hiii' You it•n 111••r Ofl• ol 11'<1 
9•"' ' ' ... 111c: n •'• 1nc: luOfd I••• 
Q.t yi;v can l o.1d Ed11·D•S1C 1n.o 
••fl • ¥0111 0• "'9' ""•• 
D•.,a 01 •ll rov 911 oo• Ut~ 
• C1•1 ll ol h•• c:•n• H •~ 

KTM-2 
A new concept 

In termin"ls 
Only $349.00 

Synelltik 'I .irwQt.1t1 n- l•rmu'l:s.I too~• 
t1 •e 11 k•Y'bolfd b""l 11 con10.1 nt .111111'1 
IOQ•C 10 O•lP'IY' 24 11,,f!t OI 40 CPI.Ill.II( • 
1e1t. uo~r LO•t• UM! a~ 121!1·UM!4'•.t1 

~:~~I 't':;' ;t.;•;:ll~a~r,::~~!t':r~ 
l OC•fed1l•l\O ta• IM hf\11 Ol SClflt'"I IUl­
ara..•bl• C:lUIOt 'loCIQlllnV • r•ll · 
aro1111a .t\llO-••CH-11 ~T·on6l 1nlftl.11e•

U~~~----L·i·s·t-$_2_7_9-.9-5- :;~,:~a.~·;::~?..~~~· 111 
., yoi.i 

sr..'-~ $189.95 sf>..\-t. n-1 
5·100 MPA ~ .~) 

S-100 MPA gives rour PET SANYO 
complete control o the S-100 MONITOR 
bus (even OMA) . Get an 
assembled unit at kit price. 

MICROSOFT /:"~~~ 
BASIC "" 

ie~~:t ~~~9: r1 
1 
1;:,,.g• ;;.~,0~':..'S7~ 1ti~ 

M1c.ro5'Qll lrt• •""- 1t1e 0 111,C:lllH a1 ., 
1til( lfl1tP.ICI M OOl!'I I ll'l•li u~H rou 
S..C9 fJ!i. • 11.11 g1~01 you lt11t m0.1-1 BAS IC 
p1oo r•mm1mil oo ... 1tr .1w.1•l i1Dll!' '" 1 
campv11'r 1r111 l •tt: OU•r QOOO to r QI • 
d•'"' ••c:111w11<1 ritlor• iliorol JI 1911 
Q.itlH mtl'll•Otl IPlll •d wP'l•n Oldlfl"'O 

l " "' o•• q •"•' 1.,11 , .. . ...,,a•ti· .. ''"9' ~ 
Mii' U'"'Ou l" ' 

$214.95 
EXPAND YOUR KIM 
SYSTEM: 
KIM SI 
KI M to S·100 Soard 

$169 
15 

Expansion board 89. 9~ 
M.IClll O ltCH. POWEii! SUlllPLV 
A\\f'l'flCllf'O Slil . H 

KIM ENCLOSURE 

VIDEO TERMINAL 
by XITEX 

tl!il l\ • 15..t ~ra•t.O l •y 1181)tln1.at1:t 
c:ri111.1cle•S. •011....... V.-AT ~ ASCII 
or 8 111t1c;i•l 3 u11.1I '"'111r1c•' I 
CH••tl• I 0 1flff CQmPDl•l• ~•d•O 
nL c:.omp;il11b'f eny ~w•J c:o"'• 
l\KllOfl 
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.:S-..A..:m>::EJ Computer Products 


* DISK DRIVES * 
851 5%" $295.00 
by Mlcru Peripherals, Inc. Operates 
In eltheo single density (125KB,
unformatted) or double densi ty
(250KB, unformatted) modes, up 
to 40 tracks, with a track-to-track 
access time of only 5 ms. 
SA801 R $495.00 
by Shugart Slngle·Slded 8" floppy 
disk drive. 
FDB· 100 $395.00 
GSl/Slemens. Runs cooler and 
Quieter than 801 (8") 
DM2700-S $750.00 
Includes SA801 R. lO"xlO"x16" 
cabinet, power supply, data cable, 
fan, AC line filter. 

1791 B01 
Dual Density Controller Chip 

$49.95 

Mo.Ml U'· l 

~~~·"0~~,'\:~ t:ot 1 1::.:~":,,.':!::' :er.~..!:~ 
MlooMI•"' 0.1.cl.W. "-1 ­ · SO M Mlo~ Wll- MllNI ......I I 
lfi•._,.._,.1, 10 MH1 "°I• Ck1Hlot ILlOI 11-al­ 'l('of+l l r:.un 
Ot llllvl• ,.....,1 '111.,. M.m.ory t Pu"w °' ,.,~,111-W'11•••~"1ft•clfll 
tnd UOltd 
CSC M....l l''-1 l-.cl'ro1No- N11 '-•"' ... t ,llti 
MOCH Lf'..J 

:!:~. 6:80.:00!Mui-c:'l'~',::..::..ttr~~:="p~O-~t l~,..n~11 
"""•·•-'" l ~I l••rwt IP•-.q~"'fYI li<t 1.11+1 f'wl w D e•.c•u• 
lll01 li...,,._IU•"0< " .......• fl lflwlw~..yl•u1Mll}4 
i....11•­ •l llifo ""'rct.oalM,fuoi..u 
CSC MMel Lii' l L• 1iir ,.,,.... _ ,,., t•W Wllll tlll 

3-LEVEL GOLD 
WIRE WRAP SOCKETS 

14 PIN l9t each 
16 PIN 43t each 

100 for $30.00 
Socke ts am end and s1 de '51ack · 
able. clmed en iry . 

GOLD PLATED 
S-100 EDGE CONNECTORS 

iiiliiiiii ii llliillllll.!11! ::::::::::: 
so1de1 tai l S3.25 each 

I O for $30.00 
Wire wrap $4.50 each 

I 0 for $40.00 

S·100 MOTHER BOARDS 
JADE 6·SLOT 
Kn 
A•semhled & Tested 
Bar e Board 

$41.95 
$56.95 
$24.95 

9-SLOT '"LITTLE MOTHER"' 

K it $85.00 
As sembled & Tested $99.00 
Bare Board $35.00 

13- SLOT '"QUIET MOTHER"' 
Kil $95.00 
Assm. & Tested $110.00 
Bare Board $40.00 

22-SLOT "'STREAKER.. 
As~m . & Tested $149.00 

J.A.lDE 
VIDEO INTERFACE 

S· l 00 Compatible Ser ial Inter ­
lace w ith Sockets Included. 
K i t $117 .95 
Assembled & Tested $159 .95 
Bare Board w/manual $ 35 .00 

ZSOA SPECIAL 
4MHz CPU Chip*$14.95* 

TlJ-• 
convert your T. V. set Into a 
Video Monitor 
Kit S8.95 

J~I>E 

Products 
" KANSAS CITY STANDARD" 

TAPE INTERFACE 

Part No. 111 
Board $7 .60; woth parts $27 .50 

RS·232/TTL INTER FACE 
Part No. 232 

Converts TTL to RS·232 
and RS·232 to TTL 
Board on ly $4 .50; 
wi th parts $7.00 

RS·232/TTY INTERFACE 
Part No. 600 

Converts RS·232 to 20m A 
current loop, and 20mA current 

loop to RS·232 
Board only $4 .50; 
wo th parts $7 .00 

~VERBATIM' M 

FLOPPY DISKS 
SY. in. Minidiskettes 

Soft sector, 10 sector", or 16 sector 
S4 .40 each or 

box of 1 O for 540.00 
8 in. Standard Floppy Di.its 

So tt Sector 
$4 . 75 ..cn-10 for $42 .50 

~~~~~~~~~--t~~--::.:r.=~-=--~I>=-:E:=:-~~-,FLOPPYDISKINTERFACE 

TRENCCOM 100 JADE FLOPPY DISK (Tarbell 
PARALLELJSERIAL boud)

Intelligent Printer INTERFACE Kit $175 .00 
$250.005 . I oo compatib le 2 serial 1/0 Assembled & Tested 

', ports
1

I parallel 1;b. 
KI JG-P/S $124 .95 S.D. Computer Products 

VERSA-FLOPPY 

Interface & Cable 
for TRS-80 

$45.00 
• 40 character per second rate 

Assemb1ea & Tested : 
JG-P/SA $179.95 K11 $159 .95 

Bare Board w / Manua l s 30 .00 Assembled & Tested S239 .00 

Integral 
Data SystemJi 

Interface & Cable • Low cost thermal paper
for Apple • 96 character set 

• Microprocessor controlled$60.00 • Bidirectional look-ahead printing 
• Quiet operation •No external power supplies •Only two 
driven parts • High rellablllty • Clear 5 x 7 characters 
• Attractive metal and plastic case 

EXPANDOR'S BLACK BOX PRl~ER 
This 64-character ASCII Im pact printer --; 

w ith BO-co lumn capabil ity Is portable 

and uses standard 8 1/z " paper and reg­

ular typewriter ribbon . Base, cover 

and parallel Interface are Included . 

Assembled and complete w ith manual 

and documen tation. only $470.00 
(90 day manufacturer's warranty) 

TRS 80 Interface Cable for Black Box Printer 
W1lt1 P1,)t 1 1H~ f U flflf 'l \t)I') $48 .QQ 


(r 11 11~ l Ol us1 d w1t l1 l'Jo: V J nS• o ri 111 u <Ju lc, • Sv 1 

J 111p uuw1 •1 su pp ly "qu1r<·d 1 


Power Supply for TRS-80/Black Box Printer $49.00 

t) 
Check the Impressive 
features on Integral's 
IP-125 Impact Printer 

only $799 
LOAOEO WITH EXTRAS AT NO EXTRA COST 

• 1\1\tCFODfDCH~Of controncu • SC!Fl.ll R5232C ln lC! fUCC! • PJr.11111!1 TTL ICIVC! I 1n 1e1f.ttC! • Fu ll 
Ll\lPlll ,:nut lowo, c:.u.c ASCII (h.111,\)C t ctr SOI (9& ChU.lC t Cr )) . r u11 9 1·1" lncn wide IUi'Ot . Line 
lotni;i , n 0 1 80 CQlu1n ns 11 10 Ch,)r•t 1 C!r~ per 11'\( " • lmp,)cl p11n11n9 • 7 •1 0 0 1 f'T'l,)tr1J1 • 01d~n•ry 
po1per - toll, 11onro10, q r "1fe1 • So11.i11 tuun 1.io 10 1200 tu n Pei secono • Mu111p1e ljno 0~1 1101 
o r 256 CF\411ClC!n • 1n,1a ntaneou1o p'ml 1a te tu 100 c h;0 .icte1' per u1cond • l\tu1t1pte cop101o 
wiltlOu t ae11u1otmcint • RelnS-.tng 11bUon m0Ch'1 nt\1n • Front P•nt1 I oou.a tor cont101t. • A1t1ac;tl,,.Ct 
1.ablo t op co n!oo l• • 

IP-125 Integral Data System fP·125 Friction Feed Printer 
•96 u pper & lower case ASCII character set 
• Enhanced character control 
•Ser ial RS232C Interface (st et. factory wiring) 
•Pa ralle l TTL Interface (factory w i red on reQ.)
•80 column line 
• 256 byte multlllne buffer $799 

fP·225 Integral Data System IP·225 Tractor Feed Prlnt~r 
•All standard features of IP-125 
•Tractor feed paper dr i ve 
•Forms Control Option (P1 250) $949 

Unii Plugboards 
8800V 

Jn 1v• • ' ii I Mlcrocom1iu14!1 lmoceuor 
plu@bo..1d Uu1 with S· IOO bu!o Com· 

~:.:,~.. '• ·. ··~ 1·:!!1 
· ~~~'I,.· '··~ .. ~" · ' 

-_.._ . 

' 
§: Ill

plo1e wlO'I ""ti t 1lrdc 81 hi:u t.Jw.:i,~ . 
5 .3" ll 10" ... t/ 16". . ' -

H1·0e1u11v Ou11Hn- L1n.e Ph.19­

8801-1 P P.JHe1n p luybo.J uh 101 1c ·1 
t>oard 
PoM!f 

lot 
& 

WHfl 
Gfd 

Wrim W•lh 

Bus Epoxy 

CARD EXTENDER Wlte Wrap. Epoxy Glau 1/16 ' ' 
44 g ln con . JPaefd .156. 

Somo a1 8800V e:ii-1:11111 
pOw.r buwi' Si ri11111t urik , 

~I_, 1n . leu Eoo:ii'I' Gl<ln 1116" 44 pln con . 
1pW:ed . 156 , 

Glau 1/16" 44 ~hn con. t.PDoCl!O 

.1SG 
Cud E 111 1ander hu 100 COOIK U, 60 pet t.ide 
o n , 125 cenu111. Auach~d conntttOf Is com• 
p.11lbl1 with S · lOO 8u1 Sys111m 1 •• 125.00 36119.6" 11 4.S" .... $10.90 

1-4 

~lioVIS.95 
6-9 

17.9S 
10-:14 

15.96 3662 6.5" x 4.S"' , .• . , S7.6S 3682 9.&··. 4.5" ... ' $10.91 

~~,!:,~ ~2 .': ~ i~ -- ,.~ ~ '.": . •• • sn.oo 3577.2 &5'' x 4.5" •••. S9.14 8101·1 .J 4. ~ 13.46 11.96 3662·2 9.6" ' 4.5" •.. $11.45 J68Z.Z s.s". 4.s·· . . .• s9.81 

3690·12 
Gen PurpOM 0 .1.P, ao1ros 
whl"I Bui PH 1.un lot Sold<i!!t ot 
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800/421 -5809 Conllnenlel U.S. PLACE ORDERS TOLL FREE 800/282-1710 ln1lde Cellfomlll 

NEW! ,
• Jade Mamoru 

E1pans1on Miis tor 
TRS-80 and ADDIBI 

JADE zeo BOARD • 
IMPROVED DESIGN AND 

FEATURES 
• ON BOARD 2708 or 2716 EPROM 

• VERY RELIABLE AT 4 MHZ OR 

2 MHZ 

• POWER ON JUMP AND RESET 

• ON BOARD USART (8251) 

K i t $ 135.00 
$185 .00A ssemb led & Tested 

4 MHz 
Ki t $149 .95 

$199 .95 
$ 35 .00 

• V id eo Is sw itc h se lectab le as 
- 12vol ts. 

"B l ac k·on -Whl te " or "White-on -
B l ack". 

A ssem b led & Te sted 
Ba re B odrd 

• Fu lly assembled , socketed , tes­
ted , burned In , an d guaran t eed 
f or a full year from date of 
pu rc h ase. 

·1···1..1·a·;·1·.:·s..·1­

ROCIHUlll Alftl-85: The Haad-Slart . 
In ftllcrocomoulers 
A K I M ·l compatit> le mac h i n e w i th 
on-board printer and a real k eybo ard! 

$375.00 w / 1 K RAM 
$450.00 w/4K RAM 

4 K assembler/ editor i n R O M : $ 80.00 
SK BASIC in ROM : $ 100.00 
Power su pp ly : $ 59.95 

Case tor AIM-65 : $ 49 .95 '..."-.!!!!!li••••~li"'~ 

KIMSI 
INTERF ACE/MOTHER BOAR D 

M ak es S· 100 ca rds plug· in 
compauble w 11h KI M I 

K i t $125.00 
A ssem b led & $ 165.00
Tested 

The Piggy™ is here! 

Y:G.~)}i/
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SEE OUR COLOR AD 
IN APRIL'S BYTE 

BETSI 

TEXTOOL ZIP* 
b1™;rJ DIP® II 
~ :rnmrnm(J Sockets 
* ZERO INSERTION FORCE 

PRICES: 
16 pin Zip Dip 11 
24 pm Zip Dip II 
40 prn Zip Dip 11 

sockets 

$5.&0 
$7.&0 

$10.25 

J..A..I>E 
Computer Products 

4901 W. ROSECRANS AVENUE 
Department "8 " 3 
HAWTHORNE. CALIFORNIA 90250 

~ l •! llZ 

Telephone 
(213) 679-33 13 
(800) 42 1-5809 Conlinental U S. 
(800) 262- 1710 Inside California 

• 

4116's 
8 for $69.96 

( l 6K x 1, 200ns ) 

In cludes diD plugs an d 
Instruc ti ons 

*TRS-80 Kit * 
( 16 K x 1. 300ns) 

~ inc ludes connec tor s and 
Inst ruction s 

$75.00• 
~ Ca ll lor d1scou n, s on la tge , quan 111ies.. ~ .. 

"lllSAl" ·TYPE CARD 
GUIDE SPECIAL: 
Regu lar Price 30d each 

SPECIAL: 10 for $1 .00 ! 

.. 

32K VERSION• KI TS 
Uses 4115( 8K x1, 25 0 n s) Dynamic 
RA M 's , ca n De expanded In BK 
Increm en ts u p t o J 2 K : 

BK $ 1 59 .00 
16K $ 199 .00 

24K $249.00 
32K $ 2 99 .00 

4115SALE 
8 for $39.95 

2114's, low pow er (1 0 24x4) 
1- 1 5 16-9 9 100 + 

450ns 8.00 6 .95 5.50 
300ns 9 .00 8.00 6 .50 

TMS4044/ MM5 5 7 , low power 
450ns 8.00 7 .50 6 .50 
300ns 9 .95 8 .7 5 8.00 

8.00 

JADE SK 
Ki t s: 450ns $125 .95 

250ns $1 49 .75 
Assembled & T ested: 

4SOns $ 139 .75 
250ns $169 .75 

Bare Board: S 25.00 
16K ­ Uses 21 14 's (l o w power) 
Assembled & T ested : 

RAM 16 (250 n sl $37 5.00 
RAM 168 (450ns $325.00 

LEEDEX MONITOR 
• 12" Black and White 
• 1 2MHZ Bandwidth 
• Handsome Plastic Case 

$139.00 

nE 10-* l)hCt! inttuOe~ 
tUM I MOOulC 11\11~ 1 11 

.a~)ID>etJ•ll1 ~•8 RDM6r1e> ""'11.­· Mdnt1.1i ..a11 ...11r Scne 
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hCM>1amme•~ Hc1e141nlt$179 i:,,, '""'"' u.,,,., 

~--------------1 i n c lud in g regu lated +5 vo l ts an d 

L_ alfl $245 

.._ 

6502 - based si ngle board 
computer with keyboard/ dis­
p lay, KI M - 1 hardware com pa­
t Ible, c o m plete documentation. 

SYM-1 CASE $29.95 
MICROPROCESSORS 

F8 

m12t:~:.1. 1 
COP1802CD 
6502 
6800 
6802 
8008·1 
8035 
8035·8 
8080A 
8085 
TMS9900TL 

8080A SUPPORT DEVICES 
8212 
821 4 

82 16 


m~-~2~~~' )
8226 

8228 

8238 

8243 

82!11 

8253 

8255 

8 25 /
8259 
8 2 75 
82 79 

USRT 
52350 

UAR TS 
AY5·10 13A 
AYS-10 14A 
TR l 602B 
TMS601 I 
IM64 03 

\16 .95 
$20.00 
Sl 4.95 
$17 .95 
$11.95 
$16 .95 
$2 5.00 
$1 2.95 
$20.0Q 
$21.00 
$10.00 
$23.00 
$49.95 

$ 2.90 
$ 4.65 
$ 2.15 
$ 4.30 
$ 9.95 
$ 2.75 
$ 6.40 
$ 6.40 
'!> 8.00 
$ 7.50 
$20.00 
$ 6 .45 
$20.00 
$20.00 
$ 75 .00 
$18.50 

$10.95 

$ 5. 25 
$ 8.2 ~ 
$ 5.25 
$ 5.95 
$ 9.00 

DMllllBllTE 
Naked Terminal 

FEATURES & BEN EFI TS 
•	 Indu st ry sta n da r d 80 c h aracter 

by 24 li n e f o r m at (Model 5 7) 
• C omp lete ly self conta ined termi ­

nal elec tronics, Just add CCTV 
m on itor and k ey b oa rd . . N o suppor t softwa re re q u i red. 

• Sw i tch selec tab le m o d es: Hal f 
Duplex , Fu l l Duplex, Block 
mode. 

• B l o ck mod e a l lows ed it i n g be ­
f ore transm it . 

• K ey board In ter f ace pro vided , 

16K $ 249 .0D 48K $469 .00 
INTE RFAC E/MOTHE RBOARD 32K $369 .00 64K $569.00 

Makes S· 100 cards plu g- in 
com pat ib le w 11h PET I 

K i t S119.00 *STATIC RAM* 
~!~~~bled & $159.00 SPECIALS 

DYNAMIC RAM BOARDS 

EXPANDABLE TO 64K 


BAUD RATE GENER ATORS 
MCl44 11 $10.00 
ltl41 I Cry~ l al $ 4.95 

6800 PRODUCT 
681 0P $ 4.00 
6820P s 6.60 
6821P $ 6.60 
6828P $1 1.25 
6834P $16.95 
GBSOP $ 8.65 
6852P $1 1.00 
6860P $ 9.25 
6862P $12.00 
6871P $28.75 
6875P $ 8.75 
6880P $ 2.50 

CHARACTER GENERATORS 
2513 U pp°' (- 12•5 ) $ 6.75 
25 13 Lowe• (·12 ; 5) $ 6.15 
2513 Uo o• • IS "llll) \ 9.15 
25" 13 Lowe1 (5 voll ) $10.95 
MCM6571 up SC.ln $1 0.95 
MCM657 I A down sen $10.95 

PROMS 
1702A $ 8.00 
2708 s 9.95 
211615·12) Tl $60.00 
2 7 16 5 ..,~ IN TEL $60.00 
2758 5, $23 .40 

DYNAMI C RAMS 
4160 /41 16 (200ns) $12.50 
2104 /40% $ 4.00 
21076-4 $ 3.95 
TMS• 027 /4096 (300ns ) $ 4.00 

STATIC RAMS 1- 15 16- 100 
21 L02 ~450n~i $ 1.50 $ 1.20 
21 L02 250ns $ 1.75 $ 1.50 
2101 · 1 ~ 2.95 $ 2.60 C ash, check§ , money o rd ors, iln d c red i t c ard s accep te d . Add 16K with m emory m a nagement2111 · \ $ 3.25 $ 3.00 fre igh t charge o f S2 . SO f o f o rd er s under J0 l bs. and $ 1 .00 serv ice Assembl ed & T ested:211 2-1 $ 2.95 s 2.65 

cha.-ge f or o r ders u n der $ 10.00 . A dd 6% sales ta x o n a ll pa r ts RAM 65 (250n s) $390.00FLOPPY DISK CONTROLLERS 
del lve l'eCI In Califor n ia. D isco u n ts av dl lable a t OEM quan tit ies. RAM 658 (45Dns) $350.001771 BO I $39 .95 

1791 $49 .95 32K Stat ic 
AssemDled & Tested : KEYBOARD CH IPS WRITE FOR OUR FREE CATALOGAY5- 2376 $13.75 250ns $795 .00

AYS.3600 $13.75 A l l prices su bject to chang e w i thou t not ice. 450ns S7.25 .00
M M 5740 $18.00 250ns Kit $575.00 
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MEMORY The module is organized as two 4 K 
byte arrays which can be independently 

Full Size Floppy Disk 
Memory Com pletely Assem bled 

.. ~ 

"' " Ill " " \\ 

Programmable Memory Board 
for M6800 

The SM E6808 is an 8 K byte by S bit 
low power static programmable memory 
board for microcomputer systems which 
utilize the M6SOO bus structure. The 
fully assembled and tested memory 
board operates from a single 5 V power 
supply and is avai lable in versions with 
either 250 ns or 500 ns access time. 

located at any 4 K byte boundary in the 
64 K byte addressing range of the sys­
tem. Base addre~s selection for each 
array is made via on board jumpers. 
Sw itches provided on the board allow 
se lection of a read only mode of opera· 
tion for each of the 4 K byte arrays . This 
permits the user to simulate read only 
memory for software development app li­
cations, or to protect data from being 
overwritten during program execution. 

Slow memory circuitry can be pro­
vided with the SME6S08 module. This 
option permits the 500 ns board to be 
used in app lications with high speed pro· 
cessors or protects investments In mem· 
ory as high speed processors are added to 
existing systems. 

The price of the 500 ns board is 
$324.95; the 250 ns version sells for 
$399.95. S low memory circuitry is avail­
able for either version at an additional 
cost of $10. UI tra low power modules 
are also available. <;;ontact American 
Technologies, POB 23001, Rochester 
NY 14692. • 

Circle 633 on inquiry card. 

Discus I is a full-size floppy disk 
memory for 5-100 systems using the 
8080 processor. The Discus I is sold as a 
complete system, assembled and tested, 
with all required hardware and software. 
Hardware included in the Discus I sys­
tem includes a Shugart 800R full-size 
disk drive fully mounted in a custom, al l 
metal cabinet with an independent pow­
er supply; a Disk jockey I S-100 con­
troller with a capacity for seven addi­
tional disk drives; and al l necessary cables 
and connectors. 

The controller offers an on board 
serial input and output (10) port to 
which all system software has been inter­
faced. The 10 routines can then be modi­
fied with the included system software 
at the user's convenience. 

Software Inc luded features an inte­
grated Disk/Ate system containing most 
utilities: disk operatin& system, file 
management, system debugger, text 
editor, batch processor and SOSO assem­
bler. Also included .is BAS IC·V,a virtual 
disk BAS IC with the ability to address 
up to 2 M bytes, and to accommodate a 
wide variety of data types including 
string-oriented arrays with an un limited 
number of dimensions. Also included arc 
patches for CP/M. 

The Discus I system sells for $995 
plus tax and handling. For users wishing 
to supplement the Discus I sohware, 
several extra cost options arc ava ilable. 
CP /M for Digital Research is available for 
$70. Microsoft Extended Disk BASIC for 
$199 and Disk FORTRAN for $349 are 
also availab le. For further information, 
contact Thinker Toys, 1201 10th St, 
Berkeley CA 94710 .• 

Circ le 632 on inquiry card . . 
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Memory Board for S-100 Bus 

PCE Electronics has announced the 
16/4+1 erasable read only memory and 
programma ble memory board for lhe 
S-100 bus. This board features accom­
modations for up to 16 2708 1 K word 
by 8 bit erasable read on ly memory inte· 
grated circuits, addressable in four sepa· 
rate 4 K byte blocks. Any block may be 
addressed on any 4 K byte boundary in 
memory and any of the 16 erasable read 
only memory sockets may be disabled. 
The erasable read only memory section 
is capable of genera ling zero to four wait 
states. 

The programmable memory sectio n 
of the 16/4+1 utilizes eight 21 L02 1 K 

Memory Board with Vector Jump 

The MB-SA memory board , which 
uses 270S erasable read only memories, 
is fu lly buffered, has reverse voltage 
protection, and includes vector jump 
capabilities which enable the user to 
jump to any 256 bit location on the 
board. 

Features of the new board include 
magic mapping, which automatically 
disables any socket with no read only 
memory insta lled, allow ing th e use of 
additional programmab le memory. The 
board does not require the use of a front 
panel. Just reset and go. Th e MB-BA is 
plug compat ible with all S-100 bus main­
frames and has dual-in-line package 
(DIP) switch selection of eight wait 
states. 

The price of the MB-SA is $95 from 
SSM, 21 16 Walsh Av, Santa Clara CA 
95050. • 

Circle 634 on inquiry card , 

by 1 bit static programmable memories. 
The 1 K byte block of program mablc 
memory is addressable on any 1 K byte 
boundary in memory. Either 250 ns or 
450 ns programmable memories arc ava il­
able with th e board. 

Other features of the board include 
complete bu fferi ng , solder mask, si lk 
screened component location diagram, 
sockets for all integrated circuits and 
comp lete documentation . 

The price for the board in kit form 
is $ 130, or $155 for an assembled and 
tested board. The 250 ns program­
mable memory circuit is $5. For more 
information contact PCE Electronics, 
4782 Dewey Dr, Fair Oaks CA 95628. • 

Circle 635 on inoulry catd. 



ITHACA AUDIO 

THE OEM MARKETPLACE 


IAExpands

S-lOOLine 

Video 
Display 
Board 
Featuring a full 128 upper/lower case ASCII 
character set stored in a 1K buffer memory. 
Easy to read 16 line x 64 character format can 
be displayed on an inexpensive video monitor 
or a modified TV set. Includes a TTY software 
driver. Add our powerful K 2 FOOS to create a 
versatile operator console. 

$25.00 

Disk 
Controller 
Board 
Controls up to 4single or double sided drives. 
Data protect features include automatic 
disable of write-gate during power-down for 
data integrity. Supported by a reliable 
software package, K 2 FOOS and complete
diagnostic documentation. 

$35.00 

K2 
Operating 
System 
Power full disk software in the DEC tradition. 
Includes Text Editor (TEOJ, File Packf!JJe (PIP),
Oeb1rnger CHOTI , Assemb er (ASMBLE)
HEXBlN, 1COPV, System Generator (SYSGEN). 
Command syntax follows Digitals OS-8 RT /11
format. First in a family of high level software. 
Soon to be released, FORTRAN & Pascal 
Compilers. 

$75.00 

Field-proven 
reliable engineering 
Over 10,000 boards worldwide prove Ithaca 
Audio provides the quality and reliability you
demand. 

llh1c1 Audio Bo1rdl are fully S-100 
compatible, featuring gold edge connectors 
and plated-through lloles. All boards (except
the Protoboardl llave fully buffered data and 
address lines. DIP switch addressing, solder 
mask and parts legend. 

Z-IMJ CPU Bmd Most iiowerful 8 bit central 
processor ~~ailable . Featuring power-on­
1ump. prov1s1on for on-board 2708. Accepts 
most 8080 software. $35.00 
BK Static RAM 801rd High speed static memory 
at the lowest cost per bit. Includes memory
protecl/unprotect and selectable wait states. 

$25.00 
2708/2716 EPROM BDlrd Indispensable for stor­
ing dedicated programs and often used soft­
ware. Accepts up to 16K of 2708's or 32K of 
2716's. $25.00 
Protob_oard Universal wjre-wrap board for de­
veloping custom c1rcu1try. Accepts any size 
DIP socl<et. $25.00 

RAM! 
32K for $359. 
Ithaca Audio is now stocking the Mostek 4115 
add-on RAM for S.O.'s Expandoram. Buy their 
basic board, 32K of RAM from us and SAVE. 

S.D. SALES Expandoram board $199 
Ithaca Audio 32 4115's @$5.00 ea. -1§Q. AUDIO 

32K Only S359 P.O. Box 91 

C> 1978 ITHACA AUDIO 

Mass Storage at 
Incomparable 
Prices. 

IthacaAudio 
FloppyDisk 

• 	Up to 250K bytes, single sided 
• 	Up to 500K bytes. double sided 
• 	Data protect 
• 	Powerful software operating 

system includes 8 utility 
programs, text editor. 

Add the capacity offull size disk to yourS-100 
microcomputer. Controller, Disk Drive. and 
Software available separately. 

Memorex single sided 
550 Flexlble Diak Drive 
Memorex double sided 
552 Flexlble Diak Drive 
Diak Controller Board 
K2 FOOS Available on a· 

S630. 
S35. 

floppy disk w. manual 175. 

Quality Components 

ZILOG Z-80 $19.00 
ZILOG Z-80A 23.00 
INTEL 2708 11.00 
FAIRCHILD 2102 LHPC 1.60 
FAIRCHILD 2102 UPC 1.35 

IMSAI 8080 Kit with 22 Slot M.B. 

$560.00 
plus $10.00 shipping. 

HOW TO ORDER 
Send check or money order. include $2.00 shipping per order 
N.Y.S. Aesidenls include tax . 

~~~~~~~~~~~~~ 
For technical assistance call or write to : 

IJHACA 

Ithaca, New York 14850 
Phone: 607 /257-0190 
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PERIPH ERALS 

Add Hard Copy to Your 5-JOO System 

/. .. 
., \ 

This new Selectric input and output 
(10) writer interface, called Typeaway, 
offers an easy, economical way to add 
hard copy capabilities to an 5-100 sys· 
tem. Typeaway is a complete package of 
everything required to interface a model 
731 or 735 10 writer to an 5-100 com· 
puter. The to tal package includes: a 
single S·100 compatib le printed circuit 
board with so lenoid drivers; 10 ports; 
complete software In programmable 
read onlv memory; all the cable and 
connectors needed to connect a Selectric 
to Typeaway, including a 50 pin A con· 
nector; and a versatile DC power supply. 

Typeaway can be adapted to work 
with any factory version of a Selectric 
10 writer. Software supplied in two 
1702A programmable read only mem­
ories is all that Is necessary to operate a 
Selectric 10 writer as either an input or 
output device. All control functions 
and code conversions arc program med in 
the board's firmware . 

The tested and assembled versio n is 
priced at $350 and a kit version sells for 
$275. For furthe r information contact 
Micromation Inc, 524 Union St, San 
Francisco CA 94133. • 

Circle 570 on inquiry tard. 

S-100 Expansion for Commodore's PET Computer Fo rethought Products, POB 8066, 
Coburg OR 9740 '1 has announced a 
PET to S-100 interface and mother­
board named Bctsi. Betsi is a single 
circuit board that co ntains all the 
necessary logic to int erface S-1 00 
boards to the PET. 

The board allaches direct ly to 
PET's memory expansion connecto r 
and provides both interface logic and 
four S-100 slots on a single compact 
circuit board. Betsi operates with any 
S-100 power supply and doesn't inter­

fere with use of PET's para ll el or IEEE 
ports. 

In addition to its compatibility with 
most available S-100 boards, Betsi has 
an on board dynamic memory contro ll er 
which allows it to be expanded to 32 K 
bytes witl1 a si ngle S-100 card. 

The kit (which includes one S-100 
connector) is priced at $119. $165 is 
the price for the assembled and tested 
board (which includes four S-100 
conncc tors). • 

Circle 606 on 1nquirv card . 

DEC VT-52 Com patible Video 

The Elite 3052A video terminal is a 
buffered VT-52 compatible terminal 
with a single page video memory. It of­
fers formatting capability, eight levels of 
screen enhancements, and a detached 
keyboard. 

The terminal displays 1920 alpha­
numeric characters in a 24 line, 80 char­
acter format and offers a series of fea­
tures for VT-52 users that includes: an 
unmatched range of operating modes; 
host control of block transmit function 
in local or remote environment; com­
munications flexibility through switch 
selectable EIA or 20 mA current loop 
interfaces; buffered support of host-to­
printer data transfers; ten user fu nction 
keys; 8 level video, which requires no 
memory address space; and 15 data 
transmission rates, up to 9600 bps, 
selec table from keyboard. 

T he Elite 3052A is priced at $1700 in 
single quantities and $1360 in quantities 
of 100. Write to Datamedia Corp, 7300 
N Crescent Blvd, Pennsau ken NJ 0811 O. • 

Ci rcle 607 on inquiry card. 
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tfn of Memory and Video Driver on Eprom assembled ,'

J V• kit $ 19995 and tested ~339.: 	 ~ 

OPTIONAL: . Sockets $10.00. 2K Memory $30.00 . 4K 
Memory $60.00 • Video Driver Eprom $20.00 • Text 
Editor Eprom (Includes Video Driver $75.00) 

S-100 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, Bl inking Characters. 

Display: 128 ASC 11 Characters 64 x 32 or 32 X 
16 Screen format (Jumper Selectable) . 7 by 11 Dot 
Matrix Characters. 

. ~r 

: 11, 


American or European TV Compati­
ble (CRT Controls Programable) 

Dealer Inquires Invited 

rB!!T!bfll!lilflffe&rfliK&fD 

15 MHZ DUAL TRACE 

Portable 
Scope 

BIG PRICE$ 399e 

MODELM ~21~......~.--.;;~:S -~ 5 
• B.attery or A.C. Operated • External and Internal Trigger 
• Time Base-.1 m Sec./Div. Into 21 Calibrated Ranges• 
3% Accuracy • Input Impedance 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 5/31 /79 

MS-15 Single Trace Scope $299. 

f~h 31/2 DIGIT DMM 
~Wil' LCD Readout 

SIZE: 1.3" H 2.7" W 4.0" D 

• 	.5% Accuracy • AC-DC 

1-1000V •Ohms 1K-10M 


• 	Current lmA-1 Amp 
• 100% Overload Protection 
OPTIONAL:• Leather Case $20.00 
• NiCad Battery and Charger $16.00 

• 3.5 LED DIGITS 

Pane/Meter 
• .5% Accuracy 
• Voltage Range 

MODEL LM-350 

$ f3995 

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 II 1/0 Board Kit 
Plugs into Slot of Mother Board 

• 1 8 Bit Parallel Output Port (Expands to 3Ports)•1 Input 
Port • 15mA Output Current Sink or Source • Can be 
used for peripheral equipment such as printers, floppy 
discs, cassettes , paper tapes, etc . • 1 free software listing 
for SWTP PR40 or IBM selectric . 
PRICE: 1 Input and 1 Output Port $49.00 

1 Input and 3 Output Ports $64.00 
Dealer Inquiries Invited 

SHIPPING $3.50 I California residents add 6% sales tax 

ELEClRONICS WAREHOUSE Inc. 
15820 Hawthorne Boulevard VIS4' --0-1000V 	 Lawndale, CA 90260 

• Power: + 5V 200mA MODEL PM-349 	 (213) 370-5551 
• Auto Zero • Update Rate: 3 Rdg. I Sec. 



Circle 313 on inquiry card . 

HOBBYISTS! ... EXPERIMENTERS! ... ENGINEERS! ... 't•___Jr ™*)YOU NOW HAVE A NEW HOME... BY MAIL! 
100 MHz 8·DIGIT RIEOUENCY SURPLUS BARGAINSCOUNTER 
l>IJ Accuroey '1 Sll<lJ CJ Feld Fully CIU10tn311C. rugged COLOR R.F. MODULATOR. Use 12 VOLT BUZZER Very loud. 
• Measu•e 20 Ht-100 HL ~no opcri!.tes llom sti1n )'OlJtelevislmasav0eo"""""' Ideal lor alarms. mii1ca1<MS and

New Logic Probe Kit 
finill ly .. ii low cost, e.asy lo build probe kit w1tr1 PfOless1onal 
1ealu1es.. This. lne•pcnsive piobe includes seoa1a 1ely duven 
hlyh, low and pulse mdtcalor LEDs: 0.3 Meg tnpul impedance . 
mput overlo3d p101ectlon: pulse s11e1chlng and lndicanon let 

from pul!ic.s as lasl as JOO nano$econds; teve1se voftage pio1ec1100: 

CON TINENTAL SPECIALTIES CORP. ~1'.019 ~~:.:.r..~·~·~~~~:i~~01~ 1:~~. ~:'~~~~~,:'1'v 
The LPK·1 only S19.95 and ••l•abohty 

OUR BEST BUY IN BREAOBOARDS 
on ly S2.75 
EXP 325 

on ly SS .SO 
EXP 350 

11 
·:==")·---­ · 

LOGIC MONITOR 
tns1a.ntJy monitOf logic slate ol 
all IC nodes s.1mullancouslv Chp 
1tae LM 1 onto aoo 14 Of 16 pm 
DIP IC Fas1eo lhan a scope. 
sa lC!t ll)an ii vollmcler. you 
navt iiU1 ins1ant display ol the 
stahc and clynam5c logte s1a1es 
ol e11ery node. Requi1es no ba l 
rcries.. lnpul impedance I001<. 
ohms. mput thre shQ!d 2 V_--_.-_.. 

LM 1 SH.96 

eeoov and eeo1 -1 

9ua1anteed. and berter 
lh•• SOD Mii! with W­
l1onal Prcscaler 

• Easy rcadmg w1m a 0 6 ·• 
LEO 8 doq11 d"lllay 

• 01rcc1 readou1w11h 1 Hz 
resoluhon 

• Ctvstal timebase acc1.ua1e 
10 3 Pi>'" 

3662 
UNIVERSAL "P" PA TIERN 0.1. P. PLUG BOARD 

UNIVERSAL MICROCOMPUTER/PROCESSOR 
PLUGBOARO 

Made l• om 1116 epory ~ lass. and de\1Qned rm 11 .11.11 pin 
cC111net. 1or on 156 cen1e1~ 

3662 6 S'" •' 5'" $7.95 
3662·2 9 6" • 4 5" S1U5 

Oesigned to use wilh 5-100 bus !he 8800V Includes heat s'nk 
and ha1dware. Ou! 8801 1 is less powe1 bus and heat sink_ 

I 4 
519 .95 
$14 .95 

59 
$11.95 
$13.46 

10 24 
$15.96 
$11 .96 

datd AA. rechargeable AA , 
or AC ad3pUtt Banellcs 
and AC adapter a1e i1Yatl 
able al e:ict1i'\ charge 10 
pnce quoted 

lor compute' ancl olhei uses . 
As.Jcmbled and pre·luned 10 
cou11ert blw or color video lo 
ch<Plel 3 Recµocs 5 -"" 
pow., ,Only $9.95. 

orojects. Onl1 99C. 

MAX 100 $1 34,gs .-, 
PHOD Pmtller ssg.gs '~1 
AC AdJplerlth•rgor SUS ·~ 

"'2""•1,...,,S~PE,..,.A"'KE""A ""!'Pe""'•l'"'ec""'t 1-.. -10"'0""·, -1 

N 0 PUSH0UTION r.lo~e bv 
S1ac por, Camus w11h lar l}e 
knob. wires arid connector lo­
025 square PoSI. Only 21 t. 

ol oro. 

~ 
UTILllY ~EWDRIVER Made 
In USA by Fleel loo1s. Ouality at 
a tow p•i<:e Only 29C . 

16 FT COAX . With moulded 
RCA plug on each end. ldeol lor 
;a udio. 1ttdeo and R F appl1ca 
hons. Only $1 .49 . 

3690·12 
CARO EXTENDER 

The 3690 12 haS I 00 CC>lt.lCIS. 
50 per s•de '>n 125 centefs 
the anache-c conneclor 1$ com 
pa l1blc wtth S 100 Bus 
Syslems 

lhe 3690 •S 6 5" 2214 pon !Ml 

158 ccn1e1 s 
J 6go.12 
3690 

'tr ~. 
8803 

MOTHERBOARD 
FOR S10D 

Low noise, H'!Cludes taP'!C•loe 
and spacer kit Circuitry for ac· 
tl-ve or pass1\•e 1erminatlon. 
Mounts eleven 100 con1acts 
(5·100 type) connec10<s Macltr 
~"" G I 0 epl"f \jass Wllll sotdct 
pla1ed 2 ounce copper and large 
buses 1o• rteavy cuHent com· 
Pilllblo Wllh MIL SID·275 with 
1o•c ..,. 529.95 

' 
' 

J.1·:~~· : 
• I .• ' • 

·~ . . 
- ~ . 
, t·r~•-:::::11 • 
•,. . ,!. __ _ 

SOLOER SPECIALS Chemuonlcs Ooahty S~er 

wan 
Penttl 

Type 
lion 

$4.75 
lmpo<lO<I 

Facrory lresh Ereeeds Mil 
00 s 57 1 
• 60140 (.031121 ga 

'Ii ID $6.34 
• 60140 (.047) tB ua 

'l 1ID SUD 
• :~.1405 lll!Sold"ing T~I 

WAMECO 
' 

THE COMPLETE PC BOARD HOUSE. 

EVERYTHING FOR THE S-100 BUSS 


*FPB-1 FRONT PANEL BOARD 
Hex Displays, IMSAI Replaceable ...... $50.00 

* FDC-1 FLOPPY DISC CONTROLLER BOARD 
Controls up to 8 Discs ............ .. .. .. .. -..... $45.00 

*MEM-1 A 8K BYTE 2102 RAM Board .... $30.00 

*MEM-2 16K BYTE 2114 RAM Board .... $30.00 

*CPU-1 8080A CPU Board 
With Vector Interrupt .. ... .. ....... _.. .. ........ -$30.00 

*EPM-1 4K BYTE 1702A EPROM ·---·-----$30.00 

*EPM-2 16K or 32K BYTE EPAOM 
2708 or 2176 interchangeable ..... ....... $30.00 

*QMB-9 9 SLOT MOTHER BOARD 
Terminated ·····-···············---·· ·· ·.. ····· ··--·-· ... $35.00 

*QMB-12 12 SLOT MOTHER BOARD 
Terminated ................. ... ....... ......... ... .. .. .. . $40.00 

*RTC REAL TIME CLOCK 
Programmable Interrupts .. ..... .............. _$30.00 

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD, 

10 BOARD WITH CASSETTE INTERFACE. 


DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE 

AT YOUR LOCAL DEALER 


WAMEGO INC .. 3107 LANEVIEW DR., SAN JOSE, CA 95137 
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RCA Cosmac Super Ell Computer $106.95 
Compare features before you decide to buy any 
other computer. There is no olller computer on 
the mar~el today that has au the desirable bene· 
ms of Ille Sup er EU tor so llltle money. The Super 
El l Is a small single board com puter rhal does 
many big th ings. 11 ls an excellent compuler lor 
!raining and lor learn ing programming with ils 
machine language and yet rt ~easily npanded 
with 1ddltlonal memory, Tiny Bnlc, ASCII 
Keybo11d1, ~ldeo ch1racler genera11on, etc. 
The Super Ell Includes a ROM monitor lor pro­
gram loading, editing and execution w!U1 SINGLE 
STEP tor program debugging which Is nol In · 
eluded In others at the same price. Wilh SINGLE 
STEP you can see the microprocessor chip 
ope rating with lhe unique Quest address and 
dala bus displays before. during and after 
e~ecu11 ng Instructions. Also , CPU mode and in­
slructioncyclearedecoded and displayed on nine 
LEO indicator lamps. 
An RCA 186t video graphh;s chip alfo·Ns you lo 
connect lo your own TVwilh an Inexpensive video 
moo ulator 10 do graphics and games. There Is a 
speaker system Included lor wriling your own 
mus ~ or using many music programs already 
wrilten . The speaker ampi tier may also be used 
to drive relays for control purposas . 
A 24 key HEX keyboud Includes t6 HEX keys 

Super Expansion Board with 
Th~ is tr~ anasloundlng value! This board has 
been designed to allow you to decide hOw you 
want ii oplioned. The Super Elpan1ton Board 
comes with 4K ot low power RAM tulli address­
able anywhere in 64K wilh built-in memory pro· 
tect and a caueHe tnlerf1ce. Pro \lisions have 
been made !or all other options on the same 
board and It fit s neaily Into the hardwood cabinet 
alongside the Super Elf. The board includes slots 
for up to 6K or EPROM (2708, 2758, 27t6 or Tl 
27 t6) and is fullysocketed. EPAOM can be used 
lor lhe monllor and Tiny Basic or other purposes. 
A IK Super ROM Monllor $19.95 Is available as 
an on board option In 2708 EPROM which has 
been preprogrammed with a program loaderI 
editor and error checking multi Ille cassette 
read/write software . (relocatible cassette file) 
another exclusive lrom Ouesl. It includes register 
save and readout. block move capabllily and 
video graphics driver with blinking cursor. Break 
points can be used with the register save lealure 
Jo isolale prog ram bugs quickly , then follow wilh 
sing le step. The Super Monitor Is wrillen wllh 
subroutines allowing users lo take advanlage al 
monitor functions simply by calling them up. 

Auto Clock Kit $15. 95 
DC clock w~h 4- .5o· displays. uses National 
MA· IOl2 module wnh alarm option. Includes 
light dimmer. cryslal tlmabasa PC boa ids. Fully 
regu~led . comp. lnstrutlS. Add S3.95 for beau­
tiful dark gray case. Besl value anywhere. 

RCA Cosmac VIP Kil $229.00 
Video computer wllh games and graphics. 
Fully assem. and tesl. S2C9 .00 

Not a Cheap Clock Kil $14.95 
Includ es everyth ing excepl case. 2-PC boards. 
6- .50. LEO Displays . 5314 clock chip. lrans­
lormer. alt components and lull instructions . 
Orange displays also avail. Same kit w/.80" 
dlsploys. Red only, $21.95 Case $11.75 

60 Hz Crystal Time Base Kit $4.40 
Olnvens digilal ctockS lrom ACline frequency 
to ciystal lime base . Outslanding accuracy. Kil 
includes: PC board , IC . cryslal. resistors , ca­
pac~ors and trimmer 

plus load, reset , run, wall, Input, memory p10­
feet . monllor select and &Ingle step. Large. on 
board displays provide output and optional high 
and low addren. There Is a 44 pin standard 
connector lor PC cards and a50 pinconneclor lor 
lhe Quest Super E.tp1n1lon Board . Power supply 
and sockets lor all IC's areIncluded in lheprice 
plus a delalled 90 page lnstruelion manual. 
Many schools and unlvershles are using the 
Super Elf as a course ol study. OEM's use ii lor 
!raining and research and development 
Remember. other computersonly otler Super Elf 
leatures at add~ ional cost or not al all. Compar1 
before you buy. Super Elf Kit $106.95, High 
addreu option $8 .95, low addrus option 
S9.95. Cualom C1blnet with drilled and labelled 
plextglass front pan el $24.95. NIC.d Battery 
Memory Saver Kii $6.95. All kits and options 
also come completely assembled and tested. 
Ouesldata, a I 2 pagemonthly software publlca· 
tionfor t802 compuler users Isavailableby sub· 
scription for St2.00 per year. 

Tiny Basic for ANY 1802 System 
Cassene $10.00. On ROM $38.00. Super Ell 
owners, 30% ott . Object code !Isling with min ­
ual $5.00. Object ll1t, m1nual ind paper t1pe 
$10.00. Orlglnel ELF Kil Board $14.95. 

Cassette Interface $89.95 
Improvements and revisions are easilydonewtth 
the monitor. II you have the Super E.tpanalon 
Board and Super Monitor the monilor is up and 
running al the push ol a bunon. 
Olher on board opbons include P1rallel Input 
and Ou(jlut Porll with lull h1nd1hlke. They 
allow easy connection or an ASCII keyboard lo the 
l<l pul port . RS 232 and 20 ma Current loop !or 
1e1e1ype or other de\lice are on board and ii you 
need morememory there are two S-1 00 slots for 
static RAM or video boards . AGodbout BK RAM 
board Is available tor Sl35.00. Also a 1K Super 
Monitor version 2 with video driver lor lull capa· 
bility display with Tiny Basic and avideo Interface 
board . Parallel 1/ 0 Ports $9.85, AS 232 $4.50, 
m 20 ma l/F $1.95, s-100 $4 .50. A 5(1 pin 
connector set with ribbon cable is available al 
5t2.50 lor easy connection between U1e Super 
EU and the Super E.tpanalon Board. 
The Power Supply Kii !or the Super Expansion 
Board ts a 5 amp supply w~h mulliple pos~lve 
and negative voltages 529.95. Add 54 .00 for 
shipping. Prepunched frame SS.00. Case 
$10.00. Add SI.SO for shipping. 

Digital Temperature Meter Kit 
Indoor and outdoor. Swilches back and lorth. 
Beautllul, 50" LEO readouts. Nolhlng like it 
available . Needs noaddrtlonat parls for com ­
plete . lull operation . Will measure - 100' to 
+ 200'F, tenths of a degree, air or liquid. 
Very accurale. S39 .95 
Beaudtut woodgrain case w/beze1 $1 1.75 

NICad Battery Fi xer/Charger Kit 
Opens shorted cells lhat won't hold a charge 
and then charges them up. all in one kit wnull 
parts and Instructions. $7.25 

PROM Eraser Will erase 25 PROMs In 
t5 minules. Ultravlolel. assembled $34.5(1 

Rockwell AIM 65 Computer 
6~2 based single board with lull ASCII keyboard 
and 20 column thermal prinler. 20 char. a~ 
phanumeric display, ROM monitor. fully expand· 
able. 8375.00. 4KAssembler 585.00. 8K Basic 
lnteJpreler $100.00. Power supply assambled 
In case S60 00 

TEAMS: 	S5.00 min. order U.S. Funds . Call! residents add 6% tax. 
BankAmericard and Master Charge accepted . 
Shlppfng charges will be added on charge cards. 
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Sameday shipment. First line pans only. 
Faclory tested. Guaranteed money back . 
Quality IC'sand oilier components at fac­
tory prices. 
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MuIll-voltage Computer Power Supply Stopwatch Kit $26.95 
Bv 5 amp. :: t 8v .5 amp. Sv 1.5 amp, - av Full six digil battery operated . 2- 5 volls . 

.5 amp, t2v .5 amp, - t 2 opllon. = Sv , = 12v 
 3.2768 MHz cryslal accuracy . Times lo 59 
areregulated. KttS29.95. Kil wllh punched frame min.. 59 sec., 99 l/100 sec. Times sld ., spl•I 
S34.95 . Woodgrain case St0.00. and Taylor. 7205 chip, alt components minus 

case. Full in struclions. 
Video Modulator Kit $8.95 

Convert your TVset into ahigh quality monilor 
 Hickok 31/2 Digit LCD Multimeter 
without affecting normal usage. Complete kit Batt/AC oper. 0.1mv- 1000v. 5 ranges , 0.5% 
wilh Jul Instructions. accur. Resistance 6 tow power ranges 0.1 

ohm-20M ohm. OC curr. .Ot 10 tOOma. H3J1d 
2.5 MHz Frequency Counter Kil held, l'z" LCO displays. auto zero, polarily. over­
Complete kit less case $37 .so range. $74.95. 

30 MHz Frequency Counter Kit 

Comptele kit less case $47.75 
 S·100 Computer Boards 

Prescaler kit 10 350 MHz $19.95 
 BK Slallc RAM Kit St35 .00 

16K Static RAM Kil 265.00 
79 IC UpdateMasler Manual $3500 24K Static RAM Kit 423.00 
Complete IC data selector , 2500 pg . master ref· 321< Dynamic RAM Kit 310.00 
erence guide. Over 50.000 crossrelerences. Free 64K Dynamic RAM Kft 470 .00 
update service through t979. Domestic postage 8K/t6K Eprom Kn (less PROMS) $89.00 
$3.50. Foreign S5.00. I978 ICMasler closeout Video Interface Kit $139 .00 
$19.50. Motherboard $39. Exlend&r Board $8 .99 

FREE: Send for your copy ol our NEW 1979 
QUEST CATALOG. Include 28(' stamp. 
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and 
save 
over 

$10000 

Introducing the 
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C 	 FASTER DRIVE 

lor TRS-80). 
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·80 
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Read this 

Vista VIO Mini Disk System 
23% MORE STORAGE CAPACITY - Increases your usable 
slorage capac11y 23% from 55.000 lo 67 .800 bytes on drive one. 

- Eleclrornca lly equa l 10 lhe TRS·80 Mini·D1 sk System , bul 
up lo 8 ti mes fasler (Track·IO·lrack access in 5ms for the V80 versus 40ms 

DOES NOT VOID TRS·80 WARRANTY - V80 also has 90·day warranty. 

0 	 HERE'S WHAT YOU GET: 
Minilloppy disk drive/Power Supply/Regulator board/Compact case 

Da°UBLE DENSITY FOR DOUBLE STORAGE - The V80 wi ll 

work with the Vista double·dens11y eYpans1on unit when ava ilable. 


CJ 	 SHIPPED TO YOU READY TO RUN - Simply take 1t out of 

lhe box, plug 11 in and you ' re ready lo run 


PLUS MORE GOOD NEWS- Vista has a new support team, new address, new 
telephone, and a new owner. Vista is now part of Advanced Computer Products. 

ALSO AVAILABLE FROM THE NEW VISTA. 	 · Special 
Vista V-200 Double Density Min i Floppy System with S-1 00 Controller, CPM on 5 '/4' ', Introductorypower supply & case . .. .. .. . ..... . . ....... . ............... ...... .. . .... $699.00 
Vista V-2 50 Dual Shugart 8" Floppy System with S-100 Controller, CPM, BASIC "E", Price: 
power supply & slim line case .... ....... ..... ... . ..... . ...... . ... . .. . .. $2199.00 

Vi.tta----.... 
Vista Computer Company 

1320 E. St. Andrews Place, Unit I 

Santa Ana , CA 92705 

(714) 751 ·9201 

TWX 910·595·1565 
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I -A COVSrlC COUPLER -Tb/1 tJrf9tn•t~ only COVJ)1" MIS'°' 

I 
11unuf.rcturt'd uJ/t! In T,J, 135 
dlltw termm•I. It i.1 compa tlbk with 
8•11 103 M1d I 13 tNta JltltJ or tM 
«l!Jf'nl~nt. Tilt coup/&' ops.tttf -• ~rchtf)ltt)uJly 10 . 11 ~ of 300 bwd 

in lhl! lulf dup4:11 modi. (H•" df.JpMx rnock F1 ••si/y «quitwJ 
try 11ddinv on. 1N914,J All a/gt11I ou rpul'J .,. comp.Uibt. wi th 
rn. Tranimit frfil, Ii t270lu. for nwk Md 1070fu, for 

t.p.KCt. R1tOttwe freq, ft 1125hr. for matk .nd 2025hr. for 

I 
A/»tll. Unit rttquifn !.12 volu Mttl t5 volts for 0~1"i<Jn: . 
OJmpiet• with Jdtltn4ric .,,d •II Pf!rlintnr lnlonmrlon. Fully 
r«onrii1ion«I. at1IY•tttd, 1111d gwr;,n~. 

RS232 to TTL to RS232 C'OflW!'siOll k i t S&.50. l1PCl1Kk.1 P.C. 

TOP QUALITY, 

LO-COST SPECIALS 


Order by C.11 No.Jnd de cription. 
C~INo. 

nu DATA CASSETIU. 10 min, . , .. • . ••• .• • , •• , , •• . , ..• , 1..00 
1147 OISkITTl, SK." wfl M!<tor. fRS·BO . .•. , . , • . • .•. . ... .. . J.lS 
112• SOUND ACTIVATlD SWITCH. "o~ .. .. , ....... •. .. , .. , .SO 
17l6 UNE CORD~ '18, l<ond w/ plug. •.. . , ••••••.• , •• . ••. .lS 
1011 Vuf TANTAlUM. l OV.ui.11 • ......... •. • ...••. . ....• .IS 
1011 11 uf fANTALUM, IOV 4•Ll l • •. .. ..... .• . .• , ••• . •.••• .15 
IOU llul TANTALUM,.lSV •WL . . . , . .• .. •.•. ...•• , . ••.• . .JO 
1007 UV TIANSfORMER. JOOmA. PC mounl . ••••.. .. • , •• .•.• .15 
IDl 1..U14' SWITCHING Ol0Dl5. luR lud ..... . , ..... '15 lo r I.OD0

nun TIXASINST. TTLDATABOOK . .... ..... .. .. , . . . .. . .. US 
lllOl-l 2~n\t'C 11l02 A.AM . • , • ••• •• , , , • , , •• , , •• , • , •• •• , • I.SO 
llLOlN-1 6J OnH•< lllOl ltAM. , •.• , . , , •. , •• , . . • , • . , •• ... , .• , .85 
1191 8 POS ROCKER DIP SWITCH ......... , •• , . • • . . • . . . , 1.95 
1299 HOS IOCXH DIP swnOt . . . . . . . . . . . .. .. ' . ...... lllS 
1010 1ooour lSV upritr up . . .. . .•..• , .. , .. , • , .• .. •...•. ..20 
1156 TlS-8016KMfMOllY ADO-ON KU.• , • ••••• •• , •••••• 'JS.DO 
1199 TllS-lll PtUNlElt INTHfAQ ... .. ..•.. . . , . .•• • .. . •. J.00 
12lS Y RAEOOUTS, MAN 14 rqu.l ( S?4R)..••.••• , • . • • • . • • .15 
m 7 u "N SOLDlR TAILSOCKns • ••• ' ••.•• •. •• . ••.••• • • ••19 
1117 1' rlN SOLDfRTAIL SOCKETS . •••••.. , • ..••• • .. .••.• . .20 
1117 }<I P'IN SOLOERTAll socxrrs...... . . . .. .. ....... . . . . .Jfi 
1001 IN..001,. SO\' IA RECTlrtER.•• , •• , . .... , .. , • , , • , 20 fot 1.00 
IOtl S.IV 1WATTZENll. • ,,, , .,, •..• ,., . . ,.,. , .,. 1CI lot 1,00 
1011 nv I WATI ZENEI ••. . •.•••.•••.• ' ..• ' • . ' ••• 10 fot I.OD 
10:14 UAMP, IOOPIV •'ILOCIC'"lltl>G( •• , ••• , ••• , • , ••• 1.50 
UIJ SOlOCllNG ~ON. p~<il lypt', lOW •• , • , • •• •••••• , •• J.i;.o 
1020 47ur· 6..'.IV upntr lylK •• . .••• • .. ••• . , ••• ••. •• , , , , •• 1.00 
1020 2.'J:uf, 2SOV••·6.al fyUc ••••••• • ••• • •••• , ••••••• , , •• . ••• IS 
1167 .ao CONO RIBBON CABU pt"f foot . . . . . . .. . •...•. . .• .so 
1160 104 KIT, 2 p.114Qel t 2 ~ri41 pon11 .... . . . .. , .....•.. 140.00 
1087 PROMn:OGIA..w.1.lR 2708F16. flom0AC ..•• , •..••. l1i.QO 
11S4 SHUGART ML"lllFLO,,Y OllV(. SA... oo .•. • . ••• . .• .• •. 17$.0D 
1011 S' IUAOOUf. CC, rNO.SOl.•. ..•.......... • • . .• .. . . ).S 

RS.232 CABLE 

1 C.ondcKtOt" 14GA. ~fJon w1'1/I br•id 
:Jhr.HJ Ml</ whir~ PVC j«k•t. f:t/l6"'di11.. I 

5()' f"r Sl4.95 t()(}' for $25.00 

K't'NAR WIRE WRAP WfRE 

Solfd dlvttr pf•tfld 30AWG •~·1•lJltt in 
blu~. rHJ. black. yellow, frttn. or whirr. 
100' rpooJ,..........._ ..,._, ___........- ... ...l'l.50 
5()()' spool.... .... ........ .............. - .... ......S5.95 

I{)()()' q1001....- ............... ........ ....~•.•.••S9.95 


HOOK- UP WIRE 

A.11:1Jl:1()/• In blw, r•d. whfrtt, bid, gray, 
Vffn. ytllow, oranpitt, or 11iole1, f11t:1nd«J 
PVC) 
22 GA............... 200' roll........... ......$3.50 
22 GA....... ........ 1()()0' roll........._, ,,.Sl2.50 

Ci rcle 20 on inquiry card. 

..D··-··-··ii.. SUBMINIA TURE CONNECTORS 
IRS-232 T't'PEI 

0815P... ............1n11J._,_,_____.......S29S 
0825-S...............1....1. ................$3.50 
DBC25-P...... righ t angt. nu¥......$4.95 
AMP hood...................................$1.50 

OCJ,.P.,__..__..IPUllfl.......~·· · ·· ..···SJ.75 1 
DC3l·S. ......... .....f•""~.................S4.50 

II 
1 
I 

••I
DDSO.P._..........nuk....................S.l.SO 
0050.S.._.••,_.. f•m. ftl............­.. S5.15 
Sarw lock ns.mtJI>/ Cinch 0704'10....,__, $.50/p~;,. 

~M xnw ,,,.,n., Amp 2059lJO. l _,,.......S.50/~ir 

F~m11!e .cnw AQoc.l •'J:Sltmb/r Amp 2058"·1...S.SD/f»ir . 

TV CONNECTOR f<W ••
Cinch loMJ 2RP-2. Ra1«J 115V JA, . 
U•d H Input volt~ conn.c;tor tor , 
rv #U 10 FOR Sl.50 IT 
2RP ·3 , 3-pln 1'f!ftion of 1/Jovc!. 10 FOR Sl. 15 

SCREW TYPE TERMINAL ~ 
fth•I for 1rrnv or TV conntt: ror. ~ 
1·318"' mounring ct/'J. 201$1.00 100/SJ.95 -• 


TRS-80 SOFTWARE 
C.1No ll<Kolptlon CASSETTES Pri<• 

1091 SARGON oms. •........ . ........ .... . ......... 19.95 
1041 STAii! TR(J(. D•• • , , •••• , ••• •• • •• •• • , • , ••• , • , • , , • • 1...IJ i 
IOl& SCI fl GAMUAMl'lll. l/D.. , . .. .. . .. .. . . , .. , • • , •• , , S.95 
1041 TAROT ll U••••••••••••••• , ••• . , , •.• , • •• , • •• , •• • .S.9S 
U79 CIUllAG£ Ill.••••... .. •...... , ••••••• , , ••••..•. 9.9S 
1192 ....Al TlMElUNAI lANOIR ll • . •• ,. , , • . •• , ., • •• , •• .• 7.,i 
1195 BRIDGE CHALUNGCR n.... .... ..... , ........ .. .. . 14.95 
113Ct Allll lllAID va. . ... ... . .. . .. . .. . ... ..•.. .. . .. . . .. 14.95 
114'7 PllOTl/ 11 .•....... ...•• •• •• •• •..•.•• . ••••. •... 14.95 
1047 OlHlllO l/ n ••.• • . , • , , • • , •. , •.• . . •• , • •• , .. , . , •. S..9S 
1041 SMALL BUSINlSS IOOkkUPING 1/1. . . • . ••••••••..••• 14.'S 
1051 OAllVllORHYTHMPROGaAM Vll ••.•.•• • •••••••• . • , S.9S 
10ol9 MIOtO "XTtOITOR 11• ................. .. ,... .,. 9.9S 
10111 INVCNTOA'I" MOO\JtAlt VI. . , ..•.... . ........ , .. . , 19.tS 
HSJ fOIT·I0, 1t~ I t'dilor n(nk) .•...• , , • • , • , .• • , • , , ••• , 39.95 

COMPUCRUISE 
only $165 
N•~·• g.illONI compu1t•1 k •t rnubtlr 
uw! re.,tu1e~ c 1u1J.<> ,o,•11 101, fu~·I 
m;mai;leomen 1, 1r1p t u111pu11•1, 
Cl lJl('l / COUnleF \V•rn~ 1c,~\ f"'-'I' 
Com!X"~lt") f\)r ure Mil'. COO\l'l1l 
to mci1nc -14 iur'lt: li-Of1~ ,\\utmU. 
l'ot'llly Of'I tJ.un £.a.w w 11~.id b11t<th1 
bfuc dijl~b \V.th 1n"Jl1.mo n If\ • 
~l r U(bOlbo 

C.I No. 1166 

"LIFT-IT" PC 
DUPLICATING 
KIT $25 
~1~r1y~11~11~:::t~..i·~:: n;:J;~~~~ 
nw1l'r a.1h l\'QU1it1od Xo l-llllt.11.a 
IM'l'.'1:l!'(f' W 11h 1() ~ 1~ .Jl(.'<'l of Mm 
We· ' 10\ I., J11 retil l\! ~\11h !tl~·P"hf · 

$45 


SEND FOR FREE 
SPRING CATALOG 
FEATURING: 

FACTORY llt'..SH. ,R.IMf IC'S, nos. 
• tAOOUTS. RlCflflfll5 , Z.fNf.RS, 
llt$..IO AOD· ON'S, S.-100 :i10AR0S. 
PC AIOS. tt:Sl (QUIP'MlNT. BOOKS. 
SOl"TWARl.ANDMORI! 

OROll IY MAil PHONl 
MAStlRCHAtGt. VISA, COD'S 
OK 1ADOU50 fOlPOST4Gl 
&HANDLING. 
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Circle 230 on inqui ry card. 

'OlllllllllLV CYHllCOllll/IOLIO STATE llllUllC. 

CB·1 8080 ProcHsor Bo.,d. 2K ol PROM 256 BYTE 
RAM po-r on/rut Vector Jump P•r•llel port with 
1l1tu1. KIL. ..... ........$125.95 PCBD.... .. .. .... ...SZ8.95 
MB·8A Basic BKXB ram uses 2102 type rams, S-100 
bu~s. Kil 450 NSEC .. ....$123.95. PCB0......$24.95 
MB·7 16KX8, Slalic RAM uses µP410 Prolect lon, 
fully butlered KIT .... .... .. ......$299.95 
MB·8A 2708 EROM Board, S·lOO. 8K8X or 16KX8 
kll without PROMS $75.00 ................ . PCBD $28.95 
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or 
82S129 PROM kil without RAMS or PROMS $72.00 
10-2 S- t 00 8 bit parallel I 10 port '"-' ot boards Is lor 
kludging . Kil ........ .$46 .00 PCBO.... .... $26.95 
10-4 Two serial II 0 ports with tull handshaking 
20/60 ma current lo op: Two parallel 110 ports. 

Kit ......... $130.00 PCBD ....... .. .... . $26.95 
YB-18 64 x 16 video board. upper lower case Greek, 
composite and parallel video with software. S-100. 
Kit ... ... ...$125.00 PCBO ... .... $26.95 
Altair Compa1ible Mother Board . 11 x 11 'h 
Board only ..$39.95. With 15 conneclors. 
Extended Board lull size. Board only 

x '" "· $94 .95 
.s 9.49 
$13.45With conneclor .. ... . ... ... ... .... 

SP-1 Synthes izer Board S-100 
PCB D. $42.95 

82S23 
82S123 
82S126 
82S129 
82Sl30 
82S131 
MM l6330 

.$1.50 
1.50 
1.95 
1.95 
3.95 
3.95 
1.50 

KIT ... $135 .95 

PRIME SUPPORT 
8080A $ 9.95 
8212 ... . .. 3.25 
8214 .... 6.50 
8224 . .... ......... 3.49 
L2114 (450 NSEC) 7.25 
L2114 (250 NSEC) 7.99 

( wme);nc. WAMECO INC. 

FDC·1 FLOPPY CONTROLLER BOARD will drive 
shugart, pertek, remlc 5'' & 8" drives up 10 8 drives, 
on board PROM with power boot up, will operate 
with CPM (not lnclulded). 
PC BO .............. ............ .. ................. ................ .....$42.95 

FPB·1 Fron\ Panel. (Flnnally) AMSAI size hex dis­
plays. Byte or lnslructlon single ~tep . 
PCBO .................... .............. ..... ...........................$42.95 

~~-1P~~~B fu1_1_y.. bulfere_d_'. -~~-~ -0-~.'...~~-e-~- _2_~ _0_~ 21.~~ 
OM -12 MOTHER BOARD . 13 slol, terminated, S-100 
board on ly . . ... ... ... ........S34.95 
CPU-1 8080A Proce~sor board S-100 with 8 level 
vector interrupt PCBD .... .. ... ....... .... ..... .. $25.95 
RTC ·1 Rea lti me cloc~ board. Two independent In ­
terrupts. Soltware programmable. PCBD .$25.95 
EPM-1 1702A 4K Eprom card PCBD .$25.95 
EPM-2 2708 / 2716 16K / 32K 
EPROM CARD PCBD $24 .95 
OM-9 MOTHER BOARD. Short Version ol OM-12 . 
9 Slo ts PCBD .. ......$30.95 
MEM-2 16K • 8 Fully Buflered 
2114 Board PGBD .. S25.95 
16K RAM BOARD by HWE fully bullered. bank se­
lecl standard 10 IEE buss gold lingers. solder mask, 
plated lhru holes. si lk screened PCBD $25.95 
KLUDGE BOARD by HWE for S-100 glass epoxy 
over 2600 plaled through holes. 4 regulators with 
CAPS all S- tOO functions labeled. gold lingers. 
PCBD . ... .$29.95 

APRIL SPECIAL SALE 
ON PREPAID ORDERS 

(charge cards not Included on this ofter) 

WAMECO REAL TIME CLOCK BOARD. Kit with 
all factory marked parts .......... ........... ............... $54.95 
PCBD ... ......................... .......... ............................. . $23.95 
4K x 8 EPROM . Fully butlered with Intel 1702A. 
Kit ... ....... ... ........ ................. .. ..... ..... ................. .......$74.86 

MIKOS PARTS ASSORTMENT 
WITH WAMECO AND CYBERCOM PCBDS 
MEM-2 with MIKOS /17 16K ram 
with L2114 450 NSEC .. ............ ...... ... ..... .. ....... .$235.95 
MEM-2 with MIKOS #13 16K ram 
with L2114 250 NSEC ..... ... ........... ......... ... .......$269.95 
MEM·l with MIKOS #1 450 NSEC BK 
RAM .. .. ........ .. .... ..... ..... ....................... ........ .. ...... .$123.95 
CPU -1 with MIKOS 12 8080A CPU .... ...... ... . 89.95 
MEM·1 with MIKOS #3 250 NSEC BK 
RAM .. ..... ...... ....... . ... .. ..... .. .. ...... 14•.95 
OM-12 with MIKOS 14 13 slot mother 
board .. .. . ........................ 89.95 

60.95RTC -1 with MIKOS 11' 5 real l ime clock ... ... . 
VB ·1B with MIKOS #6 video board less 
molex connec1ors .. .. ......... . 99 .95 
EMP-1 with MIKOS '10 4K 1702 less 
EPROMS . .. ................. 49.95 
EPM-2 wilh MIKOS # t 1 16-32K EPROMS 
less EPROMS .. .. ... .... ..... ...... . 59.95 
OM·9 with MIKOS #12 9 slot mother 
board ... ... .. .. ........... 75 .00 
MIKOS PARTS ASSO RTMENTS ARE All FACTORY PR IME 
PA RTS KITS INCLUDE All PARTS LI STED AS AEOUIAED 
FOR THE COMPLETE KIT lESS PARTS LISTED. ALL SOCKETS 
INCLUOED. 

VISA or MASTEACHARGE Send accouru number, lnlerDank 
numb f:r e1p11 111on dale and IH~n your ord1r. Appro1 po1t1oe

IM5600 1.50 2102A·2L .... .. .......... 1.60 will b e added Cl'le ck or money order w11I be tenl post p1id in 
IM5603 1.95 2102A-4L 1.25 US ff you 110 no! 1 regu la1 cuslomtr . pl1111 u1e cha rge, 
IM5604 
IM5610 
IM5623 

3.95 
1.50 
1.95 

2708 450 NSEC .... 8.95 
1702A-6 ......... ......... 3.50 
4116 (Apple RAM) .. 12.95 

419 Portoflno Drive 
San Carlos, California 94070 

cash1efs. check or Pollll mone1 order Olherw 1to tt'le re will 
be a 1wo·week dtl•v lor check1 10 clear, C1 tit. tH ldtnl1 1dcl 
6% la• Mone~ blCk 30 day gu1r1n1ee, We c1nrt0l 1ccep1 re· 
1u1ne<1 1c·s the! ha,.ie been 1oldered 10. PrlcH 1ublecl to 

IM5624 3.95 8/89.95 Please send !or IC. X1s1or 
and Computer pans t1s1 

change w 1lhou1 no1/ce. 110 "'l nlmum onkr. 11 .SO 11rrlce c:hlf99 
on otdtrt 1111 thin 110.00. 

.. 1011.- ..• 10., Ballantine Model 1010A ,ET 2001 PERSONALIMMEDIATE ,_,,.,c I .. I...., ... , I"( • l .lt Dual Channel/X·Y Scope COMPUTER.,,.l'C .. "...AMl't!U'CDELIVERY tlltPC Qui ll! portable, Yel\I affordable and un ·AM D AM.18010C .....'·" ···.. " ,, 1.10 ..,. 
Aliltt01Dlil IU.00 U•OO IUl l'C .. .. belienbly veriatile. the PET computer.. .... .... ,..10io• AM)t(l ) J(' .. ..Ultt'C...,. .... SllU 'C ... m1y Yel\I well bo a lifetime lnvenment.AMl!Llli1A"1: l!l<l!o H01A ·~ •••llO AMttOIDC•• 't• .... .....,._,..1L0JAJ'C :uai ,,.. l*Q:)...,C •U t>Hl'CAM'ttol'°' l .H .. ... " 

111._,.f1Lll-.J< 31.•119... l llfO;J A ... ...'·" tl:WPC Modoll 0..Cr ltHIOnAMHCltOM ....·~ ., "' .. ..,. , ......., .... AM..-C ...A'-1•1LOCPC <11 .CIO... l•OlAl'C tlJIPC.,.... ... 2001 Coolputor w/SK $795.00........,.. ,,,.,p.c .... ... 
 .......,., ...,
UCNIA uo ..,. ... ..."' 
A.\11.JLl ) l"C ... l .111 l .o.IAl'C •.o AM)fUDC 0 .00..... t>41PC ... , '".. 2020 PET Pt ln!OJ $695.00,,,.,.,..,, ..... ...A-... ILl'K"C ~ ...1• 09A .... •.H 

UIOl'C ... .." C2N Ex1ern1I Cass~tte s 99.95fl LooPC .... ... .... .,,... ,. 
uuo AMlt12f'C ,_.. ;·~ UOPC ... ..0lLtll1 ' (: ... UOJ ..... ... J U1APC UHPC... ...,_,. ... ... ...ui.otrtc ',. Aflll ...Le AW'IHIPCl:MHIC '" ·1,u .....,~ ... ... .....uuioe ... ... DIGITALU LDWC • •H "' "''.. .....,, ...U l. IM'C ...." Aloll5000C ... .... UOPC "'"" ............ .. 

.. 
.
.......... .. 
.. HICKOK MULTl METER

llLl10C l .U uo AlollMIO'lll L ,, .. .... AUtotOAOC MOIPC '".. .. Lx303"'" ...,.. ... .. Fully Como.1e1 . Accu1•1.. 09'Pllnd•b••. w1m •nv·10ll:Jl.IT•Ci ,,, .... AMtOllOAPCJl .1•,.., ....... ... ... ••-.d H" llQuiCIMIA"'C crvu•l d 1apl•Y ro, convenl•n1 UN•1t.• Jll'C .... A,,..IOIAOCJl. U A1•mbled ... ,., .... ... ...•lLl .,C A.IA·-IMOI< , ,to... ... ...AMllOIAP'C ... ,"'< In 111'1~ .,ll'ld cl lloh t. W•lOh• only 8 o wncn..... "' 
ULIU'C 1. 11 .... ,&OJIDt.I , .._.o •7•0 MHf'C" MOUntf'C ,.. ,,. ... ... & Tm1d 0~f•IH 1.1p 10 2QQ hn on "t n gle 9 'tilOll bell"'¥ ·... AMtlOl'C'PC ...... ,_to•nn'c .... ' ,. "-"'J&Oll"C l ,IO Nlntteen ""'Pl'' lr.chu.l lng 200m\I t o 10QOV'OC,... ,.....•l LUOC .. \11210otDC II . JO • .•o A.1ro11t1ntwc •UIPC ..,_,,. ,..,.. Md 1000 VAC ,.,,QM,100 to lO Me(llohma, 100
• lL-UfC ..."' .. Alill:IOIOlril n .<110 ...Q A&O UO'lOCA""IHllPC IOu A enCI IOMA t.ngin. E 11cmtlirn1 Q'lltflood oro­....... , , •..,c "'....
....•3U4il"C l .:10 AMJ'IOt#C 1:.:u U• t AlolnLOAJ'C ... ..... ,. ,,.., 1Kt ion, color coordlnauo <Uol • nd....... ,,....., ... , ..... 

•:u.urc .... .... .....l.00 A... )1LOl0tol~.. . AUHLSl4,C color <od.O p.enel.UL.lU'C l .:17.... .... " A.Ut111.. 0C ....... .,.... ..."'""'~tll1f'C I " 
U1....Hf'C: U I J , U AMM140fol U ,IM> 11 .tO AMll)O"'OC It l O .. ..A"°'HL lllVC... ... '" ,. ..t:IUOOC: 10.0CI 1. 11 A"11H1of.PC AM)t \.S l!l..-C .. ... HYBRID AUOIOAMtUOCOC J l , lO,............o..oc ... 10
•JLllCIP< Ut... AM2Ml)DC ... ""'2n.Stt.,~C ..
.... POWER AMPLIFIER...t:>LO,C: ..."' ... .. .."'"'llO:tf'C •M.lMMOC " ,,,, • M•t<ti l no '"... ...llLlllOf'C 1,10 ·--= ...."'MHIMflC •J011"C AM.21SiOl'C 
•lLilfl'C 1,10 ... ... ..."' AM2toilHC ....... ... "' 
 "...... " 

AM'1U01PC 1, r& T1en•for m4f,,., ,_...,•uuoc ,_..o ) . 10 AMHOOl'C t)OIPC O.JO "' """ '" ""''c ..,... J" Sl-1010GllO\\ll S 6.95 TRlD S 7 .90... ,.. ...... ... ... 
AMH11W'C Al.t ).,11 0C"' '••t-H OL un Hollll 

1)-•0 lO 10 .... ....... ,,.
...,.....".. lll MH ll•O< 7~.oo A.,_Ht l JPC ,.. ,.. Sl-1020G120WI $13.95 TR20 $10.90,....,.,toe ,, .. .....lll .....9HM !10 -0CI t•.OO .. "' .. ... ...,,, 
"''0JL:oorc,..,, A-Sl-8iSocht IOr abowl .95........oc 11 •O 
 ,, .. u1orc 4 U]I LI01 0C ... ...''°'"' ,,,... ..,,_.. ... ..,........MHC 1070 
 ~r'~~~c .... "" ... AU) I LOIPC•:ittil"C•.•0 Sl ·1030Gl30WI $19.00 TR30 512.90 

U12PC .. ' " .. 
Sl ·1050G ISOWI S27.80 TRSO $17 .90.. to.,,. .. 10., A-Sl · IOISocktr:I for ob<Nt l .95....IL_Olli!)1Qot.I t :oo•OAMO LINEAR ..., 1.1.u:noc: • 110 • Not• • O n• Tr •n•loun•r can nowttt two • u d lD ampllf i• n... .,.Lloll11 D LMUJUC•·• ,... ..• 101111 LU Jll"I .... L'-1'2!10 1.t ,,...." ' ..... .... GAi - ASCii KEYBOARO KIT %WU).IO 1 1100 L-Jr.1211.toi 11GU .., ,.... u.onoc .... 753K Kevt>o u d $59.95 5% CARBON FILM.... l.M)OIA04 ... 

I 
,,, ,,.L•-l N.AH H..W. LMIHI<.. U<lllt 

U.UOIAH . ':EIt:::: ... ... , ,.1.• l M" .... .,,. LWl•1 0 \I ... 756K K•vbovd $64.95 Sl.69._,]....... .. ..
11.'IO LMIOOC ... ....... ... ,.M..... ... ... ..,,. ,. , ..c E: ndo11..u•l7$3 only t $14.9SV.Uhl ... ..,.. ... ... ,,. ... ... 701 'l.iW 
L... lCMI"" ~,_..,. ,.. 1. M'10llA14 ..'". !~ ~~~::o ... LMl Ol"C ... 702 i:ndOk.1111 lbat:nl $29.95 $1.79...'"' RESISTORSL..109H .... U •JOI• I Cll ~UHl•tC... ... .. 

'-UU JDU,..l.MU•Cll 1N ...,.... M 1.Mlll••U ,. .. ,. " '.. LlolU.l._C "..' .. 
L"".Jl1 H l -•a LM] IOQ .:l! )_e!lo L._,.tltl)(; ... ... S'IM·I 

MICROPOWER Timing CircuitIFL.UKEI l?imii'till!ll•fi Co~~•t•Economu.I •• · XR·U~SSCP 
Olrec t ly Int••·1nienrt"1 Universal MICRO­

<h•nlJHble Compu 11HCounter SystemModel w~l:'5~:.' Syuern 
8020A EVALUA TION KIT DttiM O•tM 

tlHhh powet. 
$ 1.50 H ChICM72:26EV S 5995 

AllllOH,4 CM.lfORHlA CAl,.O' ORllllA OAIQON 
AMC ftON4 AHCftGNA­ 4HCRONA""C"OHA... .._.....,.~,., 

tle»a~•l..y.o, !Prit tJQOl c. ...... ..... !17aN L 1:1""11A•• ­
, ....__....z•snt c....... c.1., c• 9e»lCI S.rtt• "'"'._c ....,,~ .......1-. 0 1111•7210 


l.:tlJI ,..,... ...,.....,..lll•i460'11 ••·n• l.'50"~' 
CALlpi011NIA CH'.DAC.A ....... 


ANC-flOH.AA..CAONA ANCAONA:~~~;~· 
IO!Ml llC-"D " -..1 :lJlOP_,_l t\<J. Nl :i..-t .. .l<ro-.,

Y4~;;;;~1-C ,..,,..,,..._ c,., :xooc. 11eu,._. 'M noo•"'°""• •"' •- CA~ J 
ftoel JJ•-0107 14041 >11•1100r&0111u-n n n131 &29-l4n 
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CAlifoRNiA DiGiTAl 

Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

'''S·1.., til1 1h lppl n1 
RS·Z3Z lnterf•ce"K" u417S.Oll 

The Ha;ie.lllntl 1400 Vldio Display l'ermina.J la desiane d to 
optimize intcrac tlvc real - time opern.tlons . The lnt e rrace ls 
capahl ie or cithier local or rem ote connection through AA ElA 
RS232-C int e-rface at baud rates t hat are switch s electable $29.~?up to 9600 baud. 

essmg lnCorniation, when random r ecall is :i• AU 128 ASCU Codes 
• 6-1 DiBplayabl e Characters 
• 2~ Lines; 12 inch Sc r een '-rYYYYY'-T-lY'T"+i~-r'-,_.., 

rhe most co•l t"lfcc t lve way to s to re u.a taproc - ISKETTES 
prime factor . rhe SABOO ls fully compat ible 
with the l BM 374 0 rormnt. Write protect clr ­
cullry, low maln tc n o.ncc & Shugart quality.• 80 Chara.cters peor Llne 

• Self Diagnostic Teat 

Immediate Delivery 

CONNECTORS 
yo u choice 
Dl25P 

milt plu1 a. bood.. 

~~~'41 
50+•3115 

DB25S l•Ol•lo 
53~5 

Qt7. ''· ... i. " · 
10 lAS 2.45 LIS 
1S 115 US l.CIS 
100us1.10 ·" 
500 US Ut .IS 
IK 1.tl t.ll .71 

l•t.11 Hl~tr .Uh .250 
l•ul •tw .12Sct1ttn 
Allalr H1'1rt1U .140rew 

SPECIALS 
121'4 Kl• •Jtltt .IH" 

Jt'i ~1~·~:t11-~~~H 

Certified Dl&lhl 
CASSETTES 

Won•I ~ro, 1 llT I 

• 

DISKETTES 

8Inch SoftUIM• 
81nch32sector 
Ml11I Soft sec. 
Mini 10 aector 
Mini 16 sector 

•5s0' 

II
• CALlrODIA 

INDUSTRIAL,,.. 
.bthtrl.r td 
Duin et 

Sc.otc.• lnad 
D•h,ttducb 

MEMORY ~ . ~ ­

TRS·SOse5 I I 

APPLE II I 1 

16k memory (8) 4116's 
• As you moy be aware , publishers 

requ ire advcrtlacre to submlt thel r 
ad coi;iy 60 to 90 dny9 prior to 0 press" 
1.Ji1tc. Thal much lead time In .:i. volatile market pl ace, 
such M memory cl rcuil8, makes lt extremely d ifficult 
to prOJect future cost and avaHabilHy. 
To obtain the beet p ricing on m e mory we hnve mndc 
volume c om m ilm ents to our supplier!. whlch ln tum 
a/Corda us the opportunity to 11cll :hese circui t s at the 
mos\ competiUve prlces. Ple:tSc contact us lt you 
if you have a c.!cma.nd ror volu me state or the a.rt mem­
ory products. 

STATIC 
2 11.02 450nS. 
2 1L02 250nS. 
2 114 1Kx4 ·150 
2 114 1Kx4 300 
4~H 4Kxl 450 
·lOH 'l.Kx 1 250 
'10l5 ll<x4 450 
40~5 ll<x4 250 
5257 low pow. 

1-31 32-99 100-5C -999 IK+ 

. 89I. 49 1. 19 1. 05 • 95 
!. 69 I. 49 I. 45 
6 . 95 6. 50 6. 25 6.00 5. 75 
a. ss 8. 50 B. 00 
5. 95 5. 50 6. 00 
9. 95 9. 50 9. 00 
s. 95 8. 50 8. 00 
9. 95 9. 50 9. 00 
7. 95 7. so 7. 05 6. 75 6 . 45 

SPECIAL CIRCUITS 

2·1. 95 
9. 95 

22 . 50
• 

49 . D5 

AY5-10 13A UART 4.95 
F'l0ppy Disc Controlll.'rs 

WD 1111 sincl e D. 39. 95 
\VD 1781 Double D 65. 00 
WD 179 1 D'D 3740 

E PROMS 1-15 l G-63 64+ 
1702A 2K 4. 95 4 . 5 0 •1.00 
2708 SK 9. 95 9. 50 9. 00 
2716 16K 19. 95 
2532 32K 

S • APPLE/TRS·80 

- · · . · - '
24

• 
99 World Power 

£_.; : : ,;.:-. ~~ uNivAc TRS-80 Interface 
14.15 l/t!O.OD 
U .15 l/IU.00 
IS.SS J/US.00 

KEYBOARD ~:~'g: ~~~.~~~~~~~i: : : m::~~ 
!~-::::.:'t:!"'~'.!.!!:=:.~v:;-~-= RSB n S-100 inlerface... • $289. 95 COLOR• GRAPHICS• SOUND 

ILH l l lS.00 
ILOI l /I Z.00 
11.15 J l lS.00 

' "• tdu t co..,,..,,,., .,,...,., .,..te• 101 •cc011"" 1111 a110 EPll.8 03 Eprom prog. .• . $ 159 . 95 
:!.~':'.~-'T.,.,:0:::-..:111':-0: EPR lOOn Eprom prog. •. $ 159.95 
~;:..-:;::: 1~"'*'U.:::1e.=:.:..,...,. •..c.i...., Dnta sheet available upon requ est 51024 MfJ.~J. 

ltet1ll.... 

1111stondl:- C-O-• -..II\ ~llt-

APPLE RS-232 DigiCAST
A/V-100 

Extender Board 
Strlal Interface •59.95 
lnt<? rlaccs 
Apple ll to 
reJe:typc or 
othe r seri ­
al prlnter. 

mullen 534.95 

ELECTRONIC 
SYSTEMS 

R.F. MODULATOR$2995 BroadcOBI both 
• nudio and v idlo 

on you r exis tin g color 
te levision. Recomnlond ­
od for lhe Apple 11 . 

F3c llltatee design and trou­
bleshooting or nil S- 100 ni i ­
crosystems. Includes logtc 
probe along wlth hl8h ­ low 
nnd pulec LED dlspla,y. 
Also avoUable . the Mulltn 

CB- I cont r oller board $88. 

Attention TRS-80 Owners 

LA\YY ERS , BUSINESSMEN. . • • • rhle lt:! rmlnal, whe n prOp l) rl y 
lntt.!rfaced to you r compulc r. allows you the flexibllity of gener­
a ting compute r ized e rror free corresponde nce . Cives your clients 
and busines s Bssocint ~s the Impress ion tha t e ach lett e r woe per­
sonally typed ro r the recipient. Compose your correspondence 
and " Fill- in " for ms on your computer. edit on your screen and 
when your lext Is le tte r pe rfect instru c t your conlpu ter to print 
nn e rror fr ee cop y on vwr terminal. 
The heart o f this t erminal is the du rable IBM Selc~trlc Typc­
wri.t(! r . L( malnlcnnncc is eve r r equire d . th e World Wide netwo rk 
o f JBM service cent ers la nt your disposal. The tcrmlnJ..1 ia func ­
tional as Q regu l or office typewriter when not performing com­
pute r work. 
Ove r the next several months 150 or these terminals will be J•c ­
moved from service. rctum..:d lo the ma.nufncturer, inspected 
and brought into p e r-feet condition. L as t Spr-ing we offered for 
sale twoahundred Oiablo printers. Within t.hr-ce weeks eve r y unit 
""ns sold. l.lon't. poss th is opportunity to pu r c hase a word pro­
cessing te rminal at an e xcel.lent price. 

pl 

" 
II 

Z4 

wire wr1' 
...... 1S so 

J7• 31 35 
31 37 l& 

99 tl 15 
let 155 llt 

PlUS SKlrrlMO 

7101 C&K ON ·MONE·ON 
JLOJ )bl ON·OFF(mnt .ONI 
7101 CK OtH.,omtal. OM ) 
Rod1tr JBT-- OPDT 
Rohry 3r- 4·Po" 
Rotary Jr· 6•Pot. 
P"'b8 IN.OJ Utt~ 4111 

lowprollle 
ta. 1S so 
17• 16 15 
11 17 16 
19 II 17 

36 35 34 
63 60 58Selectric f e rmlna.l $650 ( FOB Los Ange les ). Shipping to lhe East 

c oast ap rox. $35 . Combined TRS-80 inte rrace nnd power supply 
ilVailabJe. Documenta tion will be supplied to those indlviduo.l.s who 
want to do thei r O"'TI t.'UBtom Inte rfacin g. 

$011. 

~98 
KVNAR=m 

Sorry . b.Jt credit c nrde will not b~ accepted on th13 purcho.se . 



Circle 364 on inquiry card. 

ATTENTION TRS-80 & APPLE USERS 


TERMS: VISA, MASTERCHARGE, 
Cashier Check or Money Order. 

• C.0.D. with 	10"'1> down. 
Shipping Via Air or Truck collect. 

3 S SALES 

P.O. BOX 45944 

TULSA, OK 74145 

918/622-1 058 


$g95 00 
MODEL 35-80 for TRS-80 
Ready to plug into your 
expansion interface. 

MODEL 3S-PP 
for computers with 8 bit serial 
port. 

MODEL 3S-SS 
for computers with RS-232 
port . 

$1095 °0 for 
MODEL3S-AA 
Includes RS-232 card for Apple I I 
Specify model number on order. 

• 	 Ready to plug into your 
computer 

• 	 Very high quality print 

• 	 Completely refurbished 
IBM 731 l /O 
Selectric terminal 
in a new table 

• 	 Upper & lower case 
removable type ball 

• 	 Special l/O interface 

• 	 Heavy duty re-mfg. I BM 
power supply 

POWER TRANSFORMERS (WITH MOUNTING BRACKETS) 

ITEM USED IN PAI. WINDING SECONDARY WINDING OUTPUTS 
NO. KIT NO. TAPS 2 x 8 Vac 2x 14.5 Vac 2x 25 Vac 

Tt 1 OV, 110V, 120V 2 x 9A 2 x 2.5A 
T2 2 OV, 110V, 120V 2 x 13.SA 2x 3.5A 
T3 3 OV, 110V, 120V 2 X 10A 2X2.5A 2x 2.5A 
T4 4 OV, 110V, 120V 2X4.5A 2x 4.5A 

POWER SUPPL y KITS (OPEN FRAME WITH BASE PLATE, 3 HRS. ASSY. TIME) 

ITEM USED FOR @+8 Vdc @-8 Vdc @+ 16 Vdc @- 16 Vdc @+ 28Vdc 

KIT 1 18 CARDS SOURCE 18A -.-­ 2.SA 2.SA 
KIT2 SYSTEM SOURCE 25A 3A 3A 
KIT3 DISC SYSTEM 18A 1A 2A 2A 4A 
KIT4 DISC SOURCE BA 1A BA 

SIZE UNIT 
W x D x H PRICE 

3 :Y." x 35/8 " x 3 1/B" 19.95 
3%" x4%" x 3Ya" 25.95 
3:Y4"X4%"x3Ya" 27.95 

3 :Y." x 351a " x 31 /8 " 19.95 

SIZEWxD x H UNIT PRICE 

12"X6"X4'l'e" 46.95 
12''x 6"x 4'l'a" 54.95 
14"X6"X4'l'a" 62.95 
10"x 6"x 4'l'a" 44.95 

EACH KIT INCLUDES: TRANSFORMER, CAPACITORS, RESIS., BRIDGE RECTIFIERS, FUSE & HOLDER, TERMINAL BLOCK, ALUM. 
CHASSIS PLATE, ALL NECE. MTG. PARTS AND INSTRUCTIONS. 

SHIPPING: FOR EACH TRANSFORMER: $4.75. FOR EACH KIT: $5.00 IN CALIF., $7.00 IN OTHER STATES. CALIF. RESIDENTS ADD 6% SALES TAX. 

MASTER CHARGE, VISA & OEM WELCOME. 
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••$318. 
AIS·!5 

MIN/SCOPE 

3 LEVEL 

WRAPmmrGOLD WIRE 
SOCKETS 
Sockets purchased in multiples of 50 per type 

LM3A 3 dig 1% DC 
~-$120. 60 . 
LM3.5A 3 'Ii dig..5% DC 
$l56dQ. ­ $142.65 

LM40A 4 dig .1% DC 
~-$188. 10 

LM4A 4 dig .03% DC 
~-$225.00 

• 15 megahertz bandwidth 
• Utem11 and Internal lrfgger. 
• Thn1 baH - ,1 mlc.roJOO. to0.5See/Cli• · 21 PROBE 1¢ 

• ~~~~~~so.r~1!~~per1Uon. - PROBE 1( Wil h 1111 
• A.u lOtnatlc: & hne arnc mooes purcneu ol SCOPE 
• Powt t cOft1umpOon < H~wans. i n d ·1ne MENTI ON or 
: ~:1.~'!;';:11 :~: ~4~V•Ou-11 wMlllOHl"' th i s MAG AZINE 

• c..a. ..,.1 r '"•• •""W• rs o.l OINl'd•: ~r.: : ~....:-...:·- · - sn. 
• l • ..-U'.,...ON $ 4S. 

• MS·215 Dual Trace Version of MS -16 $ 435. 
\.~ S· 100 BUS EDGE CONNECTORS IS'~ 

~~ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiii iiii (~
S tOOWWO ~l(IC ca,.., ,~ Cl•J;: s100.src;. 50-tOOCon• ll!ICl/!1 

1-9 
8 pin• .40 

14pin• .45 
16pin• .50 

18 pin .70 
20 pin .90 
22 pin• .95 

24 pin .95 
28 pin 1.25 
40 pin 1.65 

may be combined for bes1 price. 

10·24 25·99 100·249 250·999 
.36 .34 .31 .27 
.39 .37 .34 .32 
.42 .40 .36 .34 

.60 .55 .50 .45 

.80 .75 .65 .62 

.85 .80 .70 .65 

.85 .80 .70 .65 
1.15 1.00 .95 .90 
1.45 1.35 1.20 1.10

Rechargeable bat1erles and charger In· 
eluded 

• Measures DC Volts, AC Volts, Ohms and 
Current 

lEVEl WIPE WflAP 01~ s:i. 001.1 ) 0 1P SOlOlR TAI L. O" ~ •P•t.U 
Otl 1~ ltl.ACt!O •Q C>OLD plal~ •ow~ •01 VCCTOR ....ti "'A.5' IN)ltlf' I 

I .. ~' 10.:u llO• llt• GOLD Ohlen 

All 'od.eas are GOLD 3 le1o1el closed 11nuy 'End 1nd side itacab lo 2 level, Sokler Tail, Low 
Pr olilft, Tin Socll.ft1$ and 0 10 Plu s av11lable CALL FOR OUOTATION 

U OO U75 U SO ,;·:o ~ ~S ~:: 
Automatic polartty, decimal and overload Ro110 501100 cc.,, 115 "'' 0tP 

Indication SOLDF R tA1L - '"° ",.. c,ir 10.... • 
•o• A t fA1 ~ 11101n.e•DOll•ch GOlO 

• No z•ro lld)u11men1 1nd no rull ·sclle ohma 0.,, 1 ~ 
adjuat t • S·• 101• 

• Battery-o~r•led - NiCed b&tterlu; allO AC u oo 1.us u .sa 

RW1.) ~100Coflt l;l) CUt 
PIERCED SOlOE P C'l'CLEl 
GOLD 
USl 

LIQUID CRYSTAL DIGITAL 
CLOCK·CALENDAR 

• For Au10, Home. Off ice 
• Small In ~lze 1·2•2 \o\ • ¥.J > 
• Pu1h bullon for 1ec:ono11eltHe ror dale. 

llno op111llon. Other Popular Edge Conneclors • CIOCll• mou,..I •"Y•her• twiO\ • 1ttlat ) M daubll' 
• ldad I~ ot VELCRO, lnckld.cl• LlfQI LED dlaplay tor e&ay reading without ,. .......a 111u Co11 1 1~6 c: •r\ AW 1 221 u cc"' ·~ cu' w1n£ 

lnterpol11lon ~~~:,~.e!OI DEA E H[l 111·•• ""'~~:U•J.\s~OLDI0 7" 
• 2 WODEl.S AVAIL.ABLE· 

• SIH: 1.tll " H 12.r'W ll f " O 1 4 S·t 10-74 i.t 00 U 1S U ~ 
Paru & labor ouer1nttee1 t ,.._ u oo u 1s n so 

LCo.101, 001"Ub&e moo.. "'"' on .t1tr-c01111Anac1 
bllll!IH IOt belll!" fft.IM'I • Ylat. 
LCD-102, 'vn• on 12 VOl1 1yslem and i s Mell· 

Tiii llend opllon · · • • • • · · · · · · • • · · · · · • · · ·· ···. I 1.50 C0·1 11,1.SA1S•,t• C..•n Gu•<ks !111100 

·~IA_•_l..,_c:aaa__._. •· ·•· ·• ·•• ·•·•· ·•·•· ·•·•· ·•· •· ·•· •• ·•· ••·•· ·-'·'o•.o..o•lll•,.n~•=oui1 ·1 • ncl O.ul•••. lftli"~ otfl•1 cON\.c.to• • 1•1 11 111•• c111 Of qw11110t1 

ll gflltd 
• LC0 1019fLC0·101 

• '" -°'i:-- t ,, 

~uuc.• 8803 
w1•• •> • •1 MOTHU 
- I 1h U\ lf"t ,._\ti IOAJU) A)ll 
.,_.-......it»«r' SIOO IUS 

· =~;.::~~ ~~~~lUS []
._ ~lolUl•I ~ 

• CilO fM11Q'llUOUll •'M1 ~ 
mieor~N'-f3 ..., 0>I...,.. 
lpt ...I W IMCI 

· ~'""'-1 • -"'\CllOl•-\91'1 ;L 
:~;::1¢>1 1 • ' 1 $1 1 ""11 ,U~~ ~ 

• ......., 1 1l • fl:~Wl .,, ll'l 1 D0 C lil l.k11l1 -

•t• \I"' 1 1 1'"'~' ' '- ~r:i.~~ 
\fi~~1' lllU1 1«-11Ct11CfP" 
111.111 11'!. I ~l't;l.O'l11t~l'l'Ol'lf1DWIC _,. -

it')l 11 tM1 , .,, 
• >'( I ..iltcl t ~ C ""'1. '"II ""WK1111l"I !\:lo' ; pKll!oo;I p • 0 

, ~~~ :~,~ .~~~i~~::'=~ I ~ 1lY• m et rice• 
Ut "$l l.-•• l"lill l"'Oll'fl)llV IL· llC~l) ~ ID'( 

. ;~ ., ...~.~... $29.50 
· l~t .. lol µ.ieot0_.,~_,ti l~ll6.a'G 

1116 J/ti1m BOARD 
.042dia holes on 

0.1 spacing for IC's 

SIZE 
4.5x6.5" 
4.5x17" 

4.5x6.5" 
4.5xs.s·· 
4.5x17" 
8.5x17" 

v~ ·1 
WRAP POST I 

lor .042 dla. holes \ 
ta.II DOa rd s on th is PBIQ8) \ I 
TC.CIC pkg. U)O . S 2.34 
TWM pkg. 

1000 .. .. S14.3S I 

A·13 hond in.slalling 
1001 . ·­ . .. s 2.84 

$1 .79 $1 .61 
$2 .21 $1 .99 
$4 .52 $4 .07 
SS.03 $7.23 

---· "j/i!if!tjf, Plugboards 

RJ8800V 
Unwer541t fA 1CtOCOi'TlPultr1 processo1 
Ol u9DO~rQ USf w1ln S-100 DU S Com 
oiete w11n riea1 51nJ: & naro ware ~ l ' 
10 • 1116 

I" 
StU5 

5-9 
Sil 95 

8801-1 
Same as 8800V e.»uo1 pta1n 1ess powtt 
Du<ses & riut smk. 
,.. 5.g 

11'.95 

VACUUM BASE 

~ 

3682 9.6" I 4.5" 
$10.97 

3682·2 6.5" . 4.5" 
$9.81 

H1 ·0enslly Oual· ln·Lme 
Plugboard lor Wire Wrap 
w11h Powe r & Grd . Bus 
Epoxy Glass 111 6" 44 
pmcon spaced 156 

3677 9 6" x4.5' . 

$10.90 
3677-2 6.5" x 4.5" 

$9.74 
Gen . Purpose 0.1. P_ 
Boards wi th Bus Paltern 
lor Solder or Wire Wrap. 
Epoxy Glass 1116" 44 
pin con . spaced 156-

Perfeclly balanced fluorescent lighting 
wllh prec ision magnifier lens. Tough 
thormoplas1 lc shade. Easy lens re· 
mova l. New wire clip design permits 
easy lns1alliltlon and removal of 
fh.1 oresc en1 lube. Comes with ptasllc 
shlold to prolec t tube lrom soiling and 
damage. 
Colors Gray, Black, and O'locoJate B1own. 
Cornos wit h one 22 watt f.g Chcll ne lh1otH· 
cen1 tube J d iopter lens. 

450ns Low Power RAMS 
$1.00 Ea. In lots of 25 

2102LHPC 
250ns Low Power RAMS 
$1.25 Ea. In lots of 25 

3690·12 
CARD EXTENDER 

Card Ex lender has 100 con· 
1ac1s 50 per side on .125 
centers-Allached connec· 
tor- ls compat i ble wllh 
S·100 Bus Systems . $25.83 
3690 6.5" 221« pin .156 
ctra. Extenders .... $13.17 

14 - G3 100 for 
$30.00 

16-GJ 100 for 
$30.00 



The EXPANOORAM Is available 
in versions from 16K up to 64K, so 
for a minimum Investment you 
can have a memory system that 
will grow with your needs. This Is 
a dynamic memory with the In· 
vlsable on-board refresh, and IT 
WORKS! 

SD EXPANDORAM 
7ie Ultt"'4te S-100 ~ 

• Bank Selectable 
•Phantom 

Power 8VDC, ± 16VDC, 5 Watts 
• Lowest Cost Per Bit 

Uses Popular 4116 RAMS 
• PC Board Is doubled solder 

masked and has silk-screen 
parts layout. 

ISC DRIVES 

GSl/Slemans 
'FDD100·8 8" 
s39500 

"equlvalenl to Sugar! 801 

Siemens FOO 200-8 8" 
double-sided 
double density 

$599.00 

SD "VERSAFLOPPY" Kit 

The ver~~~:,::fPY Diak Only 1159•• 

FEATURES: IBM 3740 Saft S.CIOfed Compatl· 
b le. S-100 BUS Compallble for Z-80ot 8080. Con· 
hole up to ' Orlv11 (1lngle or double sided). 
OitKlly controls th• lollowlno orlve1: 

~: ~~=~== ~~~:~~:Vioppy. 
3. PERSCI 70 and 277. 
• . MFE 70CY750. 
S. CDC 9"0W<06. 
6. GSl/Sleman1 F00100-8 

~~o': <t';n;f!~d~~ M~~p~~Ptgp.s:!t':~ ':1~h 
mOdllled CPIM operaling ayalem and CBulc 
COmpller. The new " VerHflOPP't" fr.om S.D. 
Computer Pfoducta p<ovldea c.omplete conlro1 
for many of lhe avallable Flopp_y Disk Orlvos. 
Both Mini and Full Sbe. F011718· 1 Slnglo Oen · 

s1~.~~·r~~1~d~1rn ~:1~1!~G• for eon1ro1 Scfl · 

CONTN:NTAl SPECIALTIES COl1PORA'10N=$=LOGIC PROllES 

MODEL LP·2 

C:§=
100MHz 8·01 It Counter 

~ 
• 20 Hz· tOO MHz Range 
• .6" LED Display 
• Crystal-eontrolled llmebase 
• Fully Automatic 
• Portable · completely 

self-eonta lned 
• Size · t.75" x 7.38" x 5.63" 
• Four power sources, I.e. batteries, 

110 or 220V with charger 12V with 
auto lighter adapter and external 
7.2·10V power supply . 

~Sale $120.00 
ACCESSORIES FOR MAX 100: 
Mobil• Ch1r1tr Etlmlnaler us.e Power from 
car ballery. Model ioo-CL.A $3.95 

Ch1rverlEllmlnelor use 110 VAC 
Model 100 - CAI $9.95 

CSC logic probes 111 tha ull imala lool lor bfHdboard de1lgn and IHllng. 
Tl'leN h.ancH11ld unlla PfOY5d• an ln.tl•nl O'V9fYl•w ol clrcull condlllon1. 
Simple lo uM: ju11 clip power IHdl to clrc:ull"a powtf 1upply, set logic 
lamllv awltc:h lo TIUDTl or CMOSIHTL Touch probe lo IHI node. Tract 
k)Qlc levels and pulna lhrough dlglt•I cln:uU1_ EYen slrtlch •nd lalcl'l ICH 
euy pulH dtilec.Uon. ln11at11 recognlUon of h~h. low or Invalid ll'ftla. ooen 
clrculta 1nd nodH. Simple. dual-ll'rel deIKlOf L.EOt tell II qulcktv. corrtcl­
ly. HI (Logic " I'"); LO (logic "0'1. AJao lncotpor11n bCtnklno pulH detKtor. 
e.g., HI aAd LO LEDs blln on or orr. tracll.lna .. , .. Of 4Y' 1t11u 1l 1Qu1re 
wave trequancles up lo 1.5 MHr. PulH t.£0 blinks on tor Vt second dutlng 
pul.. tranallion. Cl'lolce of UllH mooe1110 mHt lndMdu1I requ.lrement1: 

Economy 'l'lflkln of Model LP· I. S.r.r tl'lan • voHmtltir. Mort accur1111h1n 
1 sco~. lnpul lmptda1K11: 300,000 ol'lm1. Mlnlmi.tm Dtl.c:l1.,._ PulH: 300 

OUdgel. pt~tcl 1na speed of loglc ctrculls. 

YOOEL LP·1 
H1nd.f'lt1CS toglc pfobe p.10.ld.a lnllanl feed ing of logic l1vel9 l0t TIL, Dll., 
HTL Of CMOS. Input Impedance: 100,000 ohm•. Minimum Dtl.cl1b&t PIAH: 

~:h11:~~.~~ i:::n:::~.':i'.':u~.;::~~~: :~~::n~~~I~ 
do1tcl~ and l lOf.0, 

CSCMockl LP•t Logie: Probt-Ntl Elctl ............ ........... 142.70 

;:;::~,~::,~rn'~i:::!r~i~:':!~~~~~·· Deltclor(l£Dt. Hlg" 

CSC MDd11 LP·2 lo;1c Ptobt -Nel Each • • . • • . . , , , • , • , • , •• , ••• 123.70 
MODEL L,·3 
H~h 1peed k>glc probo. CaplfJ'llll pulHI H ahOrt 11 10 nt. Input km· 
ptd1nc.: 500,000ohmi. Mlnlmi.tm 0t11c11~• PulH: tOna. Metlmum ll'fl"ll 
Sfon•I ~Ff9qUlnq): so MHr. PolM 0.1tclOt (LEO): HtQh •Pffd Htln Ot 
tingle evenl . PuJM Mamory: PYIH Of level lrantlllon dt1te1t0 and atored. 
CSC Modtl LP·J ~c Prob9 - Ntl Etch • , • , , • • • . • • , •••• , ••• SU.45 

• 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 $440.00 

SALE 

Trace signals through all types of dlgltal circuits. Unit 
clips over any DIP IC up lo 16 pins. Each or lls 16 conlacts 
connects to a single-bit level detector that drives a high· 
Intensity, numbered LED readout activated when lhe ap· 
plied voltage exceeds a llxed 2 V threshold . Logic " 1" 
turns LED on; logic "O" keeps LED ofL A power·seeklng 
gate network automatlcally locates supply leads and 
feeds them to the LM·1's Internal circuitry. Saves minutes. 
even hours In design, troubleshooting, debugging ol 
equipment. Voll1g1 ThrHhold: 2 V ' 0.2 V. Input Im· 
ped1nc1: 100,000 ohms. Input Volt1g1 R1ng1: 4·15 V max. 
across any two or more Inputs. Current Drtln: 200 mA at 10 
V. Size: 4" I. x 2" w. x 1.75" d. when open. Weigh!: 3 ozs. 
CSC Model LM·1 Logic Monitor-Complete. 

1st Price . .... . . . . .. .. ... . ... .. ........... .. $54.9 

The ulllmtlt In speed Ind HM 01 ow1Uon. ~ I mply connect clip lud110 
po1ill'ft 1nd MG•1hrt powtt, 1tten 1ouct1 op.1·1 PfOO. 10 • clfcuil nooa: 
avlomallc polarity Mnsot dtltell clrci.tll'I high°' low conolllon. 0tp11aa 
1ri. pyshbutlon i nd UIOOtl an oppotltt pol11ily pulH Into 1ht clrcull. Fait 
1roub4esh0ollng lncluctas lnfKllng • lon•lt at key point a In TIL OTL CMOS 

:. 0~Ti't.f:Pd~:; ~~~r,!: ·~~·~:~:~0~1:n:~~1:'~~:c;~.rn~~~= :C:o~ 
tlnuou.11 rnoo.s. LEO lnd'cal<M monllors oPOflllng rnocltl Oy fluhlna once 
for 1lngl1 pulse or con11noou•ly lor a pultf 11th Compleltly 10to.m1Uc. 
pel'lcll·slzt labllleld pulte generator fot 1ny lamlly of dlgllal clrcul11. Oul· 
put : Trl·11111. Pol11tty: Pul11 ...n1ing 1ulo-pol11rlty. Srnc ind So~•: 100 
mA. Pulu Train: 100 pp.s. LED lndk:1tor. fluha!ll lor sln gte puls.o; 11ap 11 1 
for pulH lraln 
CSC Modat DP·1 O&gllal Pul...r-N1t Each . 

4e01 · ~··~ : '~9,. J.l:i'r ,I· ~· ·~ ~~ 
• •ll.i . U04 

MOM 
DEC LSl-11 , POPS, PDP 11 , 
Healn H· 11, P P.tUern Epoxy 
Glass. Plug Board 8.43" x5.18/ 
Dual 38pln DEC/HEATH 
Conneclors. 

Pf1ln no etched circuitry 11ecep1 eontac11. Pro­
ducts ma-.lmum llexlbUlty. 

1.. 5-1 
1_. S.I 10-2• U ,95 13.46 

19.115 17.96 15.06 

VECTOR·PAK ASSEMBLED 
MICROCOMPUTER CASES 

Adju1tablo pack aglno sr1ttm tor S-100 bus 
mlcrocomputer1. comp1llble wllh Alla lr 
8800 and U14$AI 8080 11111 ClfdS. 
• Smau looking , del uxe cases unmarred by 
unslghtly sc,.ws °' futtnera. 
• Finished In derk blue llllltured vlnyl . 
• ln.slanlly access Ible Interiors wlltt sllp oul 
CO'ttll. 
• Removable receued r111 and ffont 
panels. 

VP·1 
$183.00 
Shipping Weight 25 lb1. 

N02-1 
Pad per 2 holes. Two-holE p1da allow lac k aoldtt· 
Ing of 10Cke1. plus iecond hole IOI component 
lead.a. 

1·• 
21.95 

VP·2 

S.t 
Hl.78 

" ANY DIP" hu lull Powtt and grouna p11nes back 
10 back. Board 1ccomm0dales 3, 4, 6, o·· Dips. 

1-4 15-1 t0.24 
21 .95 19.78 17.511 

N01 

, ts form ancs 1lie compallb1e wllh IN · 
TEL SBL80 Sorin •nd NATIONl\l 
BLC 80 Ser lea m lcrocompuler 
bOarda. Power 1nd Ground buau on 
bolt! lidH. 

1.. 
•S.00 

5-1 
•0.50 

I0-2• 
38.00 

VP·2 
1159.00 

.......lndlvldual llnned aquare p1d1 aurround most holes, 
Ideal for mounllna componen11 by "Itek soldering" Same H 4608, eacept 
Top ol bOaJd pod free ror mounllng 110 connoctOfs . power buaes.

Same H VPt ncepl 
cards orlenled side 

to side . 
1-4 S-1 10-2C 104 

19.95 17.95 15.96 3".00 
S.t 

30.60 
10-2• 
27.20 

• Fully 1dju111bl• ln 1erlOf mounting 
1yslems for any card or card 101clng wl1hln 
size !Imitations. No cutting or orilllng 
nocoss.ary. 

PRIORrrY ONE ELECTRONICS~ ~(! >-o~ 

""~·1 ?.Z~~~~.:s.c;i;.~1 ~~; . :.~~..;;t~:i~..9..:'.~~~.~~.. a.~~~ • Perloraled t>Ollom cover lor cooler opera· 
tlon. 

DESCRIPTION 
AHembled caae wllh perforated bOllom 
cov&r . Inst.tired mounllno ah'ula)or cares 
guides and receplacln or molher bo1rd. 
Cards IOP to1ded. spanning fr ont to back. 
Cord guide 112 pal•) and C-hu'I' plate sup­
pl led unlnalelled . 

"' mum 01ae1 $10 00 Oraers less lhan $15 00 1nclu~e 10% shipping ana hanahng . excess retundea Jusl 1n case '9 ~C\ 
please 1nc1uae 1our pnone no Good Thru Aprl I 1979 u~ 

(213) 894-8171 ~ 



FREE! 

1,760 SOLDERLESS PLUG-IN TIE POINTS 
CAPACITY: UP TO 1814-PIN DI P's 

• Two 5-way binding posts 
• Size: 6-1/2" by 7-1/8" 
• Fully assembled 
Thls in1mmediate breadboard in the 

ACE serie5 pfovides even greater cltcuir· 
bulldlng flexibility. TM universal ma1rix of 1760 

solderless, plug·ln 1le paint&. is comprised of 288 se1>­
ara1e 5· tie ·poln1 1ermlnols and 10 distribuOon bu.ses each 

consisting or 9 connected 4·1ie·poin1 terminals. Buses may 
be linked 10 provide (unctions 1uch as voltage and grot.1nd dis· 

tr ibut10n. rese1 lines. clock lfnes, shift command, etc. 

• • 2,712 SOLDERLESS PLUG-IN TIE POINTS 
...~ CAPACITY: UPT02714·PIN DIP's 

···~,;.,;.:.: • Four 5-way binding posts 
;:... • Size: 8" by 9·1/4" 

• Fully assembled 
Model 227 has 

gre.a1er capacity for 
companent& and more 

busos ll'uln the 218. The 
universal matrix of 2712 solde1· 

less, plug·in tie points fs comprised 
ol 384 separate 5-1ie·Poin1 terminals. 24 

venical disuibut ion buses (each with five 
connected 5· tie ·point terminals) ptu:s 4 hori­

zontal d istribu1k>n buses leach wi1h 12 connec1ed 
4·1ie point term inals. Buses may be Jinked together in 

any combination 10 provide tunctions such as vohage and 
grnund dis1ribution. reset and clock lines, shift command. etc. 

3,648 SOLDERLESS PLUG-IN TIE POINTS 
CAPACITY: UP T03614-PIN DIP 's 

• Four 5-way binding posts 
• Size: 10-1/4" by9-1/4" 

• Fully assembled 
Model 236. 1ho 

larges! in Ille ACE 
series. o ffers the user 

v inusllv unllml1ed circuh· 
building fktxibilit'y. The univer· 

s.al ma1rix of 3,648 solderl:ess, plug· 
in 1le poinis is compri$ed of 512 Set>· 

1mne S.tie-point terminals. 32 ven'cal dis­
u ibution buses (each with five connected 5­

t itt·point lermlnals) plus 4 hOfizontsl buses leach 
with 18 connected 4-tle-poln1 terminals). These buses 
may be linked In onv combination 10 provide unique or 

common funct ton11 such as voltage und ground disu ibution, 
reset lines. clock lines, shlft command, etc. 

ALL-CIRCUIT 
EVALUATORS 

A·C·E 200-K 728 SOLDERLESS PLUG-IN TIE POINTS 
CAPACITY: UP T0816-PIN DIP's 

• Two6-wey binding posts 
• Size: 4-9/16" by 5-9/16" 
• Kit form - loweat cost 

This handy breadboard kll, lhe &m.alletl 
In the ACE s.e1ies, offers e.iccellen1 versatility 

for small clrcult check·OUI . Th11 unWersal molri• 
of 728 aolderiess, plug· in de points includes 136 sep­

a ra 1e 5~tie·polnt tetminals end 2 distribu1K>n buses, each 
consisting of 6 connected 4·1ie ~nr terminals . • . 1ypicallv tor 

voltage and ground. Complete assembly imnruc1ions included. 

A·C·E 208 872 SOLDERLESS PLUG-IN TIE POINTS
Part No. 923332 CAPACITY: UP TO 816-PIN DIP's 

Part No. 923334 

$24 95 

A·C·E 

• Two 5-way binding posts 
• Size: 4-9/16" by 5-9/16" 
• Fully assembled 

Model 208, the smallest assemblod board 
In lhe ACE series, has 6 more d istribut io n 

buses 1hon the 200·K. The maul• of 872110lde1· 
Jess, plug·ln t ie Points is comprl&ed of 136 separa1e 

5- tie·paint terminals plus 8 dlstribulion buses, anch wilh 
6 connected 4-tie·poini 1erminals. Use buse5 fat voltogo and 

ground disttlbution, resot llnM, clock llnes. shih command, etc . 

1.032 SOLDERLESS PLUG-IN TIE POINTS 
CAPACITY: UP TO 1214-PIN DIP 's 

• Two 6-way binding posts 
• Size: 4-9/16" by 7" 

• Kit form 
Hete'11he latgor of 1he 

two kits In the ACE sarie•.. • 
for l.erger circuit·bulldlng capac­

it:y, The m.atrb; ls 1032 solderless, 
plug-fn tie points comprised of 192 sec· 

erate 5·tie·polnt 1ermina1s and 2 d istribu­
tion buses. each whh 9 connecled 4· lla~poi nt 

terminals. Bus.&1 ere typlcally used for Vol1.ago '"d 
ground d i11tribu1lon. Assembly ins1ruc1ian5 includ(]'d, 

1.224 SOLDERLESS PLUG-IN TIE POINTS 
CAPACITY: UP TO 1214-PIN DI P's 

• Two 5-way binding posts 
• Size: 4-9/16" by 7" 

• Fully assembled 
Model 2l2 is tdenilca l 

wilh lhe 20l ·Kkil eJCCOjlt 
1h81 il has more d isuibution 

buses 101 gre~ll~f fle:icibil ity. n~ 
unfversal matrix of 1224 soldetlO'Ss, 

plug·in t ie points con!ists of 192 separate S· 
1 ie~poi n1 terminals, 6 venic.al disuibu1ion buses 

reach with 9 connected 4·tie·point 1erminBl'!.J and 
2 hOfizontal d isoibu tk>n buses leach wllh 6 connec1&d 

4-iie -poini 1erminalst Buses can be used Im voltage and 
ground distribulion, 1ese1 & clock tines, shift command, etc . 

BREADBOARD JUMPER WIRE KIT 
Each kit contains 350 wires cut to 14 different lengths 

~ from 0.1" to 5.0'. 
Each wire Is stripped and the leads are bent 90 •for easy

• Insertion. 
-~-- - Wire length Is classltled by color coding. 

All wire Is solid tinned 22 gauge with PVC Insulation. 
- The wires come packed In a convenient plastic box. 

JK1 923351 ..... .. ...... . ....... $10.00 

HICKOK LX303 ALL THE MOST WANTED FEATURES AT A MOST WANTED PRICE ... 

s74es 100mV DC F.C. Sensitivity 19 Ranges and Functions 

Big V1" High LCD DIsplay. 
Use Indoors or Out 

200 Hour 9V Battery life 
Auto Zero. Polarity, 

Overrange 
Indication 

Here Is the handful of accuracy you've been waiting for. 
Handsomely encased. Compact. Efficient. Only 8 ounces. 
Hickok's exciting, new LX 303, 1'h digit Mln l·Multlmeter with 
high quality components, one year guarantee and rugged 
Cycolac• case offers features previously found only In ex· 
pensive units . . . at a price under $75.00! So why wait any 
longer? The amazing LX 303 Is here, NOWI Another 
American made test equipment breakthrough from Hlckol<. 

SPECIFICATIONS: 
DC VOLTS(S RANGES): 0.1mV to 1000V: Accuracy ± 0.5% rdg : 0.5% 

~~ 'J2i"L~t~r.g~: ,~o:-:\'.i.r,~\~~~uJoi,~~::~~r:c~~ ~i.~v;·;~~ 
~iJ1s.n~C"e"(i tb~H;6.:'t~ · ~AP.:'~em: 111 10 200M ..: Accuracy: : 
.os•1. rdg ~ 0.5'1• f.s . ( % 1.59/• rdg on 20Mu range); lnpul protected 10 
120VAC all ranges. 
oc CURRENT (8 RANGES): .01nA to 1oomA: Accuracy: % 1.0% rdg " 
0.5'1• f.s . 
DIMENSIONS ANO WEIGHT: 5-7:8'" x 3·318'" x 1·31''" · 8 oz.: POWER: 9V 
Daltery (nol Included) or Hickok AC adapler; AEAO RAT E: 31sec. 

PRIORrrY ONE ELECTRONICS@ ~(2 >.o~ 

~ ...... 
1S?.~;3~"~?..:S~,..~1 ~?, ;".~~~~e32~"~~~.~!?.~~... a.~~~ 

mum oroe• SIO 00 Oroers less inan SI~ 00 on cluD• 10'4 shrppong ano n.ino:1ng e.cess relunaeo Jusl m c.se 'Y "'!'~ 
p1e.se onciuoe you• onone no Good Thru AprII 1979 "'c:P 
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' . 
TRS-80 USERS 

"The Wait is finally over" 
ACT - I Software 

• Computerized Home Money Management 
Syslom. 

• Save time and gain budget control. 

• Take 	 the work and worry out o f money 
management . 

• Weekly, 	Monthly , & Annual totals f or In· 
come, Payments, Taxes &: Interest. 

• Checking Dccount maintenance Including 5 
week proiected check balance. 

' EASV TO USE. ON ONE CASSETTE. 16K. 
Level II . 

' 	 ACT - 1 Monthly Newsletter keeps y ou up 
to da te. 

• 	Software , Documentation & User In· 
su-uctions. 

For fnformatlon: 

THE PROGRAMMING SHOP 

260 Sheridan Ave 


Palo Alto, CA 94306 


Ci rcle 306 on inqui ry card . 

THE FRUGAL FRONT PANEL 

Series PCB's 


~ · 10001,Pl A 'r · SlHS( 80A.llD , lhrlll.Jl. lo1u11Dat1 UtK . °" •u• •. •• ._.. OA 1'1AOO•ll J1 Sf,U1,1$ ''o" . siiWit 
• , ..,,,. ,..,. c,.,,. l"t• c ... , Hfl. s .ru c'" "' so.w... _ .. .,. l"C• 

Af: WOTC H[I PAN(l - Kil \lU1. l-o l •CJID1ll 112 M 
s .. 1s.,.....r "•• D· · ~,, .., o.a r.t1 •oo•tss ­

• !>•S l•t.i1uo-.. 1,.111st1ri1sr• ''"' •u•s-c... 
• C• l'f- 1 l~ • ""'H ii&•"" • •ilfl OtS,.J o& r StAISt • .._ ... 
• S ,.(C•o& A ll!l.Ulo• ti!!' All • ,.AHtl • OtSl'l o& f •lfMSf 

tU NOl[ llNAA 'r PAN(t. - « 11 WA l •,.,d ' D•I• SU .ts 
•fo• f•ft'4l""'""' 1W-11WofollfO'l,,,..S ..,k,.. , ­
• » 110"\ , Oc t•' '··-··,_ AU•' r,.111stHU s • • ~ ....
•c ...... •~,...tl..,lo• .... .. ffl OISl'tAr SfAISf lu•• 
• SfllfCl .& I I..!!!.!! ... bib • 111t• O #'.aNft l OIS,.l,&t SfNU 

COMPUTER CANOPY 

DUST COVERS 


•H I • , , ,,,.......,..., ,,.,.... . . u ,1..u ... ,.1~"' <l"41••~coo... 
r,,. ,., ••• , ti. uo M C. lflSA. • O A COOWM­

CHfC.- w lfH rOU•lOC• t CO• "'Urt• s r o•t ,.M • t Al t.AlltHt 

Olgllal Dynamics. Inc. 
0.&11,-.,.I . 
""1 Ol'lou ... )nu 
'-" ""'I-• fl JU 1' 

Circ le 87 on inquiry card. 

- ~ 
Please state recorder 

Make, Model en d 
Mf g. Code(lnsido 

STOP YOUR ~att, c omp't. ) 

CASSETTE WHEN ~­
IT SHOULD W ITH TBUFF' " $12.95ea. 

h tht: " st icl<i ng .. relay problem preventing 
!h°~~ld~A S~O'"t~order from stopping when it 

ti ~! :rth5 i~~:!r P~1M~~ ~~~:'0b:1~~e~F;:~~ 
la~~:~· .. and the record~r and stay um1uck 

Dealer inquiries invited 

•.c;cClub discounts available 

Send check or money order to: 

WEB ASSOCIATES 
P.O. Box 60-BA Monrovia. CA 91016 

(C a l i forn ia Residents add 6 % taxi 

Circle 385 on inquiry card. 

•. \ 

AURORA, IL. AREA 
FARNSWORTH 
COMPUTER CENTER 

1891 N. Farnsworth Ave. 
At the E·W Tollway 
Aurora, II. 
Ph. 312­ 851 -3888 

Personal & Business 
Microcomputers, Peripherals 

•Apple •Cromemco 

•North Star 

APPLEll 16K RAM $1195.00 
Including 

20 FREE PROGRAMS 
•Add on Memory SlS0.00 

Weekdays 12 to 8, Sat. 10 to S 

. 

Ci rcle 132 on inquiry card. 

CROMEMCO 

Less 20% 

System 11 · System 11 1 


NORTHSTAR 

Less 15% 

Horizon & Boa rds 

Sara Tech Electronics, Inc. 

P.O. 692 

Venice, FL 33595 


(813) 485-3559 


Circle 317 on inquiry card. 

FLOPPY DISK 

REPAIR 


I:IsI~ISI:tisISIS!II 
•PerSci and Shugart 
• Quick turnaround 
•Factory trained on 

Per Sci 

ItISISisI:Isli!s!t: 
National Computer Service 

7501 Sunset Blvd 
Hollywood CA 90046 

213-851 -2226 

Ci rc le 270 on inquiry card. 

*-star Base Aries-* 
In order to dock your space shullle 
with Star Base Aries"' you must 
monitor and al ter range, li near 
velocity, life support. angle of allack 
and luel. This accurate real lime 
simulation is currently available in 
a high resolulion graphic format lor 
the Apple [I (16K tape S15.00. disc 
S18.00J. Also avai lable for the 
TRS·BO Level I (S10.00J. Please 
specify. Forward check or ·money 
order to: 

ISDG Inc. 
' 312 Highgate Avenue 
Buttalo, New York 14215 

(N .Y StatE! reslde n1s add 7% sales l a.Iii ) 
ALLOW 6 WEEKS FO R DELIVER Y 

******* 

Circle 182 on inqui ry card. 

It's LDGIC 

§QD@for graphics! 

The best 5100 graphic 
display boards! 

,. 
MATROX ALT-256 :! 
(256 x 256 resolution) ~ 
MATROX ALT-512 f 

~ 
(512 x 256 x 1 or -g 
256 x 256 x 2 resolution) ~ 

"' 
And the best graphics g 

"' software for support! ~ 

The engineering (217) 367-0299 

!c~~ieh1cs LDGIC 
§(1.[]@Box V, Savoy, IL 61874 

Circle 357 on inqui ry card. 

WORD 

PROCESSING 


MICRO FILE MK llA 
Demo Unit - One Only 
Original retail price SB,755 

I 
Extended BASIC 
Assembler 
Document Processor 
Editor 
Letter Writer 
Complete Documentation 

Reduced for Quick Sale $5 .495 

SUNNY COMPUTER STORES, INC • 
University Shopping Center 
1238A S. Dixie Hwy. 
Coral Gables, FL 33 146 
(305) 661-6042 

Circle 361 on inquh y card . 
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SOLID STATE SALES ... ~afJJ~1n~ff~ 

A PICTURE MAY BE TAKEN BY OUR CAMERA, 

STORED IN A COMPUTER IN REAL TIME AND THEN 

DISPLAYED ON A CRT AT AN AFFORDABLE PRICE 


VIDEO COMPUTER 
PROCESSING 

SYSTEM 
OUR VP1 VIDEO SYSTEM CONSISTS 

GRAY LEVELS 
OF THE FOLLOWING KITS: 

THE CAMERA WILL TAKE BETWEEN 
15 AND 100 FRAMES/SECOND. • CCD 202C SOLID STATE VIDEO 
THE CAMERA CONNECTS TO THE CAM ERA KIT (CASE INCLU OED) .$399°0THIS REMARKABLE VP-1 COMPUTER/ PROCESSOR WITH SEVEN LINES. THIS 

INTERFACE KIT HAS THE FOLLOWING: INCLUDES VIDEO AND TIMING SIGNALS 
• VP-1 COMPUTER/VIDEO INTERFACE

FEATURES APPLICATIONS 
KIT (3 BOARDS) . .. . ... .. ...... $599"• IT PRODUCES COMPOSITE VIDEO • CONTINUOUS SURVEILLANCE 


OUTPUT IN A 128x 128 MATRIX 
 • INSPECTION OF MOVING PARTS • ASSEMBLED SK MEMORYFROM A DIRECT MONITOR CONN EC· WITH PROPER STROBING 

TION USING 8K OF MEMORY 
 BOARD (OPTIONAL) .. ... .. . . .. $235°0

• VISUAL GRAPHIC INPUT TO A 
COMPUTER 


S 100 BUSS 

• THE SYSTEM USES A STANDARD 

• CHARACTER OR PATIERN 
• WILL NOT TIE UP COMPUTER RECOGNITION THIS VIDEO COMPUTER KIT 

SOFTWARE WHEN NOT ADDRESSED • PICTURES MAY BE TAKEN DIRECTLY 
CAN WORK WITH THE GE,• IT DISPLAYS CONTINUOUSLY FROM A TV WITHOUT ELECTRICAL 


WHEN NOT ADDRESSED 
 CONNECTIONS REDICON, OR ANY OTHER 
• IT MAY PRODUCE PSEUDO COLOR •THE INTERFACE KIT MAY BE USED 


AND/OR GRAPHICS (UP TO 16 GREY 
 128 x 128 S ENSOR CAMERASEPARATELY AS A 128x 128 
LEVELS, 4 BIT BINARY) 16 LEVEL GRAPHIC DISPLAY 

DIPSDCKETS 
B PIN , t7 ? 1• PIN .3, 

14 fl l N .20 219 PIN ,40 

l b P IN ,2 2 '1Q IJfN .60 

13 PIN .25 

SANKEN AUDIO POWER AMPS 
S11010 G 10WATTS $ l .80 
S1 1010 G 20\VATTS $15,70 
S· !050 G 50 WAT TS $28.5.. 

10$) ­TTL IC SERIES ,....... , -. .... ,..,!>II - .
. 
•... 
 IRCUITS ,... l!i!i ­.. .. .. L"'l101l •l.IOIJ .... M:;(J - LMJOl lN.11 " .. ""''~' ­un - ,," 141Y - " ".. . JO " '4U•to1 l"'•JOJ" ,. ..." ... HIJ1'U .. lM lOB..~ ".. 1•1n- ., ,. L,.,,Jl l.... " '' - - ..UJ!i .." J•tll ,... J• U•W .." .. -- 110 

" " L\llJll" 1'1l0 - .. .. l • 1.5••1 ­
Lli,tJ1• 10,." ,. ... l• l.$1KI ­,... "" - .. lt~IU " H Ul•t "' LMJJ'9 - 1 10" .. 1 lOJU 7)­ itYll .." 1• U1U - '" LM ls.8 10... '" ­l "'1 J10 1 I~" l•H ­

"" " .... .. 
l MlJ J - lfiCI" ;: ~:::: =·~ 
LMl80''" " 1• !IO - " ' ., 

l •LUI l • U1$'1o "' .. ,.L~ J! l'"" - ,." .. 
J• Lin " l •U• l'O - ...'" .. " .... .. ., LMl86J• Lil'll " l • LilU - - ,,,ll01• "~~. 1 - ,, ..-111 - 1 90 l MlSJJ•L'11 » JOL,ll• • "' 

Llt.IU ?Q U ll1 o~· /<f ­
l l LOl, t•!oll ... 1 " - ,..,.,a . ""1'1 1 " ... LM~lJ.. .,. "' l• LUt t•Lll~ -""t•:o - " .." 1'111 ­ J• Ll kl l . L.~'!t!U1,u1( 4Cl09" " .... UlVJ - " " 1'1.J•..- '"... ­l.M !>!>~ ·"" 
) 111 · 11'6ofl o oi "1 ... TIC '"' - "JI U, !1Tiol • • l-U.TtC: - ,, ,,,, _ ,.

-
U'6 " )UJ.1 - " H l.UI " 1•u•~1 - ... .... .... " "" ... l4L'1• " 1• U:10 - HE5-'0l. - 'i'l!I "env IA )~11U ll~o • U .U ll:. -

141.$40 " 1• Li1U - ...lO""O - " l•U • - JO" 1411111) - ..11u ... o:ro1.T R..u l •~ ...1 - ...'" 14 ''"' .. ,. 141.$4 ) .." )• L.i: •h - ... ... • 100100 06 _JO J > 1'1U1 - )Ulli ­
J l lMlo(flVNl'AJo.1 ­ ... .. ... 

.,, 

... ..J• l.$41 t • L.UM ­700 07 )0 35 J""QI - A> ... 110,. ... ... ­t&LiSI J• LilllM>I ­,. " 
" .. .. ,, l•Lil-41 ,., ~ I 10

t O()CIMH1 

400 og so " C: A'l"S -ALS $ ."1.4!.. C.iJ . .. l • LiJ) .. )• LJ.:t!i l "' 90,..., . "..G-00 II 30 70 1068 ­ r• LJ.>t J•Ll. l'Y - ...'" )lll l'..0!1¢ •.•1t1 '"' 
0 

i-«1 - 1 00.. ,.. ,!'0 - JOIJ ~ , "'°' " l • Li-:!lt - !J'it)ll .."·8')0 15 JS 9-0~ 000 ,.1111 .. ,,N15, - 1010 - 1:.cJ l • l.!:l'h - "'..8000 P.lll/ 1000 20 45 I 10 2 7S 12 50 
HU~ "o1<: 000 1.·111 '"' " 

SAO 1024 • H I N 1024 1uge nn nlog " 'Buckitt DATA CASSETTES 1/2 HA $ .95H .- MH> '"·"'1 " 1•un-. - " J.UC01V 
l~L iotJ " l • UlN .. " 

0•1•.&c:te·· '" '"••gluer, S14 .0$ " 
"~•tot " UUltl "' _,,.14 pi11 headers 3/S1.00 1.1.111110CTS 2 0 6 B r 1qtn ~O\lhon Llor \ ~w11 ch • • S \ ,(;O HLlllJ JO Llllo.~ - "" 

C rs-106 '1 tou1 f'°'1 11 0,. dip ~1·1o111ch •.S1.45 ·---- .,;.._____ _ ____... 
11\1 414 8 UN9 14 1 1sfs1.oo 

J• L•llJ l•LI-~ .." .... - .. 
J• LSI " . l • Ll:l'8 .. - ..MM S387AA new cloc k chop wli1c:h w1ll d1lll!!C:tly .. im - ..LH:i tn A C 1 1V -':. IE D S C R 1 RS232 08 2S,P mare l•Lil~ J• LUJ1,S2.2S d11v41 LEO'$ 12124 f'lr~ .. l i uP1>tv & &la rn"I S5.9S T&Ul7t "'.. H LU4'1 - ..,,,:c _,.,,

r O 1S ?OO v 1:.. S .10 CONNECTORS 09 2SS lttma1e 52.95 
JOLHl'lo .. i•o..s.m - ..." - 1 !j~SI 00 l • UIU - .. l • LJ.ll0 - 1'!0 L.FlSi6H - 1,10SI LI CON SOLAR CELLS HOODS '" NO. 30 WIAE WRAP WIRE SING LE 

2 Y."" cfouhouu .4V a l 500 ma $4.00 REGULATORS STRANO 100' $1 .40 

A L.CO r>.l 1N IA fURE TOGGL E SWI TCHESFND 359 C.C.•4" S .60 LED READOUTS 3231{ • SV JA , . $ 5.75 34K · 12,15 PRV I A JOA 25A LSA 6A JSA 
FCS 802'1 ~ a 1g;11 O L-704 C.A. .r s ,75 J09K • $1.10 Or 24 V •• , . $ 1 10 M T A 106 SPOT S .95 

100 110 70 1 J O 40 S.O 1 :;>O 

I= NO 50J CC Ii" S .BS HP3400 S"'CC $1.95 nor . I S, 18 or 24V$ 1.10 
MTA :?06 OPOf S 1.70C .C a · · U11,pl111y S 5 .'!lS DL 7d7 C A 6 - 51 2!. 723 . .s .50 340T - 5.6.B. 12 

WO 70 I 10 I .,'S GO 70 I 60 
to SD 206 r OPOT CENTER OFF 400 1 10 1 60 ? 60 1 00 I 20 2 20 
MTA 206 P-OPDT C E NTEA OFF S 1. 85 

.... . ...... 
Tomis. FOBCombrldge, M••• 5,"""' '""'"''"""'"•'"'"'" 6$, SOLID STATE SALES o:'~~:~R~~~~~s:E
Send Check or Money Orclet Tr ans1~to 1 ' aurf Rl'<; l1lr C" r ~ p 0 BOX 74 B 
lncludeP01tege,Mlnlmum l ol!> H amp,t11rns1 C..i m h r1 dgt> M...... • • DAY WE RECEIVE THEM 
o ..... ssoo.COD'Sl20.00 . SOMERVILLE MASS 02143 TEL 16171 54 7 7053 

Circle 340 on inquiry card . BYTE Aptll 1979 277 
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Special Sale! 
DATA TERMINAL 
PRINTER $399 
We Buy-Sell-Trade all brands & 
models of Data Processing 
Equipment. 

USB-33010/30 CPS Impact 
Printing Tractor Feed t32 Prinf Positions 
tO·KeyPad 

Nearly a mlllion dollars in inventory 
Call for price quotes 

214/357-5725
U.S. BROKERS CO. 
A OM alon of CM Corp . 
2636 W1lnut Hiii une 
Sulle347 
Dellaa, Texu 75Z29 

11.111'11,111 

Circle 379 on inquiry card . 

Memorex 
floppy Dises 
Lowest prices. WE WILL NOT 
BE UNDERSOLD!! Buy any 
quantity 1-1000. Visa, Mastercharge 
accepted Call free (800)235~4137 
for prices and information. All 
orders sent postage paid. 

Circle 293 on inquiry card. 

The first 
microcomputer 

shopping guide! 
Computer Data Pub lishing 

P.O. Box 59B 

Cleveland , Ohio 44107 
(2161 221-5440 

Companies ... 

Do ~Vt' h.Jv~· you1 p1od1 rc.1 111lo1rn 1111 111) 

Circle 54 on inquiry card. 

FOR SALE . Tl TM990/ 100M· I mocrocomou 1er 
bo01rd with TIBUG mon11or 1n read onlv memory, 
256 words ol progoan1mable memory , TM990/ 103 
micro1erminal ~ TM990/5l 1 e xtender board and a ll 
documenrn1ion . 11 ts 11 9re111 llt1le machine , I 1ust 
don't hav1~ 1ime to b u1lr1 a svsiem nround n . List 
pfice is over $750. h 's yours for $550 posrnge 
paid . W H Ganoe, 1634 E D1achman, Tucson, AZ 
85719. 

FOR SALE : L ike new 33ASR . Pu1chased new 
and seldom uset1, $850. 101 C darn sc r (110 bps 
modem) very nice, S200. CCU 10 inrnrlac• 33ASR 
woth 101C, $100. All 1hree Sl.000. Joe Tut1le, 
POB 147, Corunna M l 48817 . 1517) 743-4607 
after 6 PM . 

SCHOOL SALE TO RAISE MONEY , Two Mohawk 
Data Sciences supe r compnct card readers model 
SCCR 6002 (6 2/3 cards per second I , two A B Dock 
videoje1 ink-jet pnnters model 9600 1250 charac· 
1ers per second, wi1h parallel in 1edace l. Both 
appear 10 be working and are hardly used. Also 
selling 1hree Micro Systems Inc Micro 810 compu ­
ters . They arc microprogrnmmnble, 220 ni, wllh 
teletypewrher interfoce and o combined total of 
16 K core memory . The Berkeley High School 
Technology Club is sell ing 1hcsc 10 raise money 
for projcc1s, act1vi11es, e tc . Any reasonable offer 
considered, Contact Eric Martinat . 2206 8 Jeffer· 
son Av. Be1keley CA94703. (4151 849·2663 . 

FOR SALE : Hea th m icroprocessor course and 
trainer . Inc ludes all accessOries. instruc1ions. 
and course examination. $200. A Alber10 . 634 
Blvd East . Weehawken . NJ 07087. 1201 I 864 ·1472 . 

HELP : For ND·B12 /BR·24 12 users . Is 1here any 
existing users group for the ND·812 or BA·24 12 
m inicomputer ; or are there any 01her i ndividual 
users of these orphaned systems who would l ike 
to communicate for mutuiJI support? Write or 
phone : Bill Hunt. 237 South Blvd, Oak Park IL 
60302. 13121 366·0194. 

FOR SALE : Altair 8800 microcomputer with 
28 K memory ; has 3 P+S. cnsscttes user tape 
system board , VDM. 16 K read only memory 
board with monitor . 1 K board for stack. and 
keyboard. Asking Sl 400. Larry Belmontes Jr , 
1762 Yale St , Corpus Christo TX 78416, 15121 
855·2687 . 

WANTED : Drawings, schematics and pin out da ta 
10 in terlace a Sycor Inc. Model 303 Key·Casse11 e 
to a m icrocomputer. Will pay for documentation. 
Jim Cook , 11451 Olson Dr, G;lfden Grove CA 
92641. 

FOR SALE . Prolog read only memory programmer 
with UV light eraser . Program , copy , read , or edit 
1702 UV read only memories. E•cellen1 condi· 
tion in a11ache case . Cost $2000. Sell for S640. 
Bill Fuiit1ubo. 1506 SandcaSlle Dr, Corona del 
Mar , CA 92625. 

FOR TRADE : Te.as lnstrumenu Silent 700 
portable terminal . model number 725 . Perfec t 
working condition and clean . Wan1 tO' trade for 
used Oecwriter II or video type termina l. Wi ll 
consider sale ou tright . Mark Jay Hunt , 3040 Vista­
monte Dr . San Jose CA 95118, (4081 265·7799 
nights. 

FOR SALE : Digi tal Group Z-80 system ; 34 K : 
four Phidccks; keyboard ; monitor ; dress cab1nen 
for all ; all software IMa•oBASIC, Business BASIC, 
Assem bler, Startrek . Chess. e1c). Musi sell - any 
reasonable offer accepted . John Case. 6703 T im · 
berhill , San Antonio TX 78238, 15121681·7504. 

FOR SALE : TV camera pans ; 7735A V idicon 
tube brand new $30; 16 mm lens S 1 O; deflection 
and focus coi l S18 ; video amplif ier SS ; 11nd other 
miscellaneous goodies. Schematics available. Every · 
th ing I have for S45 plus shipping . S S1oddard, 
12 Karhy Dr. Poquoson VA 23662, (8041 868· 
7682. 

FOR SALE: Disk and tape drivers from GE· l 15 
compu ter system plus disk p acks and other porn. 
A lso Teletype ASR33, $500: Dura Mach·10 
needs considerable work or good for 1>aru, $100 ; 
Altair 2.SIO board. $100; XY planer with 10 by 
15 Inch (25.4 bv 38.10 cm) plott ing bed , $200; 
72 CPS paper tape reader, $25; 3M m icroficha 
viewer/printer. $100. Wiii consider trades . SASE 
for more Information. Don Ballev. 19 Shaker Rd. 
Concord NH 03301 . 

FDR TRADE : BOBO FORTRAN MITS disk version 
for 8080 COBOL or MITS timesharing BASIC. 
Manuals included . K A Roberts, 10560 Main St , 
Suite 515, Fairfax VA 22030. 1703) 378·7366, 
(7031 591 ·6008. (703) 691-0277 . 

FOR SALE : Janunry 1hru December l 97B BYTE 
{volum~ 31 complew, mini cond1t1on . u'10pcnecl . 
These 12 issues are yours lor S15 (i ncluc1es founh 
class. shipping). Send check or monL'V orde r 10 

John Burnet, 10324 S Prospect Av. Choeago IL 
60643. 

FOR SALE : Two Soiod S1a1e Mu soc 4 K Sta toe 
programmable memory boards from n work1ng 
(and lovablel Altair B800. asking SBO coch or both 
fo1 $150. Also have "' working Digi tal Group 
TVC -F (video inrnrlace and aud io casse11 e tool . 
11 ILsu for $195, hu1 it 's yours for $130. Dale 
Morros, 4334 N Oumcv. Kansas City MO 64l17. 

FDR SALE · Tektronix 535A scope w 11h H wide· 
han<I preamp and M 4 uace plug.ins. $400 plus 
'lihipp1n9 . Tek1ron1x TM503 1nstrumen1 module 
enc losure and 1wo blt1nk modules, new, S200 . MFE 
rt1911nl casse11e rhwe, model 205, lour cas'liC 11es 
wnh clock 1rack i1nd docurnen1aoon, Sl 20 , J A 
To1us. POB 242 . Black•bu•g VA 240f:O, 17031 
951 ·9030 . 

FOR SALE Three SD Sales 4 K •ta1 lc program· 
mable memory boards, fully operational, with 
all documel"llation . 500 ns access, data road at 
PDBIN' All three >hipped promptlv fo• cerii· 
fied funds of $180 !that's le'5 1han 1.5~ per 
b11 ! I. W Howard Adams. l 590 S Krameria St . 
Denver CO 80224 . 13031 756-4052 . 

KIM US ERS: Powerlul c:::onsore mpu1 mon11ot 
{CIMI lets you enter, ed i 1, and execute programs 
from ASCII encoded keyboard on B~SIC KIM . 
CIM mode5 are : acl<liess, progrLlm, rnxt, data, 
111c1ement, decremer'll, and execu1 e . Compl ern 
clocume1Ha1io ri 1ncludecl lor 516.50 p o s1019e paic.L 
Add $5 lor CIM casso110 . ER Ko11laus. POB 2175, 
Seal Beach, CA 90740. 

FOR SALE · BYTE .ssue numbers l thru 16 in 

m1111 cond111on for llcst offer . Di1v t? Bahcock. 
107 SE Jav . Penflle10" OR 97801. 

FOR SALE · Pan••onic B:t, inch diagonal black 
and white video moni1or w i1h UHF type con­
nectors. SSO or bes1 olfer Charles Baumer. 5055 
W Drummond Pl . Chicago IL 60639, {3121 
637 ·0414 . 

HALF PRICE SALE . Factory wued IMSAI 8048 
Comrol Computer with 2 K programmable 
memory ins1alled . Nl'w condit ion. run~ perfecrly, 
fully documen ted . 5190 via UPS. H A Ch inn. 757 
Bolanos C1 . Pon Charlo11e FL 33952. (8131 
625·2032 

FOR SALE : Par11ally oS>embled SwTPC CT·64 
1erminal ki L Keyboard and video 1erminal com ~ 

ple1ed and working w11h socke1s for all in tegrated 
corcum. S250. Allan J Hogue, RR 2. No•walk IA 
5021 1, (5151462·3220. 

,\fk' ( '.\'('/. ·1.\'.\'/f'/f."IJ POI.JCT 

Rt1.Jdt.VJ who fla11a •quipn11m1. 1of1w;ue or othttr 1rl!'mJ 
ru bu'/. tell or 1w.i11 should umd '" • cl~~rlr IYPt!d norjcf' 
ro rh.1r tff~r. To M corwtM,11u1 for p1;blic,1rit>1t. ' " i.(h>•t · 

t •Jt'trttn t mwr bt cll!'.ttly noncommtl'Cr,.,1, l'r'Df!d douOle 
SP«ad on plain wltitt fJ~ar, contain JS words 01 ltu. .3rtrJ 
rnclude complete n.1me .md <1ddreu 1nlo1m1H10t1 
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yoor c onlirma rion of JJliJICtmcru 1~ ilDP~•'.J"Cl! m .,,. 1Uue "' 
BYTf. 

Pied~ nart rh.n 11 m4ty 11k.1: rh1" or lrxu m on rfli /o r .m 
"" UJ JfJPtilr in rile m.19.>11nC". • 
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;<'/': 8" Siemens FDD l20-8 Drive 
· ~ All Siemen's options Included 

, in thl'S d rlve which can be con· 
, figured hard or soft and single 

o r double density. (Others. a_ive 
only stripped un it) $425.0U 

Tarbell (" It Works") In terface 
( I ncludes cab le set for 2 drives) 
$265.00 BUT ONLY S219.00 
with purchase of two drives. 

Cable IUts 1O' w Ith 50 cond. 
cable and connectors and a lso 
Molex c o nnectors and power 

·_, cab le: For one drive: $27.50 
For two drives: $33.95, and 
for three d r ives: SJB.95 

/ CABINETS for FDD120 a~d 
8 0 1 R D rives, or CP206 power 
supply. Matte fin ish in mar 
resist.ant b lack epoxy paint. . ....... -.,,..... 

I 
:. , 
~. " 

Stacking type design. $29.99 

Used Sylvania 12" Video 
Monitors. Composite video 
ISmlti, J ISvac, 50/60hi 
New Tube. As shown Sl 09 
OEM style witl1ou t case: 

[' : ~}}. 
. ::

\ • 

S99, Anti·gla.re tu be option 
add Sl2. S1>ecify p4 or p39 

Circle 1 15 on inquiry card . 

~·':i1I __, i. Communicating Terminal 
Scrolli ng, Fu ll Cu rsor, Be ll , BXS• r 

i l matrix~ 256 add res'Sab lo characters 
11 0. 19,200 baud, etc, etc ...... 

-;:::.:.-.-_-.;;;:;~ i This termina l ho'5 been purchased 
b y many agenc ios, universittes &;;~:~~~~~~~-- I I companies. Fully stand·alone, it is 

'.'"l -· I 	 the onlv dual font termina l of any 

k Ind f or loss than $2500. 

Supplied complete and fu l ly guaran· .• a,•· 

toed : (man v graphics app lica t io ns) 


$349.00···­
: 

~ ' 

•..,;'~, 
-

& IBM co de versions W1t l' m1croconiputer irqerf~ce softwa re & hardware [RS ­
232 co1111cc to r .) Cass.ettc drove rryode ls perm i t up to 2400 baud data transfer 
r0;11e as V\o\!11 as off- line data scar.age , use as memo ry typcwnter, & use as darn 
t!ntry de v1c~ for ol f1ce personnel fam1l1ar with Se lectric lVPCWriters bui not 
compuuws. Wide· ca rr1age , inter changeable 1ype "Spheres; optiona l bu il 1-.n 

mod em. Al l unns cleaned, ad justed & wa rranted. 
Model 554 l 11 BM Correspondence code I • • • • • $695 .00 
Model 5550 lcorres. code. bu 11t-1n casse11e dr ive) ,$1195.00 
Model 5560 !ASCII code. bu i lt-in casse11e drivel. . . . . .$1295.00 

SELECT RIC 725 T YPEWR IT ER 1/ 0 w/so leno1ds switches & magnet 
dri ver PCB lfrnm GTE/IS term inal! plus instructions tor 8080 prin ter-dr iver 
1n ic rface hardware & software . 

al Tvpewriter mechanism comple te, cleaned & adjusted . $375.00 
bl Case lrom termrnal & power supply(+24V. ! 12V, +5V @SAi.. $ 75.00 
cl a & b plus output ASCI I Interface to mCPU B·brt para ll el port . ~650.00 

• POS 103/202 "MI X or MATCH" MOD EM : BELL 103 ;ino'/o r BE L L 202 
FR EOUENC IES. Un ique POS contro l design permits use in one housing of 
bo th Bell -compat•ble I 03 IO - 300 baud I and 202 (0 - 1200 baud) modem 
modules. or19mally made b y VAD IC Carp . lor 01 le lephone company subsidiar y . 
FEAT UR ES : RS·232 serio l interface. auto·answer . auto·diol. LED display. 

~~~ . 

Prlnterll · 
H YTYPE I M od el 1200 Printer Mechanism: used , compl ete and f­

ooera1 1onal. Requires power supply, case & mCPU interl ace . 15 day ret ur n 
prrvr lege - no other warranties. LI MITED QUANTITY! . . 5750.00 

- 6' Ribbon cobl e & connector for printer Main Logic PCB , . . . . .. S I 0.00 
- 14-pin Winchester conn ector & 18" powersupply cabl• ..•..... . 55.00 
- "As·IS" spare prrnter PCB's for pans (Log ic . Heal Sink. Control! : ea. 5 20.00 

•N EW TAPE DRIV E CON TROLL ER for Microcomputer: POS Versr on 11 
tape drive controller os now available. permi tt ing the 8080 or 2·80 owner 10 

read and wr i te standard IBM NRZ l lormat tapes las we l l as ASCII tapes] with 
the Ampc• Mode l TMX lapu drive descr ibed below. Controller is sold o nly 
with tape drive, comes complece with connector cables to CPU and software 
listing on 8080 assembly language (specify 2MHz or 4MH> sysiem .I 

- Ampex T M X 1ape drive I used) w i th Ver si on 11 Contro lle r 
•AMPEX MOD EL TMX TAPE DRIV E: Ideal for m icrocomputer i <1 who 

wants backup mass. storage or access to I BM-ty pe systems via s1andard12ed 
2400 seroes W' mag tape. Specs: 9 · t rack, NRZl Standard, 800 BP I , 12"/sec .. 
1200 ft. reels 111 megaby te capaci ty.) Dri~e is l ike new & comes with B·b1 1 
CPU contro ll er d iagram Irequires on lv 11 I/C's) & mCPU interface instruc11o"s: 
Prices : Drive & Documentation . . . . . . . . . . . . . . 5750.00 

Contro l ler & cable l o r mCPU, assembled & tested . . . 5250.00 
•DIG ITAL CASSETTE DR I VE (from GTE/IS Term1nall : 1800 baud, 6" /sec : 

1elephone line interface via acoust ic coupler. manui31 DAA. or auto-answer AC motor ; fwd/rewnd circuitry plus tape head. no read/write electronics 525. 
DAA lsold separately .I FULLY ADJUST EO; no special tools reQuired. • t'OR MS TR ACTORS, Moore Var iable w idth ..Form A-Liner .. for pr in1 termina ls: 
3,000 m 1! 0 range over standard d ial-up te lephone l ines. a) Model 565P for 15.. Carrrage IBM Selectrrcs (new) :. · · 550.00 

- POS 103 MODEM lwi th Auto Answer, Auto Dial l $179.95 b)Model K81 for OUME or DIABLO Hytype I or II pronters lnewl : . 590.00 ci, 

- POS 202 MODEM I Half -Duplex wi1h Reverse Channell. . . . $249.95 • POWER SU PPLIES for Disk Drive , mCPU, testec1 under load shown : 
-POS 202 MODEM I Ha l f-Duplex w/R ev. Ch.. Auto·An swerl . $279.95 - No. 519 lw/fan & AC cord }: +5V reg .. ~ 12V reg., -24V, @5A 110 tb .J. 
- POS 1031202 MODEM IAuto·Answeo. Auto ·D 1all . . . $399.95 - LAMBDA No. LMEE5 vv/OV protect : +5V reg.@ 25A 135 lb.I · · · · 

NO RI SK! 15 DA V A PPR OVAL ON A L L MAI L ·ORD ERS 

Full documenta t ion included PLUS interface ins t ruc t ions JL PACIFIC 0 FFICE SYSTEMS, INC. Call or wr ite tor detai ls, quantity pr ices , cata log. 15 dav 
""'ere 1nd1cated. A ll equ ipmen t is shipped insured FOB ~f?i 2600 El Camino Real, Suite 502 return privilege PLUS 90 day no charge replacement ol !
Palo A l to wi t hin 14 davs after check c lear5 or COC !:.cl Pa lo Alto, Cali f. 94306 defec ti ve parts . All orders shipped from sl ock. No back 
order is recei_.d , Prices may change without notice. t) 14 151 321 .3866 orders, no subs t i tuti ons. M/C & V ISA accepted. , . 

oc;:--~~~~ . . . . "' . . "' •· . . . . 

Electrolabs 

POB 6721 , Stanford, CA 94305 
4 15-321-5601 800.227-8266 
Visa, American_ Express, Mas te r 

"' I 

SHRINKS ------«Y. ·• 
'your media ----- Power (125WJ Perform­

REL IABL V !! -- ance ( 3600rpm) and 
cost effectiveness (10 
MBy and contro ller 
for $6750.00) For 
POP-11 , LSl-11 
ANO ----­

S-100 machines 

ESAT2008 (Bi-Lingual) 80X24 

10 Megabyte 
SUPER DISK!!! NEW 

PRODUCT 
RELEASE !!! 

NEW Breakthrough 
In Size, Weight (391bs) 

Low Profile Socket Spectacular!!! 
F eetur ing a ki nd of "Me:x ican Hand· 
shake" princ iple, these seekers wi ll 
NOT let your I C's vibrate o utll In 
B, 14, 16, lB,2~,22,24,28 &40 le'/pin 
1000+: .75/pm, 20,000+: .65/pm 

Circle 296 o n inquir y card. 	 BYTE April I 979 279 



To get further information on the products advertised In BYTE, fl/I out the reader service cord with your name and address. Then circle 
the appropriate numbers for the advertisers you select from the //st. Add a 15 cent stomp to the cord, then drop it In the moil. Not only do 
you gain Information, but our advertisers are encouraged to use the marketplace provided by B YTE. This helps us bring you o bigger BYTE. 

Inquiry No. Page No. Inquiry No. Page No. lnquirv No. Page No. Inquiry No. Page No. 

I Aaron Associates 234 95 DRC !CAI 235 211 Microwaro 206 3 19 Michael Shrayer Soltware 1 55 
2 Administrntivo Sys1oms 165 100 DRCITXI 255 231 The Micro Works 173 Shugart 6 , 7 
4 Advanced Memory Technology 2 5 3 101 DISKS Etc 244 232 Micro World 33 323 '68 · M icro Journal 244 
3 AJA Software 235 102 Doubleday & Company 231 230 Mikos 270 333 Small Business Computers Magazine 232 
5 Alladin Automation 1 5 105 Echo Design & Development 192 233 Mlnlcompute1 Accessories 232 327 Ed Smith' s Soltwaro Works 2 2 7 
B Ancrona 270 10B Eclectic Corp !Div al TAND Corpl 49 236 Mini Computer Suppliers Inc 225 32B , Smoke Signal Broadcasting 39 

12 Apparat , Inc 196 110 Ecosolt 244 MJB Computer Associates 244 321 ·Software BO 159 
15 Apple Computer 5 115 E!ectrolabs 2 79 255 Morrow/Thinker Toys 30, 31 325 Soltware Dynamics 235 
19 ATV Research 253 120 Electronic Control Tech 169 265 mpi209 335 SSM 25 
20 Austin Electronics 269 125 Electronic Systems 252 267 Mullen Computer Boards 241 340 Solid State Sales 2 7 7 
22 Base 2 133 130 Electronics Werehouso 265 270 Notional Computer Service 2 76 330 Soroc Technology Inc 3 5 
30 Beckian Enterprises 254 13 1 EMM/Seml Inc 229 27B National Multiplex 137 350 Southwest Technical Products Corp Cll 
23 Beta Business System 253 132 Farnsworth Computer 276 NCC ' 79 Personal Comp Festival 18 1 351 Speakeasy Soltware 64 
35 Bits Inc 156, 183, 187, 189 134 Federal Communications Corp 1 7 2 279 NCR Corp 73 352 Stirling Bekdorf 199 
26 "Bumper Bits" 244 136 FMG Corp 130 28 1 NEECO 142 353 Structured Systems Group Cllt 
31 Business Applica1ions Software 236 140 Garvey, Martin & Sampson 227 2B2 NEECD 143 357 Sub Logic 2 7 6 
32 Buss/Charles Floto 221 144 Giltronics 244 280 Nctronlcs Research 205 358 Summagraphics Corp 4 7 

BYTE Back issues 227 150 Godbout Electronics 141 2B7 Ncuonics Research 207 361 Sunny Computer Systems 276 
36 	 BYTE Books B7 , 93-96, 103, 105. 112 151 GRT 131 New England Recruiters 24 2 354 Sunny ln1ernational 2 7 2 

BYTE Subscriber 2 21 Hayden Book 200 283 Newman Computer Exchongo 259 356 Sybox Inc 198 
BYTE WATS Line 215 159 H & E Computronics 211 2BS North Star Computers 19. 63 355 Synchro Sound 99 

37 Calilornia Computer Systems 13 160 Heath Company 1 7 NRI Schools !Electronics Div! 65 359 Synergelics 21 5 
39 California Digital 2 71 170 Hobby World 269 290 Ohio Scientific CIV. 36, 37 349 System Design Lab 21 9 
42 Camelot Direct 127 174 Hollywood Systems 254 2B6 OK Machine & Tool 11 5 34B TANO Corp 119 
44 Cascade Enterprises 24 7 176 Houston 1nst1umen1s 29 onComputing 81 360 Tarbell Electronics 51 
45 Central Data 197 172 HUH Electronics 24 1 Oregan Software 228 363 Technical Systems Consultants 97 
47 Ch1islin Industries 190 178 Independent Business Systems 16 292 Osborne & Associates 161 367 Terminal Systems 242 
49 Clrcle Enterprises 221 171 Industrial Micro Systems 240 Owens Associates 209 368 3/M Company 21 
53 Computer Age 1 OB 180 lnnotronics 203 294 Pac Ilic Digital 24 5 364 3 S Sales Inc 1 53 
54 Computer Data Publishing 278 179 Integrand 230 293 Pacific Exchanges 278 366 3 S Sales Inc 272 
70 Computer Entorprises 233 175 Interactive Microware rnc 223 296 Pai::ific Office Systems 2 79 365 Tiny C 52 
68 Computer Factory (MAI 163 1B1 Interactive Sys Design Group 276. 242 297 PAIA Electronics Inc 196 371 Tora System Limited 242 

Computer Factory 147 177 International Elec Equip 164 296 Parkar Brothers 24 5 370 Total lnformal ion Services 225 
71 Computer Interface Technology 242 183 lntertec Data Sys Corp 4 5 301 Per Com Data 56 , 5 7 374 TransNet Corp 246 
72 Computer Lab of NJ 243 190 Ithaca Audio 76, 77. 263 302 Personal Soltware Inc 148, 149, 244 Trenton Computer Festival 1 B9 
75 Computerland 8, 9 195 Jade Co 26D. 261 303 Pet Shack Software House 216 326 TRS-80 Sohware Exchange 1 39 
66 Computer Mart of NJ & PA 108 200 Jameco Electronics 256, 257 305 Phone I 41 375 TSA Soltware 21 5 

Computer Plus Inc 243 201 Jim·Pak 75 307 Po1omac Mlcro·Magic lnc 2 1 9 304 University Microfilms 101 
73 Computerwere 1 8 7 205 Larks Electronics & Data 2 53 306 Poner's Progrnms 242 379 US Brokers 278 
74 Computhlnk 23 Lifeboat Associates 82. 83 312 Priority I 273. 274. 275 382 US Robotics 140 

Conley Graphics 230 202 Mad Holler Software 151 300 Processor Technology 42 , 43 380 Vanguard Systems Corp 1 09 
7B CT Micro Computer 195 203 Mad Hatter Software 225 306 Tho Programming Shop 276 381 Veclor Electronics 21 7 
79 CT Micro Computer 209 209 Maxell Tape 71 309 PAS 89 383 Vector Graphics Inc I 1 3 
83 CT Micro Computer 248 215 Measurement Sys & Controls 12 1 310 Quality Sohworo 228 386 Video World 209 
76 Cover Craft 246 216 Measurement Sys & Conirols 253 311 Quest Electronics 267 378 Vista Computer Co 268 
77 Crea1ive Sortware 204 217 Micro Architect 242 314 Radio Shack Authorized Sales Ctr 253 384 VA Data 203 
BO Cromamco 1. 2 21B Microcompuler World 242 329 RCA !PA) 179 387 Wameco 266 
81 Custom Compu1ing 24 2 219 Micro Diversions 59 322 RCA Solid State 61 385 Web Associates 2 7 6 
85 Culling Edge of Technology 53 220 Micro Focus Ltd 1 23 324 Reslon Publishing Company 222 388 Western Digital Corp 86 
82 Cybernetic Micro Systems Inc 229 222 Micro-Mall l 79 315 Rochester Data 2 22 389 Wintek 244 
91 Data Oiscoun1 Center 24 7 221 Micro Mart 253 316 S· lOO Inc 215 390 World Power Systems Inc 6B. 69 . 78 . 79 
93 DetaSearch 225 223 Micromation Inc 174. 175 317 Sarn ·Tech Electronics 276 395 Worldwide Elecuonics 253 
88 Data Speed 125 204 Micro Mike's 234 331 SC Digital 233 397 X Comp 23 1 
90 Detec 171 224 Micro Products Unild 244 3 18 Scelbi Compulcr Consult Ing Inc 21 1 400 Xitex 134 
B9 Della Products 25 1 229 Microsotto 253 Scientllic Research 107 401 Xitex 135 
B7 Digital Dynamics 276 228 Microsolt 91 313 SCA Electronics 266 39B XL Computer Products 227 
B6 	 Digital Pathways 245 226 Microuonix 1 1 7 320 Semlonics 208 

"'Correspond directly with company. 
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Innovations and Home Security 
Top BOMB Scores 

Article No. ARTICLE PAGE 

1 Ciarcia : The Tov Store Begins at Home 10 The January 1979 BOMB put a variety of 
2 Campbell: Cross-Pollinating the Apple II 20 topics at the top of our list. The first place 
3 
4 
5 

Zimmermann: Simulation of Physical Systems 
Buskirk : Sources of Numerical Error 
Smith : Smart Memory 

26 
46 
54 

prize of $100 goes to Joel Boney and Terry 
Ritter for "A Microprocessor for the Revo­

6 Dahmke: A Simulated View of the Galaxy 66 lu tion: The 6809" (page 14) . The second 
7 
8 

Hinrichs: Marsport Here I Come 
Meushaw: The Standard Data Encryption Algorithm 

84 
110 place prize of $50 wenf to Steve Ciarcia far 

9 Gornev : Queuing Theory 132 " Build a Computer Controlled Security 
10 
11 
12 

Costas: Cryptography in the Field, Part 2 
Soderstrom: Life Can Be Simpla 
Grappel : An Easy Way to Calculate Sines and Cosines 

144 
166 
170 

System for Your Home, Part 1 (page 56) . 
The third place article was "H is tory of 

13 Arp: The Power of the HP­67 Programmable Calculator, Part :I 176 Computers: The IBM 704," by Keith Reid­
14 
15 
16 

Cline: An Introduction to Microprogramming 
Chester: A Digital Alphanumeric Display 
Johnson: Microcomputer Time-sharing 

210 
218 
224 

Green (page 190). Fourth place was Part 4 
of "Creating a Chess Player, " by Peter Frey 

17 Blodgett: A Binary Guessing Game 236 and Larry Atkin (page 126).• 
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Structured Systems
business software can 
put a microcomputer 

to work for you. 
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Some Pleasant Surprises 
;;:~~!! ::.:;::'7::'o.,,' 

SSG'sgeneral account ing, data inquiry, mail ing, and 
communications software packages are bringing rea l 
computer power to hundreds of businesses right 
now. They are ready to go to work for your business. 

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 ma inta in a conversat iona l 
data-base query system, store and print your mailing list 
and labels, produce and edit correspondence, address 
it from your mai ling 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, t echnical staff add i­
tions, or costly trial-and-error. Our quality is high , our 
documentation practically self- instruct ive. The applica­
t ions are flexible and extensive, designed to meet and 
exceed the requ irements of most small to medium busi­
nesses. Real computer solut ions at microcomputer prices. 

Circle 353 on inqu iry card . 

Your computer retailer can give you a demonstrat ion 
and literature. You might find a solution just right for 
your business with "off the shelf" prices and del ivery 
t imes. Or we will be happy to send you literature direct, 
including a list of our dealers and compatible hardware. 
Write us, or call. 

The SSG product l ine includes these outstanding packages : 

General Ledger LETTERIGHT Letter Writer 
Accounts Receivable NAO Mailing System 
Accounts Payable QSORT Sorting System 
CBASIC-2 WHATSIT? Data/Query System 

Slructured 

5204 Claremont Oakland. Coliforn10 94618 (415) 547-1567 

* Complete prices will vary with equipment and sottware selected. Required : 
8080 or Z-80 based computer running a CP/M or CP/M·compat ible 
disk-based operat ing system. Your retailer or SSG can advise on speciTics. 
CCP/M is a product of Digital Research.) 
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you should t ka seriously. 


The C3 Series is the microcomputer 
fami ly with the hardware fea tures. high 
level software and application programs 
that serious users in business and in· 
dustry demand from a computer system, 
no matter what its size. 

Since its introduction in August. 1977. 
the C3 has become one of the most suc· 
cessfu l mircocomputer systems in sma ll 
bus iness. educational and industrial 
development applications. Thousands of 
C3's have been delivered and today hun ­
dreds of demonstralor units are set up at 
systems dealers around lhe counlry. 

Now lhe C3 systems offer features 
which make their performance com ­
parable with today's most powerful mini­
based syslems. Some of lhese fea tures 
are: 
Three processors today, more 
tomorrow. 

The C3 Series is the on ly computer 
system with the three most popular pro· 
cessors- the 6502A. 68BOO and Z-80. 
This allows you to take maximum advan­
tage of the Ohio Scientific software 
library and the tremendous number of 
programs offered by independent sup­
pliers and publishers. And all C3 's have 
provisions for the next generat ion of 16 
bit micros via thei r 16 bit data BUS. 20 
address bits. and unused processor 
selec t codes. This means you 'l l be able 
to plug a CPU expander ca rd with two or 
more 16 bit micros right in to your ex­
isting C3 computer. 
Systems Software for three 
processors. 

Five DOS options including develop· 
menl. end use r. and virtua l data fi le 
single user systems. rea l time. time 
sha re. and networkable multi-user 
systems. 

The three most popular computer 
languages inc luding th ree types of BASIC 

Ci rcle 290 on inquiry card . 

C3·S1 

plus FORTRAN and COBOL wi th more 
languages on the way. And. ol course. 
complete assembler. editor. debugger 
and run lime packages for each of the 
system 's microprocessors. 
Applications Software lor Small 
Business Users. 

Ready made factory supponed sma ll 
business software including Accoun ts 
Receivable. Payables. Cash Receipts. 
Disbursements. General Ledger . Bala nce 
Sheet. P & L Sta temen ts. Payroll . Per· 
sonnel files. Inventory and Order Entry as 
stand alone packages or integrated 
systems. A complete word processor 
system wi lh full edit ing and oulpul for· 
matting including justifica tion. propor­
tiona l spac ing and hyphenation that can 
compete direc tly wi th dedica ted word 
processor systems. 

There are spec ialized applications 
packages for speci fic businesses. plus 
lhe vasl general library of slandard 
BASIC. FORTRAN and COBOL software. 
OS-OMS, the new software star. 

Ohio Scienli fic has developed a 

remarkable new Information Manage­

ment system which provides end user 


Th C3Series 
from Ohio Scientific. 

- O CJ I 


intell igence far beyond what you would 
expect from even the most powerful m1n1 ­
systems. Basically, it allows end users to 
store any col lection of information under 
a Dala Base Manager and then ins tantly 
obtain Information. lists. reports. 
statistica l analysis and even answers to 
conventional " English" questions perti­
nent to in formation in the Data Base. 
OS·DMS allows many applical ions to be 
computerized without any prog ra mming I 
The new "GT" option heralds the new 
era of sub-microsecond 
microcomputers. 

Ohio Scienti fic now offers the 6502C 
microprocessor wit h 150 nanosecond 
main memory as the GT opt ion on all C3 
Se ries produc ts. Th is syslem performs a 
memory to regis ter ADD in 600 
nanoseconds and a JUMP (65 K byte 
range} in 900 nanoseconds. The system 
performs an average or 1 5 mil lion in· 
struc tions per second execu ting typical 
end user applica tions software (and 
tha t's a mix of 8. 16 and 24 bit instruc· 
tionsl)_ 
Mini-system Expansion Ability. 

C3 systems offer the greatest expan· 
sion capabili ty in the microcomputer 
industry. including a lu ll line of over 40 
expans ion accessories. The maximu m 
con figuration is 768K by tes RAM . four 80 
million byte Winches ter ha rd disks . 16 
communications ports rea l time clock. 
line pr inte r. wo rd processing prin ter and 
numerous control in1erfaces 

Prices you have to take seriously. 
The C3 systems have phenomenal 

performance-to-cost rat ios_The C3-S1 
wi th 32K stahc RAM . dual 8 " floppies. 
RS·232 port. BASIC and DOS has a sug­
gested relai l price ol under $3600 
80 megabyte disk based systems slarl at 
under $12.000 . Our OS-CPI M sof tware 
package with BASIC. FORTRAN and 
COBOL is only $600 The OS·DMS 
nucleus package has a sugges ted retail 
price of on ly $300. and other opt ions are 
comparably priced. 

To get the full story on the C3 systems 
aJ1d what lhey can do for you. con tac t 
your loca l Oh io Sc1en11f 1c dea ler or ca ll 
the factory at (216) 562-3101 

C3-B w 111s Award o l M e11 1 a l 
WESCON ·7s as lh ou1s 1and1ng 
m 1crocompu1e1 app l1ca 11on lor 

_...,....s_m._a11Business 
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